Facsimile Processes

Fax Basics
What is a Fax Machine?

Facsimile, commonly known as fax, is used for
sending written, printed, or graphic information from
one location to another. The communication can be
across the room or across the world. A simple block
diagram of fax operation is on the right.

Facsimile machines combine scanner and printer
technology with telephone equipment to send copies
to a remote location. There are three basic steps in a
facsimile transmission.
¢ A light source scans the writing and drawings
on the original, and converts the information
into an electrical signal.
e This signal is sent over the telephone line to a
receiving fax machine.
e The receiving machine converts the incoming
signal into a copy of the original.
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Facsimile machines can transmit alphanumeric and graphic characters. Anything that can be put on
paper, from handwritten notes to photographs, can be sent by fax.

Mechanical Processes

A fax machine contains a scanner and a printer. The mechanisms are basically the same as those
used in copiers.

Data Path

This section outlines the path of data through the machine in transmission and reception modes.

Components
The following components of the fax video data path are not used in copiers.

SAF Memory (Store And Forward Memory)

When a user stores a fax message in the memory for sending later or transmission to more than one
destination, the message goes into the SAF memory. Also, incoming confidential messages and
'substitute’ receptions (data coming in when the printer is not working) are held in this memory.
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Line Buffer

This memory buffer ensures synchronization of video data transfer between different components of
the circuit. If the line buffer is too small, the scanner mechanism will have to keep stopping and
starting, leading to excessive noise. A line buffer size of four or eight lines is typical.

Data Compressor and Reconstructor (DCR)

This circuit compresses the data before sending it out over the telephone line. It also reconstructs
compressed data coming in from the telephone line

ECM Memory (Error Correction Mode Memory)

ECM is an optional extension to Group 3 protocol that provides a more reliable way to send data over
noisy lines. Using ECM, data is assembled into protocol frames. ECM requires RAM for assembly
into and extraction from protocol frames. This memory is the ECM memory.

With ECM, image data is arranged in protocol frames (256 bytes in each frame), and transmitted in
blocks made up of 256 frames. Therefore, each block is 64 kbytes. Normally, one page of
compressed image data can be sent in one block, but more than one may be needed if halftone
mode was used when scanning the original.

Single Buffer and Double Buffer ECM Memory

Single Buffer (64 kbytes): This memory is only large enough to hold one block. After receiving a block
of compressed facsimile data from the remote terminal into ECM memory, the data is reconstructed

10 March 2004 3



Group 3 Fax Communication Fax Basics

and printed. The next block cannot be received until printing has finished. The first block is deleted
from memory after printing.

Double Buffer (128 kbytes): This memory can hold two blocks. While one block is being printed, the
next block can be received into the other half of the double buffer memory. This ensures continuous
operation, saving time and overall communication charges. In some machines with a single buffer
only, SAF memory or hard disk memory are used to provide double buffer capability.

ECM is explained in more detail in the Protocol section. For full details, see ITU-T recommendation
T.30.

FIFO Memory (First-In First-Out Memory)

The FIFO synchronizes the transfer of video data to the modem (transmission) or from the modem
(reception). It also acts as a buffer, ensuring that there is always some data for the modem to pick
up, modulate, and send out.

The FIFO also has some unique functions, in addition to synchronizing data transfer from the cpu to
the modem, as explained in the Transmission section (see the part entitled Data Transmission).
Modem

During transmission, the modem converts the data into a form that can be sent out on the telephone
line in accordance with the appropriate ITU-T V-series recommendations; this process is called
Modulation.
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During reception, the modem converts incoming data into a form that the machine can work with; this
process is called Demodulation.

The term 'modem’ is derived from these two processes; MOdulation/DEModulation. The different
types of modulation encountered in fax machines are described in the Modulation section (for full
details see the ITU-T V-series recommendations).

Network Interface Circuits

The filters, relays, attenuators and other components in these circuits interface the machine with the
public telephone network. These circuits ensure that the machine connects to the line and that it
dials in the correct way. They also ensure that the machine and the network equipment do not
damage each other. Some of the components are included in an assembly called the “Hybrid I1C”
(HIC).

Voice Message Processor

This converts recorded voice messages from analog (audio) to digital for storage in the memory. It
also retrieves the message for memory when it is needed for sending out over the telephone line.

Transmission

This section explains the path of data through the machine during transmission. The main
description is for memory transmission with ECM. Following this main description are diagrams
showing the differences between memory transmission with ECM and the following modes:

e Memory transmission without ECM
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e Immediate transmission with ECM
e Immediate transmission without ECM

Original
Scanning
This is the same as for digital copiers. Fax D0 CCD
machine scanners either contain a CCD F'”‘E;ﬁ‘;e”t
(Charge Coupled Device) or a CIS (Contact Analog Signal
Image Sensor).
ECM SAF Video
. Memory| |Memory Processor CPU
Data Processing
H H H 8-bit H
CCD and Analog Video Processing
This is the same as for digital copiers. H
Digital Video Processing [ Attenuator |
. - . Line | oy Y
This is the same as for digital copiers. Buffer i
. - - - - RAM
If the original is wider than the paper in the

printer at the other end, data will be deleted in

the main scan and sub-scan directions to make v
i i Gain Control
the data fit on the paper at the other end. This | P

process is known as reduction.

Variable Resistor

To the P
Network
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Storage to SAF Memory
After leaving the Video Processor, the data is compressed and then stored in the SAF memory.

The compression method used varies from model to model. A simple compression technique such
as MH gives fast data storage, but the data takes up more room in the memory. More complex
compression techniques such as MR or MMR compress the data more effectively so that less
memory space is used, but they increase the scanning time.

If a line takes up more space after compression, it is stored in raw uncompressed format.
Retrieval from SAF Memory

When it is time to send the data, the data comes out of the memory into the cpu. The cpu
reconstructs the raw data, and passes it to the line buffer.

(Lines of data that were stored without compression go from the memory straight to the line buffer.
Compression

The cpu then compresses the data in accordance with the method agreed in the set-up protocol that
was exchanged between the two machines.

ECM Data Frame Assembly

Using the ECM memory, the cpu assembles the data into ECM data frames, which are sent to the
modem and the line.
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Modulation
The modem converts the data to serial and modulates it.

Attenuation

The data then passes through an attenuator, which adjusts the tx level (this is the output power of
the data signal). It then passes through a variable resistor on the NCU, which can be used to adjust
the tx level. The data then passes to the network.

Flow charts for the different transmission modes are given below.

Compression
faad : Video Li
Memory Transmission, with ECM Prococcor | Buffer > CPU —|
L Reconstruction Compression
SAF . 3| Line I
Memory cPU | Buffer > U —|
L ECM [ [ o Gain
Memory »| Modem P»| Attenuator »| control
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Compression

Memory Transmission, without ECM

Video Line

Reconstruction Compression

SAF . Line I
Me I'y » CPU _» Buffe » CPU —|
FIFO - | Gan
Me »| Modem —| Attenuator » control
Compression
Immediate Transmission, with ECM Video y| Line »| crU
Processor | Buffer _|
ECM - ~ Gain
M »| Modem | Attenuator — Control
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Immediate Transmission, without ECM Video -
Pr. [ suier 1 PV _|
FIFO - % Gain
M »| Modem | Attenuator —P Control —
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Reception

This section explains the path of data through the machine during reception. The data paths for
thermal printers and laser printers are explained separately.

The main description is for basic reception without ECM. Following this main description are
diagrams showing the differences between basic reception with ECM and the following modes:

e Basic reception without ECM
e Memory reception without ECM
e Memory reception with ECM

Common Processes

Filtering and Demodulation —

Data from the line passes through a filter to remove unwanted frequencies. Then it goes to the
modem, which demodulates the data.

Reconstruction

From the modem, the data goes to the SAF memory, where it is held in case the printer jams or runs
out of paper or toner; after the user corrects the fault, the message will be printed out from the
memory and no data will be lost.

The data coming from the modem is compressed data. From the SAF memory, the data passes to
the cpu where it is reconstructed using the line buffer.

After this, the path depends on the type of printer inside the machine.
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Thermal and Ink Jet Printers
Homthe

Smoothing Network
| Modem
The cpu then smooths the data, to remove jagged edges @_’

from the data. The resolution of the received data is
upgraded into the highest that the printer can print; this is
typically 8 x 7.7 dots per mm. SAF ECM

Printing H H H
!V'

The cpu passes the data to the thermal head or ink jet
print head through the line buffer. H

Line

]
l
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Laser Printers Fromthe
Network

Page Assembly @—ﬂ Modem

The data then goes through the slave cpu to the page
memory. When a full page of data has been assembled in

the page memory, the data goes to the LIF (Laser SAF ECM Y
Interface). If the page is too long for the paper in the Memory] |[Memov] [yoport] | CPU
cassette, the data is split into two pages and/or reduced in H H H H
the page memory. A4
Smoothing H H
The LIF smooths the data. Smoothing removes jagged Bufter Bufler
edges, converting the resolution of the received image H
into the highest resolution that the printer can accept. This
is typically 8 x 15.4 dots per mm or 16 x 15.4 dots per mm H H H
for a laser printer.

Page Slave LIF

CPU
Printing Memory
The laser beam switches on/off in accordance with the :
data signal, and forms a latent image on the master LasgivD'erc’de
surface. _ —
, . —y
Flow charts for different reception modes are on the next Haser Dode b
two pages.
Copy Paper
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. i i Reconstruction
Basic Reception with ECM . .

ECM Data ECM o] Main »| Line

Modem =P = 4raction Memory CPU | Buffer

\4
SAF Printer
Memory Engine

Reconstruction

Basic Reception without ECM

Mod o| FIFO > Main | Line > Printer
m v | Buffer Engine
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Memory Reception with ECM

Reconstruction
N ECM Data SAF Main N Line
m Extraction —> Memory — CPU Buffer

v

Printer
Engine

. . Reconstruction

Memory Reception without ECM

N FHFO N SAF » | Main Line
Modem Memory Memory| T | CPU I Buffer
Printer
Engine
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Transmission

Overview

This section explains the communication control circuits for transmission.

When they leave the factory, most machines that have memory are set up for automatic dialing and
transmission from memory. The main part of this section is based on the steps taken by this type of
machine. Other modes, such as transmission without memory, send later, automatic dialing from
behind a PABX, and manual dialing will be explained at the end of this section.

Below, there follows a brief outline of the individual steps for memory transmission with automatic
dialing. These steps are basically the same for most machines.

Document Detection—The user places the document in the feeder, and the CPU turns on the
fluorescent lamp when it detects the document. This process is not described in this section.

Document Feed—The machine feeds the document through the scanner. This process is not
described in this section.

Video Processing—The machine scans the document, converts the scanned data to digital, and
passes it through the video processing circuits. This process is not described in this section.

Call Collision Prevention—After the document has been scanned, the machine checks whether a
fax message is coming in. (The machine cannot dial while a message is coming in.)
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DC Loop Closure and Line Monitoring—If there is no incoming call, the machine closes the circuit
between itself and the telephone exchange. The machine will monitor the line for dial tone and/or line
current if required by local conditions (this is required in some European countries).

Dialing—The machine dials the other party.

Signal Detection—The machine then waits for a signal from the other party before going into tx
mode, if required by local conditions (this is required in some European countries).

Data Transmission—The data passes from the memory out to the line through the modem and
network interface circuits.

Return to Standby—The machine returns to standby mode.

The circuits for European and Asian models are different from those for North American models.
Because of this, two separate sections have been prepared.
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North American Models

Call Collision Prevention

Overview

After placing an original in the feeder, the user enters the telephone number at the operation panel's
ten-key pad, then presses the Start key. The machine then scans the document and stores it in the
SAF memory. The machine then prepares to dial.

Note: Remember that for transmissions that do not use the memory, the order of events is different.
After the user presses Start, the document is fed partway into the scanner and the machine
dials. Scanning and storing is done after the other end has been reached. See Immediate
Transmission for details.

However, before the machine dials, it must check whether another call is in progress or not, to
prevent a collision of incoming and outgoing signals. If the machine detects that a call is already in
progress, it will wait until the line is clear before dialing.

There are two criteria for detecting whether a call is in progress.
1. Has a ringing signal been detected, or is a potential ringing signal still being analyzed?
2. Is the local loop with the local telephone exchange closed?

To understand this, we need to understand how a fax machine connects to a PSTN (Public Switched
Telephone Network). This explanation begins on the next page. The explanation is based on network
conditions in the USA; details differ from country to country.
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PSTN Circuit

DC Loop Overview

Every telephone or fax machine is Local Exchange

connected to a local exchange of the PSTN
through a two-wire pair. One wire is called Iy J+_
"Tip" and the other is called "Ring"; these |
names refer to the tip and ring parts of the T T
plugs used in manual switchboards (in

Europe, L1 and L2 are often preferred). This
two-wire circuit is known as the "dc loop", or

"local loop". Local Exchange
Fax or Telephone LOOP CLOSED

Fax or Telephone LOOP OPEN

Each telephone and fax machine contains a
switch which opens and closes the local J+_
loop. When the switch is closed, dc ¢

generated by the local exchange flows T
through the dc loop. The voltage on the dc
loop varies from area to area; for example,
in the USA, it is about 48 V.
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Transmission

DC Loop through Telephone

When the telephone is on-hook, the hook switch
connecting it to the local exchange is open, and dc
from the local exchange cannot pass through the
dc loop. However, the telephone’s ringer is
connected (the ringer does not allow the dc from
the exchange to pass, but allows the ac ringing
signal to pass).

When the handset is picked up, pressure on the
hook switch is released, and the switch closes.
Then, dc from the local exchange passes through
the dc loop.
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DC Loop through Fax Machine with External Telephone

Inside the fax machine, there are two components,
called the Oh relay and the Di switch. These act as
the fax machine's hook switch.

When the machine is in standby mode (as shown
above), the Oh relay is set up so that the network is
connected to the external telephone (commonly
known as the handset); in this set-up, the handset
can be used as a normal telephone, as explained on
the previous page. The dc loop is open, because the
handset's hook switch is open. However, the ringing
signal detector in the fax machine and the ringer in
the handset are both connected to the line.

When the machine closes the dc loop, it switches
over the Oh relay to disconnect the handset from the
line. Then it closes the Di switch to connect the fax
machine to the dc loop. The fax machine's CPU will
be able to detect the presence of dc by monitoring
the line current detector.
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Call Collision Prevention in Fax Machines TP © A
¥
¥ _ 3lg

Network
LINE CURRENT

For 0.2 s after the user presses Start, the CPU
monitors the ringing signal detector and the line
current detector to check that the local loop has

not already been closed (if the local loop has

been closed, there will be current on the
telephone line).

\

RING ©

LINE CURRENT

If a possible ringing signal is still being analyzed
when the user presses Start, the CPU will wait for |, g

8 seconds, then check whether the signal is still T o

being analyzed.

+24VS
O

Rl ©

. .. . RINGING SIGNAL]
The diagram shows the call collision prevention

circuits. The position of the relays in standby
mode depends on the reception mode being
used. See Reception for diagrams.

L_| qxoxwm"
aou'
||II—7T

Ringing signal detector: This circuit consists of
some zener diodes and a photocoupler. If the voltage of an incoming signal is high enough, it turns

on the photocoupler. Then, the CPU detects that its connection to the ringing signal detector has
been grounded.

Line current detector: This is a pair of photocouplers. The CPU detects line current when one of
the sensor outputs is grounded; the output that is grounded depends on the polarity of the dc on the
loop.
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DC Loop Closure and Line Monitoring

After it has been confirmed that there is no possibility of call collision, the machine automatically
closes the circuit between itself and the local exchange; this circuit is commonly called the dc loop, or
the local loop. Closing the dc loop is the fax machine's way of going off-hook before dialing.

In some areas, dialing cannot begin until the machine has checked for dial tone and line current. This
is known as "line monitoring".

DC Loop Closure | Diling —
+— Ing

The fax machine closes the dc loop after checking for o+

incoming calls. If there is no incoming call, the cpu Relay J

closes the dc loop by activating the Oh relay to i

disconnect the handset from the line. Then, after 5 Switch | -— U'U'U'L'_
ms, it closes the Di switch to connect the fax machine [A]

to the line. | | Onlyif pise dialing
The cpu then waits for the 'PSTN wait interval' [A] of 5ms

about 2 s before starting to dial.
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On the circuit diagram, curved arrows show the TP O Photolgoupler
relays switching over from standby mode to Network
close the dc loop. The Di switch is a RING PR |||€
photocoupler. |—’|—|
The standby position of the Oh relay depends
on the reception mode selected. See Reception
for details.
Note Handset 5 wv o |
Rl O— =
PSTN wait interval: This can normally be ~o O]
adjusted by RAM address. 1 o— o *24VS
L s
+5V —
e4H"L A5
— =
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Line Monitoring

Before starting to dial, conditions in parts of Europe require that the machine monitors the line
current detector for line current, and signals on the line for dial tone.

Therefore, in Europe/Asia models, the PSTN wait interval can be replaced by dial tone and line
current detection, if required by local conditions. (Dial tone and line current detection are also
available in USA versions of some of the more complex models.)

Line Current Monitoring (B]

Line current detection allows the machine to
check whether the dc loop has been closed. LI
If there is no line current, the dc loop may still

be open. —ﬂ ‘ «—
The machine uses the following parameters (®

to detect line current. A

e Line current wait time [A]
¢ Line current detection time [B]

e Line current drop detection time [C] Line C‘é{;ifs‘tkwggw”r‘g

[A] starts when the dc loop closes. [B] starts
when the line current first reaches the machine.
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The machine checks for line current during [A]. Line current must be on the line for [B] or longer
before it is recognized by the CPU. If the CPU has not recognized line current during the interval [A],
the machine disconnects. However, if the line current has started but has not been on for [B] when
[A] expires (as shown below), detection continues until it has been on for [B].

After starting [B], the machine continually checks the line current for interruptions. If any single
interruption lasts for [C] or longer, the line is cut, [A] and [B] are reset, and the machine returns to
standby.

. . . Dial tone
Dial Tone Monitoring first appears -
The local exchange sends a dial tone to inform the user that v >=[D] —>
the exchange can accept a telephone number. Dial tone _ < \' >
monitoring allows the fax machine to check for this tone Dial Tone i T
before dialing; if there is no dial tone, the exchange may not ]
be ready to accept a telephone number. | ‘—’[A] | -
<] r——
The machine uses the following parameters to detect dial
tone.
e Acceptable frequency range T T
e Dial tone detection time [A] DC Loop g;‘eg’gg
e Reset time [B] Closure -
e Continuous tone time [C] < >
e Permissible drop time [D]
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[B] starts when the dc loop is closed. Dial tone must appear before [B] expires. If dial tone appears
just as [B] expires, detection continues and the deadline at the end of [B] is ignored.

The machine detects a dial tone when the tone continues for [C] or longer without interruption. Also,
[A] must have passed since the dial tone first appeared. Interruptions shorter than [D] are ignored.

Switching Line Monitoring On/Off

A nation that requires line monitoring has the necessary parameters programmed in the ROM; they
are normally activated when the country code (nhormally a bit switch setting) is set to the code for that
nation.

However, if required, line current and dial tone can be disabled; the way to do this varies from model
to model.

Similarly, in countries which normally have line monitoring disabled, line current and dial tone
detection can be enabled; however, the parameters for detection will have to be stored in the
appropriate RAM addresses.

When line monitoring is disabled, the machine waits for the Dial Puises or Tones

PSTN wait interval [A] before starting to dial.
< A P‘ ‘ | ‘ | ‘

T

Loop
Closure
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Note

The following parameters can be programmed by RAM address.
Line Current Monitoring

Line current wait time Line current detection time
Line current drop detection time Line current monitoring on/off

Dial Tone Monitoring

Acceptable frequency range Dial tone detection time
Reset time Continuous tone time
Permissible drop time Dial tone monitoring on/off
Other

PSTN wait interval
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Dialing
Overview

After the dc loop has been closed, the machine can dial. In automatic dialing mode, the machine
dials in accordance with the number entered by the user at the operation panel, either in full, or as a
Quick Dial or Speed Dial.

There are two types of dialing: pulse dialing, and tone dialing. The dialing method must match the
dialing mode that can be accepted by the local exchange, or the machine will not be able to dial out.

The dialing method can be chosen by a user function in most countries.
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Di
Pulse Dialing mee Photocoupler
Network
Pulse dialing was originally developed to RING PR "l E
operate mechanical switching systems in the |_"_|
local exchanges.

The machine sends voltage pulses to the local

exchange by interrupting the dc loop. It does

this by opening and closing the Di switch. Each  Handset oy

digit is represented as a different number of RI o__o\i" =

pulses. For example, to dial a "2", the machine o @+24VS

sends out 2 pulses. T o— =

The Oh relay remains fixed during dialing (it +5V As
Nadial

does not move until the machine returns to loN _
standby mode).

y ) OhReIayT'* CPU
The Di switch is a photocoupler. =

Photocouplers are compact and inexpensive.

Each digit of the telephone number is sent out as a pulse train. The cpu sends out the dial pulses by
opening and closing the Di photocoupler on/off.
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The time that the Di photocoupler opens is phm%wupler [B] [

called the break time [A] and the time that it orrooc | | |

closes is called the make time [B]. Each | | | | | | | | | | | | | | |

pulse sent out on the line is made by

opening and closing the Di photocoupler. e T |[A]| A 3
A minimum pause [C] is required between o

each digit, regardless of whether the user
pressed the pause key while dialing.

Example: Dialing 43

Notes

Most countries dial in the same way (the number of pulses sent out [P] is the same as the number
dialed [N]). However, some areas require different types of pulse dial signals. For example, in Oslo,

P must be 10 - N, and in Sweden, P must be N + 1. The required mode can be selected by bit switch
adjustment.

Pulse dialing can be done at two rates: 10 pulses per second (pps) or 20 pps. If the local exchange
can only handle 10 pps dialing, the machine must not be set to dial at 20 pps. The dial pulse rate can
usually be adjusted by bit switch.

Parameters A to C illustrated on the diagrams in this section are programmable.

For pulse dialing at 10 pps, the times stored in the NCU parameters are used as explained in this
section. However, at 20 pps, only half the values in parameters A and B are used, and three-quarters
of the value in parameter C.
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Tone Dialing

Overview

Each dialed digit is sent out as a DTMF (Dual Tone Multi

Frequency) tone, which is a mixture of two frequencies. The
following diagram shows what frequencies are generated for
each digit on a typical telephone keypad. For example, a '5' is 697 1 2 3
represented by a 770 Hz tone combined with a 1,336 Hz tone.

1209 1366 1477

The DTMF tone frequencies are the same throughout the
world. They were carefully chosen so as not to coincide with 770 4 5 6
other frequencies that may occur on the line.

In some types of telephone equipment, the DTMF circuit
remains on line after the call has been connected. This allows 852 7 8 9
the use of DTMF tones for giving orders to the remote terminal
(e.g., extracting information from a remote database).

The advantages of using DTMF over pulse dialing are as 941 * 0 #
follows.

¢ Dialing is faster
e DTMF tone generation circuits are compact solid-state circuits
¢ There can be end-to-end signaling after call connection, as mentioned in the previous paragraph
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DTMF Tone Generation 1
] To the d

The diagram shows how DTMF tones are Network

generated in fax machines.

The cpu generates two square waves of the
required frequencies. These each pass
through a low pass filter to remove noise, and 'W'

(I
are added together. iy

W

In the attenuator, the DTMF tone is Frer |
attenuated. The attenuation value is different —J
g;[r;that used for the attenuation of facsimile |:!| '3 tonLator
The DTMF tone is then amplified to
: —-—Flt
compensate for the signal loss between the
attenuator and the telephone line. The tone
then passes to the line through the Di switch L M1
and Oh relay, which remain fixed during tone
dialing. cPU
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Attenuation of DTMF Tones

The machine always uses permissive attenuation for DTMF tones, even if programmable attenuation
has been selected. (See [Data Transmission|concerning permissive and programmable attenuation.
Programmable attenuation is only done in older models, some of which may still be in the field.)

Note: The DTMF tone attenuation value can be adjusted by RAM address. However, unlike the
attenuation value for facsimile data, it cannot be adjusted using dedicated transmission
parameters or bit switches.

Timing
DTMF tones are sent out in accordance with the
timing shown in the diagram.

Note: The DTMF tone on time [A] and off time [B]
can be adjusted by RAM address.

A
v
A
v

Pauses A (Bl

If the user dials a pause using the Pause key, the
machine waits for a pre-programmed interval before sending the next tone or pulse.

Note: The pause interval can be changed using a RAM address adjustment.
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Signal Detection

Overview

After dialing, the machine waits for the response from the other end. The response is usually either a
CED tone, a busy tone, or a ringback tone. These tones are known as progress tones. Instead of a
progress tone, a protocol signal such as NSF or DIS may be detected at this time.

The received signal passes through two filters. A high 5 e ©
pass filter (with a cut off of about 300 Hz) removes Iow  Network g EAL
AD

frequencies, such as noise from the fax machine's
power supply, and a low pass filter (with a cut off of
about 2100 Hz) removes high frequencies, such as
noise from overhead railway power cables.

Filters

Programmable

Conwverter

The signal then passes to a programmable gain
amplifier, which raises the signal level enough for the
machine's hardware to analyze it. The minimum signal
level on the line will vary from country to country, so
the amplifier is programmable. For example, in typical
USA models, the amplifier is set up so that signals
weaker than -53 dBm are not detected.

The amplified signal is converted to digital, then passed to the tone detector in the cpu.

Amplifier
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The incoming signal may determine whether or not the machine goes into transmit mode. Most
machines have bit switch or other settings to determine when the machine goes into transmit mode.
The choices are typically as follows:

e After dialing

e After receiving NSF or DIS

e After receiving CED

Note: The gain of the amplifier depends on the country code (the country code is selected by a bit

switch adjustment). However, the gain can be changed by a RAM address adjustment; in most
machines, there are 4 possible values to choose from.
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Busy Tone Detection

If the call has gone through and if the called terminal is already off hook (i.e., the other end is busy),
the local exchange at the other end sends back a busy tone.

DIALLING

SIGNAL Network BUSY

—>

Local > Local
4 Exchanger Exchanger
) <4+ )
Transmitter Receiver

BUSY
TONE

If the machine detects busy tone, it will disconnect the line. The number will be redialed (see
Redialing), unless the maximum number of redials have already been made.

If busy tone detection is disabled and the line is busy, the machine will hold the line until the ITU-T
T1 timer (about 1 minute) runs out. So busy tone detection can reduce the amount of time the
machine holds the line.
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Busy Tone with Cadence

In many countries, the busy tone has a Busy Tone

cadence (a fixed on-off cycle), so the ON OFF ON OFF ON OFF

machine measures the on and off times of

the received signal and compares them with Nwwm Nwwm NWWW\ NWWW‘
values programmed in the RAM.

RAM addresses specify four permissible ' | o lTel o | ol

lengths for each signal state. The machine Qutof  Qutof -~ Within =~ Within - Within -~ Within

first checks if the signal has a length within Rengel Range2 Range3 Range3 Renge3 Range3

range 1. If it does not, then range 2 is Two Cydles

selected, and so on. An example is shown |« >

to the right, in which the on-off time Detection Hag |7
durations are found to be within range 3.

Note

The following values are stored in RAM.

Range 1, ON time Range 1, OFF time

Range 2, ON time Range 2, OFF time

Range 3, ON time Range 3, OFF time

Range 4, ON time Range 4, OFF time

The number of cycles required for detection (for example, a setting of 4 means that ON-OFF-ON
or OFF-ON-OFF must be detected twice).
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e ON or OFF time tolerance (+/-), for ranges 1 to 4.
e Acceptable signal frequency range

Continuous Busy Tone

In some countries, such as the UK, the busy signal is not a cadence. The busy tone must continue
for a certain time before the machine detects it.

Note: The minimum time required for continuous busy tone detection is stored in RAM.
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Ringback Tone Detection

If the call has gone through and if the called terminal is on hook, the local exchange at the other end
sends a ringing signal to the called party; at the same time it sends a ringback signal back to the

caller.

NO

DIALLING ( R REPLY

SIGNAL Network YET
e

Local P Local >
<4— Bxchanger p Exchanger
Transmitter RINGBACK Receiver
TONE

Ringback tone detection is always switched on in Austria. Ringback tone is detected if the ringback
tone is longer than the minimum ringback tone detection time (0.1 s), which is stored in RAM.
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- If the machine at the other end is a telephone -

When the phone rings at the other end, the transmitting machine detects ringback tone. The other
party picks up the handset when the phone rings, and replaces it when there is no voice on the line.
Then, the local exchange at the receiving end sends back a busy tone to the transmitter (this is
normal in Austria).

When the transmitter detects this busy tone, it immediately disconnects the line without waiting for
the ITU-T T1 time to expire. Ringback tone and busy tone were both detected on this call; in such
cases, the software in the transmitter disables automatic redialing for this number.

Note: In Austria, it is necessary to prevent a fax machine from redialing addresses for which the T1
timer expired on the first attempt.

- If the machine at the other end is a fax machine -

In Austria, the receiving fax machine will close the dc loop after it has detected one ringing signal.
(So, the ringback tone to the transmitter will be short, but not too short for detection.)

Immediately after closing the dc loop, the receiving machine will send CED. If the user at the
receiving end presses Stop after this, both machines will disconnect immediately.

The transmitter will not receive busy tone from the other end, as it has already disconnected, so the
number can be redialed automatically.
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Note
The ringback tone has the same frequency as the busy tone.

The only RAM address that must be programmed for ringback tone detection is as follows.
Ringback tone detection time

CED Detection
If the receiver is a fax terminal in Auto Receive (Fax) mode, it will emit a 2100 Hz tone called

DIALLING FAX
SIGNAL Network MODE
—>
Local »| Loca p—»
4——1 Bxchanger Exchanger | <
< .
Transmitter . %ENDE Receiver
TONE

This signal informs the caller that they have connected to a fax machine. CED is the high-pitched
tone that prompts the user to press the Start key when using Manual Dialing.

In automatic dialing mode, the transmitting fax terminal confirms CED detection when the CED tone
continues for 200 ms or more. Then it starts to scan the document.
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Data Transmission

. . . o TIP
The data transmission circuit is shown Tothe %
. Network
above. The cpu retrieves the data from the RING
SAF memory, processes it, and passes it to

the modem. The modem modulates the
data to convert it into a form that is suitable

for transmission over the public telephone o Proggs‘;g’;‘b'e
network. The data is then attenuated to the Select

correct signal strength for transmission. Prog: . Switch

The major steps are explained on the Resistor

following pages.

Processing in the CPU oheaker

The cpu retrieves the data from the SAF g?% <— [B]
memory and reconstructs it (if it was

compressed before storage into the SAF). = E‘@

The cpu then processes the data before 4+—[A]
sending it to the modem. The signal to the Modem |

modem is eight-bit parallel, with one bit i pyTE————

representing one picture element (unless

the data was reduced—see the Digital cru = MeSr/jgry =

Processes chapter for details on reduction).
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Compression

Compression reduces the number of bits in the data signal, and therefore the transmission time for
one page.

MH, MR, and MMR compression are done according to ITU-T standards.

A proprietary procedure called EFC (Estimated Fillbit Control) may be applied to the compressed
data. EFC is not strictly a compression technique, but it improves the efficiency of data transfer by
controlling the number of fill bits inserted by the transmitter at the end of each line of data (see
below).

The data is compressed in accordance with the method agreed in the protocol between the
transmitting and receiving machines. In Group 2 and Group 1 modes, the data is not compressed
before transmission.

Brief explanations of the different coding types follow. MH and MR coding are explained in detail in
the ITU-T recommendations for Group 3 facsimile.

MH—Every line is MH coded.

MR—Data is treated in blocks of 2 lines (in Standard or Detail resolution) or in blocks of 4 lines (in
Fine resolution). The first line of each block is MH coded, then the remaining lines in the block are
MR coded using the first line as the reference line.

SMR—This is similar to MR coding except that data is treated in blocks of 8 lines (in Standard or
Detail resolution) or in blocks of 16 lines (in Fine resolution).
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MMR—Data is treated by the page (or the ECM block if the page needs more than one block). The
first line of the page is MH coded, then all the following lines on the page are MR coded using the
first line as the reference line. In some models, MMR is only done for storing data into memory, or if
ECM is being used.

EFC—The sending machine only includes fill bits in the data stream when the FIFO memory in the
receiver is full (normally fill bits are always added to the end of any line that is sent out in less than
the time specified by the 1/O rate).

New EFC—Fill bits are never added to the data, and the receiver uses the SAF memory or hard disk
instead of the FIFO memory. If the receiver's memory is full, it sends PIN and the line is
disconnected.

If ECM (the extension to Group 3 protocol known as Error Correction Mode) is used, EFC and New
EFC are not used.

The compressed data goes out to the modem on the data bus.

Compression is described in more detail in the section on compression.
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Data Transfer to the Modem

1/0 rate: The I/O (input/output) rate is the amount of time needed for the scanner or printer to
process one scan line of image data (modulation and demodulation are not included in this time). On
the transmitting side, it indicates the time needed to scan, process, and compress a scan line. On
the receiving side, it indicates the time needed to reconstruct, process, and print a scan line. In
Group 3 transmission without ECM, 1/O rates of the communicating machines must be the same. If
ECM is used, 1/O rate is not used (0 ms/line is assumed).

Without ECM

The FIFO synchronizes the transfer of video data to the modem (transmission) or from the modem
(reception). It also acts as a buffer, ensuring that there is always some data for the modem to pick
up, modulate, and send out.

The FIFO has some unique functions, in addition to synchronizing data transfer from the CPU to the
modem, as explained below.

Without EFC (Estimated Fillbit Control): During the protocol exchange, I/O rate capabilities are
compared. The I/O rates of both terminals must be the same during communication. The maximum
I/O rate of the slower machine is used. Say that the chosen I/O rate is 10 ms/line. If the sending
machine takes less than 10 ms to scan, process, and compress a particular scan line, it adds fill bits
(zeros) to the end of the compressed scan line to make up the extra time. This keeps the two
machines synchronized.
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With EFC: If EFC is used, the two terminals' FIFO sizes are compared during the protocol exchange,
as well as the 1/O rates. During transmission, the sending machine continually estimates how much
space remains in the receiver's FIFO (the I/O rate, receiver's FIFO size, and amount of data sent are
used in this estimation). Fill bits are not added to the end of each scan line, unless the receiver's
FIFO seems to be getting full; the transmitter then sends fill bits (zeros) until there is some space in
the FIFO. This system speeds up data transfer between the terminals.

With ECM

All compressed image data for an ECM block (normally one page, unless halftone is used) are held
in the ECM memory, and assembled into protocol frames before transmission.

At the receiving end, printing does not start until the whole block of data has been received.
Therefore, there is no need to synchronize the scan line I/O rate of the two machines.

The FIFO is not needed for ECM; the ECM memory at each end acts as a buffer memory.

Printing is not done until a block of data has been assembled in the receiver's ECM memory.
Therefore, there is no real time synchronization of the scan line 1/0O rate of the two machines.
Because of this, no fill bits need to be exchanged between the terminals. This means that EFC is not
used with ECM.

Note: In laser printers, the I/O rate is also 0 ms/line during reception. This is because the data is
assembled in a page memory before printing.

ECM is described in more detail in the section on fax protocol, and EFC is described in more detail in
the section on compression.
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Modulation

The data passes to the modem on the data bus as 8-bit parallel data. The modem converts this to
serial and modulates it before passing it on to the network interface circuits.

Modulation techniques are described in detail in another section.

Attenuation

The signal is then attenuated and passed to the line.
Permissive Attenuation

For G3 and V.21 protocol signals, the attenuator ensures that the signal level output to the line
matches the value programmed in the bit switches for tx signal level.

If the number is dialed as a Speed or Quick Dial, any value stored for tx level in the dedicated
transmission parameters for this address will be used instead of the bit switch value.

Note: For G2, G1, and PIS (462 Hz) signals (these are all now obsolete), the output to the line is
slightly different than for G3. For example, if the bit switches specify -9 dBm, the different
types of signal will have the following level on entering the network.

G3,V.21:-9dB

G2, PIS (462 Hz): -8 dB
G1:-12 dB.

The above values differ from model to model.
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Programmable Attenuation
Programmable attenuation is only done in older models, some of which may still be in the field.

If programmable attenuation is required (which is not very often), a technician from the telephone
company will visit the location and measure the output level from the machine. The technician will
then connect a programmable resistor to the rear of the machine; the resistor value is selected
carefully to ensure that the machine's output level is between 0 and -15 dBm.

Programmable attenuation must then be switched on by a bit switch adjustment.

The bit switches and dedicated transmission parameters for signal level are ignored. The attenuation
between points [A] and [B] on the circuit diagram is fixed (see the beginning of this section). For
example:

G3,V.21:-5dB

G2, PIS (462 Hz): -4 dB

G1:-8 dB

The above values differ from model to model.
G1 and G2 are now obsolete.
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EXxit to the Network

The signal then passes through an amplifier, which raises the signal level to make up for the signal
loss as the data passes out to the line through the network interface circuits. The data then passes to
the line through the Di and Oh Relays, which do not change position during data transmission.

Notes

1. The transmission level can be changed by bit switch, if local line conditions make it necessary.

2. Dedicated transmission parameters are three bytes of settings, that can be programmed for each
Quick Dial Key and Speed Dial Code. The settings include transmission level, and initial modem
rate. The settings can be programmed to suit the line conditions normally encountered when
sending to the terminal stored in the Quick Dial Key or Speed Dial Code.

3. In older models programmable or permissive attenuation can be selected by a bit switch
adjustment.

4. ECM is normally on. In some models, it can be switched off for a particular destination using
dedicated tx parameters, or for all destinations by bit switch adjustment.

5. If transmitted signals are degraded (especially at higher frequencies) because of the length of wire
between the modem and the local exchange, try adjusting the cable equalizer by bit switch. There
are normally four values available, including zero (off). If the cable equalizer is switched on, high
frequencies are made louder and low frequencies are made softer. The cable equalizer
characteristic may vary depending on the modem in use. Modems used in fax machines generally
raise the levels of frequencies between 1700 Hz and 3000 Hz, and reduce the levels of
frequencies between 300 Hz and 1700 Hz. If the cable equalization is overcorrected, output
signals will be degraded again, leading to unnecessary modem rate fallback during training.
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Group 3 Fax Communication

Return to Standby

After transmission, the next step depends

on the status of the handset hook switch.
Relay

If the handset is on hook at the end of the
communication, the cpu turns off the Di

switch to disconnect the fax machine from  gyitch
the dc loop, then the Oh relay in

accordance with the following diagram on

the right.

If the handset is off hook (for example, if the  ©OH

Voice Request feature was being used), the el

Oh relay switches off before the Di switch,

as shown on the right. Di
Switch

Note: The difference in timing is to meet
PTT requirements in some European
countries.
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Finally, the cpu turns off the power supply for all components except those needed for monitoring the
machine and telephone line in standby mode. The machine is now back in standby mode.

Note

The machine must wait for a minimum amount of time before dialing the next number. This interval is
normally stored in RAM and can be adjusted. However, there may be a government requirement
regarding the value, as for most of the adjustable communication parameters that are discussed in

this manual.
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Others

Manual Dialing
An outline of the steps taken follows.

Document Detection: The user places the document in the feeder, and the tx motor feeds the
document to the scan line.

Document Feed, Video Processing: These steps are the same as for automatic dialing.

DC Loop Closure, Dialing, and Signal Detection: The user picks up the handset. The handset
hook switch closes the circuit between the machine and the telephone exchange (known as the dc
loop). The user listens for dial tone then dials. The user presses Start after hearing a signal from the
other end. There is no automatic call collision prevention after the user presses Start.

Data Transmission, Return to Standby: These steps are the same as for automatic dialing
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Circuits

Machines without Auto Select Mode
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Picking up the Handset

After placing the document in the feeder, the user picks up the handset. The hook switch in the
handset closes the dc loop between itself and the local exchange.

Auto or Manual Receive modes: The cpu detects dc loop closure when pin A or pin B goes low; the
pin that goes low depends on the polarity of the circuit.

Auto Select mode: The cpu detects that the handset is off hook when the signal on pin C changes
state. When the cpu detects this, it switches over the Auto Mode and Oh relays. (The above diagram
shows the relays in standby mode for Auto Select mode.)

The +24V signal used here must remain on during standby mode. This is because pin A is also used
for detecting when the handset is picked up in Auto Select mode.
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Dialing
When the cpu detects the dc loop, the operation panel LED prompts the user to dial.

Dialing from the handset: The dial switch or tone generator in the handset sends the dial signal out
to the line. The user presses Start after hearing a signal from the other end.

Dialing from the ten-key pad: When the first number is input at the ten-key pad, the Oh relay
switches into the down position (see the previous diagram). After the dial pulses or tones have gone
out to the network, the Oh relay switches over again to connect the handset to the line. The user
presses Start after hearing a signal from the other end.

The cpu then connects the line to the fax machine by turning on the Di switch then switching over the
Oh relay 10 ms later. This is the opposite of the dc loop closure procedure for automatic dialing.

The reason for the above is as follows. If the Oh relay is closed first, the dc loop already established
between the handset and the local exchange would be disconnected and the call would be
terminated. So, the Di switch is closed first. There are now two dc loops; one to the handset, and one
through the fax circuit. Then the Oh relay disconnects the handset to leave the fax machine
connected to the local exchange. In automatic dialing, there is no dc loop formed with the local
exchange at this time, so the Oh relay can be switched over first without disconnecting the call.

Document feed, video processing, data transmission, and return to standby then proceed as
previously described.

The user may pick up the handset during communication (for a voice request), or before a document
is placed in the feeder (for example, to make a phone call).
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When the user picks up the handset, the hook switch inside the handset closes.

If this is done in standby mode, the dc loop then forms through the hook switch in the handset. The
cpu detects line current, which informs it that the handset has been picked up.

If the user picks up the handset after the dc loop has been closed (for example, to answer a voice
request), the cpu cannot directly detect that the handset has been picked up. The user has to press
the Stop key after picking up the handset. Then the Oh relay switches over to connect the handset to
the local exchange.
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Immediate Transmission
An outline of the procedure follows.

Document Detection: The user places the document in the feeder, and the CPU turns on the
scanner lamp when it detects the document.

Call Collision Prevention, DC Loop Closure, Line Monitoring, Dialing, and Signal Detection:
After the user has pressed Start on the operation panel, the machine feeds the first page partway
into the scanner. The machine then dials the other party, before scanning the document.

Document Feed: When the other terminal has been reached and handshaking and modem training
have been done, the machine scans the document. When document stamping is switched on, the
page is stamped if transmission was successful.

Video Processing: While the machine scans the document, it converts the scanned data from
analog to digital, and passes it through the video processing circuits.

Data Transmission: The data passes to the telephone line through the modem and network
interface circuits.

Return to Stand-by: After all data has been transmitted, the page is fed out. The machine returns to
stand-by.
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Redialing

If there is a line failure, or if the line is busy, the machine can redial the same number automatically,
as defined by parameters stored in RAM. (Also, the user can redial immediately by pushing the
Redial key.)

There are RAM addresses to control the following:
e Redialing (memory transmission)

¢ Redialing (immediate transmission)
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International Dialing
Some national PTTs require automatic detection of international dial and country dial tones.
International numbers are dialed as follows.

If behind PABX DC Loop
Closure
1
o P 009 112 P 123...
l Tel. number
Pause e e [
Country code PABX PSTN  International Dial  Country Dial
International dial I Monitoring  Monitoring Tone Detection  Tone Detection
Pause
PSTN access code

International dial tones and country dial tones are detected in the same way as PSTN dial tones,
except that the timers and frequency limits are different.
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Note: The necessary parameters are held in RAM.

International Dial Tone

Acceptable frequency range Detection time
Reset time Continuous tone time
Permissible drop time Wait interval

Country Dial Tone

Acceptable frequency range Detection time

Reset time Continuous tone time
Permissible drop time Wait interval

Other

International dial access code
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Auto Dialing from behind a PABX

Outline
The procedure is as follows.

Document Detection, Document Feed, Video Data Processing, Call Collision Prevention, DC
Loop Closure: These are the same as for transmission without PABX. When the machine goes into
transmit mode, it checks for incoming calls, then it connects to the PABX by switching over the Di
switch and Oh relay.

Line Monitoring: Some local conditions require the machine to monitor the line for PABX line
current, dial tones, busy tone, and ringback tone. If line monitoring is disabled, the machine waits for
the PABX wait interval before going on to the next step (in the USA, this interval is 2 s).

Access to the PSTN: The machine must gain access to the PSTN through the PABX by dialing an
access code.

Line Monitoring, Telephone Number Dialing, Signal Detection, Data Transmission, Return to
Standby: These are the same as for transmission without PABX.

Line monitoring and access to the PSTN are explained in more detail on the following pages.
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Line Monitoring

1. Line Current

This is the same as for PSTN line current detection.
2. Dial Tone

The machine monitors the line for PABX dial tone in the same way as when it monitors the line for
PSTN dial tone. However, the following parameters for dial tone detection are different and are
stored in separate RAM addresses.

Acceptable frequency range
Detection time

Reset time

Continuous tone time
Permissible drop time

If PABX line monitoring is enabled and parameters are already programmed, you can disable dial
tone detection. The method differs from model to model.

If PABX dial tone detection is disabled, the machine will wait for the PABX wait interval (see the next
page) before dialing the PSTN access code. This interval is stored in RAM.

10 March 2004 63



Group 3 Fax Communication Transmission

3. Busy Tone Detection

This is the same as for basic transmission, except that the following parameter has a separate RAM
address.

e Acceptable frequency range

4. Ringback Tone Detection

This is the same as for basic transmission, except that the following parameter has a separate RAM
address.

e Detection time
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Access to the PSTN

The machine sends out the first digit of m?:ode:o

the phone number, which should be the Tel. No.: 555

PSTN access code. The PSTN access

code is programmed by bit switch. [A] 0 [B] ° > °
e L 5 a

If this first digit is the same as the value S S

specified by the bit switch, the cpu I
recognizes the access code and starts to Loop
monitor the line from the PABX. Closure

Note that the PSTN access code can be a
two-digit code. In this case, the cpu
monitors the line for line current and dial
tone after the user dials the two-digit code
specified by the access code bit switch.

If line monitoring is disabled, the cpu waits for preset intervals before dialing. The intervals are:
e [A]: PABX walit interval
e [B]: PSTN wait interval; this is the same as the interval discussed in DC Loop Closure.

Both intervals are stored in RAM and can be adjusted. The above diagram shows the set-up for the
USA;Ais2sandBis4s.

10 March 2004 65



Group 3 Fax Communication Transmission

The next step depends on the PSTN access mode selected. There are three types: loop start,
ground start, and flash start.

1. Loop Start 0 12 3
After the cpu recognizes the PSTN access B
code, it monitors the line for line current and
dial tone, then starts to dial the destination
telephone number. < > —

PABX Line Current PSTN Line

and Tone Detection Current and

DC Loop Tone Detection

Closure

2. Ground Start

A
After the cpu recognizes the PSTN access code, it Gs Relay -
gains access to the line by closing the Gs relay for a
certain interval [A], which is stored in RAM.
DC Loop T
Closure PSTN Line
Current and
Tone Detection
Begins
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3. Flash Start

. A
After the cpu recognizes the PSTN access code, P
it gains access to the PSTN by opening the Di Di Relay
relay for a certain interval [A], which is stored in
RAM. A
Circuit DC Loop
cs o Closure PSTN Line
| Current and
Gs [ ]4 Tone Detection
Begins
OH
e T Ds [l}_
1 %
o—odo”® o
O— A D
A
OH
Di
Driver Ds CPU
oO——] Gs
Handset
(e,
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4. Pauses

Example: OPPP123
If the user enters one or more pauses

after the access code, the machine
monitors the PSTN then waits for the 1 2 3
PABX pause time (stored in RAM) for

each pause dialed. Then it dials the [ |
number.

However, the machine will wait for only

o

. <« PABX Line—>| |« PSTNLine> [«

one pause. Current and Current and (_)‘ﬂ
¢ If the pause key was pushed more Tone Detection Tone Detection

than 8 times consecutively A A
e If the pause time RAM address

contains FF. DC Loop

Closure

Notes

The access method can be selected by bit switch. The following settings are available; no PABX,
loop start, ground start, and flash start.

The PSTN access code can be programmed by bit switch.
The PABX pause time ([A] in the above diagram) can be changed by a RAM address adjustment.
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EUROPEAN/ASIAN MODELS

Call Collision Prevention

Overview

After placing a document in the feeder, the user enters the telephone number at the operation
panel's ten-key pad, then presses the Start key. The machine then scans the document and stores it
in the SAF memory. The machine then prepares to dial.

Note: Remember that for transmissions that do not use the memory, the order of events is different.
After the user presses Start, the document is fed partway into the scanner and the machine
dials. Scanning and storing is done after the other end has been reached. See Immediate
Transmission for details.

However, before the machine dials, it must check whether another call is in progress or not, to
prevent a collision of incoming and outgoing signals. If the machine detects that a call is already in
progress, it will wait until the line is clear before dialing.

There are two criteria for detecting whether a call is in progress.
1. Has a ringing signal been detected, or is a potential ringing signal still being analysed?
2. Is the local loop with the local telephone exchange closed?

To understand this, we need to understand how a fax machine connects to a PSTN (Public Switched
Telephone Network). This explanation begins on the next page.
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PSTN Circuit

DC Loop Overview

Every telephone or fax machine is connected Local Exchange
to a local exchange of the PSTN through a Fax or Telephone LOOP OPEN
two-wire pair. One wire is called "Tip" and the
other is called "Ring"; these names refer to o J+_
the tip and ring parts of the plugs used in |

manual switchboards (in Europe, L1 and L2
are often preferred). This two-wire circuit is
known as the "dc loop", or "local loop".

Each telephone and fax machine contains a Local Exchange
switch which opens and closes the local loop.  Faxor Telephone LOOP CLOSED

When the switch is closed, dc generated by

the local exchange flows through the dc loop. J+_
The voltage on the dc loop varies from area to T

area; for example, in the USA, it is about 48 V.
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DC Loop through Telephone

When the telephone is on-hook, the hook switch TELEPHONE (Simplified)
connecting it to the local exchange is open, and dc
from the local exchange cannot pass through the T RING
dc loop. However, the telephone’s ringer is Dialing _|° T Ringer j__
connected (the ringer does not allow the dc from Girctit ——0~o—
the exchange to pass, but allows the ac ringing Ll Ll
signal to pass). Hook
When the handset is picked up, pressure on the Swen
hook switch is released, and the switch closes.
Then, dc from the local exchange passes through LOCAL EXCHANGE
the dc loop.
¥
Ringing L
Signal =
Generator
(20-47 H2)
Y
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DC Loop through Fax Machine with External Telephone

Inside the fax machine, two components (called the
Oh relay and the Ds relay) act as the fax machine's
hook switch.

When the machine is in standby mode (as shown
above), the Oh relay is set up so that the network is
connected to the external telephone (commonly
known as the handset); in this set-up, the handset
can be used as a normal telephone, as explained
on the previous page. The dc loop is open, because
the handset's hook switch is open. However, the
ringing signal detector in the fax machine and the
ringer in the handset are both connected to the line.

When the machine closes the dc loop, it switches
over the Oh relay to disconnect the handset from
the line. Then it closes the Ds relay to connect the
fax machine to the dc loop. The fax machine's cpu
will be able to detect dc by monitoring the line
current detector.

Note: In France, the Di switch is in series with the
Oh relay instead of the Ds relay, and the Di
relay closes the dc loop.
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Call Collision Prevention in Fax Machines

L1 o
For 0.2 s after the user presses Start, the cpu Network o > §"|€
monitors the ringing signal detector and the line L2 o—T—T—-o\;_
current detector to check that the local loop has LINE CURRENT
not already been closed (if the local loop has been oane
closed, there will be current on the telephone line). Sensor LINE CURRENT
If a possible ringing signal is still being analyzed
when the user presses Start, the cpu will wait for 8 o
s, then check whether the signal is still being Handset cPU
analyzed. ™ ©
The call collision prevention circuit is shown RINGING SIGNAL
below. The circuit shown is for a fax machine in @E
standby mode. }

Ringing signal detector: This circuit consists of some zener diodes and a photocoupler. It is
adjustable, to allow for variations in ringing signals within Europe. If the voltage of an incoming signal
is high enough, it turns on the photocoupler. Then, the cpu detects that its connection to the ringing
signal detector has been grounded.

Line current detector: This is a Hall effect sensor. The cpu detects line current when one of the
sensor outputs is grounded; the output that is grounded depends on the polarity of the dc on the
loop.
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DC Loop Closure and Line Monitoring

After it has been confirmed that there is no possibility of call collision, the machine automatically
closes the circuit between itself and the local exchange; this circuit is commonly called the dc loop, or
the local loop. Closing the dc loop is the fax machine's way of going off-hook before dialing.

In some areas, dialing cannot begin until the machine has checked for dial tone and line current. This
is known as "line monitoring".

DC Loop Closure OH

. Relay
The fax machine closes the dc loop after J
checking for incoming calls. If there is no Ds or D
incoming call, the cpu closes the dc loop by Relay
activating the Oh relay to disconnect the _— 1 < >
handset from the line. Then, after 5 ms, it [A] Dialling
closes the Ds relay to connect the fax | | starts
machine to the line. 5ms

The cpu then waits for the 'PSTN wait
interval' [A] of about 2 s before starting to
dial.

The PSTN wait interval can normally be adjusted by RAM address.

On the following circuit diagrams, curved arrows show the relays switching over from standby mode
to close the dc loop.
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GS o I GS o
Gs \214_
. 0——0/2 lDi Ds O
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Driver o—
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I
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9
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In most countries, the circuit is as shown in the left-hand diagram (the Ds relay closes the dc loop). In
France, the circuit is as shown in the right-hand diagram (the Di relay closes the dc loop). The Gs

relay is not used for dc loop closure; it is only shown for reference in these diagrams.
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Line Monitoring

Before starting to dial, conditions in parts of Europe require that the machine monitors the line
current detector for line current, and signals on the line for dial tone.

Therefore, in Europe/Asia models, the PSTN wait interval can be replaced by dial tone and line
current detection, if required by local conditions. (Dial tone and line current detection are also
available in USA versions of some of the more complex models.)

(B]

Line Current Monitoring < ,‘
Line current detection allows the machine to

check whether the dc loop has been closed. If LI
there is no line current, the dc loop may still be

open. —ﬂ ‘ «—
The machine uses the following parameters to P > [
detect line current. A

e Line current wait time [A]
¢ Line current detection time [B] _ o

. . . Line Current Monitoring
e Line current drop detection time [C] Starts Here

[A] starts when the dc loop closes. [B] starts when the line current first reaches the machine.

The machine checks for line current during [A]. Line current must be on the line for [B] or longer
before it is recognized by the cpu. If the cpu has not recognized line current during the interval [A],
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the machine disconnects. However, if the line current has started but has not been on for [B] when
[A] expires, detection continues until it has been on for [B].

After starting [B], the machine continually checks the line current for interruptions. If any single
interruption lasts for [C] or longer, the line is cut, [A] and [B] are reset, and the machine returns to
stand-by.

Dial Tone Monitoring ﬁgiptro)g:rs

€
The local exchange sends a dial tone to inform the user that v >0 | 4¢—>
the exchange can accept a telephone number. Dial tone <q] \‘ >
monitoring allows the fax machine to check for this tone Dial Tone W A—
before dialing; if there is no dial tone, the exchange may not
be ready to accept a telephone number. | <T>‘ o
The machine uses the following parameters to detect dial |
tone.
e Acceptable frequency range T T
e Dial tone detection time [A] DC Loop Dial Tone
e Reset time [B] Closure - Detected
e Continuous tone time [C] < >

Permissible drop time [D]

[B] starts when the dc loop is closed. Dial tone must appear
before [B] expires. If dial tone appears just as [B] expires, detection continues and the deadline at
the end of [B] is ignored.
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The machine detects a dial tone when the tone continues for [C] or longer without interruption. Also,
[A] must have passed since the dial tone first appeared. Interruptions shorter than [D] are ignored.

Switching Line Monitoring On/Off

A nation that requires line monitoring has the necessary parameters programmed in the ROM; they
are normally activated when the country code (nhormally a bit switch setting) is set to the code for that
nation.

However, if required, line current and dial tone can be disabled; the way to do this varies from model
to model.

Similarly, in countries which normally have line monitoring disabled, line current and dial tone
detection can be enabled; however, the parameters for detection will have to be stored in the
appropriate RAM addresses.

When line monitoring is disabled, the machine waits for the Dial Puises or Tones

PSTN wait interval [A] before starting to dial.

< >

T

Loop
Closure
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Note:

The following parameters can be programmed by RAM address.
Line Current Monitoring

Line current wait time Line current detection time
Line current drop detection time Line current monitoring on/off

Dial Tone Monitoring

Acceptable frequency range Dial tone detection time
Reset time Continuous tone time
Permissible drop time Dial tone monitoring on/off
Other

PSTN wait interval
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Dialing
Overview

After the dc loop has been closed, the machine can dial. In automatic dialing mode, the machine
dials in accordance with the number entered by the user at the operation panel, either in full, or as a
Quick Dial or Speed Dial.

There are two types of dialing: pulse dialing, and tone dialing. The dialing method must match the
dialing mode that can be accepted by the local exchange, or the machine will not be able to dial out.

The dialing method can be chosen by a user function in most countries.

10 March 2004 80
- - -~



Facsimile Processes Transmission

o e To the modem
Pulse Dialing and other data

circuits
—>
Di
i) o
local exchange by interrupting the dc loop. ‘
It does this by opening and closing the Di _
switch. Each digit is represented as a As TA5
different number of pulses. For example, to
dial a "2", the machine sends out 2 pulses. Di

Pulse dialing was originally developed to
operate mechanical switching systems in
the local exchanges. o—

The machine sends voltage pulses to the Line

[0

KRN

The Oh Relay remains fixed during dialing

(it does not move until the machine returns

to stand-by mode). The Di switch is arelay.
This is because of PTT requirements in
some areas. (PTTs are national telephone
network administrative bodies.)

When the Di relay is opened and closed, there are sharp voltage peaks at the leading and trailing
edges of the dial pulses, which could damage circuits in the machine. Because of this, a extra relay
is added to the dialing circuit; this relay is known as the Ds relay. The Ds relay is opened while the Di
relay is dialing, to prevent voltage spikes from damaging the machine.
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Each digit of the telephone number is sent out as a pulse train. The cpu sends out the dial pulses by
switching the Di and Ds relays in accordance with the following timing.

Example: Dialing 32 [cl

The time that the Di relay opens is called the >
break time [A] and the time that it closes is |

called the make time [B]. Each pulse sent
out on the line is made by opening and
closing the Di relay. Di — —

Bl B 1=}

A minimum pause [C] is required between
each digit, regardless of whether the user
pressed the pause key while dialing.

DA A AE DA A E

3 2
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Notes:

Most countries dial in the same way (the number of pulses sent out [P] is the same as the number
dialed [N]). However, some areas require different types of pulse dial signals. For example, in Oslo,
P must be 10 - N, and in Sweden, P must be N + 1. The required mode can be selected by bit switch
adjustment.

Pulse dialing can be done at two rates: 10 pulses per second (pps) or 20 pps. If the local exchange
can only handle 10 pps dialing, the machine must not be set to dial at 20 pps. The dial pulse rate can
usually be adjusted by bit switch.

Parameters A to E illustrated on the diagrams in this section are programmable.

For pulse dialing at 10 pps, the times stored in the NCU parameters are used as explained in this
section. However, at 20 pps, only half the values in parameters A, B, D, and E are used, and three-
guarters of the value in parameter C.
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In France, the relay circuit and the relay timing are different, as already mentioned. The principle is
the same, however.

To the modem <
and other data
circuits

Thatn dE =T
—c/;_ B |6

Line
~0—0~ Bl
- Di A
As | As o
Di
Driver ps | cru DA A A E DA A [E
[0 e ———
[o,
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Tone Dialing

Overview

Each dialed digit is sent out as a DTMF (Dual Tone Multi

Frequency) tone, which is a mixture of two frequencies. The 1209 1366 1477
following diagram shows what frequencies are generated for
each digit on a typical telephone keypad. For example, a '5' is
represented by a 770 Hz tone combined with a 1,336 Hz tone. 697 1 2 3

The DTMF tone frequencies are the same throughout the
world. They were carefully chosen so as not to coincide with
other frequencies that may occur on the line. 770 4 5 6

In some types of telephone equipment, the DTMF circuit

remains on line after the call has been connected. This allows
the use of DTMF tones for giving orders to the remote terminal 852 7 8 9
(e.g., extracting information from a remote database).

The advantages of using DTMF over pulse dialing are as 941 * 0 4
follows.

¢ Dialing is faster

e DTMF tone generation circuits are compact solid-state circuits
e There can be end-to-end signalling after call connection, as mentioned in the previous paragraph
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DTMF Tone Generation

The diagram shows how DTMF tones are |

generated in fax machines. Tothe % ~
Network

The cpu generates two square waves of

the required frequencies. These each pass
through a low pass filter to remove noise,
and are added together.
il u.v

In the attenuator, the DTMF tone is “"W‘M
attenuated. The attenuation value is W
different from that used for the attenuation
of facsimile data.

The DTMF tone is then amplified to

compensate for the signal loss between Adder Attenuator
the attenuator and the telephone line. The
tone then passes to the line through the Filter
Ds or Di relay and the Oh relay, which
remain fixed during tone dialing.

b

W

Filter

86
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Attenuation of DTMF Tones
A variable resistor can be used to adjust the signal level within a range of about 2 dB.

Note: The DTMF tone attenuation value can be adjusted by RAM address. However, unlike the
attenuation value for facsimile data, it cannot be adjusted using dedicated transmission
parameters or bit switches.

Timing
DTMF tones are sent out during the DTMF on time
[A] as shown in the diagram.

Note: The DTMF tone on time [A] and off time [B]
can be adjusted by RAM address.

A
v
A
v

[Al [B]
Pauses

If the user dials a pause using the Pause key, the machine waits for a pre-programmed interval
before sending the next tone or pulse.

Note: The pause interval can be changed using a RAM address adjustment.

10 March 2004 87



Group 3 Fax Communication Transmission

Signal Detection

Overview

After dialing, the machine waits for the response from the other end. The response is usually either a
CED tone, a busy tone, or a ringback tone. These tones are known as progress tones. Instead of a
progress tone, a protocol signal such as NSF or DIS may be detected at this time.

The received signal passes through two filters. A high 5 e ©
pass filter (with a cut off of about 300 Hz) removes Iow  Network g EAL
AD

frequencies, such as noise from the fax machine's
power supply, and a low pass filter (with a cut off of
about 2100 Hz) removes high frequencies, such as
noise from overhead railway power cables.

Filters

Programmable

Conwverter

The signal then passes to a programmable gain
amplifier, which raises the signal level enough for the
machine's hardware to analyze it. The minimum signal
level on the line will vary from country to country, so
the amplifier is programmable. For example, in typical
USA models, the amplifier is set up so that signals
weaker than -53 dBm are not detected.

The amplified signal is converted to digital, then passed to the tone detector in the cpu.

Amplifier
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The incoming signal may determine whether or not the machine goes into transmit mode. Most
machines have bit switch or other settings to determine when the machine goes into transmit mode.
The choices are typically as follows:

e After dialing

e After receiving NSF or DIS

e After receiving CED

Note: The gain of the amplifier depends on the country code (the country code is selected by a bit

switch adjustment). However, the gain can be changed by a RAM address adjustment; in most
machines, there are 4 possible values to choose from.
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Busy Tone Detection

If the call has gone through and if the called terminal is already off hook (i.e., the other end is busy),
the local exchange at the other end sends back a busy tone.

DIALLING
SIGNAL Network BUSY
—_—
Local P> Local PP
4—] Bxchanger Exchanger
. <4+ .
Transmitter Receliver
BUSY
TONE

If the machine detects busy tone, it will disconnect the line. The number will be redialed (see
Redialing), unless the maximum number of redials have already been made.

If busy tone detection is disabled and the line is busy, the machine will hold the line until the ITU-T
T1 timer (about 1 minute) runs out. So busy tone detection can reduce the amount of time the
machine holds the line.
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- Busy Tone with Cadence -

In many countries, the busy tone has a Busy Tone

cadence (a fixed on-off cycle), so the ON OFF ON OFF ON OFF

machine measures the on and off times of

the received signal and compares them with NWWW\ Nwwm NWWW' Nwwm
values programmed in the RAM.

RAM addresses specify four permissible ' | o lel o | ol

lengths for each signal state. The machine Ouol  Quial  Within -~ Within ~ Within  \Within

first checks if the signal has a length within Rengel Renge2 Ranges Ranges Renge3 Renges

range 1. If it does not, then range 2 is Two Cydles

selected, and so on. An example is shown |« q

below, in which the on-off time durations Detection Flag |7
are found to be within range 3.

Note

The following values are stored in RAM.

Range 1, ON time Range 1, OFF time

Range 2, ON time Range 2, OFF time

Range 3, ON time Range 3, OFF time

Range 4, ON time Range 4, OFF time

The number of cycles required for detection (for example, a setting of 4 means that ON-OFF-ON
or OFF-ON-OFF must be detected twice).
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e ON or OFF time tolerance (+/-), for ranges 1 to 4.
e Acceptable signal frequency range

- Continuous Busy Tone -

In some countries, such as the UK, the busy signal is not a cadence. The busy tone must continue
for a certain time before the machine detects it.

Note: The minimum time required for continuous busy tone detection is stored in RAM.

10 March 2004 92



Group 3 Fax Communication Transmission

Ringback Tone Detection

If the call has gone through and if the called terminal is on hook, the local exchange at the other end
sends a ringing signal to the called party; at the same time it sends a ringback signal back to the
caller.

NO

DIALLING REPLY

SIGNAL Network YET
—>

Local > Loca P>
4— Bxchanger p Exchanger
Transmitter RINGBACK Receiver
TONE

Ringback tone detection is always switched on in Austria. Ringback tone is detected if the ringback
tone is longer than the minimum ringback tone detection time (0.1 s), which is stored in RAM.
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- If the machine at the other end is a telephone -

When the phone rings at the other end, the transmitting machine detects ringback tone. The other
party picks up the handset when the phone rings, and replaces it when there is no voice on the line.
Then, the local exchange at the receiving end sends back a busy tone to the transmitter (this is
normal in Austria).

When the transmitter detects this busy tone, it immediately disconnects the line without waiting for
the ITU-T T1 time to expire. Ringback tone and busy tone were both detected on this call; in such
cases, the software in the transmitter disables automatic redialing for this number.

Note: In Austria, it is necessary to prevent a fax machine from redialing addresses for which the T1
timer expired on the first attempt.

- If the machine at the other end is a fax machine -

In Austria, the receiving fax machine will close the dc loop after it has detected one ringing signal.
(So, the ringback tone to the transmitter will be short, but not too short for detection.)

Immediately after closing the dc loop, the receiving machine will send CED. If the user at the
receiving end presses Stop after this, both machines will disconnect immediately.

The transmitter will not receive busy tone from the other end, as it has already disconnected, so the
number can be redialed automatically.
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Note
The ringback tone has the same frequency as the busy tone.

The only RAM address that must be programmed for ringback tone detection is as follows.
Ringback tone detection time

CED Detection
If the receiver is a fax terminal in Auto Receive (Fax) mode, it will emit a 2100 Hz tone called CED.

DIALLING FAX

SIGNAL Network MODE
—>

Local > Local }———v>p
<4— BExchanger Exchanger | <
< .
Transmitter . —r Receiver
TONE

This signal informs the caller that they have connected to a fax machine. CED is the high-pitched
tone that prompts the user to press the Start key when using Manual Dialing.

In automatic dialing mode, the transmitting fax terminal confirms CED detection when the CED tone
continues for 200 ms or more. Then it starts to scan the document.
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Transmission

Data Transmission

The data transmission circuit is shown on the
right. The cpu retrieves the data from the
SAF memory, processes it, and passes it to
the modem. The modem modulates the data
to convert it into a form that is suitable for
transmission over the public telephone
network. The data is then attenuated to the
correct signal strength for transmission.

Details of the major steps follow.

Processing in the CPU

Outline

The cpu retrieves the data from the SAF
memory and reconstructs it (if it was
compressed before storage into the SAF).
The cpu then processes the data before
sending it to the modem. The signal to the
modem is eight-bit parallel, with one bit
representing one picture element (unless the
data was reduced—see Digital Processing
for details on reduction).
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Compression

Compression reduces the number of bits in the data signal, and therefore the transmission time for
one page.

MH, MR, and MMR compression are done according to ITU-T standards.

A proprietary procedure called EFC (Estimated Fillbit Control) may be applied to the compressed
data. EFC is not strictly a compression technique, but it improves the efficiency of data transfer by
controlling the number of fill bits inserted by the transmitter at the end of each line of data (see
below).

The data is compressed in accordance with the method agreed in the protocol between the
transmitting and receiving machines. In the obsolete Group 2 and Group 1 modes, the data is not
compressed before transmission.

Brief explanations of the different coding types follow. MH and MR coding are explained in detail in
the ITU-T recommendations for Group 3 facsimile.

MH—Every line is MH coded.

MR—Data is treated in blocks of 2 lines (in Standard or Detail resolution) or in blocks of 4 lines (in
Fine resolution). The first line of each block is MH coded, then the remaining lines in the block are
MR-coded using the first line as the reference line.

SMR—This is similar to MR coding except that data is treated in blocks of 8 lines (in Standard or
Detail resolution) or in blocks of 16 lines (in Fine resolution).
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MMR—Data is treated by the page (or the ECM block if the page needs more than one block). The
first line of the page is MH coded, then all the following lines on the page are MR coded using the
first line as the reference line. In some models, MMR is only done for storing data into memory, or if
ECM is being used.

EFC—The sending machine only includes fill bits in the data stream when the FIFO memory in the
receiver is full (normally fill bits are always added to the end of any line that is sent out in less than
the time specified by the 1/O rate).

New EFC—Fill bits are never added to the data, and the receiver uses the SAF memory or hard disk
instead of the FIFO memory. If the receiver's memory is full, it sends PIN and the line is
disconnected.

If ECM (the extension to Group 3 protocol known as Error Correction Mode) is used, EFC and New
EFC are not used.

The compressed data goes out to the modem on the data bus.

Compression is described in more detail in the section on[compression]
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Data Transfer to the Modem

1/0 rate: The I/O rate is the amount of time needed for the scanner or printer to process one scan
line of image data (modulation and demodulation are not included in this time). On the transmitting
side, it indicates the time needed to scan, process, and compress a scan line. On the receiving side,
it indicates the time needed to reconstruct, process, and print a scan line. In Group 3 transmission
without ECM, /O rates of the communicating machines must be the same. If ECM is used, I/O rate is
not used (0 ms/line is assumed).

Without ECM

The FIFO synchronizes the transfer of video data to the modem (transmission) or from the modem
(reception). It also acts as a buffer, ensuring that there is always some data for the modem to pick
up, modulate, and send out.

The FIFO has some unique functions, in addition to synchronizing data transfer from the CPU to the
modem, as explained below.

Without EFC (Estimated Fillbit Control): During the protocol exchange, I/O rate capabilities are
compared. The I/O rates of both terminals must be the same during communication. The maximum
I/O rate of the slower machine is used. Say that the chosen I/O rate is 10 ms/line. If the sending
machine takes less than 10 ms to scan, process, and compress a particular scan line, it adds fill bits
(zeros) to the end of the compressed scan line to make up the extra time. This keeps the two
machines synchronized.

With EFC: If EFC is used, the two terminals' FIFO sizes are compared during the protocol exchange,
as well as the 1/O rates. During transmission, the sending machine continually estimates how much
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space remains in the receiver's FIFO (the I/O rate, receiver's FIFO size, and amount of data sent are
used in this estimation). Fill bits are not added to the end of each scan line, unless the receiver's
FIFO seems to be getting full; the transmitter then sends fill bits (zeros) until there is some space in
the FIFO. This system speeds up data transfer between the terminals.

With ECM

All compressed image data for an ECM block (normally one page, unless halftone is used) are held
in the ECM memory, and assembled into protocol frames before transmission.

At the receiving end, printing does not start until the whole block of data has been received.
Therefore, there is no need to synchronize the scan line I/O rate of the two machines.

The FIFO is not needed for ECM; the ECM memory at each end acts as a buffer memory.

Printing is not done until a block of data has been assembled in the receiver's ECM memory.
Therefore, there is no real time synchronization of the scan line 1/O rate of the two machines.
Because of this, no fill bits need to be exchanged between the terminals. This means that EFC is not
used with ECM.

Note: In laser printers, the |/O rate is also 0 ms/line during reception. This is because the data is
assembled in a page memory before printing.

ECM is described in more detail in the section on fax protocol, and EFC is described in more detail in
the section on compression.
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Modulation

The data passes to the modem on the data bus as 8-bit parallel data. The modem converts this to
serial and modulates it before passing it on to the network interface circuits.

Modulation techniques are described in detail in another section.

Attenuation
The signal is then attenuated and passed to the line.

For G3 and V.21 protocol signals, the attenuator ensures that the signal level output to the line
matches the value programmed in the bit switches for tx signal level.

If the number is dialed as a Speed or Quick Dial, any value stored for tx level in the dedicated
transmission parameters for this address will be used instead of the bit switch value.

Note: For G2, G1, and PIS (462 Hz) signals, the output to the line is slightly different than for G3. For
example, if the bit switches specify -9 dBm, the different types of signal will have the following
level on entering the network. The following values differ from model to model.

G3, V.21: -9 dB
G2, PIS (462 Hz): -8 dB
G1:-12 dB

There is also a variable resistor, which can be used to adjust the signal level within a small range,
typically 2dB.
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Exit to the Network

The signal then passes through an amplifier, which raises the signal level to make up for the signal
loss as the data passes out to the line through the network interface circuits. The data then passes to
the line through the Di (or Ds) and OH relays, which do not change position during data transmission.

Notes
1. The transmission level can be changed by bit switch, if local line conditions make it necessary.

2. Dedicated transmission parameters are three bytes of settings, that can be programmed for each
Quick Dial Key and Speed Dial Code. The settings include transmission level, and initial modem
rate. The settings can be programmed to suit the line conditions normally encountered when
sending to the terminal stored in the Quick Dial Key or Speed Dial Code.

3. ECM is normally on. In some models, it can be switched off for a particular destination using
dedicated tx parameters, or for all destinations by bit switch adjustment.

4. If transmitted signals are degraded (especially at higher frequencies) because of the length of
wire between the modem and the local exchange, try adjusting the cable equalizer by bit switch.
There are normally four values available, including zero (off).

If the cable equalizer is switched on, high frequencies are made louder and low frequencies are
made softer. The cable equalizer characteristic may vary depending on the modem in use.
Modems used in fax machines generally raise the levels of frequencies between 1700 Hz and
3000 Hz, and reduce the levels of frequencies between 1700 Hz and 300 Hz.

If the cable equalization is overcorrected, output signals will be degraded again, leading to
unnecessary modem rate fallback during training.
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Return to Standby

After transmission, the next step depends on the status of the handset hook switch.

If the handset is on hook at the end of the OH

communication, the cpu turns off the Ds Relay |_

relay to disconnect the fax machine from the _
dc loop, then the Oh relay in accordance with DsorDi

the timing diagram on the right. Relay
10 ms
OH

If the handset is off hook (for example, if the Relay
Voice Request feature was being used), the
Oh relay switches off before the Ds relay, as Ds or Di
shown on the right. Relay |_
Notes:
e The difference in timing is to meet PTT l |

requirements in some European countries. Sms

¢ In France, the Di relay opens the dc loop
instead of the Ds relay.
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Finally, the cpu turns off the power to all components except those needed for monitoring the
machine and telephone line in standby mode. The machine is now back in standby mode.

Note: The machine must wait for a minimum amount of time before dialing the next number. This
interval is normally stored in RAM and can be adjusted. However, there may be a government

requirement regarding the value, as for most of the adjustable communication parameters that
are discussed in this manual.
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Others

Manual Dialing

Outline
An outline of the steps taken follows.

Document Detection: The user places the document in the feeder, and the tx motor feeds the
document to the scan line.

Document Feed, Video Processing: These steps are the same as for automatic dialing.

DC Loop Closure, Dialing, and Signal Detection: The user picks up the handset. The handset
hook switch closes the circuit between the machine and the telephone exchange (known as the dc
loop). The user listens for dial tone then dials. The user presses Start after hearing a signal from the
other end. There is no automatic call collision prevention after the user presses Start.

Data Transmission, Return to Standby: These steps are the same as for automatic dialing.
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Picking up the Handset Oh Relay

the user picks up the handset. The hook y o °\¢
switch in the handset closes the dc loop o

between itself and the local exchange. 1%tk
The CPU detects dc loop closure when LINE CU

pin [A] or pin [B] goes low; the pin that Line RRENT IA]
goes low depends on the polarity of the Current

circuit. Sensor LINE CURRENT

After placing the document in the feeder, o 3 |||§
o o

(B]

Dialing
When the CPU detects the dc loop, the

operation panel LED prompts the user to |_o
_p P p p ~
dial. 1 °_°,

¢ Dialing from the handset: The dial Handset Hook Switch
switch or tone generator in the
handset sends the dial signal out to
the line. The user presses Start after
hearing a signal from the other end.

e Dialing from the ten-key pad: When the first number is input at the ten-key pad, the Oh Relay
switches into the up position (see the previous diagram). After the dial pulses or tones have gone
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out to the network, the Oh relay switches over again to connect the handset to the line. The user
presses Start after hearing a signal from the other end.

The cpu then connects the line to the fax machine by turning on the Ds relay (or Di relay in France)
then switching over the Oh relay 10 ms later. This is the opposite of the dc loop closure procedure for
automatic dialing.

The reason for the above is as follows. If the Oh relay is closed first, the dc loop already established
between the handset and the local exchange would be disconnected and the call would be
terminated. So, the Ds relay is closed first. There are now two dc loops; one to the handset, and one
through the fax circuit. Then the Oh relay disconnects the handset to leave the fax machine
connected to the local exchange. In automatic dialing, there is no dc loop formed with the local
exchange at this time, so the Oh relay can be switched over first without disconnecting the call. See
the DC Loop Closure and Dialing sections for details of the automatic dialing circuit.

Document feed, video processing, data transmission, and return to standby then proceed as
previously described.

The user may pick up the handset during communication (for a voice request), or before a document
is placed in the feeder (for example, to make a phone call).

When the user picks up the handset, the hook switch inside the handset closes.

If this is done in standby mode, the dc loop then forms through the hook switch in the handset. The
cpu detects line current, which informs it that the handset has been picked up.

If the user picks up the handset after the dc loop has been closed (for example, to answer a voice
request), the cpu cannot directly detect that the handset has been picked up. The user has to press
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the Stop key after picking up the handset. Then the Oh relay switches over to connect the handset to
the local exchange.

Immediate Transmission
An outline of the procedure follows.

Document Detection: The user places the document in the feeder, and the cpu turns on the
fluorescent lamp when it detects the document.

Call Collision Prevention, DC Loop Closure, Line Monitoring, Dialing, and Signal Detection:
After the user has pressed Start on the operation panel, the machine feeds the first page partway
into the scanner. The machine then dials the other party, before scanning the document.

Document Feed: When the other terminal has been reached and handshaking and modem training
have been done, the machine scans the document. The page is stamped if transmission was
successful.

Video Processing: While the machine scans the document, it converts the scanned data to digital,
and passes it through the video processing circuits.

Data Transmission: The data passes to the telephone line through the modem and network
interface circuits.

Return to Standby: After all data has been transmitted, the page is fed out. The machine returns to
standby.
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Redialing

If there is a line failure, or if the line is busy, the machine can redial the same number automatically,
as defined by parameters stored in RAM. (Also, the user can redial immediately by pushing the
Redial key.)

There are RAM addresses to control the following:
¢ Redialing (memory transmission)

¢ Redialing (immediate transmission)
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International Dialing
Some national PTTs require automatic detection of international dial and country dial tones.
International numbers are dialed as follows.

If behind PABX DC Loop
Closure
1
o P 009 112 P 123...
l Tel. number
Pause e e [
Country code PABX PSTN  International Dial  Country Dial
International dial I Monitoring  Monitoring Tone Detection  Tone Detection
Pause
PSTN access code

International dial tones and country dial tones are detected in the same way as PSTN dial tones,
except that the timers and frequency limits are different.
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Note:
The necessary parameters are held in RAM.

International Dial Tone

Acceptable frequency range Detection time
Reset time Continuous tone time
Permissible drop time Wait interval

Country Dial Tone

Acceptable frequency range Detection time

Reset time Continuous tone time
Permissible drop time Wait interval

Other

International dial access code
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Auto Dialing from behind a PABX

Outline
The procedure is as follows.

Document Detection, Document Feed, Video Data Processing, Call Collision Prevention, DC
Loop Closure: These are the same as for transmission without a PABX. When the machine goes
into transmit mode, it checks for incoming calls, then it connects to the PABX by switching over the
Ds relay (or Di relay in France) and the Oh relay.

Line Monitoring: Some local conditions require the machine to monitor the line for PABX line
current, dial tones, busy tone, and ringback tone. If line monitoring is disabled, the machine waits for
the PABX wait interval before going on to the next step (in the USA, this interval is 2 s).

Access to the PSTN: The machine must gain access to the PSTN through the PABX (by dialing an
access code for example).

Line Monitoring, Telephone Number, Dialing, Signal Detection, Data Transmission, Return to
Standby: These are the same as for transmission without a PABX.

Line monitoring and access to the PSTN are explained in more detail on the following pages.
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Line Monitoring

1. Line Current

This is the same as for PSTN line current detection.
2. Dial Tone

The machine monitors the line for PABX dial tone in the same way as when it monitors the line for
PSTN dial tone. However, the following parameters for dial tone detection are different and are
stored in separate RAM addresses.

Acceptable frequency range
Detection time

Reset time

Continuous tone time
Permissible drop time

If PABX line monitoring is enabled and parameters are already programmed, you can disable dial
tone detection. The method differs from model to model.

If PABX dial tone detection is disabled, the machine will wait for the PABX wait interval (see the next
page) before dialing the PSTN access code. This interval is stored in RAM.
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3. Busy Tone Detection

This is the same as for basic transmission, except that the following parameter has a separate RAM
address.

e Acceptable frequency range

4. Ringback Tone Detection

This is the same as for basic transmission, except that the following parameter has a separate RAM
address.

e Detection time
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Access to the PSTN

The machine sends out the first digit of m?:ode:o

the phone number, which should be the Tel. No.: 555

PSTN access code. The PSTN access

code is programmed by bit switch. [A] 0 [B] ° > °
e L 5 a

If this first digit is the same as the value S S

specified by the bit switch, the cpu I
recognizes the access code and starts to Loop
monitor the line from the PABX. Closure

Note that the PSTN access code can be a
two-digit code. In this case, the cpu
monitors the line for line current and dial
tone after the user dials the two-digit code
specified by the access code bit switch.

If line monitoring is disabled, the cpu waits for preset intervals before dialing. The intervals are:
e [A]: PABX walit interval
e [B]: PSTN wait interval; this is the same as the interval discussed in DC Loop Closure.

Both intervals are stored in RAM and can be adjusted. The above diagram shows the set-up for the
USA;Ais2sandBis4s.
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The next step depends on the PSTN access mode selected. There are three types: loop start,
ground start, and flash start.

1. Loop Start 0 12 3
After the cpu recognizes the PSTN access B
code, it monitors the line for line current and
dial tone, then starts to dial the destination
telephone number. < > —

PABX Line Current PSTN Line

and Tone Detection Current and

DC Loop Tone Detection

Closure

2. Ground Start

A
After the cpu recognizes the PSTN access code, it Gs Relay -
gains access to the line by closing the Gs relay for a
certain interval [A], which is stored in RAM.
DC Loop T
Closure PSTN Line
Current and
Tone Detection
Begins
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3. Flash Start

After the cpu recognizes the PSTN access code, | 4[/1
it gains access to the PSTN by opening the Ds Ds Relay
relay for a certain interval [A], which is stored in

RAM. (In France, the circuit is different; the Di 4
relay is used. See DC Loop Closure.)

DC Loop
Circuit Closure PSTN Line

Current and
Tone Detection

Gs [é]* Begins

S aiE

GS o

T
3

LU
J —>
2 ¥
B %[22
;
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4. Pauses

Example: OPPP123
If the user enters one or more pauses

after the access code, the machine
monitors the PSTN then waits for the 1 2 3
PABX pause time (stored in RAM) for

each pause dialed. Then it dials the [ |
number.

However, the machine will wait for only

o

. <« PABX Line—>| |« PSTNLine> [«

one pause. Current and Current and (_)‘ﬂ
¢ If the pause key was pushed more Tone Detection Tone Detection

than 8 times consecutively A A
e If the pause time RAM address

contains FF. DC Loop

Closure

Notes

The access method can be selected by bit switch. The following settings are available; no PABX,
loop start, ground start, and flash start.

The PSTN access code can be programmed by bit switch.
The PABX pause time ([A] in the above diagram) can be changed by a RAM address adjustment.
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Reception

Overview

This section explains how a fax machine receives a fax message. The base of the description will be
for Auto Receive (Fax) Mode. Points concerning Manual Receive (Tel) Mode and Auto Select (Auto)
Mode are discussed in the relevant sections. In addition, a section at the end explains additional
features.

Below follows a brief summary of the individual steps for Auto Receive Mode. These steps are
basically the same for most machines.

Ringing Signal Detection—When someone sends the unit a fax, the local exchange sends a
ringing signal to the unit. The CPU monitors the ringing signal detector. If Manual Receive Mode has
been selected, ringing signal detection is disabled.

Loop Closure—When the CPU confirms that the incoming signal is a ringing signal, it closes the dc
loop with the local exchange. If the caller is not a fax machine, the unit will send out the pre-
programmed voice message, if it has been enabled (some models do not have this feature). This
section also explains how the machine treats an incoming call if the machine is in Manual Receive
Mode or Auto Select Mode.

Data Reception—Data from the line passes to the modem and to the CPU.

Printing — The machine prints the fax message and feeds it out. This process is not described in this
section.
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Return to Standby—After the final page has come in, the unit disconnects the line. After printing
has finished, the unit disconnects the dc loop (in exactly the same way as for the end of
transmission). Note that if the message is received to memory first, printing takes place after the
whole message has been received and the machine has disconnected itself from the telephone line.
This is explained in the Transmission section.

The circuits for European and Asian models are different from those for North American models.
Because of this, two separate sections have been prepared.
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North American Models

Ringing Signal Detection

Monitoring the Line TP o *

The ringing signal detector is a circuit Network é

containing a photocoupler and some zener RING © ol Y |||§
—%

diodes. The cpu constantly monitors the
output [A] for a ringing signal unless the
printer is in use or the dc loop is already
closed.

An incoming signal switches the
photocoupler on/off if the voltage is higher

than a certain voltage. The cpu analyzes Rl O—e _0/0'— +24VS
the signal [A]. Handset o ® U
The above circuit is for machines that do L O/z_

not have Auto Select Mode. The circuit for
machines that have Auto Select Mode is

discussed on the next page. Ringing Al
Signal
Detector

-
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Auto Select Mode
Auto Mode

Machines that have this extra reception mode Relay
have an extra relay in the network interface, TP ©

called the Auto Mode relay. The circuit is Network 4 /
shown below. RING © N \/f j"lg

When the machine is standing by in Auto
Receive mode, the relays are as shown above. T
0

When the machine is standing by in Manual 1%
Receive mode, the Oh relay is in the up | )

)

position and the Auto Mode relay is in the
down position. Rl O0—

When the machine is standing by in Auto T o—t
Select mode, the Oh relay is in the down
position and the Auto Mode relay is in the up
position.

2 0% oY

2
g

Ringing
Signal
Detector
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Silent Ringing Detection

If Auto Select mode is used, the Oh relay is in the down position, so the handset cannot ring. This
means that the machine makes no noise when a call comes in, unless the incoming call is from a
telephone; if CNG is not detected, the cpu rings the fax machine's internal buzzer.

If Auto Receive mode is used, the user may have the option to enable silent ringing detection. In this
case, the Oh relay will be in the down position, disconnecting the handset ringer from the line.
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Signal Analysis

A ringing signal must satisfy three basic criteria: frequency, number of rings, and continuity. In all
models, the principles of ringing signal detection are the same. A few models differ slightly from the
explanation given below.

Frequency Ringing

Signal
When the cpu detects a signal, it measures (Bl (@
the frequency. If the frequency is within the > >
limits specified by the parameters [A] One Ring
programmed in the memory, the cpu | < >
determines that it is a possible ringing signal. M
Number of Rings _ f _ l——>I

Ringing Signal, [E]

Ringing signals have a cadence, consisting O”e"‘%e'ength

of rings and intervals between rings, as
shown on the previous page. The cpu counts
the rings.

However, the cpu does not increment the ring counter unless the ring was long enough. The first ring
must be longer than the interval [B], and subsequent ones must be longer than the interval [C].

A certain number of rings [D] must be detected before the cpu confirms that the incoming signal is a
ringing signal. When the count reaches the required value, the cpu confirms that the signal is a
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ringing signal. The machine then goes into receive mode, and the cpu turns on the power supply for
all components.
Continuity

The ringing signal must also satisfy a continuity test. The time between the end of a ring and the start
of the next ring must not exceed the interval [E]. Otherwise, ringing detection flags will be reset and
the next ring detected will be treated as the start of a new ringing signal.

Note: Parameters A to E described in this section can be adjusted.
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DC Loop Closure

Auto Receive (FAX) Mode

After confirming the ringing signal, the cpu closes the dc loop by switching over the Oh relay then
turning on the Di switch. The timing is the same as for transmission. The machine sends CED to the
transmitting machine, to inform it that it has connected to a fax terminal.

Manual Receive (TEL) Mode

In manual receive mode, automatic ringing signal detection and loop closure are not done. The user
picks up the handset after hearing it ring; this closes the dc loop. The user then presses Start after
hearing the fax signal from the other end. Then the fax machine connects to the line by closing the Di
switch then switching over the Oh relay. The timing is exactly the same as for manual dialing.
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Auto Select (AUTO) Mode

The machine detects the ringing signal in the same way as for Auto Receive Mode. However, the Oh
relay is in the down position in standby mode, so the handset does not ring.

If the machine detects CNG (which means that the other end is an auto-dialing fax machine), it
closes the dc loop and sends out CED. From this point, the machine behaves in the same way as if it
was in Auto Receive Mode.

If the machine does not detect CNG after 2 s, it will send out a voice message (if the machine has
this function). Then, if CNG has still not come in within a certain time (let us call it [A]), the machine
will emit an alarm to alert the user. From this point, the machine must detect CNG or the user must
pick up the handset within a certain time (let us call it [B]). If the other party hangs up during this
interval, the machine will also hang up.If the interval [B] expires, the machine sends out CED. If the
other party is a fax machine in manual dialing mode, the other party will press Start, and fax
communication can go ahead in the same way as for Manual Receive Mode. If the other party hangs
up instead, this machine will also hang up.

Note: Timers A and B can be adjusted.
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Data Reception

This section explains the path of data from the F,\:gwmvgr‘f

telephone line to the cpu (non-memory transmission) P

or the SAF memory (memory transmission). 3

Data from the line first passes to an amplitude RING 1

equalizer, which raises the level of frequencies above 1= Speaker

about 1000 Hz, and lowers the level of frequencies ~ VO'(‘;:/‘eoﬂa”d

below about 1000 Hz. This makes the signal profile as Control

flat as possible. The data is then filtered to remove [ Eawaiicer
low frequency noise (such as from the power supply) =

and high frequency noise (such as that caused by rore
overhead power lines for railways). The data then

passes to the modem.

The modem demodulates the incoming data and l

converts it to parallel.

T 3 0 1

FIFO
Memory Memory Memory
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The data is extracted from the ECM data frames in the ECM memory and passed to the cpu for data
reconstruction (the opposite of compression). If ECM is disabled, the data passes through the FIFO
memory instead of the ECM memory.

- Machines with SAF Memory -

Machines with SAF memory store the message in the SAF at the same time as the data passes to
the cpu for decoding. This protects against data being lost as a result of a printing error (such as a
jam).If memory reception is used (e.g., confidential mode), the data is held in the SAF memory until
the user prints the data.

Note: If transmitted signals are degraded because of the distance between the modem and the local
exchange, try adjusting the cable equalizer. This is normally a bit switch adjustment.

Note concerning ECM

In receive mode, both buffers of the double buffer memory are used, so if a page has to be split into
two blocks, the second block can be received while the first block is still being printed. (In transmit
mode, only a single buffer is used; if a page has to be split into two blocks, the first block must be
sent and erased before the second block can be stored in the ECM memory)

ECM reception of MMR coded data—If the printer jams or runs out of paper while receiving the
second block, the second block will be erased from memory. This is because the data at the
beginning of the second block cannot be reconstructed, as the line at the end of the first block has
already been erased. An Error Report is printed, which contains a message for the user to contact
the sender for retransmission.
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TIP

Others Noerk E
RING

Voice Message

Voice Message Types 7

c Programmable
There are two types of voice message that Disind
can be recorded. One is for use with the Switch
Notify function (to inform the Notify P'O.%Z'i:tﬁue
destination that a fax message has come in),
and the other is for use in Auto Receive Sposter TRANSMISSION
mode (to warn any telephone caller that they Speaker
have connected to a fax machine). In most o
models, only the Auto Answer voice message Control

is available. 1 En@

The diagram shows the circuits for storing,
playing back, and transmitting a voice [(vodem |
message.

N \oice Message
| Processor

| RECORDING
Microphone =
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Storing the Voice Message

To record a voice message, the user speaks into the microphone, which is either in the handset or
built into the operation panel. The diagram on the previous page shows the circuit when a
microphone is used.

The signal is amplified. Then, it passes to the Voice Message Processor, which converts the voice
signal to digital and stores it in the memory. The voice message memory normally has battery back-
up.

Note: In some models, the user speaks into the handset microphone. When the user selects voice

message recording, a relay connects the handset microphone to the voice message
processor.

Playing Back the Voice Message

To play back a voice message, the Voice Message Processor reads the digitized message from the
memory and converts it back to an audio signal. The signal is then amplified.

The signal passes through the speaker volume control, which the user can normally adjust. The
signal is then amplified before going to the speaker.
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Voice Message Transmission in Auto Receive Mode

If the Voice Message has been programmed and switched on, the unit sends it out immediately
before the CED tone if it does not receive CNG; if CNG is not received, the calling machine is not an
automatic dialing fax terminal. Total communication time is increased by the length of the voice
message.

The Voice Message Processor converts the stored Voice Message into a voice signal. The Voice
Message is attenuated and passed to the line in the same way as transmitted data.
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Reception
Reception with Answering Machine
Overview 1
The answering machine is connected to the }”lE — I

. . o o
rear of the fax machine, in the same place as 1 )
a handset. LOCAL
EXCHANGE
In standby mode, the Oh relay connects the
answering machine to the line. The hook R(eljhay
switch in the answering machine is open, so
there is no dc loop. However, the ringer in the ® o
answering machine can detect ac ringing 1oy
signals coming from the local exchange. J:.o
FAX TERMINAL Ringer
(Simplified) OJ
N
ANSWERING
MACHINE
(Simplified)
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Answering Machine with Telephone

Receiver
When an answering machine with a telephone answers an (refé‘:‘)',fzrne) (Telephone with
incoming call, the call proceeds as shown in the diagram. Ansiering Machine)
When a ringing signal comes in from the local exchange, Dialling

the answering machine starts to ring [A]. While the
answering machine is still ringing [B], the call can still be
answered if someone picks up the handset.

End-to-end Delay
If by point [C] the handset has not been picked up, the I

. : . Al
answering machine connects to the line and starts to send
the pre-recorded message, with a beep at the end [D]. The -
caller then has a chance to record a message, before the
line is disconnected [E]. e
Pre-recorded

DS

Recording
mode

[E
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Answering Machine with Fax Terminal

Auto Receive (Fax) Mode Receiver

When a ringing signal comes in [A], the answering Caller Afzx\etigmm%
machine starts ringing and the fax machine begins ringing

signal detection. As soon as the fax machine detects the

ringing signal, it closes the dc loop [B], disconnecting the Dialling
answering machine.

Therefore, as long as the fax machine closes the dc loop
before the answering machine can react ([C] in the
diagram on the previous page), the answering machine

I End-to-end Delay
Al

does not affect the fax machine's operation. ¢ o
Ringing
[B]
Fax communication
proceeds as normal
from this point
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Manual Receive (Tel) Mode

As just explained, the answering machine has no effect on
the fax machine when it is in Fax Mode. Therefore, the user
must set the fax machine up in Tel Mode to use an
answering machine. The operation of the fax machine then
depends on what type of equipment is calling it.

a) Receiving from a fax machine in automatic dial mode

First, the ringing signal comes in [A]. The fax machine is in
manual receive mode, so it ignores this. Because the fax
machine ignores the ringing signal, the answering machine
answers the line [B], and proceeds in the same way as if it
were connected to a telephone (see "2. Answering Machine
with Telephone").

The recorded message should contain the following
instructions: "If you want to leave a recorded message,
speak after you hear the beep. If you want to send a fax
message, press 2 after you hear the beep, then press Start
on your fax machine after you hear a high-pitched tone."
(The number the person at the other end has to press
depends on the answering machine.)

10 March 2004

Caller
(Auto-dialling
Fax Terminal)

Dialling

Receiver
(Fax Terminal with
Answering Machine)

I End-to-end Delay
A

Answering machine
is ringing

(B]

Pre-recorded
message

Recording
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Fax communication
proceeds as normal
fromthis point
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While this is going on, the other end sends CNG [C]. When the receiving fax machine detects CNG,
it switches over the Oh relay to disconnect the answering machine [D], and closes the Di relay to
connect itself to the line.

The answering machine does not have any effect on the operation of the machine, unless there is a
problem with CNG detection.

If the fax machine cannot detect CNG, it cannot connect to the line. For example, CNG cannot be
detected if it comes in at the same time as the answering machine's recorded message is going out.
Because of this, the best time for the fax machine to detect CNG is while the answering machine is in
recording mode, after sending out the beep (see the previous diagram).

Note: Some problems have been experienced in this area, as different types of terminal transmit
CNG at different times, due to variations in interpretation of ITU-T recommendations.
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b) Receiving from a fax in manual dial mode or a Caller Feciver
telephone ,\(/rlae'neu‘;hg‘;’"gg (Telephone with

. ) . Fax Terminal) Answering Machine)
There is no CNG, so the answering machine has
control of the line. When the answering machine Dialing
detects a ringing signal [A], it sends out a recorded
message. This message should contain the following |
instructions: "If you want to leave a recorded message, I Enebo-endl Delay
speak after you hear the beep. If you want to send a Y Ringingsignal comesir
fax message, press 2 after you hear the beep, then Answering medhine
press Start on your fax machine after you hear a high- is ringing
pitched tone." (The number the other end has to press I
depends on the answering machine; see the Note at A
the end of this section.) Pre-recorded
When the fax machine detects this '2' from the other e
end [B], it switches over the Oh relay to disconnect the -
answering machine, and closes the Di switch to _
connect itself to the line [C]. Then it sends CED to the 5] > D Recording
caller [D]. When the caller hears this high-pitched tone, (]
the caller presses Start [E], and fax-to-fax :| cED IO
communication can go ahead. Endwendwayi

B sar [ ]

10 March 2004 138




Group 3 Fax Communication Reception
TIP O

The caller must use a DTMF tone dialing
telephone. The cpu detects the tone at [A]. Network
Then the cpu will switch the machine into auto RING o
receive mode using [B], and the other end will

be able to send the fax message.

Answering
+5V

+5V
O [B]
Oh Relay cPuy

DTMF Tone
_3lE

Detector
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Remote Control

Remote control features do not use the same circuit to detect the codes input at the remote
telephone or fax machine. In remote control mode, the machine closes the dc loop, so DTMF tones
from the other end pass to the cpu along the same route as received fax data signals.

Using remote control, the fax machine is controlled from a remote location through the telephone
network using a telephone or fax machine. The user dials the fax machine and selects a feature by
inputting some numbers. The fax machine then executes the selected function.

When the receiving machine detects a ringing signal, it closes the dc loop and sends out CED. The
user at the other end then presses the required button on his ten-key pad, and transmits DTMF tones
to the receiver (the caller must use a DTMF tone dialing telephone or fax machine). The receiving
side's cpu detects the DTMF tones.
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European/Asian Models
Ringing Signal Detection

Monitoring the Line

The ringing signal detector is a circuit
containing a photocoupler and some zener
diodes. The cpu constantly monitors the output
[A] for a ringing signal unless the printer is in
use or the dc loop is already closed.

An incoming signal switches the photocoupler
on/off if the voltage is higher than a certain
voltage. The cpu analyzes the signal [A].

The circuit contains a variety of resistors,
capacitors, and jumpers to ensure compliance
with a wide range of PTT requirements.
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Signal Analysis

A ringing signal must satisfy three basic criteria: frequency, number of rings, and continuity. In all
models, the principles of ringing signal detection are the same. A few models differ slightly from the
explanation given below.

- Frequency - Ringing
Signal
When the cpu detects a signal, it measures Bl ©
the frequency. If the frequency is within the l+—>1 l¢—>I
limits specified by the parameters [A] One Ring
programmed in the memory, the cpu l—> |
determines that it is a possible ringing signal. |‘WWWM,| | | | |
- Number of Rings - Ifl | ————p |
Ringing signals have a cadence, consisting it [
of rings and intervals between rings, as A
shown on the previous page. The cpu counts
the rings.

However, the cpu does not increment the ring counter unless the ring was long enough. The first ring
must be longer than the interval [B], and subsequent ones must be longer than the interval [C].

A certain number of rings [D] must be detected before the cpu confirms that the incoming signal is a
ringing signal. When the count reaches the required value, the cpu confirms that the signal is a
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ringing signal. The machine then goes into receive mode, and the cpu turns on the power supply for
all components.

- Continuity -

The ringing signal must also satisfy a continuity test. The time between the end of a ring and the start
of the next ring must not exceed the interval [E]. Otherwise, ringing detection flags will be reset and
the next ring detected will be treated as the start of a new ringing signal.

Note: Parameters A to E described in this section can be adjusted.
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DC Loop Closure

Auto Receive (FAX) Mode

After confirming the ringing signal, the cpu closes the dc loop by switching over the Oh relay then
turning on the Di or Ds relay. The timing is the same as for transmission. The machine sends CED to
the transmitting machine, to inform it that it has connected to a fax terminal.

Manual Receive (TEL) Mode

In manual receive (TEL) mode, automatic ringing signal detection and loop closure are not done. The
user picks up the handset after hearing it ring; this closes the dc loop. The user then presses Start
after hearing the fax signal from the other end. Then the fax machine connects to the line by closing
the Di or Ds relay then switching over the Oh relay. The timing is exactly the same as for manual
dialing.

Auto Select (AUTO) Mode

When the machine detects the ringing signal, it closes the dc loop in the same way as for Auto
Receive Mode.

If the machine detects CNG (which means that the other end is an auto-dialing fax machine), it sends
out CED. From this point, the machine behaves in the same way as if it was in Auto Receive Mode.

If the machine does not detect CNG after 2 s, it will send out a voice message (if the machine has
this function). Then, if CNG has still not come in within a certain time (let us call it [A]), the machine
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will emit an alarm to alert the user. From this point, the machine must detect CNG or the user must
pick up the handset within a certain time (let us call it [B]). If the other party hangs up during this
interval, the machine will also hang up.

If the interval [B] expires, the machine sends out CED. If the other party is a fax machine in manual
dialing mode, the other party will press Start, and fax communication can go ahead in the same way
as for Manual Receive Mode. If the other party hangs up instead, this machine will also hang up.

Note: Timers A and B can be adjusted.
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Data Reception

This section explains the path of data from the F“’m“r‘f

telephone line to the cpu (non-memory transmission) L1

or the SAF memory (memory transmission). %

Data from the line first passes to an amplitude 2 1

equalizer, which raises the level of frequencies above 1= Speaker

about 1000 Hz, and lowers the level of frequencies ~ VO'(‘;:/‘gﬁa“d

below about 1000 Hz. This makes the signal profile as Cortrol :
flat as possible. The data is then filtered to remove Ea"zer
low frequency noise (such as from the power supply) =

and high frequen(_;y noise (s_uch as that caused by —
overhead power lines for railways). The data then

passes to the modem.

The modem demodulates the incoming data and l

converts it to parallel.

T 3 0 1

FIFO
Memory Memory Memory
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The data is extracted from the ECM data frames in the ECM memory and passed to the cpu for data
reconstruction (the opposite of compression). If ECM is disabled, the data passes through the FIFO
memory instead of the ECM memory.

- Machines with SAF Memory -

Machines with SAF memory store the message in the SAF at the same time as the data passes to
the cpu for decoding. This protects against data being lost as a result of a printing error (such as a
jam).If memory reception is used (e.g., confidential mode), the data is held in the SAF memory until
the user prints the data.

Note: If transmitted signals are degraded because of the distance between the modem and the local
exchange, try adjusting the cable equalizer. This is normally a bit switch adjustment.

Note concerning ECM

In receive mode, both buffers of the double buffer memory are used, so if a page has to be split into
two blocks, the second block can be received while the first block is still being printed. (In transmit
mode, only a single buffer is used; if a page has to be split into two blocks, the first block must be
sent and erased before the second block can be stored in the ECM memory)

ECM reception of MMR coded data—If the printer jams or runs out of paper while receiving the
second block, the second block will be erased from memory. This is because the data at the
beginning of the second block cannot be reconstructed, as the line at the end of the first block has
already been erased. An Error Report is printed, which contains a message for the user to contact
the sender for retransmission.
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L1
Others Nk L2 E

Voice Message = A

Voice Message Types

There are two types of voice message that can be
recorded. One is for use with the Notify function (to

inform the Notify destination that a fax message has g
come in), and the other is for use in Auto Receive
mode (to warn any telephone caller that they have Speaker TRANSMISSION
connected to a fax machine). In most models, only wopeaker | raeacc
the Auto Answer voice message is available. onot
The diagram shows the circuits for storing, playing @um
back, and transmitting a voice message. =
Modem I
N \Wwice Message
| Processor
Microphone = " ﬂ
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Storing the Voice Message

To record a voice message, the user speaks into the microphone, which is either in the handset or
built into the operation panel. The diagram on the previous page shows the circuit when a
microphone is used.

The signal is amplified. Then, it passes to the Voice Message Processor, which converts the voice
signal to digital and stores it in the memory. The voice message memory normally has battery back-
up.

Note: In some models, the user speaks into the handset microphone. When the user selects voice

message recording, a relay connects the handset microphone to the voice message
processor.

Playing Back the Voice Message

To play back a voice message, the Voice Message Processor reads the digitized message from the
memory and converts it back to an audio signal. The signal is then amplified.

The signal passes through the speaker volume control, which the user can normally adjust. The
signal is then amplified before going to the speaker.
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Voice Message Transmission in Auto Receive Mode

If the Voice Message has been programmed and switched on, the unit sends it out immediately
before the CED tone if it does not receive CNG; if CNG is not received, the calling machine is not an
automatic dialing fax terminal. Total communication time is increased by the length of the voice
message.

The Voice Message Processor converts the stored Voice Message into a voice signal. The Voice
Message is attenuated and passed to the line in the same way as transmitted data (see section 2-8
for details).

Remote Control

Using remote control, the fax machine is controlled from a remote location through the telephone
network using a telephone or fax machine. The user dials the fax machine and selects a feature by
inputting some numbers. The fax machine then executes the selected function.

When the receiving machine detects a ringing signal, it closes the dc loop and sends out CED. The
user at the other end then presses the required button on his ten-key pad, and transmits DTMF tones
to the receiver (the caller must use a DTMF tone dialing telephone or fax machine). The receiving
side's cpu detects the DTMF tones.
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Fax Circuit Update

North American Models

The descriptions in the Core Technology Manual (Facsimile Processes — Transmission — North
American Models, Facsimile Processes — Reception — North American Models) are based on the C
series models (HO81 series). There have been a few small changes since these models.

Changed Names

The following components have new names. There is no change in the function of these
components. These new names took effect from the F/L series models (H516/H521 series).

Old New
Oh relay CML relay, Relay
Di switch OHDI switch

Changes to the Circuit
In some NCUs, there is no Off-hook Detection circuit.

DC Loop: This new circuit, between the OHDI switch and the exit to the fax main board prevents dc
from entering the fax main board from the NCU.

CML relay: In some NCUs, the wiring between this relay and the telephone line has been altered, but
there is no change in how the machine dials out, because PTT requirements have not changed.

Some example block diagrams are shown on the next few pages.
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Fax Circuit Update

C series (HO81 series): Old names, as used in the main text of the core technology manual
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Schmidt 3 (H547): Changed names, but no changes to the circuits
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Schmidt 4 (H535): Changed names, and changes to the circuits
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European/Asian Models

The fax circuit descriptions in the Core Technology Manual (Facsimile Processes — Transmission —
European/Asian Models, Facsimile Processes — Reception— European/Asian Models) are based on
the C series models (HO81 series). There have been a few small changes since these models.
These changes are listed below.

Changed Names

The following components have new names. There is no change in the function of these
components. These new names took effect from the F/L series models (H516/H521 series).

Old New
Oh relay CML relay
Di switch, Di relay OHDI switch
Ds switch, Ds relay DO switch

Changes to the Circuit

DC Loop: This new circuit, between the OHDI switch and the exit to the fax main board prevents dc
from entering the fax main board from the NCU.

[ In some NCUs, there is a control signal (DCLSW) to this ‘DC Loop’ circuit. This signal adjusts the
maximum level of dc that passes out of the machine through the NCU to the line. In TBR21
nations, the limit is 60 mA. For other European nations, the limit is 120 mA.

Some example block diagrams are shown on the next few pages.
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C series (HO81 series): Old names, as used in the main text of the core technology manual
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FX6 (H516): Changed names, but no changes to the circuits
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Schmidt 4 (H535): Changed names, and changes to the circuits
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Compression Techniques
Overview

Compression and Reconstruction

Digital machines compress image data for two purposes.

* To reduce the amount of memory or hard disk space required for storage
* To reduce the amount of time needed to transmit the image data by fax.

This section will deal mainly with fax data compression and reconstruction. For fax
communication, data is compressed in accordance with internationally-agreed standards.
However, for temporary storage on hard disk, other techniques may be used.

An analog facsimile machine takes a long time to transmit all the black and white pixels of a
scanned original. Therefore, to reduce transmission time, the high-speed facsimile compresses
the scanned data before transmission.

Compression: Reduces the volume of scanned data
Reconstruction: Converts the compressed data back into the original data
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Encoding Scheme for Compression

If an A4-size document (216 mm x 297 mm, very approximately equal to a Letter size document)
is scanned at standard resolution (8 dots per mm across the page and 3.85 dots per mm down
the page), a large number of pixels are generated. The actual number is:

216 x 8 x 297 x 3.85 = 1,975,882 pixels.

If these pixels are sent out at 9,600 bits per second, it takes about 3 minutes and 40 seconds to
send the page.

To reduce this time, an encoding system was developed to achieve high-speed transmission
which reduces the transmission time to 1/6 - 1/7th of that required for uncompressed data.

Modified Huffman (MH) coding is the basic compression technique for facsimile data
transmission. It looks at run lengths, that is, the consecutive numbers of pixels that have the
same color.

For example, if a sample of data is "white, white, white, black, black, black”, it can be considered
as "3 white, 3 black". Modified Huffman coding specifies a code of "1000" for "3 white", and "10"
for "3 black".

The designers of MH coding determined the most common run lengths and gave them the
shortest codes; “3 black” is one of the most common sequences. Less frequent run lengths were
given longer codes. In this way, a code table was constructed with regard to the various
occurrence rates of run lengths, to minimize the total number of bits in the transmitted data.
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The ITU-T T.4 recommendation contains the run length code tables, as shown on the following
pages. The code table consists of "terminating codes" to replace run lengths of 0 to 63, and
"make-up codes" to replace run lengths of multiples of 64 bits. Scanned data is compressed by
replacing each run length with either:

» A terminating code (for black or white run lengths less than 64)

* A make-up code followed by a terminating code (for black or white run lengths of 64 or
greater)

Terminating Codes

White Run Length Black Run Length
0 00110101 0 0000110111
1 000111 1 010
2 0111 2 11
3 1000 3 10
4 1011 4 011
5 1100 5 0011
6 1110 6 0010
7 1111 7 00011
8 10011 8 000101
9 10100 9 000100
10 00111 10 0000100
11 01000 11 0000101
12 001000 12 0000111
13 000011 13 00000100
14 110100 14 00000111
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White Run Length Black Run Length

15 110101 15 000011000

16 101010 16 0000010111

17 101011 17 0000011000

18 0100111 18 0000001000

19 0001100 19 00001100111
20 0001000 20 00001101000
21 0010111 21 00001101100
22 0000011 22 00000110111
23 0000100 23 00000101000
24 0101000 24 00000010111
25 0101011 25 00000011000
26 0010011 26 000011001010
27 0100100 27 000011001011
28 0011000 28 000011001100
29 00000010 29 000011001101
30 00000011 30 000001101000
31 00011010 31 000001101001
32 00011011 32 000001101010
33 00010010 33 000001101011
34 00010011 34 000011010010
35 00010100 35 000011010011
36 00010101 36 000011010100
37 00010110 37 000011010101
38 00010111 38 000011010110
39 00101000 39 000011010111
40 00101001 40 000001101100
41 00101010 41 000001101101
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White Run Length Black Run Length
42 00101011 42 000011011010
43 00101100 43 000011011011
44 00101101 44 000001010100
45 00000100 45 000001010101
46 00000101 46 000001010110
47 00001010 47 000001010111
48 00001011 48 000001100100
49 01010010 49 000001100101
50 01010011 50 000001010010
51 01010100 51 000001010011
52 01010101 52 000000100100
53 00100100 53 000000110111
54 00100101 54 000000111000
55 01011000 55 000000100111
56 01011001 56 000000101000
57 01011010 57 000001011000
58 01011011 58 000001011001
59 01001010 59 000000101011
60 01001011 60 000000101100
61 00110010 61 000001011010
62 00110011 62 000001100110
63 00110100 63 000001100111
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Make-up codes
White Run Length Black Run Length
64 11011 64 0000001111
128 10010 128 000011001000
192 010111 192 000011001001
256 0110111 256 000001011011
320 00110110 320 000000110011
384 00110111 384 000000110100
448 01100100 448 000000110101
512 01100101 512 0000001101100
576 01101000 576 0000001101101
640 01100111 640 0000001001010
704 011001100 704 0000001001011
768 011001101 768 0000001001100
832 011010010 832 0000001001101
896 011010011 896 0000001110010
960 011010100 960 00000001110011
1024 011010101 1024 0000001110100
1088 011010110 1088 0000001110101
1152 011010111 1152 0000001110110
1216 011011000 1216 0000001110111
1280 011011001 1280 0000001010010
1344 011011010 1344 0000001010011
1408 011011011 1408 0000001010100
1472 010011000 1472 0000001010101
1536 010011001 1536 0000001011010
1600 010011010 1600 0000001011011
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White Run Length Black Run Length
1664 011000 1664 0000001100100
1728 010011011 1728 0000001100101
EOL 000000000001 EOL 000000000001
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Note: A scan line for A4-width paper at the normal 8-pixel/mm resolution requires 1728 bits.
However, some machines can scan wider paper. The following table gives the make-up
codes used for wider paper.

Additional make-up codes for wide paper

Run Length Make-up codes
(White or Black)
1792 00000001000
1856 0000001100
1920 00000001101
1984 000000010010
2048 000000010011
2112 000000010100
2176 000000010101
2240 000000010110
2304 000000010111
2368 000000011100
2432 000000011101
2496 000000011110
2560 000000011111
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Modified Huffman (MH) Method

One-dimensional Coding

MH coding is often referred to as a “one-dimensional’ coding scheme. This refers to the fact that
MH codes the data on a scan line without referring to the data on adjacent lines. Modified Read
(MR) coding uses a reference scan line to encode the scan line, and is thus known as “two-
dimensional” coding.

MR coding is dealt with in a later section. This section explains how MH coding is implemented
in facsimile communications.

Encoding Example

The following diagram shows a 1728-bit scan line. If MH coded, "10 white" is encoded as
"00111", "5 black" as "0011", "3 white" as "1000", "2 black" as "11", and "1708 white" as a
combination of the make-up code for 1664 white ("011000") and the terminating code for 44
white ("00101101").

|: 1 Scan Line (1728 bits) —>
| H — ] ' o S S’—_

| | | | | | | | | | | | | | | | | | | | |

| | | | | | | | | | | | | | e\ | I | | | |

| | | | | | | | | | | | | | | [ | | | |
| | | | | | | | | | | | | | PR I I
\ 7\ /\_ N\ /

W10 B5 W3 B2 W1708
"00111" "0011" "1000" "11" W1664 + W44

"011000" "00101101"
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All data lines begin with a white run length, in order for the receiving terminal to ensure
synchronization of color. If, however, the actual scan begins with a black run length, a white run
length with length of O is transmitted.

End of line encoding (EOL)
EOL (End of Line) : 000000000001

At the end of each scan line of data, an EOL code is added. This is a unique code than can
never be generated within a line of MH coded data. EOL ensures that the communicating
machines can resynchronize if a noisy telephone line causes data errors. There is also an EOL
at the start of the page, before the first line.

The receiving terminal uses the following rules to reconstruct the line of original data between
EOL codes:

* EOL is always followed by a white run length.

» A black run length always follows a white run length, and a white run length always follows
a black run length.

* A make-up code is always followed by a terminating code.

» The number of bits in a scan line is either 1,728 (for A4 size), 2,048 (for B4 size), or 2,376
(for A3 size).
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Fill Data
Fill data: A variable length string of Os.

Using MH coding, it is possible that a line of encoded data is very short, and the next line is sent
out before the receiving machine has processed that short line of data. To solve this problem,
each line must take a minimum time to send. This must equal the receiver’s 1/0 processing time.
If the line of data ends before the 1/0 processing time, fill bits (all zeroes) are inserted between
the encoded data and the EOL code until the 1/0 processing time is reached.

Coded Coded . Coded
EOL Data EOL Data Fill  |EOL Data
C>N C<N
C=N

C: Coded Data (includes EOL)
N: Minimum bit quantity
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The 1/0 processing time is determined as a minimum number of bits as shown in the following
table. It depends on the modem transmission rate, the 1/O rate (for an A4-width scan line), and
the paper width.

1/O rate 40 ms 20 ms 10 ms
Paper Width | A4 | B4 | A4 | B4 | A4 | B4
Modem rate

9,600 bps 193 (229 | 97 | 115
7,200 bps 145(173| 73 | 87
4,800 bps [193|229| 97 [115]| 49 | 59
2,400 bps 96 |115]| 49 | 59 | 25 | 31
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Return to Control (RTC)

The end of a page is indicated by transmitting six consecutive EOL codes. This is known as RTC
(return to control).

EOL Data EOL Data Fill EOL Data %
\ =T <T T: Minimum transmission time of
| >T a total coded scan line

Several scan lines of data at the beginning of a page.

Post message
% Data EOL | Data | EOL | EOL | EOL | EOL | EOL | EOL | O3t e, g
Last coded scan line of a page RTC
\
10 March 2004 170



Group 3 Fax Communication Compression Techniques

— |ITU-T Recommendation

Recommendation T.4 includes the following descriptions:
e Minimum transmission time per line (also known as the 1/O rate)

‘One line’ refers to one encoded scan line and is defined as the sum of data bits,
required fill bits, and EOL bits.

a. 20 milliseconds : recommended standard

b. 40 milliseconds : approved option.
10 milliseconds : approved option.
5 milliseconds : approved option.

These are applicable to standard resolution (3.85 lines/mm down the page) and high
resolution (7.7 lines/mm).

* Maximum transmission time per line

The maximum transmission time per one encoded scan line is 5 seconds. When the
transmission time exceeds 5 seconds, the receiving terminal must proceed to
disconnect the line.

* Encoding system

Two encoding systems are available: a one-dimensional run length encoding method
(MH) and a two-dimensional encoding method (MR), which is approved as an option.
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Modified Read (MR) Method

Overview

The MR method is an expanded form of the one-dimensional run length encoding method and is
considered an option of that encoding method. The method is described in detail in this section.

While the MH method encodes pixels in the pixel scanning direction, the MR method also takes
notice of the pixels running in the feed direction. The MR method compares the pixels in the
current line with the pixels in the preceding line, and transmits information on the relationship
between these two lines.

When dealing with relatively simple characters such as those contained in the alphabet,
encoding based on the MH method remains effective. However, when dealing with more
complex characters, like Chinese-based characters, the encoding efficiency falls. This is where
the two-dimensional coding method, the MR method, is more effective. The MR encoding
method bases itself on the Relative Address Designation Encoding Method (READ) which
combines NTT's Edge Different Coding (EDIC) method and KDD's Relative Address Coding
(RAC) method. Slight modifications were made to this method.

In two-dimensional coding, the first line is MH coded, and is treated as a reference line for
coding the second line. The second line is expressed as the difference between itself and the
reference line. Then, the second line becomes the reference line for the third line, and so on.
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K Parameter

The weakness of this method is that if an error occurs, all data after the line with the error will be
decoded wrongly, and the rest of the page will be garbled. To counter this, a limit is placed on
the number of consecutive lines that are MR coded. When this limit is reached, the next line is
MH coded, and this line becomes the reference line for the next block of consecutive MR-coded
lines. In this way, if an error occurs, only the block containing the error will be lost.

The limit on the number of consecutive MR-coded lines is the K parameter. Every Kth line is MH
coded. Following each MH-coded line, the number of consecutive MR-coded lines is K-1. The
maximum K value is as shown below:

« Standard vertical resolution (for regular characters): K = 2
» Optional higher resolution (for fine characters): K = 4
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Two-dimensional Encoding Scheme

In two-dimensional coding, the positions of pixels that change color (known as changing pixels)
are coded with respect to the position of a reference element. The reference element can be
either on the coding line (the line being coded) or on the reference line (directly above the coding
line)

Changing Pixels

Changing pixels are pixels with color (black or white) different to the pixel immediately before on
the same line. See the following diagram.

a0: Reference or initial changing pixel along the coding line

al: First changing pixel to the right of a0 on the coding line

a2: First changing pixel to the right of al on the coding line

b1: First changing pixel on the reference line to the right of a0 and of opposite color to a0
b2: First changing pixel to the right of b1 on the reference line

b, b,

| l

Reference line ZVA%/V/% 7:%%% v
Coding line %VAV% T %Vﬁ@%%% T
2y a4 2y

Changing pixels
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Coding Modes

When encoding the position of a changing pixel on the coding line, one of the three modes
shown below must be selected.

* Pass Mode

* Vertical Mode

* Horizontal Mode

- Pass Mode -

If b2 is to the left of al, pass mode is used. The pixel is represented by the code for Pass Mode
(0001; see the Two-dimensional Code Table later in this section). After encoding, a0 becomes
the pixel directly beneath b2, to prepare for the next encoding procedure.

Note that if b2 is located directly above al, pass mode is not selected (see the following
diagrams).

b, bs
. o B f'/‘"",i ,,/ 9% :51,.//,/ ://;/,,/ ‘ -
Reference line /%,,{ﬁy////b/// ,2 A i
. . s ,,-,_’/' 4 0 745
Coding line f/%’//,/‘ A 2 ::/%/{3

&t

Pass mode
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b, b,
| !
Reference line ////5/%///////%4 %/?/7/:%/; -
Codingline 7747 T /I i
ao a‘

Not pass mode

- Vertical Mode -
Vertical mode is used if the distance between al and b1l is three pixels or fewer.

The pixel is represented by one of the following codes: V(0), VR(1), VR(2), VR(3), VL(1), VL(2),
VL(3). The appended characters, R and L, represent whether al is to the right or the left of b1,
while the figures in parentheses represent the distance. The codes are listed in the Two-
dimensional Code Table (later in this section).

After encoding in vertical mode, a0 is set in the al position to prepare for the next encoding
procedure.
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- Horizontal Mode -

Horizontal mode is used if the distance between al and b1l is more than three pixels.

In this mode, the run lengths a0al and ala2 are encoded by the following formula:
H+ M (a0al) + M (ala2)

H is the horizontal mode flag code 001. M (a0al) and M (ala2) represent the run length and
color of each, and are encoded using one-dimensional coding.

After encoding in horizontal module, a0 is set in the a2 position.

Vertical mode

~—
161 l/n 72
Reference line Y
i%% 7 ‘
Coding line * /// // 4N
alo a1 arz
a0 61 aiaz
— -~ v
Horizontal mode
Vertical Mode and Horizontal Mode
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The following table shows the codes used in the three modes explained above.

Two-dimensional Code Table

Mode Elements to be coded Notation Code word
Pass by, by P 0001
Horizontal aody, a1a; H 001+ M(aga;) + M(aza; )
Vertical a; just under by a;b; =0 V(0) 1
a; to the right of by ajb; =1 Vr(1) 011
ab; =2 Vg (2) 000011
ajb; =3 Vr(3) 0000011
a; to the left of by ab;=1 V(1) 010
ajbh; =2 VL(2) 000010
ab; =3 V(3) 0000010
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Coding Procedure

Coding is conducted in accordance with the flow chart shown in the Two-dimensional coding flow
diagram on the next page.

When the required coding mode has been identified (using Step 1 or 2 as explained below), the
code word is selected from the Two-dimensional Code Table on the previous page.

Step 1
» If a pass mode is detected, this is coded as 0001. Then, a0 is set directly beneath b2 to
prepare for the next encoding procedure.
» If a pass mode is not detected, go to step 2.
Step 2
» If the distance between al and bl is three or fewer pixels, vertical mode is used. Then, a0
is set in the al position to prepare for the next encoding procedure.

» If the distance between al and b1l is more than three pixels, horizontal mode is used.
Then, a0 is set in the a2 position to prepare for the next encoding procedure.
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Processing the first and last pixels in a line
(A) Processing the first pixel

The first initial reference pixel a0 along each coding line is imagined to be immediately before
the first pixel and is considered to be a white pixel.

The first run length a0al is replaced by a0al - 1. Therefore, when the first run is black, and the
line is encoded using horizontal mode, then M(a0al) corresponds to a white run of zero length.

(B) Processing the last pixel

The machine continues until it has encoded the position of the changing pixel imagined to be
immediately after the last actual pixel. This pixel is encoded either as al or a2. Also, if b1 and/or
b2 are not detected on this line, they will be placed on the imaginary changing pixel immediately
after the last actual pixel on the reference line.

Line synchronization code

EOL will be added at the end of the line. After the EOL, a tag bit will be added to indicate
whether one-dimensional encoding or two-dimensional encoding will be used for the next line.

EOL + 1: The next line will go through one dimensional encoding.
EOL + 0: The next line will go through two dimensional encoding.
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Fill

To ensure that the encoded data is not shorter than the per-line minimum transmission time, fill
will be inserted between the data and the line synchronization code. Fill bits are not inserted in
the middle of data.

Format : Variable length string of Os

Return to control (RTC)
At the end of a page, six EOL + 1 signals are transmitted.
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Summary

In summary, transmitted data will look something like the following after MR coding.

EQL Data EOL Data Fil EOL Data.....
+ 1 |{cne-dimensional)| + 0 | {(two-dimensional) + 1 | {one-dimensicnal
1 First Line Second Line - Too few
. { bi
Start of bits, fill bits added
the page

At the end of the page, the data will appear as follows.

EQL Data
+0 {two-dimensional)

Data EOL | EQL | EQOL | EOL | EOL | EOL
EOL Data +1 | +1 | +1 | +1 ]| +1 ]| +1
+ 1 | {one-dimensional)

Penultimate Line Last Line e RTC ———————
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Simple Modified Read (SMR) Method

This is the same as MR coding except that K is 8 for Standard and Detail resolution, and 16 for
Fine resolution. This compresses data more effectively, but more data will be lost if line errors
occur.
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Modified MR (MMR) Method

The modified MR (MMR) encoding method uses the same algorithm as the MR method
explained previously. The differences between the MMR and MR methods are as follows:

i. K parameter = o : This means that all lines are encoded by two-dimensional encoding. The
first line of the page, the reference line, is a white line added to the top of the page, and MH
coded. All lines on the page are coded with reference to this imaginary white line.

ii. EOL is the line synchronization signal.
iii. No fill bits are used.
iv. RTC: Transmission of two consecutive EOL signals (also known as EOFB)

v. After EOFB, when it is necessary to arrange the information into a certain block size (such as
to make up a complete ECM data frame), pad bits are added. Pad bits are a variable length
row of 0s.

vi. If there is a change in coding mode from MMR to something else, an ‘extension code’ is used.
The format of the extension code is 0000001xxx, where xxx depends on which coding mode is
used instead of MMR after the extension code.

Because an error can result in the loss of a lot of data, MMR is only used where data
transmission is highly reliable, such as on high-quality digital networks (Group 4 Facsimile), or if
ECM is in use. MMR may also be used when storing data to SAF memory, for the most efficient
use of the memory space.
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Overview

Estimated Fillbit Control (EFC) was developed by Ricoh to improve the efficiency of MH, MR,
and MMR coding. To reduce transmission time, EFC controls the number of fill bits inserted at
the end of each line of compressed data.

EFC is not strictly a compression technique, but it improves the efficiency of data transfer by
controlling the number of fill bits inserted by the transmitter at the end of each line of data.

There are several proprietary EFC techniques on the market. The techniques used by this
manufacturer include EFC, New EFC, and SSC (Super Speed Coding).

Basic EFC

This method works as follows: while data is being received into memory, it is passes through a
FIFO (first-in first-out) memory. However, because of memory capacity limitations, the
transmission side must be controlled so that the FIFO memory in the receiving terminal will not
overflow. The transmission side controls the number of fillbits by estimating the status of the
receiver's memory.

For the MH method, the minimum number of bits (humber of bits per line after encoding + fill
bits) is defined by the following equation:

e Minimum no. of bits = (Modem speed x I/O rate) + 1
However, with the EFC method, the minimum number of bits is such that:
¢ Minimum no. of bits > Modem speed x Minimum reproduction processing time
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The 1/O rate shows the time needed by the receiver to process a line, but the full duration may
not always be needed, so:
* /O speed = Minimum reproduction processing time

Therefore, the number of fillbits will be smaller than with the MH or MR method. Consequently, it
is possible to achieve a reduction in transmission time.

Furthermore, EFC comes in two kinds, EFC and New EFC. While machines with EFC capability
can exchange a page in 13 seconds, a boosted buffer memory allows machines with New EFC
to transmit a page in 12 seconds (from memory to memory).

EFC Without Consecutive Flag Transmission
This is also known as EFC plus Short Preamble.

This method is an improvement in terms of transmission control. With the preamble set at one
second, transmission time is further reduced.

The receiving terminal can ignore carrier interruption signals transmitted from the modem until
data processing within the memory is completed.

Normally, the post-message command can be received immediately after the page of image
data.. However, depending on the contents of the data, processing the data stored in the
reception memory takes some time, occasionally causing the post-message command to be
received only on the second try.
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Super Speed Coding (SSC) Method

The Super Speed Coding (SSC) method combines EFC plus Short Preamble and white line
double-speed processing to achieve a further reduction in transmission time.

White-Line Double Speed Processing

When the data is all white, this method reduces the minimum number of bits to half that of the
conventional bit number.

On the reception side, when a white line is transmitted, the printer motor is fast forwarded to skip
the line.

Both terminals must have this feature, or it will not work.
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JBIG Method

What is JBIG?

JBIG (Joint Bi-Level Image Expert Group) is a working group which consists of members of ITU-
T T.82 and 1ISO11544. The JBIG compression method allows lossless compression of bi-level
(black-and-white) images. Data compression is approximately 1.2 to 1.3 times better than the
MMR method in text mode, and 2 to 10 times in halftone mode.

How is it Done?
JBIG compression consists of four processes:

» Conversion to bi-level data (if the original data is more than one-bit-per-pixel (i.e., if the output
contains greyscales)

» Progressive coding (sending a low resolution image first, then increasing the resolution by
sending more data to enhance the image)

* Division into stripes

» Coding (using a process known as ‘arithmetic coding’)

Conversion to Bi-level Data

Multi-level data is converted to bitplanes using a process known as Grey coding. Each bitplane
consists of an image made up of bi-level pixels (0 or 1). Each bitplane will then undergo the
remaining steps of the JBIG compression process.

10 March 2004 189



Group 3 Fax Communication Compression Techniques

The number of bitplanes generated increases with the number of greyscales in the image.
Because of this, if there are more than 8 bits per pixel, other compression techniques may be
more efficient than JBIG.

Progressive Coding

With progressive coding, an image is sent gradually instead of all at once. A low resolution
image is sent first, then more detail is sent, and the receiver can progressively build up a higher-
resolution image. With JBIG, the resolution doubles with each level of detalil.

Division into Stripes
The image is then divided into stripes, and each stripe is coded and sent separately. There are
two modes for JBIG compression.

» Standard mode: The transmitted data stripe consists of 128 lines.
» Optional mode: the transmitted data stripe consists of one page (transmission speed with this
mode is faster).

The mode used is determined during handshaking, and can be set by bit switch adjustments.

Coding

MH, MR, and MMR are based on run-length coding. JBIG is based on a different process, known
as ‘arithmetic coding’. Arithmetic coding is done by a device known as a ‘Q-coder’.

Arithmetic coding looks at the patterns of pixels (known as ‘contexts’) surrounding each pixel.
The algorithm contains a library of contexts, and for each context, there is a prediction as to
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whether the central pixel is black or white. For example, if the context consists of all white pixels,
it is likely that the target pixel is also white.

As for MH coding, the Q-coder assigns short codes to the most probable combinations of pixels,
and long codes to the least likely combinations. In this way, maximum compression is achieved if
each target pixel is always equal to the predicted pixel value for their context.

Other Points about JBIG

When is JBIG used?

JBIG compression is disabled when any of the following conditions occur.

* When JBIG compression is turned off

* When ECM is turned off

* When the receiving terminal does not have the JBIG feature.
* When the receiving terminal does not have the ECM feature.

What is the Data Format? <« BIE: Bi-level Image Entity ———————————»
JBIG compressed data is referred to as a Bi-
level Image Entity (BIE). BIH
: BID
(Bi-Level Image

The BIE consists of a header frame (BIH: Bi-
level Image Header) and a compressed data
frame (BID: Bi-level Image Data).

Header) (Bi-Level Image Data)

<+«— Header—»<«—————Image Data ——»
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The BIH frame contains information such as main scan width (pixels), sub-scan length, and
compression mode (standard/optional).

The BID frame contains the actual data.

What are the Strengths and Weaknesses?

Strengths

» Superior compression for bi-tonal images than MMR, especially for complex images containing
shading for example.
* Smaller files for greyscale images than JPEG.

Weaknesses

» Takes twice as long to decompress as Group 4 MMR.
* JPEG is better for photographs
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Modulation Techniques

Introduction

Fax machines communicate with each other by emitting a wave of a certain frequency onto the
telephone line. This wave is called the carrier. The data signal from the fax machine is known as
the modulating signal. To transmit data using this carrier wave, the fax machine superimposes
the modulating signal onto the carrier wave by varying the frequency, amplitude, or phase (or a
combination of these) in a standard manner. This process is known as modulation. The
machine receiving this modulated signal can recover the original data by demodulating the
signal. Demodulation also includes noise removal and compensation for distorted waveforms.

A device called a modem carries out modulation and demodulation. The modem outputs the
carrier wave. The characteristics of the carrier wave are based on the following formula.

E = A sin (211t + 6)
A: Amplitude, f: Frequency, 6: Phase, t: Time, E: Output

The modem transmits data by modulating either A, f, or 8, or a combination of these.

For example, the V.29 modem sending at 9,600 bps modulates A and 6. The frequency of the
wave is fixed at 1,700 Hz. At any point on the wave, the wave has one value of A and one value
of 8. The V.29 modem can output 2 possible values of A and 8 possible values of 8. This means
that the V.29 modem can output 16 different waves. Each of these 16 waves can be made to
represent a different combination of bits; 0000, 0001, 0010, and so on up to 1111 can be
represented with a unique waveform.
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A simple example of how a V.29 modem 1700 ke

converts digital data into an analog signal is

illustrated here. The receiving modem decodes

the signal by measuring the amplitude of the R

wave and the phase of the wave at the start of 9600 bps Digital Data

each Baud. \/\
0011 1000 1001

Modem

Baud Rate

Each of the individual waveforms shown in the 0011 1000 1001
previous diagram is known as a Baud. The | gu% | |

Baud rate is the number of bits per second
divided by the number of bits per Baud. For a
9600 bps (bits per second) modem, each Baud
represents 4 bits. Therefore, the Baud rate is
2400. This means that the V.29 9,600 bps
modem sends out 2,400 waveforms per second.

Another way to think of the Baud is that it is the
number of times per second that the signal from
the modem changes.

Do not confuse the Baud rate with bps when
considering the machine's data speed.
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Generally, public telephone networks can only communicate using frequencies that are within
the voice band, that is, between 300 and 3,400 Hz. Therefore, the carrier wave must be
somewhere within these limits (the frequency of the carrier differs depending on the modulation
method used).

In facsimile communication, several types of modulation are used. This section will describe
these methods briefly. Details of the methods are given in the following ITU-T recommendations.

» V.21: Specifies conditions for signalling (protocol signals) at 300 bps, using frequency shift

keying (FSK).

V.27ter: Specifies conditions for signalling (fax data) at 2,400 and 4,800 bps, using polyphase

shift keying (PSK).

* V.29: Specifies conditions for signalling (fax data) at 7,200 and 9,600 bps, using quadrature
amplitude modulation (QAM).

» V.32/V.17: Specifies conditions for signalling (fax data) at 9,600 bps using trellis code
modulation (TCM); this is used in machines that communicate at speeds of up to 14,400 bps,
if they have to step down to 9,600 bps.

* V.33 (V.32bis)/V.17: Specifies conditions for signalling (fax data) at 12,000 and 14,400 bps.
* V.8/V.34: Specifies conditions for signalling (fax data) at up to 28,800 bps
* V.8/V.34bis: Specifies conditions for signalling (fax data) at up to 33,600 bps
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As will be seen, a more complex modulation type allows more information to be carried on the same
wave, which leads to a higher data speed. This is illustrated by the fact that the data rate for the
9,600 bps modem is higher than for the 7,200 bps modem, even though the Baud rate is the same
(refer to Quadrature Amplitude Modulation).

Note
e bps is the data rate in bits per second

e Hz (Hertz) is the frequency of a wave in cycles per second
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V.21-Frequency Shift Keying (FSK)

Frequency shift keying (FSK) is a type of e ¢ 1 1 o 1 @ 6 0 1 0
frequency modulation that is used for
transmitting digital signals. In basic
frequency modulation (FM), the modulating
signal changes the frequency of the carrier
wave. In the example in the diagram, an
analog signal is modulating the carrier
wave. Notice how the phase of the wave
changes when the value of the data signal
changes from 0 to 1 and from 1 to 0.

In fax machines, the modulating signal is a 300 bps digital signal (for example, an NSF protocol
signal). Fax machines use the FSK method outlined in ITU-T recommendation V.21. If the signal
is a 0, the transmitted frequency is 1,850 Hz. If the signal is a 1, the transmitted frequency is
1,650 Hz.

The Baud rate is 300 Baud, and there is only one bit per Baud.
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V.27TTER-Polyphase Shift Keying (PSK)

Overview o © 1 1 © 1 o @ 0 1 0

Polyphase shift keying (PSK) is a type of
phase modulation (PM). In PM, data is
modulated by altering the phase of the carrier
wave. The frequency is kept constant. See
the diagram for a simple example. A one is
represented by a 180 ° phase shift, and a
zero is represented by the phase staying the
same.

PSK under the V.27ter specifications uses a carrier frequency of 1,800 Hz. However, the data
rate of 4,800 bps is considerably faster than the carrier wave frequency. To fit the data onto the
carrier wave, the carrier wave must be modulated in such a way that more than one bit is being
transmitted at any time.

To do this, V.27ter specifies two types of phase modulation.
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PSK at 2,400 bps

Data is sent two bits at a time. The phase of the signal is varied in accordance with the data.
There are four possible signals, as shown in the following table.

Two-bit value Phase
00 0°
01 90 °
11 180 °
10 270 °

PSK at 4,800 bps

Data is sent three bits at a time. The phase of the signal is varied in accordance with the data.
There are eight possible signals, as shown below.

Three-bit value Phase Three-bit value Phase
001 0° 111 180 °
000 45 ° 110 225°
010 90 ° 100 270 °
011 135° 101 315°

The two-bit and three-bit groups described above are known as Bauds. The Baud rate is the
number of Bauds transmitted per second. Do not confuse the data rate with the Baud rate.
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Using V.27ter PSK, at a data rate of 2,400 bps, the Baud rate is 1,200 Baud, and at 4,800 bps,
the Baud rate is 1,600 Baud.

Note: In PM, the phase change is the actual change in the signal phase between a Baud and
the Baud following it.

Summary
V.27 PSK modulation is summarized in the following table.
Modem Data Carrier | Baud | Modem Eye Pattern
Type Speed Freq. Rate Type
V.27 ter | 4800 bps | 1800 Hz | 1600 | 8 p PSK 0
Baud

315

270
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Modem Data Carrier | Baud | Modem Eye Pattern
Type Speed Freq. Rate Type
V.27 ter | 2400 bps | 1800 Hz | 1200 | 4 9 PSK %
Baud
@ o
180 °® ° C

@®
270
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V.29-Quadrature Amplitude Modulation (QAM)

Overview

Quadrature amplitude modulation (QAM) is a 0
combination of amplitude modulation (AM) and
phase modulation (PM).

PM has already been described (see the previous
section). In AM, the amplitude of the wave varies
with the data signal. In the following example, a
digital signal modulates the carrier. The amplitude
is high when the digital signal is at 1, and low
when it is 0. The frequency is kept constant.

AM is a relatively simple technique, however, it is susceptible to noise.

QAM under the V.29 specifications uses a carrier frequency of 1,700 Hz. V.29 specifies two
types of modulation.
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QAM at 9,600 bps

Data is sent four bits at a time. The phase and amplitude of the signal are varied in accordance
with the data. There are 16 possible signals, as shown in the following table.

Four-bit value Phase Amplitude
0001 0° 3
0000 45 ° V2
0010 90 ° 3
0011 135° V2
0111 180 ° 3
0110 225° V2
0100 270 ° 3
0101 315° V2
1001 0° 5
1000 45 ° 3V2
1010 90 ° 5
1011 135° 3V2
1111 180 ° S
1110 225° 3V2
1100 270° 5
1101 315° 3V2
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QAM at 7,200 bps
Data is sent three bits at a time. There are eight possible signals.

Three-bit value Phase Amplitude
001 0° 3
000 45 ° V2
010 90 ° 3
011 135° V2
111 180 ° 3
110 225 ° V2
100 270 ° 3
101 315° V2

The phase change in the above tables refers to the actual change in the signal phase between a
Baud and the Baud following it. The amplitude in the above tables is a relative amplitude value.

Note: V.29 also gives a recommendation for faxing at 4,800 bps. However, in fax machines,
V.27ter modulation is used at this data rate.
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Summary
V.29 QAM is summarized in the following table.

Modem Data Carrier | Baud | Modem Eye Pattern
Type Speed Freq. Rate Type
V.29 9600 bps | 1700 Hz | 2400 16pt %0
Baud QAM 135 1010 5
1011 0010 1000

270
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Modem Data Carrier | Baud | Modem Eye Pattern
Type Speed Freq. Rate Type

V.29 | 7200 bps | 1700 Hz | 2400 8 @ ©

Baud | QAM . ¢ oo pe

111 011 000 001

180 —@ ®— C
101
3)' y 2

225 ? 100 315

270
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V.17/V.32-Trellis Code Modulation (TCM)

Trellis code modulation (TCM) uses QAM. However, part of the data signal is encoded, using

Trellis Coding, for error correction purposes.

TCM at 9,600 bps

The data signal is divided into groups of 4 bits (Q1, Q2,
Q3, Q4). The first two bits of the group (Q1, Q2) are
encoded into Y1 and Y2. The result of the encoding
depends on the previous Y1 and Y2 bits.

Y1 and Y2 are then encoded again. Y1 and Y2 emerge
unchanged, but an extra 'redundant’ bit YO has been
generated. The original four bit group has been converted
into a five-bit group. The algorithm for generating YO, Y1,
and Y2 is rather complex, and is known as Trellis Coding.
Please refer to the ITU-T V.32 and V.32bis
recommendations for full details.

The five-bit group is then modulated by QAM in
accordance with the following diagram (the array of dots
is known as a ‘signal constellation’). The five-bit groups in
the diagram are listed in the following order: Q4, Q3, Y2,
Y1, YO.
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TCM at 12,000 bps (V.32 bis)

The data signal is divided into groups of 5 bits (Q1, Q2, Q3, Q4, Q5). The first two bits of the
group (Q1, Q2) are converted to three bits (YO, Y1, Y2) in the same way as for TCM at 9,600 bps
(see above). The original five-bit group is now a six-bit group.

The six-bit group is then modulated by QAM in a similar way to that shown on the previous page
for TCM at 9,600 bps. A similar diagram can be drawn, but for TCM at 12,000 bps, there are 64
points on the diagram.

TCM at 14,400 bps (V.32 bis)
The data signal is divided into groups of 6 bits (Q1, Q2, Q3, Q4, Q5, Q6). The first two bits of the

group (Q1, Q2) are converted to three bits (YO, Y1, Y2) in the same way as for TCM at 9,600 bps
(see above). The original six-bit group is now a seven-bit group.

The seven-bit group is then modulated by QAM in a similar way to that shown on the previous
page for TCM at 9,600 bps. A similar diagram can be drawn, but for TCM at 14,400 bps, there
are 128 points on the diagram.

Note: For all three data rates discussed in this section, the Baud rate is 2,400 Baud. Each Baud
contains four bits (at 9,600 bps), five bits (at 12,000 bps), or six bits (at 14,400 bps). The
redundant bit is not included as part of the Baud.
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Overview
ITU-T introduced the following recommendations for facsimile communication at higher speeds.

* V.8 (1994): Procedures for starting sessions.
* V.34 (1994): Specifications for modulation and protocol for modems operating at up to 28,800
bps (modified in 1996 to allow data rates of up to 33,600 bps)

V.34 introduces a lot more technical changes compared with the previous speed upgrade from
V.29 to V.17.
Signals used in V.34 procedures include tone signals, and data signals at 300 bps, 600 bps,
1200 bps, and from 2.4 kbps to 33.6 kbps.

* T.30 (1996): This recommendation has been modified to include changes to protocol signaling
as a result of V.8 procedure implementation (see ‘Protocol — V.8/V.34 Protocol’ for details).

The ‘Protocol — V.8/V.34’ section contains more information on V.8/V.34 modulation, with an
emphasis on protocol.
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Principal Characteristics
The principal characteristics of V.34 procedure are as follows:

1. The use of Error Correction Mode (ECM) is mandatory.

2. Facsimile machines with a V.34 modem must support V.8. If a communication is not started
with V.8 procedures, V.34 protocol cannot be used.

3. If V.34 is selected for communication between two terminals, V.17, V.29, V.27ter are not
applied.

For best results, good line condition is required. Transmission time can be halved in these
cases.

Bandwidth

The theoretical maximum data rate for a telephone line of bandwidth 3000 Hz and S/N ratio of
about 30 dB is about 30 kbps.

For 26.4 kbps, a bandwidth of 3000 Hz is required.

For 28.8 kbps, a bandwidth of 3200 Hz is required.

For 33.6 kbps, a bandwidth of 3429 Hz is required.

As we can see from this, V.8/V.34 modulation approaches the limits of what is possible on a
conventional telephone line, and the highest data rates may only rarely be observed in the field.
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Noise Level

The bandwidth required for a certain data speed depends on signal-to-noise ratio (S/N)
For 28.8 kbps, the signal-to-noise (S/N) ratio must be 32-34 dB or better.

Summary of V.8/V.34 Technologies

The following is a list of the technologies used to implement V.8/V.34. This section will explain
them in outline.

* V.8 Handshaking
* Line Probing

* Precoding

* Pre-emphasis

* Power Control

» Trellis Coding

V.8 Handshaking

V.8 handshaking is the first thing that happens in a V.8/V.34 communication. This procedure
uses 300 bps V.21 signaling to establish whether the other party is V.8/V.34 compatible. If the
other end is not compatible, then communication can drop back to a slower modem type, such
as V.27ter.

Line Probing

The receiver sends out a complex series of signals to analyze the condition of the telephone line.
The results of this process determine what the carrier frequency will be for the communication,
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the bandwidth that is available (and thus the possible range of data speeds that can be used),
and the pre-emphasis and power control parameters.

Line probing is done at the start of every communication, and whenever retraining has to be
done during a communication.

Pre-coding

V.8/V.34 modulation approaches the theoretical data capacity limit for a telephone line.
Therefore, an adaptation of the most effective receiver equalization technique for analog voice
grade modems is used. This technique is known as Decisions Feedback Equalization (DFE).

However, this technigque does not always work well with Trellis Coding. To get around this, the
receiving terminal calculates the best equalizer parameters in the usual way, but sends them
back to the sending terminal. The sending terminal then equalizes the signal before
transmission, and can employ Trellis Coding on this signal without any problem.

The term ‘pre-coding’ refers to something that is done before Trellis Coding.

Pre-emphasis

Pre-emphasis corrects the signal for distortion by boosting signals in some parts of the
waveband and attenuating others. The frequencies boosted and attenuated depend on the
results of line probing.
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Power Control

High transmitting power leads to a good S/N ratio at the receiving end but can cause echo
effects. Power control selects the best transmitting power based on the results of line probing, to
attain the best possible receiving side S/N with minimal echoes.
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Trellis Coding

Trellis coding was introduced in V.17/V.32 modulation. V.34 uses a more complex form, known
as ‘four-dimensional’ trellis coding. (V.17 used ‘two-dimensional’ trellis coding.)

The signal constellation contains many more points than the ones for V.17/V.32, but the principle
is similar.

However, the signal constellation is intentionally warped to counter non-linear distortion (also
known as harmonic distortion), which can cause a lot of problems with high-speed data
communications, where the difference in phase and amplitude between different points in the
signal constellation is quite small. The warping technique increases the distance between the
points in the outer margins of the constellation (where the effects of non-linear distortion are the
greatest), but brings those near the center closer together.
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Protocol

Introduction

People often find it hard to relate to each other and exchange information without some kind of
formal introduction. Fax machines have similar problems.

Standard signalling procedures for fax machines have been developed so that any pair of fax
machines can communicate with each other, regardless of their makers or countries of origin.

Facsimile machine protocol allows handshaking between the two machines before and after data
transmission. Handshaking allows the machines to exchange identification and information on
what features they are equipped with. Also, the protocol allows the machines to determine the
optimum transmission speed for the communication.

The most commonly used signalling procedure is known as ITU-T Group 3.

Protocol. This protocol was developed by the ITU-T (International Telecommunications Union —
Telecom) and implemented in 1980.

The ITU-T was previously known as the CCITT (Consultative Committee for International
Telephony and Telegraphy).
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ITU-T Protocol Categories

There are four types of facsimile protocol.

Group 1 (also known as G1)

This was implemented in 1972. It allows analog fax machines to send a letter-size or A4 page in
about 6 minutes, with an optional 4-minute transmission speed. Group 1 transmits data using
frequency modulation (FM). Group 1 protocol does not allow handshaking.

Group 2 (also known as G2)

This was implemented in 1976. It allows analog fax machines to send a letter-size or A4 page in
about 3 minutes, with an optional 2-minute transmission speed. Group 2 transmits data using
amplitude modulation (AM), frequency modulation (FM), and vestigial sideband modulation
(VSB).

Group 3 (also known as G3)

This was implemented in 1980, and is the most commonly used mode of facsimile
communication world-wide. It allows digital fax machines to send a letter-size or A4 page in
about 30 seconds to 1 minute. Group 3 transmits data using phase modulation (PM), frequency
shift keying (FSK), quadrature amplitude modulation (QAM), and trellis code modulation (TCM).
The Group 3 signals have a digital structure, so that information such as machine type and
capabilities can be exchanged during the handshaking procedure.
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Basic Group 3 uses V.21/V.27ter/V.29 modem standards to communicate at 9,600, 7,200,
4,800, and 2,400 bps. V.17/V.33 modem standards allow speeds of 12,000 and 14,400 bps. In
addition, V.8/V.34 standards allow speeds up to 33,600 bps.

Group 4 (also known as G4)

This was implemented in 1984. It allows digital fax machines to send a letter-size or A4 page in
about 3 seconds. Group 4 was designed for use on high-speed data networks and ISDNs,
allowing data communication at high speeds such as 56 kbps or 64 kbps.

This manual will outline the Group 3 protocol system. For full details of ITU-T Group 3 protocol
signalling, refer to the following ITU-T recommendations.
» T.30: Describes the various protocol signals, and their uses.

» T.35: Provides ITU-T member codes for various countries so that they can implement non-
standard features.

This section will first describe the basic T.30 G3 protocol at speeds of up to 14,400 bps, without

ECM. Examples of use will be given, showing how fax features such as Polling are implemented.

Error Correction Mode (ECM) will then be described)

After that, the modifications to T.30 that allow high speeds of up to 33,600 bps using V.8/V.34
will be described.
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Phases Ato E

The ITU-T T.30 recommendation divides e
facsimile communication into five phases. Phase C1
Phase A Phase B Phase D Phase E
Phase Cz
Phase A: Call setup | Meseage |
. . . Facsimil
This phase is from the start of the call until —————— procedue ——————
the fax machines have connected to the Facsimile
telephone line.

Direction of progress

Phase B: Pre-message procedure

During this phase, the two machines exchange information on their capabilities, the transmission
parameters selected for this communication, and confirmation of the parameters that both
machines can accept.

Modem training also takes place during Phase B.

In addition, the use of optional features and non-standard features can be informed to the other
end during Phase B.
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Phase C: Data communication

This phase is divided into two parts. Signals from each of these parts are transmitted during
Phase C.

* Phase C1: In-message procedure. This controls in-message signalling techniques, such as
message synchronization and error detection.

* Phase C2: Message transmission. This controls the exchange of data.

Phase D: Post-message procedure

Signalling during this phase informs whether the data was received correctly, and whether or not
there are more pages to follow.

Phase E: Call release

This phase ends when both machines have released the line.
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This five-phase description can be illustrated best by a simple one-page transmission, as shown
below. However, note that in more complex communications, the situation is not so
straightforward. For example, between pages of a transmission, the procedure will go back to
phase B or C after phase D.

Transmitting side Receiving side
Phase A Calls the receiving side The bell rings and the
machine enters
receive mode.

The line is connected
Phase B Sends the receiving
side’s identity and
capabilities

Informs the receiver of
the settings that will be
used for transmission,
and sends a short
fraining message

Confirms that training
was successful

Phase C Phase C2: Message Fax message is sent Phase C;z: Message
transmission — | reception
Phase C1: In-message Phase C1: In-message
procedure procedure
Phase D Tells the receiver what | No more pages
is happening next
oK Sends the message
reception result
Phase E The line is released. — The line is released.
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An Example Communication

In this section, we shall examine the G3 protocol ~ e

. . . 'Start' key pressed =—p|
procedure and introduce some of the signals by looking Stepl Dalng —=k
at a single-page transmission using Group 3 standard @2 Connects tothe line Step 2
protocol. one [ 18s

] CED
Step 1 $75ms
The transmitting machine (TX) dials the other party. o5 Step3
This happens either after the user has pressed Start s §o2s-3s
(automatic dialling) or dialled the other party on an Step 4 g |
external handset (manual dialling). When the receiving  steps5 75ms ]
machine (RX) has detected the incoming call, it Medem trairing
connects itself to the line. Ter
Step 2 %_ 3C|S:R Step 6
If the TX side is an automatic dialling fax machine, it S rining $o2s-0s
will send out a 1100 Hz signal called CNG after dialling. One page — tom
CNG informs the receiver that a fax machine is calling. data [ vererorvas
The tone has a cadence; it is on for 0.5 s and off for 3 RTC —— modem
s. CNG will be transmitted intermittently until the T — (60, 8 S.600bps)
machine at the other end returns a signal. ] o2s-3s
About 1.8 s after connecting to the line, the RX side 02s-65 ] vom Step 9
sends out a 2100 Hz tone to the TX side. This is the Step 10 DON [
CED tone; it informs the TX side that they have
End
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connected to a fax machine. The CED tone lasts for 2.4 to 4.6 s.If the TX side is a manual
dialler, the operator at the TX side will press the Start key and hang up the handset upon hearing
CED, which is a continuous high-pitched tone.

Step 3

After CED, the RX side pauses for 75 ms. Then it transmits two signals: DIS and CSI. Note that
CSl is not a compulsory signal; some makers may not implement this signal in their products.

DIS contains information about the RX side's capabilities, such as the types of modem installed,
the maximum resolution, the printer paper width, and the data compression/reconstruction
methods available. CSI contains the telephone number of the RX side, to identify itself to the
operator at the TX side.

The information in the DIS, CSI, and other protocol signals is digitally coded at 300 bps using a
type of frequency modulation known as FSK; a '0' is represented by 1,850 Hz, and a '1' is
represented by 1,650 Hz.

Step 4

After about 200 ms, the TX side sends out DCS and TSI (TSI is not a compulsory signal). DCS
informs the RX side of how the TX side is set up; it includes the resolution that will be used to
send the message, the document width, the starting modem rate for facsimile data transmission,
and the compression method that will be used. TSI contains the telephone number of the
transmitting side, for identification purposes.
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Step 5

After about 75 ms, the TX side begins modem training, to check that the V.27ter and V.29
modems in both machines are functioning normally; this training check prevents data from being
sent out through a defective modem, which would cause the data to be garbled. Modem training
starts at the maximum modem rate (normally 9,600 bps).

During modem training, the TX side modem first transmits a standard test pattern to the RX side
to synchronize the modems (the standard patterns are described in V.27ter for 2,400/4,800 bps
training and V.29 for 7,200/9,600 bps training). The RX side's modem must be able to detect the
standard pattern correctly from the received signal. Then the TX side modem sends a signal
called TCF. TCF is a string of zeros lasting for up to 1.5 s. The RX side monitors 0.9 s of this
signal, and checks if any of the zeros have been changed to ones.

Step 6

After about 0.3 s, the RX side replies with the result of the modem training. If training was
successful, the RX side sends a CFR signal. If training was unsuccessful (too many errors due to
a malfunctioning modem or a noisy telephone line), the RX side sends an FTT signal. The
procedure then resumes from step 4, at a lower data rate. If training fails at the lowest data rate
(2,400 bps), the line is disconnected as fax communication is impossible. When CFR has been
sent, the CSl is displayed on the TX side's machine, and the TSI is displayed on the RX side's
machine.

Note: Most machines have a pair of bit switch settings to specify how many bit errors are
acceptable in the TCF signal (this setting is known as the training error tolerance).
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Step 7

After about 0.2 s, the TX side is ready to send facsimile data. First, a short modem training
pattern is sent to confirm modem synchronization (this signal is known as retraining). Then the
facsimile data is sent at the modem rate for which modem training was successful.

At the end of the data, an RTC code is sent. This consists of six consecutive EOL
(000000000001) codes. RTC informs the other end that the page of data has ended. (For more
about EOL codes, refer to "Compression Techniques".)

Step 8

After transmitting the end of the page of data, the TX side pauses for about 75 ms. Then the TX
side sends a post message command to the RX side, to inform it of what is going to happen
next. In our example, there are no more pages, so the TX side sends an EOP signal. In other
situations, the TX side might send MPS (indicating that there is another page to come, and it will
be transmitted using the same settings as the previous page; the next page is sent from step 7)
or EOM (indicating that there is another page to come, but it will be transmitted using different
settings from the previous page; the procedure goes back to step 3).

Step 9

After about 0.2 s, the RX side sends back a post-message response, to inform whether the page
was received correctly or not. If the page was received correctly, the RX side sends out MCF. If
the page was not received correctly, the RX side sends out RTN; an alarm sounds at the TX side
and an error report may be printed.
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Step 10

After about 0.2 ms, the TX side sends a DCN signal to inform the RX side that it is going to
disconnect from the telephone line. Both machines then return to standby mode. The
communication is over.

Notes:

* 75 ms interval - This interval is required whenever the machine has to switch between signals
from the V.21 to the V.27ter/V.29 modems (or vice versa).

* 0.2 - 3 sinterval - This interval occurs whenever communication is handed over to the other
terminal in expectation of a command from the other end. If the terminal does not receive a
command within 3 s (the value of the ITU-T T4 timer), it will resend the signal. However, after
DIS/CSI or after EOP, if a reply is still not received at the third try, the machine will send DCN
and a Line Fail will be detected.

* 0.2 -6 sinterval - This interval occurs whenever communication is handed over to the other
terminal in expectation of a response to a command. If the terminal does not get a response
within 6 s (the value of the ITU-T T2 timer), it will send DCN and a Line Fail will be detected.
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Non-Standard Group 3 Protocol

Standard Group 3 protocol provides the framework for Group 3 facsimile communication, and a
few features such as Free Polling. However, some manufacturers who wish to introduce new
features consider that ITU-T standard Group 3 protocol is limited. Therefore, these
manufacturers have used optional signals provided by the T.30 recommendation to implement
their own additional features, such as Transfer Request and Confidential Transmission. Usually,
these features only work between fax machines that

were produced by the same maker. > RX

The use of these optional signals is illustrated in the Start key pressed \’

protocol sequence on the right, which is for a single T oo tothe line

page transmission. ave 11 1es

The rest of the transmission (after TCF) is the same as ] CED

for standard Group 3 protocol as shown in the previous $ 75 NSE

section. o~
. DIS

The new signals are as follows. T o02s.3s

NSF: This informs the transmitting side of who the NSS

manufacturer is, and what non-standard features are 75ms)

available. Modem training

NSS: This informs the receiving side of what non- TCF

standard features will be used for the transmission. If
the maker of the TX side is different from that of the RX
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side, NSS will not be sent. DCS and TSI will be sent, and standard Group 3 protocol will be
followed.

Note: NSF is divided into two parts: NSF(S) first, then NSF(C). NSF(S) contains information on

the machine's non-standard capabilities, and NSF(C) contains the RTI, which is an alternative to
the CSI as a means of identification. Similarly, NSS is also divided into NSS(S) and NSS(C).
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Protocol Signals

HDLC Frames

Protocol signals such as CED and CNG are just single tones transmitted for a certain period of
time; these have no structure. However, signals that consist of digital information, such as DIS,
NSF, and so on, have a frame-like structure known as HDLC (High-level Data Link Control).

The basic HDLC frame structure consists of a number of frames, each of which is subdivided
into a number of fields. An example is shown below, in which a block of four protocol frames
(NSF(S), NSF(C), CSI, and DIS) is transmitted in sequence.

Frame 1 Frame 2 Frame 3 Frame 4
Pre(";‘”;?'e NSF(S) | NSF(©) csl DIS
Flag|Flag | Address | Control Facsimile Facsimile information| Frame |Flag
field field control field field check field
8 8 8
bits | bits 8 bits 8 bits 8 bits A multiple of 8 bits 16 bits | bits
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Each of the fields is described below.
Preamble

A preamble will be sent before any digitally coded signal if the direction of communication has
just changed. The preamble assures that all elements of the communication circuit, such as
echo suppressors, are properly conditioned so that the following data can be passed without
being damaged. The preamble consists of a sequence of flags transmitted for about 1 s.

Flag: Code 01111110
Flags show the start and end of each frame, and establish bit and frame synchronization.
Address Field (AF): Code 11111111

This is intended to provide station identification in a multi-point network. For communication over
the public telephone network, the address field is fixed at 11111111.

Control Field (CF): Code 1100X000

If another signal immediately follows this one, X is 0. If this is the last signal, and a response is
expected from the other end, X is 1.

Facsimile Control Field (FCF)

This eight bit code identifies the protocol signal. There is information on all the Group 3 protocol
signals later in this section.
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Facsimile Information Field (FIF)

This field has bit assignments to show the settings of various features, such as resolution. This
field is used in NSF, CSI, DIS, NSC, CIG, DTC, NSS, DCS, and TSI frames, and some of the
ECM protocol signals. The bit assignments for some signals are given in the ITU-T T.30
recommendation. Assignments for NSF, NSS, and NSC will vary from maker to maker, and are
confidential.

Cyclic Redundancy Check (CRC)

This is also known as the Frame Check Field. This is a 16-bit checksum based on the contents
of the AF, CF, FCF, and FIF fields. When receiving a frame, the receiver makes an identical
checksum calculation based on the received data and checks the result with the received CRC
code to determine whether there have been any errors. The method of calculating the CRC code
is given in ITU-T recommendation T.30.
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Table of Group 3 Protocol Signals

The following table shows all the Group 3 protocol signals and a brief description of what they
do. Some examples will be shown in the following section. This section covers only the basic
Group 3 signals; ECM signals are described later.

Stage: At the start of reception

Name Full Name FCF Code Use
CED | Called Station None The machine is ready to receive. CED is a 2100
Identification Hz single frequency signal.
DIS | Digital Information 0000 0001 DIS informs the TX side of the RX side's
Signal capabilities (modem type, I/O rate, printer paper
width, and so on).
NSF | Non-standard Eacilities 0000 0100 NSF is an optional signal. It informs the TX side of

any features that the RX side's has that are not
ITU-T standard (for example, confidential
communication, transfer request).

CSl | Called Station 0000 0010 This contains the RX side's tel. number to identify
Identification itself to the TX side's operator.
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Stage: At the start of transmission

Name Full Name FCF Code Use
CNG | Calling Tone None The machine is ready to transmit. CNG is an 1100
Hz tone with the following cadence: on for 0.5 s
and off for 3 s.
DCS | Digital Command X100 0001 DCS tells the RX side what settings will be used to
Signal transmit the fax message (such items as modem
rate resolution and document width are included).
NSS | Non-standard Facilities X100 0100 NSS is an optional signal. It informs the RX side of
Set-up any non-standard features that the TX side will be
using for the transmission.
TSI Transmitting Station X100 0010 This contains the TX side's tel. number to identify
Identification itself to the RX side operator.
Stage: During polling reception
Name Full Name FCF Code Use
DTC | Digital Transmit 1000 0001 Informs the called machine of the calling machine's
Command capabilities and requests polling reception.
NSC | Non-standard 1000 0100 The same as DTC except that it informs non-
Facilities Command standard features.
CIG | Calling Station 1000 0010 This contains the calling side's telephone number
Identification to identify itself to the called side's operator.
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Stage: During modem training

Name Full Name FCF Code Use
Modem training None The TX side sends a standard test pattern to
check whether both modems are functioning
properly. The test pattern is described in ITU-T
recommendations V.27ter and V.29.
TCF | Training Check FEield None This modem training signal is a series of zeros
lasting for 1.5 s. It is not a HDLC frame.
CFR | Confirmation to X010 0001 This informs the TX side that modem training was
Receive successful.
FTT | Eailure to Train X010 0010 This informs the TX side that modem training was
not successful.

Stage: After transmitting a page of data

Name Full Name FCF Code Use

EOP | End of Procedure X111 0100 This informs the RX side that there are no more
pages to send.

EOM | End of Message X111 0001 This informs the RX side that the settings for the
next page (resolution, for example), will be
different from those for the page that was just sent.

MPS | Multi Page Signal X111 0010 This informs the RX side that the settings for the
next page will be the same as for the page that
was just sent.
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Stage: When making a voice request

Name Full Name FCF Code Use
PRI- | Procedure Interrupt - X111 1100 This is the same as EOP, except that it indicates
EOP | End of Procedure that a voice request has been made.
PRI- | Procedure Interrupt - X111 1001 This is the same as EOM, except that it indicates
EOM | End of Message that a voice request has been made.
PRI- | Procedure Interrupt - X111 1010 This is the same as MPS, except that it
MPS | Multi Page Signal indicates that a voice request has been made.
Stage: Response after receiving a page of data
Name Full Name FCF Code Use
MCF | Message Confirmation X011 0001 This informs the TX side that the page of data and
the post-message command were received
correctly.
RTP | Retrain Positive X011 0011 This informs the TX side that the page of data was

received correctly, but that additional pages can
only be sent after NSS/DCS and training.

RTN | Retrain Negative X011 0010 This informs the TX side that the page of data was
not received correctly.
PIP | Procedural Interrupt X011 0101 This informs the TX side that the page of data was
Positive received correctly, but further transmission is not
possible without the presence of the operator.
PIN | Procedural Interrupt X011 0100 This informs the TX side that the page of data was
Negative not received correctly, and that the operator's

presence is required.
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Stage: At any time, whenever necessary

Name Full Name FCF Code Use
CRP | Command Repeat X101 1000 This requests retransmission of the previous
signal.
DCN Disconnect X101 1111 This informs that the machine is about to release
the line.
Notes: e« Inthe FCF code, X is 1 on the side that received DIS or NSF.

« The FCF as indicated in this table is transmitted from the left side first.
* Like NSF and NSS, NSC consists of two parts: NSC(S) and NSC(C).

» If more pages follow after a voice request, the protocol resumes from CED then
NSF/DIS after the conversation.
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Comparison of Standard and Non-standard Group 3 Signals

Capability information Identifier
RX side TX side Polling rx RX side TX side Polling rx
requester requester
Non-std NSF(S) NSS(S) NSC(S) NSF(C) NSS(C) NSC(C)
Standard DIS DCS DTC Csl TSI CIG

The identifier in standard mode is the data programmed into the CSI. In non-standard mode, it is
the data programmed into the RTI.
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ITU-T Timers

ITU-T T1 Time

Just after transmitting side finishes dialling the other end, T1 time starts and the machine waits
for a signal, such as identification (NSF/DIS/CSI), from the receiving end. If the T1 time runs out
before a response is detected, the machine disconnects the line.

For the receiving side, T1 starts when it has sent out NSF/DIS/CSI, and is waiting for a
response. While waiting, the machine retransmits NSF/DIS/CSI.

The ITU-T standard value of the T1 timeris35s +5s.

ITU-T T2 Time

After sending a response to training (CFR or FTT) or a response to a received page (such as
MCEF), the T2 timer starts. If T2 runs out before image data or a command signal is received, the
machine disconnects the line. The ITU-T standard value of T2is6s*1s.

ITU-T T3 Time

T3 starts when the machine calls the operator (after it has detected PIN, PIP, or PRI-Q; e.g., the
other side made a voice request). If the operator does not answer within T3, the machine will
continue with the facsimile communication procedure that was interrupted. The value of the T3

timeris10s+5s.
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ITU-T T4 Time

T4 starts when a machine sends out a command (such as NSF/DIS/CSI, TCF, or EOP). If the
transmitting terminal does not receive a reply within T4, it will resend the signal. However, if
waiting for a response to NSF/DIS/CSI or EOP/EOM/MPS, it will disconnect the line if a reply has
not been received after the signal has been sent out three times. The values of the T4 timer are
as follows:

» Automatic receiving fax machines: 3.0 s £ 15%
* Manual receiving fax machines: 4.5 s + 15%

ITU-T T5 Time

This is used with ECM. The transmitting terminal starts T5 when it detects the first RNR and
resets it when it detects MCF or ERR. If T5 runs out before MCF or ERR are detected, the
transmitter sends DCN. Examples are shown later in this section. The value of the T5 timer is 60
st5s.
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Example Uses Of Group 3 Protocol Signalling ™ Rx ™ Rx
Two-page Transmission Facsinile data - Facsimile data -
. . Page 1 Page 1
The left side of the diagram shows what
happens when the second page is transmitted
with the same settings as the first page. mps [ EomM[]
However, the right side of the diagram shows — I—
what happens if the transmitter's operator Retreining | ©°° -
changes the settings for the second page, for N ‘ | DIS
example, by selecting a different resolution. ﬁp”;;?ata' NSS/|:
The diagrams begin half-way through the first pes
page. Until that point, the protocol is the same o) — Modern rairing
as for one-page transmission. ] moF o
DON [
— e
End Retraining
Facsimile data -
Last page
S of I
| — Ve
DCN [
End
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T RX

Automatic Fallback

—] =&
The diagram shows how automatic fallback is achieved. ‘ NSF
Automatic fallback occurs if modem training cannot be done NS | s
successfully, and the transmitter has to use a slower modem DCS
rate. In the example shown, training fails at 9,600 and 7,200 L
bps, but succeeds at 4,800 bps. The protocol is only shown up Mode training
to the transmission of facsimile data. TCF
(9,600 bps)
——
DCS
TSI
Modem training
TCF
(7,200 bps) -
DCS
TSI
Modem training
TCF
(“.800bp9) [ o
Retraining
One page
of facsimile
data
(4,800 bps)
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Polling Polling side Polled side
The diagram shows how polling is done. ] ©FD
» Polling will only work if: NSE/CSI/DIS
* Both terminals have compatible polling features.
* The ID codes are the same, unless free polling cGbre
has been selected. (Free polling is a ITU-T ] NsS
standard procedure, using DIS, DTC, CIG, and N
DCS. However, polling using ID codes is non- Modem training
standard, using NSF, NSS, and NSC, and can TCE
only be guaranteed between models produced by
the same maker.) cr [
» The polled side is ready for polling (it must have a Retraining
document ready on polling standby).
Note how the direction of the communication changes data”essage
after the polling side has sent out NSC or CIG/DTC.
[ ] EOP
MCF |
[ ] poN
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Voice Request

The following diagrams show
how the transmitting side
makes a voice request to the
receiving side.

Voice request does not work
when the other end does not
have the voice request
function.

PRI-Q refers to PRI-EOM,
PRI-EOP, or PRI-MPS,
whichever is applicable in the
circumstances.

PIP/PIN means either PIP or
PIN.

The diagrams are for ITU-T
standard procedure. In non-
standard procedure, PRI-Q is
sent up to 6 times. If there is
still no response, Q is sent.

10 March 2004

kil e o

The receive
responds to the

™

"\oice Request"
key pressed

r operator
voice request.

RX

Fax message
data

PR-Q [ ]

23

PRI-Q |

Operator call tone
rings for 2s

pressed PRI-Q

<« "Stop" keyI Operator call

pressed | tone ringing

: PIP/PIN

Conversation

[ 1 cep

=

NSH
DIS

The receiver operator does not
respond to the voice request.

T™> RX
"\oice Request"
key pressed
Fax message
data
PR-Q [ —
Operator call
tone ringi
PRIQ [ o
PR-Q [ A
[ ] MCRRTNRTP
Fax communication continues
T RX
"\oice Request"
key pressed
Last page
PRI-EOP | —_—
Operator call
tone ringi
PRI-EOP [ bbbl
PRI-EOP |
| MCFHRTN/RTP
pen [
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Commonly Occurring Problems
- When the page is not received correctly -
Using MPS Using EOP Using EOM
TX RX D¢ RX ™ RX
Fax message
data
Fax message Fax message
data data
EOMl
RTN
L] m— S — T o
1 RN 1 RM 1 NsPDIs
NSS/DCS | j DON [ NSs/Dcs [
Modem training uﬂﬁgg&”@ Modem training
TCE is pressed. e Fail' by |GTCF
" o Proto-12.wmf “Line Fail" blin
E\:ﬁkl]:allstt)lln:s roto wm gntil the Stop key : CFR (FTT)
iLépr e Slop key : CFR (FTT) is pressed.
’ Retraining
Retraining
Next
Next page
page
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RTN may make older terminals release the line. Newer models continue as shown, even though
“Line Fail" blinks. For example, if page 3 in a five-page transmission fails, the machine will
continue to send pages 4 and 5. The fact that page 3 failed will be output on an error report.

If the transmitting machine is using memory transmission (without ECM), and a page fails, the
same page will be retransmitted using the above protocol procedure (or using EOP or EOM if
required).

10 March 2004 244



Group 3 Fax Communication Protocol

- When there is a copy jam or paper runs out during reception -

Using MPS or EOM Using EOP
X RX ™ RX
Fax message Fax message _
data <4«—— Copyjar data <4—— Copyjar
occurs occurs
6 s max. 6 s max.
MPS/EOM | EoP ]
] PN [ 1 PN
Operator call Hag Operator call Hag
rings for up :mg for up
t0o22s. 022s.
NSS/DCS DCN
"Line Fail" blinks
Modem training :Jsmplll'gs'se e?thp key
"Line Fail" blinks ~ Tcp
until the Stop key

is pressed. : DCN

!
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If the RX side does not detect MPS/EOM/EOP within 6 s of the jam occurring, it will disconnect
the line.

The operator call rings for 22 s in non-standard mode, but only for 10 s in ITU-T standard Group
3 mode.

The diagrams on the previous page show what happens when the receiving machine has no
memory. If the receiving machine does have SAF memory, the incoming data can be stored in
that memory using a process known as Substitute Reception. This is explained on the next

page.
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Substitute Reception ™  RX ™  RX

There are two procedures for substitute
reception. Some models have a bit switch E;S;gledata- gﬂ;rgledata-
setting to select one or the other of these. <+— Jam 4— Jam

Both procedures are shown.

In the left-hand procedure, data is stored in (L m— S —
memory as it comes in. So, if the printer has — ey [ 1 P
a problem, the data is already saved, and Retreiring Fag
any more incoming pages are automatically ?ngesrafto?r u‘;f‘"

saved to memory. @;Sg;zdata- to22s.

In the right-hand procedure, the data is not
stored during reception. If a problem occurs, Se ]
the receiver sends out PIN and the [ 1 Mo Modemtm.
communication stops; the last page of the oo m— TCF
communication is lost. Substitute reception — 7 b
only takes place from the next Line is
communication. End disconnected

NSS/DCS

The operator call rings for 22 s in non- [ ] o
standard mode, but only for 10 s in ITU-T -
standard Group 3 mode. DS
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Al Short Protocol

Overview

Al (Artificial Intelligence) Short Protocol reduces the time required for the protocol exchange between
terminals. When the machine communicates with a particular fax terminal for the first time, protocol
proceeds as normal. However, the communication parameters agreed during the protocol exchange
are stored, and so is the modem rate that was used for sending the last page of the message. Then,
when the same number is called again some time later, these parameters are immediately put into
effect, eliminating most of the handshaking and training procedures.

This feature is only available with numbers that are stored as Quick or Speed Dials.

Notes: This feature may not be effective for international communication because of the line
delay caused by satellite links. The delay means that the rx side may not be able to
receive the Al Short Protocol trigger signal (800 Hz) before it has finished sending CED.
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Basic Protocol Procedures

- First Communication - - Later
X Rx Tx Rx
CED CED 0.2s
AN 80OHz — 02s
NSH(S)/NSFH(C) 05 s —
cSIIDIS 1 4 _
- 75 +- 15 me
NSS(S)/NSS(C) NSS(A)/NSS(C)
TCF
. ] o
[ ]
Image Image
Data Data

Communications -

1. After it detects CED, the tx side will send out an 800 Hz signal for 0.5 s. Then, it will send
NSS(A) and NSS(C). If the RTI is not programmed, NSS(C) will not be sent.
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2. When it detects 800 Hz, the rx side enters Al Short Protocol mode. It will stop sending CED
0.2 s after it detects the 800 Hz signal, and it will not send out NSF or DIS.

3. If the CRC data in the rx side's own NSF(S) signal is the same as that of the received NSS(A)
signal, the rx side will send CFR.
If the CRC is different, the rx side will send FTT and NSF. Then normal G3 protocol resumes
with NSS(S). In this case, the overall communication time will be longer.

4. After receiving CFR, the tx side will send image data at the modem rate determined by the Al
Short Protocol Algorithm (see below).
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Communication Using Al Short Protocol
- First Recording -

The machine recognizes it as a first communication if the Al Short Protocol data for that
Quick/Speed Dial contains no NSF(S) or RTI/CSI information.

Data is recorded for use with Al Short Protocol if:
» The number is a Quick or Speed Dial

* The remote terminal has the Al Short Protocol feature (bits 1, 2, and 3 of NSF(S) must be
on)

* NSF(S) was received correctly, even if the protocol failed elsewhere

In the first communication, data will not be recorded if a closed network transmission failed due
to an ID Code mismatch.

Al Short Protocol data can be recorded for any transmission mode (such as multi-page
transmission, transfer request, and so on).

During communication, the following takes place:
* Any modem rate data in the Al Short Protocol memory for that Quick/Speed Dial is deleted
* The CRC data of the received NSF(S) is stored
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* The modem rate for the final page is stored
- Later Communications —
Al Short Protocol takes place if:
* The remote terminal's number is stored as a Quick or Speed Dial
» Al Short Protocol data exists for that number
* A 2100 Hz signal (CED) is received<R>
Al Short Protocol data is deleted from the memory if:

* The machine at the other end has been replaced with a machine that does not have Al
Short Protocol (if NSF indicates the absence of this feature, or if DIS is received)

* If the Quick/Speed Dial is reprogrammed
Al Short Protocol data is replaced if:
* The response to NSS(A) is NSF/DIS

* Multipage transmission, voice request, page retransmission
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NSS(A) Frame Format

HDLC FIE
Flag AF CF FCF | ITU-T | Maker | P.ID ID NSS(A)| FCS Flag
Code | Code Code

» Protocol ID (P. ID) for NSS(A) = 04[H]
* |ID Code = ID Code for Polling, Transfer Request, and so on
* NSS(A): CRC data and feature information (see below)

NSS(A) Frame Bit Assignment

Bits Contents

1-8 Contents of CRC in other terminal's NSF(S): Low byte
9-16 Contents of CRC in other terminal's NSF(S): High byte
17-40 Facsimile feature information

At the receiving terminal, the CRC data in the received NSS(A) signal is compared with the CRC
data of its own NSF(S) signal.

» If these are the same, the receiving machine prepares to receive, without sending out
NSF(S).

» If these are not the same, the receiving machine will send out FTT then NSF(S). At the
transmitting side, the Al Short Protocol data for this machine will be replaced.
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Al Short Protocol Algorithm

Notes: 1. This depends on a RAM
| address or dedicated
M Note 1 transmission parameter
| setting. If line conditions
are not constant, TCF
N - 3
Mod te history?
—INotez odem rate history? _ | should be added after
Iy NSS(A).
All 5 modem rates in modem N i i .
rate history the same? — 2. First Communication: If
Y the communication fails
Select the most frequent rate. If . K
none, select the fastest rate. due to third try fail or
modem rate fallback
Same as fastest| ot 1 failure, no modem rate
? . .
modem rate? | v history is stored for that
N number. However, in

later communications,

Erase modem rate history Erase modem rate history .

Set fastest modem rate Set fastest modem rate | o4 4 800 Hz will be se nt,

Add TCF after NSS(A) Add TCF after NSS(A) because the NSF(S) and
RTI/CSI data are
present.

Al Short Protocol Al Short Protocol (With TCF), once Al Short Protocol

(With TCF) only at the fastest modem rate (No TCF)

Protocol Type 1 Protocol Type 1 Protocol Type 2

(see the next page) (see the next page) (see the next page)
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Type 1 Type 2
T Rx T Rx
CED CEC
800 Hz 800 Hz
NSS(A)l NSS(A)l
CFR
Retraining 9600 bps
T
e
Nss@ [ Dea
] cFR
Retraining 7200 bps
Image
Data
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Short Preamble

If both communicating machines have the Short Preamble feature, the time required by the
protocol procedure can be reduced, as explained below.

* In standard Group 3 protocol, there is a one-second preamble at the start of each signal or
group of signals (see section 5 "Protocol Signals"). If Short Preamble is used, this is
reduced to 0.2 second.

* Normally there is a minimum 0.2 pause in the signalling whenever communication is
handed over to the other terminal (see section 3 "Standard Group 3 Protocol"). If Short
Preamble is used, the minimum becomes 0.1 s.

As a result, about 4 seconds can be shaved off the protocol time during a one-page
transmission.
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Secure Transmission

With Secure Transmission, the data is ™ RX If the Rx side is not
scrambled before transmission. The two equipped with this feature.
communicating machines check whether the NG ] ™ RX
Secure IDs are the same, and whether the ] &P NG [
machine can do Secure Transmission or [ 1 NsF — ce
Secure Reception. Nss [ ] T
[ 1 NSF poN [
Nss [
Training
If the Rx side does not have
TCF the same Secure ID as the Tx side.
— oR ™ RX
Retraining CNG :
Fax ] =D
message [ ] NsF
NSS [ |
EoP [ ] NSF
1 v DN
DON [
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Error Correction Mode (ECM)

Background

ECM is an optional extension to Group 3 Protocol. It was recommended in 1986 as a
countermeasure to the frequent data errors that occur in areas that suffer from noisy telephone
lines.

Transmitters that have SAF memory are able to resend data without using ECM. However, as
the whole page is resent, the communication takes a lot longer. With ECM, only the damaged
parts of the data are resent, so although there is extra protocol overhead, time can be saved in
areas where errors are frequent. Also, a large SAF memory is not needed for retransmitting
data, as long as the machine has a small memory set aside for ECM (this is known as the ECM
memory).

Principle

Data Structure

Without ECM, fax message data is sent as a continuous stream of bits, in units of a page.
However, in ECM, a HDLC frame structure is used to send fax message data as well, as for the
protocol signals.

ECM works with four units: the octet, the frame, the block, and the page.

10 March 2004 258



Group 3 Fax Communication Protocol

Each HDLC frame consists of 256 octets (8-bit groups) of facsimile data (64 octets is an
optional size), and 8 octets for the other parts of the HDLC frame (flags, address field, control
field, and so on).

If a page of compressed data needs more than 256 frames, the page is divided into
<B>blocks<D>. Each of these blocks, also known as "partial pages”, consists of 256 HDLC
frames. Each new page starts with a new block.

An average compressed page takes up about 320,000 bits. Therefore, assuming a 256-octet
frame size, an average page takes up about half a block. If halftone is used, a lot more bits will
be generated, and more than one block may be required for a page.

Procedure

The page is sent in units of one block; each block is a sequence of up to 256 HDLC frames.
After receiving the block, the receiver informs whether the block was received with or without
errors. If there were errors, the receiver informs which HDLC frames contained the errors, and
asks the transmitter to resend those frames.

10 March 2004 259



Group 3 Fax Communication Protocol

Basic Protocol ™ R
_ o 'Start' key pressed ——p|
The diagram shows the transmission of a one-page fax . eypl;am —L
message, with no errors. The page is small enough to fit "o <<\>_ Connects to the lir
into 256 frames (or one block). oNG [
The procedure is basically the same as for Group 3 ] P
without ECM, except for the HDLC frame structure of the B,SSF
fax message data, which will be explained soon, and the NSS csl
new signal PPS.EOP replacing EOP. The new signals DCS
PPS.EOP, PPS.EOM, PPS.MPS, and PPS.PRI-Q are TS
equivalent to EOP, EOM, MPS, and PRI-Q as used in Modem training
Group 3 protocol without ECM (see the previous pages). TCF
If the page requires more than 256 data frames and must ] CFR
be divided into more than one block, a signal called Retraining
PPS.NULL is used instead. Fax
message
PPSEOP[ ]
1 ™McF
o] m—
End
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If the receiver detects errors in the data, the ™ RX
protocol procedure begins to look quite oNG [
different. This page shows what happens. In [ ] ©ED
this example, the errors are corrected at the gst
first attempt. NSS csl
DCS
TS
Modem training
TCF
[ ] CR
Retraining
Fax
message
PPSEOP[ ]
[ 1 PPR
Retraining
Error frames
resent
PPSEOP[ ]
] MCF
peN [
End
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HDLC Data Frame Structure

When ECM is used, compressed facsimile data is sent in blocks made up of HDLC frames. The
name of the data signal is FCD. The facsimile message data is transmitted in the Facsimile
Information Field (FIF) of this FCD signal.

The following diagram shows the structure of a block of ECM data, and the frames in that block.

| Retraining | Data | RCP H
FCD FCD | ----- FCD | RCP RCP
frame 0 | frame 1 frame
255
b 4
Flag AF CF FCD Frame Fax FCS F
no. data
FCF FIF
[ Flag | AF | CF RCP H
FCF
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Three consecutive RCP frames signify the end of a block. After RCP, error correction signalling
is done, then error frames are resent or the next block is sent.

The above diagram shows a full block of 256 full data frames. If the final block in a page is only
partly full, or if the page does not need a full block, zeros are used to fill up the frame where the
data ended. Then the three RCP frames follow. The data structure is as follows.

| Retraining | Data | RTC | Zeros | RCP | \
FCD FCD | ----- FCD RCP RCP RCP
frame 0 | frame 1 frame N
Flag AF CF FCD Frame Fax RTC Zeros FCS F
no. data
FCF FIF

10 March 2004
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ECM Protocol Signals
Name Full Name FCF Code Use

CTC Continue to Correct X100 1000 The TX side informs the RX side that it
will continue attempting to correct this
block of data after receiving CTR from

the RX side.

CTR Response to CTC X010 0011 The RX side acknowledges receipt of
CTC, and states that it is ready to
receive.

EOR End of Retransmission X111 0011 The TX side informs the RX side that it

will not continue attempting to correct
this block of data, and that it will go on to
the next block after receiving ERR from

the RX side.

ERR Response to EOR X011 1000 The RX side acknowledges receipt of
EOR, and states that it is ready to
receive.

FCD Facsimile Coded Data 0110 0000 The FIF of this signal contains fax

message data. Up to 256 of these
frames can be sent consecutively as one
block of data.
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Name Full Name FCF Code Use

PPS Partial Page Signal X111 1101 This tells the RX side that a block of data
has just been sent. PPS also informs the
page number, block number, and the
number of frames in the block.

PPR Partial Page Request X011 1101 This informs the TX side that the block
just received contained errors. It informs
which frames contained the errors and
asks for these frames to be
retransmitted.

RCP Return to Control for 0110 0001 This informs the RX side that there is no
Partial Page more data in the current block.
RR Receive Ready X111 0110 The TX side asks the RX side whether it
is ready to receive data.
RNR Receive Not Ready X011 0111 The RX side informs that it is not ready

to receive data, perhaps because the
ECM memory still holds some data.
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Notes: « MCEF is only returned when the RX side has received a block without errors, or when
all errors for the block have been corrected.

 MPS, EOM, EOP, and PRI-Q are not used between blocks. Instead, PPS and EOR
have an extra Facsimile Control Field to carry a NULL, EOP, EOM, MPS, or PRI-Q
signal. For example, PPS.NULL means that the page has not finished (at least one
more block is needed), and PPS.EOP means that this is the last page of the fax
message. Refer to the ECM protocol examples in this section to see the usage of
this type of signal.
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> RX

Examples of ECM Protocol Procedures N
We have already seen the simplest case. — -
Now let us examine some more complex Nss/DCs/TS ] os
situations. NSF and NSS are not shown in Modem training
these diagrams. < —
. Retraining
Error Correction Pt e 1
In this example, page 1 has more than 1 A —
block, so PPS.NULL is used after sending — — PR
data. After 4 attempts at 9,600 bps, CTC in- Eror frames resent
forms the RX side that the next attempt will be PPSNULL [
at 7,200 bps. This attempt succeeds - —1 PR
immediately. This usage of CTC to indicate Eror o anng
fallback varies from maker to maker. PPSNULL ]
1 PPR
Retraining
Error frames resent
PPSNULL[
—
crc [
1 cr
Retraining
Error frames resent
PPSNULL[ ]
[ 1 woF
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Page 1 has more than one block, and the first ™ RX
block cannot be sent. However, in this o) m—
example, the machine does not use CTC to CN'Z'i
reduce the modem rate after four failures, and NSS/DCSTSI ] DIS
the TX side states to the next block. Instead Modern trairing =
of EOR.NULL, the TX side could send TeF
] o
EOR.MPS and go on to the next page, Reraiing
skipping remaining blocks in page 1 Fax message
Page 1, block 1
completely.
PPSNULL [
1 peR
Retraining
Error frames resent
PPSNULL [
] PPR
Retraining
Error frames resent
PPSNULL[]
] PR
Retraining
Error frames resent
PPSNULL[_]
[ 1 PPR
EORNULL [
1 ERR
Retraining
Fax message
Page 1, block 2
PPSNULL [
 — Ve
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In this example, a two-page message is sent. e > X
Each page has only one block. Note the use ] ce
of PPS.MPS and PPS.EOP, which is similar E NSF
to the use of MPS and EOP in Group 3 i — csi
protocol without ECM. Modemranng
] oR
Retraining
Fax message
Page 1
PPSMPS [
I—
Retraining
Error frames resent
PPsMPs [
1] PPR
Retraining
Error frames resent
PPrsmPs [ |
E— Ve
Retraining
Fax message
Page 2
PPsEOP [
] per
Retraining
Error frames resent
PPSEOP [ ]
—— o
==\ —
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Here, the TX side sends a two-block page. While ™ RX
sending PPS.NULL, some noise on the line stops onNG [
the RX side from detecting it. The TX side resends :, CN'zi
the signal if the ITU-T T4 timer expires before a NSS/DCS/TSI ] Dis
reply is detected. The ITU-T timers are explained Modem training cs
later in this section. TCF
—1 R
Retraining
Fax message
Page 1, block 1
PPSNULL [ | Could not be
received as
aresult of
T4I line noise.
PPSNULL[ ]
— prr
Retraining
Error frames resent
PPSNULL[ |
I— Ve
Retraining
Fax message
Page 1, block 2
PPSEOP [__]
[ ] ™Mo
DoN [

10 March 2004 270



Group 3 Fax Communication Protocol

In this example, the TX side cannot detect PPR ™ RX

because of noise on the line. After T4 elapsed NG [ o
without detection anything the previous signal is sent IE NSE
out again. NSs/DCs/TSI [ DIs

Modem training
TCF

csl

[—1 o

Retraining

Fax message
Page 1, block 1

PPS.NULL |

PPR cannot be
received as
T4

H

PPR
aresult of
line noise.

PPS.NULL |

PPR

|

Retraining
Error frames resent

PPS.NULL |

|_|
:

Retraining
Fax message
Page 1, block 2

PPS.EOP |

pon
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In this case, line noise has damaged the data. X RX
If the data signal is totally destroyed, the RX oNG [
side can check the block and page counters to CED
see which part of the fax message is missing. NSF

NSs/DCS/TSI [ DIS

Modem training
TCF

Retraining
Fax message
Page 1, block 1

PPS.NULL |

[ 1 mcF

Retraining
Fax message Data signal
Page 1, block 2 damaged by

line noise
prsvps [

Retraining
Error frames resent

PPS.MPS |

1 Per

[ 1 mcF

and so on

10 March 2004 272




Group 3 Fax Communication Protocol

Flow Control

On the transmitting side, data flow is controlled by sending consecutive flags before the first
frame, or between frames as long as the ITU-T T1 timer is not exceeded.

On the receiving side, flow is controlled using the RNR signal, as shown in the following
examples.
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The TX side starts the T5 timer when it first detects RNR. ™ RX
The TX side repeatedly asks the RX side whether it is oNG [ -
ready to receive, using RR. If T5 runs out before the TX E NSE
side detects MCR or ERR, the TX side sends DCN. NsSs/Des/TSI ] oS
Modem training
TCF
] CR
Retraining
Fax message
Page 1, block 1
PPSNULL [
[ 1 PR
Retraining

Error frames resent

PPSNULL | Memory busy

T5 starts ' ] RNR
rRR [

RR [

Tsreset ——»[ 1 MoF
Retraining

Fax message
Page 1, block 2

PPS.EOP |

SN —
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In this example, T5 runs out so the TX side sends
DCN. Also, if the TX side cannot detect any reply to
RR comes after three attempts, the TX side will send
DCN.

10 March 2004

™

one [

NssipesTs [

DIS
csl

Modem training

TCF

|
:

Retraining

Fax message
Page 1, block 1

PPS.NULL | |

1 wver

Retraining

Fax message

Page 1, block 2

PPS.MPS |

T5 starts ————p

rRR [

Memory busy
| RNR

] RNR

T4 starts = RR |

T4reset—>RR :

rRR [

T5runs

ot Toon [

Damaged by

line noise
| RNR

| RNR

Protocol
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X RX
Procedural Interrupts
_ _ oNG [
This shows what happens when the TX side operator makes a jE CED
: NSF
voice request. ‘
q Nss/besTs ] gg
Modem training
TCF
3 o=
Retraining
Fax message (Errors)
Page 1
PPS.PRI-EOP[____|
(Operator
intervention
uest ‘
reauesed S
Retraining
Resend error
frames
PPs.PRI-EOP[____| Operator
alerted
Operator
alerted PIP
PRI-EOP Operator
Operator on-line
on-line
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This shows what happens when the RX side ™ RX
operator makes a voice request. onG [
CED
NSF
NSS/DCS/TSI ] gg’
Modem training
TCF
—1 R

Retraining

Fax message (Errors)

Page 1 (Orerator
intervention
requested)

PF’S.MPSI
—

Retraining

Resend error

frames

PPS.MPS |
Operator
alerted [ 1 PP
PRI-MPS Operator
Operator alerted
on-line ‘ PIP
Operator
on-line
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Flexible Implementation of ECM Protocol

The ITU-T standard for ECM allows some flexibility, and manufacturers may implement ECM in
slightly different ways. The following notes explain how this manufacturer has implemented
some of the more flexible rules.

Frame size

The machines are set up for a frame size of 256 octets.

In receive mode, the machines adopt whichever of the two optional frame sizes (256 or 64) is
being used by the sender.

Some makers may use non-standard frame size options. This manufacturer's machines can
communicate with terminals that use non-standard frame sizes lower than 256 octets. However,
communication is impossible if the other terminal's non-standard frame size is higher.

Block size

This is always 256 except for the following cases
* A block at the end of a page

* When resending error frames

« When RNR was received partway through a block and then T5 runs out.

If a page needs two blocks, or if T5 runs out, the page is separated into two blocks.
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EORvs CTC
This manufacturer's machines use EOR as little as possible.

If all frames within a block cannot be corrected within four tries (this includes the original attempt
and three retries), the machine will send CTC and modem rate fallback will be used.

After fallback, if the block is sent correctly, the next block will be sent either at the original rate
before fallback or at the successful rate (after fallback). There is an adjustment to select which
method is used.

If the modem rate is 2,400 bps and the data still cannot be sent correctly, the machine will send
EOR, and will go on to send the next block of data.

Page printout timing

Normally, data is printed while it is received. However, if an error frame is received, printout
stops at that point. When the error frames are resent, the page is printed again from the point
where it left off.

If one of this manufacturer's machines receives EOR, the block is printed up to the first error
frame, then the line is cut.
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SEP/PWD/SUB/SID Signals

The ITU-T recommendations were changed in 1996 to allow polling and confidential
communications. Before, these could only be done between Ricoh-made terminals, using
NSF/NSS. Now, these features can be used between any maker's machines, using the SEP,
SUB, and other new signals.

Secured Polling using SEP/PWD Tx Rx

SEP Signal: When the Rx terminal receives the SEP signal

with the NSC or DTC signal, the Rx terminal switches over to
secured polling transmission using the SEP ID. The SEP NSF
(Selective polling) signal must contain four digits as an ID.

CED

DIS
The Rx terminal automatically disconnects the line when any of
the following conditions occurs (error code 0-15). SEP E

* When the SEP ID is other than four digits NSC or DTC
* When anything other than numbers is included in the ID

The communication becomes free polling when the SEP ID is
0000. NSS or DCS

PWD Signal: When the PWD (password) signal is transmitted TCE

together with the SEP signal, the PWD programmed is used as

an ID code for stored ID override. [
CFR
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Confidential 1D Override using SUB/SID

SUB Signal: The SUB (sub-address) signal transmitted from the Tx
terminal contains a confidential ID. A stored message can be
printed using the SUB ID as confidential ID override.

TX Rx

The SUB ID must contain four digits. The receiving terminal CED
automatically disconnects the line when any of the following NSE
conditions occurs (error code 0-15).

* When the SUB ID is other than four digits DIS

* When anything other than numbers is included in the ID

* When a confidential ID is not programmed in the Rx terminal and SUB
when the transmitted SUB ID is 0000 -

A stored message can be printed using the (normal) confidential ID NSS or DCS

stored in the machine when the SUB ID sent from the transmitter is

0000. TCF

:| CFR
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Overview

New Recommendations

ITU-T modified T.30 in 1996 to include changes to protocol signaling as a result of V.8
procedure implementation.

If V.8/V.34 signaling is used, ECM must also be used.

Phases Of The V.34 Procedure

The protocol procedure for a V.34 fax communication consists of 6 phases. The following
explain the phases briefly.

Phase 1: V.8 Sequence
The calling and called terminals exchange available modulation modes (fax or data modem) and
data transmission direction information, and decide a communication mode.

Phase 2: Line Probing

The receiving terminal determines the available bandwidth for the fax data transmission channel
(known as the primary channel) based on the analysis of line probing signals sent from the
transmitting terminal. This bandwidth is informed to the transmitting side as a symbol rate.
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Phase 3: Primary Channel Equalizer Training

The receiving terminal adjusts its equalizer etc., while receiving training signals from the sender.
The tx side uses the data transmission modulation parameters informed by the rx side at the end
of phase 2.

Phase 4: Control Channel Start-up
Both terminals determine a data rate for the primary channel (in other words, for data
transmission).

Phase 5: Control Channel
Both terminals exchange T.30 protocol signals (DIS/DCS, NSF/NSS) to determine transmission
parameters (this equivalent to phases B and C of T.30 protocol)

Phase 6: Primary Channel
The sending terminal sends fax image data at the data rate that was determined with the
receiver in phase 4. One ECM block is sent at a time.

Post Message Procedure

After the primary channel has finished, both terminals restart the control channel to exchange
post message signals, as former fax machines do in phase E of T.30 protocol.

If there is another ECM block to send, the machines then start the primary channel again,
otherwise they disconnect the line.
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4
H V.8/V.34 Protocol Sequence (1 page/ 1 block) I

Protocol Overview

This shows a one page fax transmission with no P
special features and no errors. Eﬁ R
2 """ v | s006ps
< 300 bps cJ “ s

B INFOOC|

The time required for the communication (one ECM o] e T
block) is approximately as follows: B B Wy = E o
Until the end of phase 5: About 6to 7 s | ]

Phase 6: About 3 s spon] 12

Post-message: About 2 s a oon | o [T
INFOh | 600 bps T [ ‘\
= . I [Symborrate, ete) H Shbar s
. Eﬁ s 1200 bps| ALT Shbar 12000
Total: About 11to 12 s N | 20000
S bar 1200bps| E
.
Flag ’7 MCF
mm pro e
: . ™ |
" 1200bps| ALT ‘ i ——itence)

1200 bps| MPh
eh MPh | 1200 bps
(Data Rate, etc. SmORde | 0 | 0 | w00 | w200 | w9
MPh tbaug)
B

1200 bps| E . 312 312
NoF < 264 264 264 264
Flag csl_| 1200 bps 216 216 216 216 216
(kbps) 168 168 168 168 168
Flag ; CFR 48 48 48 48 48
P
] (ilence) You hear higher frequency signals in

phases indicated with light gray.

70ms+] |

20
_ You hear lower frequency signs in

Lower Frequency
U A phases indicated with dark gray.
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Basic Procedure

Phase 1: V.8 Sequence

Overview ) o Calling Called
V.8 protocol establishes communication
between the calling modem and the answering 1100Hz | cNeG
modem. The general communication functions
and modulation modes are exchanged. The —
best modulation mode for the calling and ANSam [ 2100 Hz
answering modems is determined upon the 3302258 cM
exchange of call menu (CM) and joint menu ;ob b )S ] 300 bps
(JM) signals. (V.21E) cJ M va21h)
ANSam
e 2100Hz, amplitude modulated using 15Hz Full Duplex
cosine wave, phase inverted every 450 ms
CM (V.21L)/IM (V.21H)
e Full duplex
* Modulation mode
« Data direction
CJ (V.21L)
* Phase 1 end
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Signals
CNG Transmitted from the calling terminal to indicate the start of a
(Call indicator) communication.
ANSam Amplitude-modulated, phase inverted 2100 Hz signal.
CM Transmitted from the calling terminal primarily to indicate its

(Call menu signal) available modulation modes, and to inform whether it is
sending data or wishes to receive data by polling.

IM Transmitted from the receiving terminal primarily to indicate
(Joint menu signal) | the modulation modes available in both terminals.
CJ Acknowledges the detection of a JM signal and indicates the

(CM terminator) end of the CM signal. CJ ends this phase of the
communication.
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Procedure
Calling Terminal Called Terminal
After dialing, the machine sends CNG signal After ring detection, the called terminal sends
and waits for an ANSam signal. ANSam signal for up to 3.2 s, while waiting for

a CM signal from the calling terminal. (See the
note after the table.)
After ANSam detection, the machine sends CM, | After CM detection, the machine sends JM,

while waiting for a JM. while waiting for a CJ.

CM settings: JM Settings

+ Normal transmission: 81 85 D4 * Normal reception: 81 85 D4
» Polling reception: A1 85 D4 e Polling transmission: A1 85 D4

After JM detection, the machine sends CJ.

Both terminals go into phase 2 (line probing) 75 ms after CJ .

- ANSam -
After detecting CNG, the called terminal sends ANSam. This starts the V.8 sequence.

The ANSam signal is a 2100 Hz tone signal that is amplitude modified with a 15Hz-cosine wave.
Also, the signal phase of ANSam inverts every 450 ms. The frequency is the same as the CED
tone.

Some fax machines cannot detect the 15Hz cosine wave modulation and phase inversion, and
think that ANSam is a CED tone.
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-CM, IM -

The exchange of CM and JM signals is next. These are sent in accordance with V.21
modulation. CM is sent with a low carrier frequency (V.21L), and JM is sent at a higher frequency
(V.21H). Because of this, the CM/JM exchange is full duplex (the signals are sent at the same
time, because they do not interfere with each other).

 Digital networks that have a sampling rate of 8 kbps cannot pass CM and JM. CM cannot
reach the called terminal, so the called terminal falls back to V.17 mode. V.34 communication
will not be possible.

The machines inform what type of modem they have (fax modem or data modem). If a
communication mode (e.g., V.34 fax communication to calling terminal to called terminal) is
available at both terminals, the terminals communicate using that communication mode for the
subsequent phases.

* If no communication mode is commonly available at both sides (for example, if a fax modem
has called a data modem), both terminals disconnect the line after the JM and CM signals.

The calling terminal informs whether it wants to send data or receive data. From this point, the
data sender becomes the Tx terminal, and the receiver becomes the Rx terminal. Note that for
polling, the calling terminal becomes the Rx terminal.

* The communication ends if the receiver of a polling request does not have files on polling
standby.
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-CJ -
This signals the end of the CM/JM exchange.
After 75 ms, phase 2 will begin

Refer to Advanced Procedures — Various V.8 Sequences for examples of various V.8 sequences.

NOTE: The ITU-T recommendation for the ANSam length is 2.6 to 4.0 s. Ricoh uses 3.2 s (as of
February, 1998).

If no response to an ANSam signal is detected within the maximum signal duration, it is

assumed that V.8 protocol is not supported, and communication takes place in
accordance with recommendation T.30.

Error Codes

e 0-70: Refer to Possible Errors — Phase 1.
e 0-74: Refer to Possible Errors — Phase 1.
e 0-75: Refer to Possible Errors — Phase 1.
e (0-76: Refer to Possible Errors — Phase 1.
e 0-77: Refer to Possible Errors — Phase 1.
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Phase 2: Line Probing

Overview

Phase 2 establishes the condition of the X RX
line, which decides the bandwidth available
for the communication. 600 bps | INFOOC INFOOa | 600 bps

INFOOCc/INFOOa ] A 2400 Hz

* Modem capabilities 1200 Hz B

. A bar 2400 Hz
* Modulation parameters <_|

L1/L2

* Probing tone 1200 Hz | B bar

o L1>L2 (by 6dB)

INFOh Spectrum L1

* Symbol rate (carrier frequency)

* Pre-emphasis Spectrum L2

* Power reduction —

A 2400 Hz
1200 Hz B

INFOh | 600 bps

< (Symbol Rate, etc.)
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The aim of phase 2 is to determine a set of modulation parameters that will be used in phase 6
(the primary channel) for image data transmission.

Both modems exchange information about their capabilities and modulation parameters using
INFOOc and INFOOa signals. Then the transmitting terminal sends L1 and L2, which are known
as probing tones. These tones allow the receiving modem to analyze the network qualities, such
as bandwidth and noise level.

Based on its analysis of how well the network passed the probing tones, the receiving modem
informs a set of modulation parameters, such as symbol rate, pre-emphasis, and power
reduction, using the INFOh signal.

Both modems then go into phase 3 (equalizer training) 70 ms after INFOh.
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Signals
INFOOCc A signal transmitted from the calling terminal to indicate its available
modem capabilities and data mode modulation parameters.
INFOOa A signal transmitted from the receiving terminal to indicate its
available modem capabilities and data mode modulation parameters.
B A modem control signal of 1200 Hz.
B bar The same as B, but with phase inverted.
A A modem control signal of 2400 Hz.
A bar The same as A, but with phase inverted.
L1 A line probing signal to analyze line characteristics. L1 is 6 dB higher
than L2. This signal is used to check the amplitude distortion.
L2 A line probing signal to analyze line characteristics. This signal is
used to check the amplitude distortion.
INFOh A signal used by the receiving terminal to inform the results of line
probing. The symbol rate is informed by this signal.
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Procedure
Sender Terminal Receiver Terminal
75 ms after the end of phase 1, the 75 ms after the end of phase 1, the
machine sends INFOOc. machine sends INFOOa.
When the machine detects an INFOOa, it When the machine detects an INFOOc, it
stops INFOOc and sends B and B bar stops INFOOa and sends A and A bar
tones. tones.
When the machine detects A bar, it sends | When the machine detects B bar, it starts
line-probing signals (L1 and L2). waiting for line-probing signals (L1 and
L2).

After L2 has finished, the machine sends B | After L2 reception has finished, the
tone again. machine sends A tone again followed by
When the machine receives an INFOh INFOh signal
signal, it stops B.

Both terminals go into phase 3 (control channel start-up) 70 ms after above steps.

- INFOOc, INFOOa -

The two machines exchange their modem capabilities and the available modulation parameters.
- A, A bar, B, B bar -

The two machines exchange 2400Hz and 1200Hz tones with phase reversals.

» V.34 provides for full duplex and half duplex modes for fax communication. In full duplex
mode, these signals determine any delay to signal round trip time caused by line conditions.
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However, current fax machines use half-duplex only, so the round trip time calculation is not
used.

-L1,L2-

The tx side transmits a series of tones, in a very short period of time, ranging from 150 Hz to
3750 Hz. These are known as probing tones.

The table shows the range of frequencies

that the tx side sends to the rx side in the L1 cos (27t + ¢)

and L2 signals. As can be seen, the phase f (Hz) ¢ (degrees) f (Hz) b (degrees)

sometimes reverses. 150 0 2250 180

The rx side analyses how the signals are 300 180 2550 0

received. Based on the results, the rx side 450 0 2700 180

does the fO”OWing: 600 0 2850 0

» Decides the available bandwidth for data 750 0 3000 180
transfer, by specifying a symbol rate. The 1050 o 3150 180
poorer_the line, the narrower the 1350 5 3300 180
bandwidth.

» Requests the tx side to adjust the pre- 1500 0 3450 180
emphasis and power reduction 1650 180 3600 0
parameters, so that the rx side can 1950 0 3750 0
optimize reception across the bandwidth. 2100 0

The rx side informs the above to the tx side
in the INFOh signal.
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- INFOh -

The receiving terminal informs the results of the line probing.

70 ms later, phase 3 begins.

The results include pre-emphasis, power reduction, and symbol rate.

Symbol Rate

The symbol rate is a baud rate. However, the data can be modulated in different ways using this
symbol rate to achieve different data rates. If the line condition is good, a higher data rate will be
selected. The data rate is selected in phase 4 (see the section on phase 4).

This means that the actual data rate for fax communication has not been decided yet.
The maximum data rate of 33.6 kbps is only possible if a symbol rate of 3429 can be used.

ITU-T also lists 2743 as a possible symbol rate. However, at the time of writing, the two makers
of V.34 modems (Panasonic, Rockwell) did not support this symbol rate.

The following table and diagram show the required bandwidths for V.27, V.29, V.17, and the
various V.34 symbol rates. Bandwidth is one of the important factors the modems use to select a
symbol rate. As shown in the table, the faster the modulation, the wider the required bandwidth.
This is because required bandwidth for a modulation depends on symbol rate and carrier
frequencies.
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520 360, Modem Symbol Rate Carrier Required
_____________________________________________ 3500 349" | L. (baud) Low/High Bandwidth (Hz)
ﬁ7 332 ]
2000 w000 %0 3429 1959/1959 Hz 245 - 3674 Hz
[BkHz | ----moomo 2800~~~ — -~ -~ — - L-- L-- - |-
: [ ] = 229 - 3429 Hz (L)
s 2600 3200 182911920 Hz | 350 3650 iy (H)
V.34 3000 1800/2000 Hz ggg - gggg ;'; ((h))
280 - 3080 Hz (L)
2800 1680/1867 Hz | 30" 2o 02 H)
2400 1600/1800 Hz | 400 - 2800 Hz (L)
1200 600 - 3000 Hz (H)
------- e S B N S R
V.17 2400 1800 Hz 600 - 3000 Hz
L1 600 l600 || - V.29 2400 1700 Hz 500 - 2900 Hz
500 el | e L | |
280 300 0 s V.27 (4800) 1600 1800 Hz 1000 - 2600 Hz
0
V.27 V2T 59 17 V.34 V.34 V.34 V.34 V.34 V.27 (2400) 1200 1800 Hz 1200 - 2400 Hz
(2.4K) (4.8k) V- : (2400) (2800) (3000)  (3200) (3429)
Other factors determining the symbol rate are signal to noise levels.
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Pre-emphasis

This is a linear equalization method where the transmitted signal spectrum is shaped to
compensate for attenuation distortion.

Power reduction

When the received signal is too strong, the rx side asks the tx side to reduce the tx level by up to
7 dB.

Error Codes
» 0-80: Refer to Possible Errors — Line Probing and Training
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Phase 3: Primary Channel Equalizer Training

Overview TX RX

The tx side sends training signals using the data transmission
modulation parameters informed by the rx side at the end of S
phase 2.

The fax data transmission channel is known as the primary S bar

channel.

Tx side

» Sends training signals using the modulation parameters
decided in INFOh. TRN

Rx side

* Modem equalizer training

» Data rate determination

* AGC adjustment

PP
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Signals

S, S bar
PP Training signals
TRN

The receiver modem monitors the phase 3 signals and adjusts its equalizers and AGC
(Automatic Gain Control).

In addition, the receiving modem selects a data rate (bps) from the possible range specified by
the agreed symbol rate — this will be used in phase 6 (primary channel). However, at this point,
the tx side still is not aware of the rate that has been decided - it is not informed until the next
phase.

Both modems then go into phase 4 (control channel start-up) 70 ms after TRN.

Recovery Procedure

If the receiving modem does not detect S within 2 seconds or if a TRN error is detected, the
receiving modem goes back to the last part of phase 2 to restart sending signal A.

After detection of signal B, the receiving modem sends INFOh and tries again to detect S.
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Error Codes

e 0-81: Refer to Possible Errors — Line Probing and Training.
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Phase 4: Control Channel Start-Up

Overview TX RX

The aim of control channel start-up is to

decide the modulation parameters that will PPh ‘ >

be used in the control and primary PPh

channels. 1200 bps | ALT

» Control channel: T.30 fax control « ‘ ALT | 1200 bps
protocol 1200 bps (TMF;hO) MPh

« Primary channel: Fax data transmission m}h (P DI 1500 bps

MPh (Type 0) MPh (Data Rate, etc.)

« MPh from rx side determines modulation (Type 1)
parameters 1200 bps E

* Primary ch. data rate E 1200 bps

» Control ch. data rate Control

* Type O0: Tx to Rx Channel Control

E

 Start of control channel
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Signals

PPh PPh is a signal for control channel receiver initialization and resynchronization.

ALT A scrambled series of alternating Os and 1s at 1200 bps.

MPh MPh contains the modulation parameters that will be used for data mode
transmission, such as control channel data rate and primary channel data rate.
The sender uses type 0 only., and the receiver uses type 0 or type 1. The type 1 MPh
contains additional parameters to the type 0 MPh.

E E is a 20-bit scrambled signal to inform the beginning of the control channel (phase

5).

The sending terminal informs its of modulation parameter capabilities using a type 0 MPh signal.
Using a type 0 or type 1 MPh signal, the receiver informs the set of modulation parameters that it
decided while receiving training signals in phase 3.

The MPh sent from the tx side is a Type 0 MPh, and from the Rx side it is a Type 0 or Type 1
MPh (mostly, itis Type 1).

* The Type 1 signal contains some coefficients that will be used for pre-coding (pre-coding is a
non-linear equalization technique).

If the initial transmission or reception data rate is changed by bit switches or dedicated tx
parameters, the new setting is reported in the MPh signals.

The signals in this phase use 1200 bit/s, 600 symbols/s QAM modulation.
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Procedure
Sender Terminal Receiver Terminal
70 ms after the end of phase 3, the machine After detecting a PPh from the sender, the
sends PPh and ALT. machine sends PPh and ALT
The machine sends MPh signals while waiting for | The machine sends MPh signals while waiting
MPh from the other machine. for MPh from the other machine.
After detecting a MPh from the receiver, the After detecting a MPh from the sender, the
machine stops MPh and sends E. machine stops MPh and sends E.
Both terminals go into phase 5 (control channel).
- MPh -

The rx side informs the data rate that it decided as a result of phase 3. The data rate will be one
of those possible with the previously agreed symbol rate (see the next page).

The control channel rate is always set to 1200 bps. There is an option for 2400 bps, but it is not
used at the moment.

The final MPh from the rx side contains the data rate information.

NOTE: 1) If the sender receives signal A while waiting for an MPh signal, it goes back to phase
2, and sends signal B and prepares to receive INFOh.
2) If either terminal fails to start up the control channel, it sends AC tone. Refer to
‘Possible Errors — Control Channel Start-up — Error Recovery Using the AC Tone’ for
details on the recovery sequence after the AC tone.
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Data Rates and Symbol Rates
The above table shows the available data rates

for each symbol rate. Syr?é);dgate 2400 | 2800 | 3000 | 3200 | 3429

33.6

In the MPh signals, both terminals must inform a 31.2 31.2

data rate that is available with the symbol rate 288 | 288 | 288

which was decided in phase 2 (INFOh signal). 204 | 264 | 264 | 264

24.0 24.0 24.0 24.0

21.6 21.6 21.6 21.6 21.6

Error Codes Data Rate 19.2 19.2 19.2 19.2 19.2

. (Kbps) 16.8 16.8 16.8 16.8 16.8

» 0-82: Refer to Possible Errors — Control 124 144 124 144 124

Channel Start-up/Restart. 12.0 12.0 12.0 12.0 12.0

» 0-84: Refer to Possible Errors — Control 9.6 9.6 9.6 9.6 9.6

Channel Start-up/Restart. 7.2 7.2 7.2 7.2 7.2

« 0-86: Refer to Possible Errors — Control 4.8 4.8 4.8 4.8 4.8
Channel Start-up/Restart. 24
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Phase 5: Control Channel

Overview T RX

In the control channel, both terminals

exchange T.30 protocol signals. However, the E E
data rate is 1200 bps, as opposed to the 300

bps used with V.21 signaling. NSF
Since both terminals (modems) have Flag CS1 | 1200bps
determined a modulation mode and a set of 1200 bps bIS
modulation parameters in the previous NSS -

phases, the machines do not repeat those or Flag
settings in the NSF or DIS signals. DCS ‘

“0000” is set in bits 11 to 14 of the DIS/DCS Flag 1 crr
signals (initial modem rate). \

In this phase, a flag sequence is transmitted 1's - Fleg
whenever there is no data to transmit (this % (Silence)
applies to both Tx and Rx terminals).

Silence (or the absence of flags) from the Rx
side indicates the end of this phase.
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Procedure

The procedure in this phase is the same as phases B and C of T.30 protocol, except the
following.

» The receiver terminal always responds with CFR. It never uses the training signal responses
TCF and FTT.

* Modem type and speed are not included in the negotiated parameters. However, machine
capabilities are exchanged (such as paper size, the availability of duplex printing, and so on).

» Both machines sends flags while they do not send data.

* When the tx side detects CFR, it starts to send 1's. When the rx side has detected 40
consecutive 1's, it stops flag transmission and prepares to receive fax data.

* When the tx side has detected silence from the other side, it starts the next phase
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Phase 6: Primary Channel

Overview T RX
S, S bar, PP | Training signals S
Bl A signal to inform the beginning of user S bar
data. PP
B1
The primary channel is used for image data
communication. It uses the data rate which was
determined in phase 4 (MPh) and the symbol rate that (Fax Data) Primary
was specified in phase 2 (INFOh). Channel
One primary channel contains one ECM block. If a page is
split into two blocks, it requires two primary channels to be = -
transmitted. (Refer to Multi-page Control for details on how urn-o
this is done.)
» Note that it is split up into ECM blocks, not pages.
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An ITU-T chart takes about 3 seconds.

» This is from the S signal to the turn-off.

» Group 4 is also specified as 3 seconds for one ITU-T #1 chart, but the resolution is different.
V.34 Group 3: Standard resolution 8 x 3.85 dots/mm
Group 4: Detail resolution 200 x 200 dpi
Group 4 sends twice as much image data in the same time.

Error Code
» 0-87: Refer to Possible Errors — Primary Channel.
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Control Channel Restart

Overview T RX
After an ECM block has been sent, the control
channel restarts so that the terminals can exchange sh >
post-message signals. Sh bar sh
Sh bar
Signa|s 1200 bps ALT 1200 bps
Sh, Sh bar Training signals, similar to S and S ‘ ALT
bar, but sent using the control 1200 bps E
channel modulation E 1200 bps
PPh PPh is a sequence for control Control
channel receiver initialization and Channel Control
resynchronization. This is used Channel
instead of Sh if a change in
modulation parameters is desired for
the next page.
ALT A scrambled series of alternating Os
and 1s at 1200 bps
E E is a 20-bit scrambled sequence of
1s at 1200 bps to signal the
beginning of control channel data.
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This phase is similar to phase 4. The signals are similar to phase 4, except instead of using a
PPh — MPh sequence, an Sh sequence is used.

During control channel restart, either terminal can request a change in the data rate. In such
cases, the requesting terminal will send PPh instead of Sh, and MPh will be used to decide the
new data rates for the next block of fax data.

NOTE: Also, if an error occurs during control channel restart, a PPh — MPh sequence is used
instead of Sh.

Procedure
Sender Terminal Receiver Terminal
70 ms after the end of phase 6, the After detecting a Sh from the sender, the
machine sends Sh, Sh bar, and ALT. machine sends Sh, Sh bar, and ALT
After detecting a Sh bar from the receiver, | After detecting a Sh bar from the sender,
the machine stops ALT and sends E. the machine stops ALT and sends E.
Both terminals go into the post message procedure (control channel).

NOTE: If the sender receives signal A while waiting for an MPh signal, it goes back to phase
2, and sends signal B and prepares to receive INFOh.

Error Codes

» 0-83: Refer to Possible Errors — Control Channel Start-up/Restart.
» 0-85: Refer to Possible Errors — Control Channel Start-up/Restart.
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Post Message Procedure (Control Channel)

Overview TX RX
This phase is similar to phase 5.
In this phase, both terminals use the control channel to E E
exchange T.30 end-of-page or end-of-message signals PPS-
(T.30 phase E protocol). EOP Flag
Data communication errors are reported using ECM >
protocol, and retransmission of parts with errors is Flag MCF
requested. j

. . . DCN Flag
When the sender detects silence, it stops sending the
closing “1's” and disconnects the line.

I's (Silence)
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Procedure

Procedure in this phase is the same as phase E of T.30 protocol, except the following.

» Both machines sends flags while they do not send data.
* When the receiving terminal detects 40 consecutive “1's”, it stops flag transmission.

If there were errors, there is a PPS — PPR exchange in accordance with T.30 ECM protocol, then
the error frames are resent in the primary channel. Then the control channel is restarted and the
line is disconnected (or the next ECM block prepared for).

If there are no more ECM blocks to send, the sender terminal transmits DCN. Then the receiver
stops flag transmission and disconnects the line.

For the multi-block transmission sequences, using PPS-MPS and PPS-EOM, refer to Advanced
Procedures — Multi-page Control.
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Advanced Procedures

Various V.8 Sequences

Non-V.8to V.8 X RX

The called V.8 terminal transmits ANSam until the 11001z [ onG

timer expires, then falls back to V.17 to transmit 2100 Hz | Timeout

NSF/CSI/DIS. s2'sec | igam

 The calling side (non-V.8) thinks that ANSam is max.
CED, and waits for NSF/DIS as usual for T.30 NSF_| V.8 available
procedure. csl

* When the called side cannot detect JM in reply to DIS | V.8available
ANSam within 3.2 s, it drops back to V.17/T.30 | nss TSI
and sends NSF/CSI/DIS. DCS

NOTE: The ANSam timeout can be anything
from 2.6 s to 4.0 s. Ricoh has decided
on 3.2 s as a result of various evaluation and compatibility tests.
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If the calling terminal has a communication record for X RX
the receiver using Al short protocol, the communication
can step down to V.17/T.30 more quickly. The Tx side 1100Hz [ CNG 2100 Hz
sends an 800Hz tone immediately after detecting v
2100Hz. The called V.8 terminal then stops ANSam to fomsmin- 1 NSam
receive NSS(A), which follows immediately. sooHz |} T
NOTE: The machine needs 0.4 s to detect 2100Hz. NSS(A)
V.8 to Non-V.8
TX RX
The calling side checks the 2100Hz signal for amplitude
modulation and phase inversion to see if it is an ANSam. 1100Hz | CNG 2100 Hz
If the calling side cannot detect ANSam within 2 s, it falls AboUt 2.4 S
back to V.17 and waits for an NSF or DIS signal. —— CED
NOTE: The machine needs 0.4 s to detect 2100Hz, then ANSam not NSF
waits for 2 more seconds (2.4 s in total) while detected. csl
trying to detect ANSam characteristics (such as oIS
phase reversals). | oS —
DCS
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If the calling V.8 terminal has a communication

record for the receiver using Al short protocol, the X RX
communication can step down to V.17/T.30 more
quickly. The calling V.8 terminal sends an 800Hz 1100 Hz | CNG
tone 500 ms after 2100Hz detection, instead of after 4 2100 Hz
2 seconds. 900 ms
NOTE: The machine needs 0.4 s to detect 800 Hz 1 CED
2100Hz, then waits for 0.5 more ANSam not
seconds (0.9 s in total) while trying to detected. NSS(A)
detect ANSam characteristics.
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Manual Tx (Non-V.8 to V.8)

Manual transmission from a non-V.8 terminal is the TX RX

same as former T.30 protocol.
ANSam | 2100 Hz
NSF
Start CsI
1100 Hz CNG TT4 V.8 available
timer
'
NSF
CSl
DIS
NSS TSI V.8 available
DCS
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Manual Tx (V.8 to V.8)

The calling side misses the first ANSam and > RX
the communication drops out of V.8 mode to
ANSam
V.17.
- - - - NSF
However, if the calling side detects that V.8 is Start CSl
available (the V.8 bit in NSF/DIS is on), it asks \. DIS |V.8 available
the called side to restart V.8 from the beginning NG ¥
with a CI (Call Initiation) signal. T4
NOTE: As of February 1998, Ricoh V.34 fax “”Ier
machines do not support V.8 in manual NSE
transmission. Fax machines from other CSl
manufacturers may support this DIS |V.8 available
sequence. Ci V.8
Y ANSam
CJ IM
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Manual Rx (Non-V.8 to V.8)

This is the same as non-V.8 to V.8 fax
communication (described earlier) [ cNG

X RX

Immediately after the operator at the called side Start
presses Start, the called side sends ANSam for [ CNG /
3.2 s, then drops back to V.17 communication x

. 3.2 sec :
because there is no V.8 response from the caller. max. | ANSam | | Timeout

v \
NSF

NOTE: 1) The ITU-T recommendation of the Col
ANSam length is 2.6 to 4.0 s. Ricoh DIS
uses 3.2 s (as of February 1998). [Nss TSI

2) V.8 sequence in manual reception is a DCS
machine specific function (as of
February 1998). Refer to the
machine’s service manual for the
availability of V.8 in manual reception
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Manual Rx (V.8 to V.8)

Immediately after the operator at the called TX RX
side presses Start, the called side sends
ANSam. CNG

The calling side immediately sends CM if it St
. : . . art
is a V.8 terminal, and V.8 signalling can

continue. CNG

NOTE: V.8 sequence in manual
reception is a machine specific
function (as of February 1998). M IM
Refer to the machine’s service CJ
manual for the availability of this
function.

ANSam
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Polling Dial
In phase 1, the calling terminal uses the CM signal to CNG
indicate polling reception, and the receiving terminal < — | ANSam
acknowledges it in the JM signal. Then the direction CM- >
of communication is reversed (the called side CJ ‘—‘ M
becomes a transmitter and the calling side becomes >
a receiver). RX T
In phase 2, the called terminal (sender) transmits T » INFOOa
line-probing signals, L1 and L2, and the calling B A
terminal (receiver) transmits INFOh. All other signals B bar A bar
go in the same direction as normal V.34 L1 | Spectrum
communication. B
In phases 3 and 6, the data goes from the called B | L, Spectrum
terminal to the calling terminal. <

INFOh A
Note that polling is the only fax feature to be (Symbol Rate, etc.) >
informed in phase 1. All the others (confidential tx,
etc.) are informed in phase 5. If polling with ID is to S
be used, this is informed in phase 5. Spb;f

TRN
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Multi-Page Control TX RX
Strictly speaking, this is multi-ECM-block control, as each Primary
primary channel transmission sends one ECM block. If a (Fax Data)f channel
page requires more than one ECM block, it will be divided into Turn-off
two primary channels.
PPS-MPS Shoa Sh
If the sender does not want to use new settings for the next ALT | SszT""
block, it sends PPS-MPS in the control channel. The receiver E =
then responds with MCF or PPR (see below). PPS-

mes | L ,| Flag
Then, both terminals close the control channel restart phase. Flag ) MCF

Then, the Tx side restarts the primary channel..

. Fi
- MCF (Message Confirmation) - s > %
‘—l

If the receiver received previous the ECM block completely

(with no errors), it sends MCF. Image data in the next primary S
channel will be the next ECM block. Spb;r
- PPR (Partial Page Request) - B1

If the receiver did not receive the previous ECM block (Next page)| Primary

Channel

completely, it sends PPR. Image data in the next primary
channel will be retransmitted error frames from the same
ECM block.
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PPS-EOM

If the sender terminal has another block and wants
to change the settings, it sends PPS-EOM in the
control channel. The receiver then responds to the
sender with either of the following.

- MCF (Message Confirmation) -

If the receiver received the previous ECM block
completely, it sends MCF. After the T2 timer (6 s)
expires, the receiver sends T.30 phase B signals
(NSF/DIS) to exchange new communication settings
again. The following procedure is the same as
phase 5.

Image data in the next primary channel will be the
next block.

- PPR (Partial Page Request) -

If the receiver did not receive the previous ECM
block completely, it sends PPR. The receiver then
goes back to the primary channel to resend the error
frames. There is no change of communication
settings at this time.

10 March 2004

™ RX
. Primary
(Pix Data) Channel
Turn-off
Sh >
Sh bar ShSE
ALT ] ar
E < ALT
PPS- E
EOM | Flag
MCF
6?
S
Flag timeout
Fla v
g NSF
CSI
DIS
[NSS TSI |
or [ Dcs Flag
Flag | CFrR
Flag
1's »—
~ —(Silence)
Primary channel (Phase 6)
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Data Rate Change Request

Overview

According to ITU-T recommendations, either the sender or the receiver can initiate a rate change
request in the control channel restart phase using a PPh — MPh sequence, during a
communication. However, the recommendation does not specify any request conditions. So, the
conditions depend on each manufacturer.

NOTE: This section explains how either terminal requests a rate change, but does not explain
request conditions. Refer to the machine’s service manual for the condition in which the
machine requests a rate change.
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Request from Receiving Terminal TX RX
This is an example of a one-step shift-down request Fax Data | Primary
from the receiving terminal due to several partial (e.9., 33.6kbps) ‘;ha””ff'
page requests (there were a lot of errors in the ”";0 ‘
: S >
received data). oo —
The sender restarts the control channel using an Sh ALT Jo
sequence. Then, the receiver responds to it with PPh if? ALT
instead of an Sh. This signifies that a rate change ~Ph
. . Rate
request is coming up. The sender can then start a MPh | | MPh 1 hange
PPh — MPh sequence. The MPh signals from the rx E | > '\"Eh request
: : PPS-
side determine the new data rate. e [ Fig
Both terminals then exchange modulation Fag | [ |PPR
parameters again to decide a new data rate for the s | »|_Flag
next primary channel. The new rate must be = ‘
available using the same symbol rate as the Sbar
previous data rate. (The line conditions have not PP
been tested again with L1 and L2, so it is unsafe to B1
try a wider bandwidth.) Fax Data  |[Primary
(e.g., 31.2kbps)| Channel
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Request from Sending Terminal

I : TX RX
This is an example of a one-step shift-up request
from the sender terminal. Fax Data Primary
. e.g., 19.2kbps)| Channel
The sender restarts the control channel using a PPh (e Ps)
. . Turn-off
sequence instead of an Sh. Then, the receiver
responds to it with PPh, which enables the sender to PPh N
start a PPh — MPh sequence as both terminals did in PPh
phase 4 ALT |
' Rate < ALT
. . MPh
Both terminals then exchange modulation change MPh
: ) MPh |
parameters again to decide a new data rate for the request = | MPh
next primary channel. The new rate may be higher oPS. 1 E
or onver, depending on how previous blocks were vps |1 Flag
received. It must be available using the same i’
Flag MCF
symbol rate. < Flag
' e
1's .
S
S bar
PP
B1
Fax Data Primary
(e.g., 21.6kbps)| Channel
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Possible Errors

Phase 1 (V.8) _
Calling Called
Error Code 0-70
NOTE: This error code can be generated by either the calling CNG
or called terminal.
.. ey ANSam
If the communication modes specified in CM and JM do not
match, both terminals disconnect the line after the V.8 CM >
sequence. I
This error can occur in the following cases. CJ M
* A V.34 fax terminal called a V.34 data terminal, or vice
versa.
(JM = C1 05 10 10 for a data terminal) Hang up
» The calling terminal requested polling reception, but the
called terminal did not have a polling transmission file (or
document).
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Error Code 0-74

NOTE: This error code can be generated by the calling terminal Calling  Called
only.
Because the calling terminal could not receive the first ANSam, or CNG
the called terminal could not receive CM, the called terminal fell
back to T.30 mode. ANSam
After detecting in the NSF or DIS signal that V.8 is enabled, the DIS | V8 Available
calling terminal transmitted CI (Call Initiation) to restart the V.8 cl
sequence.
But, the called terminal could not detect ClI signals, and finally the [ cr JANsam
calling terminal also fell back to T.30 mode. DIS | V.8 Available
CM, CJ and ClI signals from the sender use V.21(L) modulation. If T30 Fa"baCkDCS'
the network cannot pass these signals, this problem could occur. TCF
A\
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Error Code 0-75 (ANSam Timeout)
NOTE: This error code can be generated by the Calling Called
called terminal only.

The called terminal restarted the V.8 sequence after
receiving a Cl signal. However, it could not detect a
response to ANSam within 3.2 s. ANSam

CNG

As a result, the called terminal then transmits NSF
and DIS using T.30/V.17, signalling that V.8 is

disabled. E

The receiver may have a problem detecting ANSam,

DIS V.8 Available

ANSam Timeout

or the network may have a problem transferring ANSam T 30 Fallback
ANSam. '
DIS | V.8 Not Available
DCS
TCF
v
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Error Code 0-76 (CM Timeout)
NOTE: This error code can be generated by the Calling Called

calling terminal only. NG

The calling terminal sent CM in response to ANSam,

but it could not detect a JM within 3 s, so it fell back

to V.17/T.30 mode. ANSam

. . CM Timeout

The receiver may have a problem detecting CM, or T.30 Lﬂﬁg’:ck cM

the network may have a problem transferring V.21(L)

signals. .

DIS | V.8 Available
DCS
TCF
v
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Error Code 0-77 (JM Timeout) Calling Called
NOTE: This error code can be generated by the called

terminal only. CNG
The called terminal sent JM in response to CM, but it
could not receive CJ within 3 s, so it fell back to ANSam
V.17/T.30 mode. | CM

IM JM Timeout
T.30 Fallback

DIS V.8 Not Available

DCS
TCF
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Line Probing and Training
Error Code 0-80 (Phase 2 Timeout)
The line probing sequence was not completed within 35 s from the start of phase 2.

Error Code 0-81 (Phase 3 Timeout) X RX

Equalizer training was not completed within 35 s
after the start of phase 3. 600 bps | INFOOc INFOOa [ 600 bps

In phase 3, if the rx level has almost reached the - N 2400 Hz

20dBm threshold for ACG to switch on, the modem 1200 H 5
adjusts the gain control to amplify the signal. z 1_,7 Abar | 2400 Hz

But the resulting rx level may become too high for
rx to continue. So, phase 3 cannot be completed, 1200 Hz | B bar
and the process goes back to the end of phase 2.

Spectrum L1

There is an A - B exchange, and the rx side sends
INFOh and goes back to phase 3. But the same

. . Spectrum L2
error occurs again, and we are stuck in a loop. A

protocol dump list shows repeated INFOh signals. >

Error code 0-81 prevents this repetitive cycle. 1200 1 A 2400 Hz
To solve the problem, the tx level at the sender ‘ B

should be increased by 1 or 2 dB. INFOh | 600 bps

A

(Symbol Rate, etc.)
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Control Channel Start-up/Restart

Error Code 0-82

The sender terminal could not start the control channel within 10 s, or the receiver terminal could not
start the control channel within 35 s.

A relatively low signal reception level or a high signal-to-noise ratio could cause this problem.

Normally, this occurs at the receiving terminal. If this occurred, check the reception level using
technical data print on the TCR/Journal, and ask the sender to adjust the signal transmission level.
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Error Code 0-83

The sender terminal could not restart the control channel within 10 s, or the receiver terminal
could not restart the control channel within 11 to 35 s. The timer setting for Rx depends on the
data rate and data re-send status.

A relatively lower signal reception level or a high signal-to-noise ratio could cause this problem.

Normally, this occurs at the receiving terminal. If this occurred, check the reception level using
technical data print on the TCR/Journal, and ask the sender to adjust the signal transmission
level.

Error Code 0-84

The modem did not finish transmitting a signal within 10 s (during phase 4 — control channel
startup).

Try switching the machine off/on to reset the modem. Upgrading the modem's firmware may be
necessary in some cases.

Error Code 0-85
The modem did not finish transmitting a signal within 10 s (during control channel restart).

Try switching the machine off/on to reset the modem. Upgrading the modem's firmware may be
necessary in some cases.
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Error Code 0-86
The other terminal specified a data rate that is not supported by the current symbol rate.
The other terminal is not behaving in accordance with V.8/V.34 standards.
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Error Recovery using AC Tone

If one of the modems could not detect a response to the TX RX

control channel restart signals, it can send an AC tone to

ask the other modem restart the control channel. In the Sh

example diagram, the tx side could not detect control Sh bar

channel signals, so it sends AC. No response

If the other modem detects an AC tone for more than 100 ALT

ms, it responds with a PPh — ALT — MPh sequence even

in the control channel restart phase (hormally, an Sh \_, —

sequence is used in the restart phase, not PPh). more than 100 ms
AC

If there is no PPh in response to the AC tone, the AC _

tone transmitter disconnects the line. ; —1 PPh &

If AC tone is frequent to (or from) a certain terminal, PPh ALT %

adjust the transmission level or equalizer settings. ALT £

N MPh 5

The AC tone may occur on noisy lines. MPh 5

MPh MPh 7§
: e |\
Control
Control Channel
Channel
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Primary Channel TX RX
Error Code 0-87 Flag CFR
NOTE: This error code is generated by the receiving
. Flag
terminal. 1's
If the rx side cannot receive primary channel data (fax —|(Silence)
data), it drops back into the control channel and waits
for control channel signals (Sh or PPh) from the (Fax Data)
sender. No data
] ) Primary received
 This error could have been a temporary carrier S
drop, for example.
When the control channel restarts, the rx side Control
requests all frames to be sent again in the PPR channel
signal. Turn-off
Note that the rx side may receive all the frames Sh Sh
properly after this, but error code 0-87 is still SZLbTar Shbar
generated. = ALT
E
PPS-Q Flag
PPR
Flag Flag
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Error Code 0-88

™ | RX [N

When nine PPRs have been sent back to the tx side
within the same ECM block, the line is disconnected. 9 (default) |Fax data} 9 (default)
. PPS-
PPS-Q means any of the PPS signals (such as PPS- 8 Q PPR | 8
EOP, PPS-MPS, and PPS-NULL). It is standard Eadat
notation for T.30 ECM protocol. s;s‘za'
NOTE: Line disconnection after nine PPRs is a 7 oPR | 7
Ricoh-specific function.
3 . Fax data]
N eor = No. of PPRs before EOR is sent. PPS-Q
6 PPR | 6
[ [
[ 1 I
[ ] I
I : I
| |
I ! I
[ [
| Fax data |
v PPS-Q v
0 PPR | ©
EOR-Q
DCN DCN
v
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Faxing From a PC
Fax Modems

Overview

This section deals with boards installed in fax machines to allow a fax application package on a PC
to send a fax through the fax machine to the telephone line.

EIA/TIA (Electronic Industries Association/Telecommunications Industry Association) has two
modem standards for PCs to interface with fax machines. These are known as Class 1 and Class 2.

Class 1 is a bare-bones standard, providing just enough support to allow a PC to send a fax.

Class 2 adds a wide range of modem commands based on the Hayes modem signaling standards.
These commands are known as AT commands (AT is short for ‘Attention’).

AT Commands
The AT commands that are implemented depend on the model.
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Internet/LAN Fax Boards

Overview Japan

G3 Fax
S0 Machine

What is an Internet fax? =] 011-1-212-555-345645388

If a fax machine contains a network
interface board and is connected to
a LAN, the machine can send faxes
over the Internet as well as using
PSTN G3. This section explains 08.3123.4567

how a fax machine can send fax nicfaxabed.com
messages to PCs and fax machines o ook, R
over a LAN or the Internet.

NIC

nicfax@abcd. com
Personal Code 8888 = name@abcd.com

Laser Printer|

Ethernet

An Internet fax machine is also
known as a ‘NIC Fax’ or an ‘IFAX.

Using the Internet for faxing can E
reduce telephone line charges and Paper -----B Paper
paper consumption. Paper ——» PC display

The drawing outlines some of the
network operations that a typical

Internet fax can support (see the

next page for an explanation).
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The NIC Fax at nicfax@xyz.co.jp can send a G3 fax message to a G3 fax machine inside Japan (at
the top of the diagram), by dialing a telephone number.

The NIC Fax can also send a fax message over the Internet by specifying an e-mail address
(nicfax@abcd.com) instead of the telephone number. The NIC fax can also send the message to a
PC (name@abcd.com).

Depending on the type of protocol used for reception, the received message will be either:

[J Stored in the network server at the remote end, until the PC picks it up (this is reception using
POP or IMAP)

[ Sent to the destination directly without being stored in a server at the receiving end (this is
reception using SMTP)

How is it done? Protocol and Standards

IETF (Internet Engineering Task Force) and ITU-T have standardized procedures for sending fax
messages over the Internet as e-mail attachments.

The message is sent as a TIFF-F format image file attached to a MIME format e-mail message.
(Some older models can also send DCX image files, depending on a user setting).

To receive a fax by e-mail, a MIME-compatible mail reader is needed. To view the fax, a TIFF-F
viewer is needed. (For some models, the viewer should also be able to view DCX files.)

The NIC fax must be connected to a LAN and set up correctly in order to use Internet fax functions.
There is no need to set up a special server. Existing servers on the LAN can be used. TCP/IP
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protocol is used. There must be an SMTP server to send mail, and either a POP3, IMAP4, or DNS
server to receive mail.

For people that do not have servers, the H535 model has an optional PDU unit that allows the mail
transmission and reception to be done using servers at the Internet Service Provider.

Software installed on the PC (such as a Web Browser) can be used to check the settings and status
of a NIC fax from a PC.

Limitations

[ An Internet fax does not contact the other party directly when sending a fax by e-mail. It only
communicates with the local server, which passes the message through the network to a server
at the other end, and the remote terminal picks it up from the server.

(J Except for errors during SMTP procedures, information about errors during e-mail communication
will not be fed back to the sending Internet fax. Users have to confirm with the other end that
important messages have got through.

[J Users are recommended not to send confidential material over the Internet. The level of security
for Internet communications is low.

[ The Internet can get congested at times. If the message is time sensitive, use PSTN G3.

(J Voice communications are not supported over a LAN.

The next few sections explain in outline what functions are available with an Internet fax. They will be
explained in more detail after sections describing some basics concerning e-mail and networks.
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LAN Fax

PC Fax
% G3 F_ax Application
|i I I| Machine name@abcd.com

0= O

Laser Printer

PC to Fax Machine

The PC can use a fax application send a G3 fax message to G3 and Internet destinations through
the Internet fax (also known as a NIC fax). Internet transmission is not shown in the diagram, but it
can be done.
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The NIC fax will then send the fax message to the destination, which could be either a PSTN G3 fax
or an e-mail address.

Points to note about this feature are:

e When sending a fax using the Internet, the receiving party can be another Internet fax or a
computer. The user inputs an e-mail address as the destination instead of a telephone number.
Received faxes can be sent directly to a PC by e-mail.

Fax messages can be sent from any PC (by e-mail or by Group 3 PSTN) on the same network as
the fax machine. (The machine is like a shared fax modem, with G3 PSTN and Internet capability.)
No paper is required at the transmitting side.

Software required on the PC depends on the model
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IP Fax

NIC FAX

VolP Gateway
IP Address: 192.168.1.64

al by
Gatekesper
Alias Fax Number

2123336666 = 192.168.1.20

] carax NIC FAX
w% 212-123-6678 1P Address: 192.168.1.20
= Host Name: IPFAX2
Alias Fax Number: 2123336666

NIC FAX
IP Address: 192.168.1.10
Host Name: IPFAX1

This feature allows you use TCP/IP to communicate with fax machines. The other party can be on
the same TCP/IP network as your machine, or it can be on the Internet anywhere in the world.

e |t can also be on a PSTN, if your intranet has a Gateway to interface with the PSTN.
No e-mail server is required (compare with internet fax).
Use the IP address (or host name) to dial the destination machine, instead of the fax number.

o [f there is a Gatekeeper on your intranet, you can use the ‘alias number’ stored in the gatekeeper.
The gatekeeper stores a look up table of ‘alias fax numbers’ and actual IP addresses.
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Autorouting
|\(/-|; 3 Eax namel name2
achine : bed. bed.
% SUB Code: @abcd.com  @abed.com
| | 8888 | I:[

y

P ARSEE

|01\

s

Laser Printer

Server

Personal Code 8888 = namel@abcd.com Fax M aCh i ne

& Personal Code 5555 = name2@abcd.com
o
& > suB code: to PC

5555

The NIC fax routes incoming fax messages to client PCs on the same network, using the code
included in the SUB signal.
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1. The sender must specify a code when sending a fax message. This code is transmitted using the
SUB protocol signal (see ‘Protocol’ for more details on this signal).

2. Personal codes must be stored in the receiving NIC fax in advance, and associated with e-mail
addresses on the same LAN. To do this, the machine uses the SUB code that is received, and
the ‘Personal Box’ and ‘Transfer Box’ features.

Personal Box: If the code in the received SUB signal specifies a Personal Box, the NIC fax routes
the incoming message to the address that is stored with that Personal Box.

Example: In the above diagram, if a received message has a SUB code of 5555, it is forwarded
to name2@abcd.com

Transfer Box: If the code in the received SUB signal specifies a Transfer Box, the NIC fax routes
the incoming message to all the addresses that are stored with that Transfer Box.

3. The client PC receives the fax as an e-mail message with an image file attached.

If a machine cannot send a SUB code, the Forwarding feature must be used for that machine (this is
the next feature to be described).

Advantages of this are:

e Fax messages are delivered directly to the mail server for the client PC to pick up.
¢ No paper is used.
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Forwarding

G3 Fax

Machine namel @abcd.com

N
|] EI TSI: 1234 g @ name2@abcd.com
— EE r=

A
EE

Laser Printer

Server

NIC Fax

Forwarding by TSI: For 1234, send to namel @abcd.com
Forwarding by RTI: For FRED, send to name2@abcd.com

Fax Machine
RTIl: FRED

G3 Fax to PC
Machine

The NIC fax routes incoming fax messages to client PCs on the same network, based on the
contents of the RTI or TSI. In this way, a message from a certain sender can always be forwarded to
a certain location.
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1. The sender must have a TSI or RTI programmed.

2. RTls and TSIs of expected senders must be stored in the receiving NIC fax in advance, and
associated with e-mail addresses on the same LAN. If the received RTI or TSl is the same as
one of those stored, the NIC fax routes the incoming message to the associated address.

Example: In the above diagram, if a received message has an RTI of FRED, it is forwarded to
name2@abcd.com
3. The client PC receives the fax as an e-mail message with an image file attached.
Advantages of this are:
e No SUB code is required for forwarding (some machines cannot send SUB codes).

e Fax messages are delivered directly to the mail server for the client PC to pick up.
¢ No paper is used.
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Internet Fax (Paper to Paper)

Ethernet

—
NIC Fax &=
fax1@abcd.com —

Laser Printer

Router

=4
( / _
L—) Hﬁﬂ
Annonnn Laser Printer

Server Ethernet |

1. Instead of a PSTN telephone number, an e-mail address is specified when sending a fax
message.

2. The fax message goes through the Internet to the receiver, and is printed.
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NOTE: The time required to send a fax over the Internet depends on the traffic conditions at the time
of transmission. Also, the sending machine has no way to know whether the message
arrived intact at the other end.

The advantage of this is that it is cost-saving.
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Internet Fax (Paper to PC)

name@abcd.com

Laser Printer

-
fax1@abcd.com

NIC Fax To: name@abced.com

Server Laser Printer

Ethernet |

1. An e-mail address is specified when sending a fax message.
2. An e-mail message is sent to the client PC with the fax message attached.
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The PC must have:

¢ E-mail software to pick up the e-mail from the server
o A TIFF-F or DCX file viewer to read the image

The advantages of this are:

e Cost-saving
¢ No paper is used
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Transfer Request through the Internet

. N
G3 Fax Machine II
206-936-1234 M= —

NIC Fax =22 =
: = 1 Laser Print
To: Quick Dial 01 stored in (Transfer Station) .\_... seermmer
NIC Fax fax1@abcd.com fax1@abed.com
Router Quick dial #01=206-936-1234
[ T L]
= ~
==
\ =
A ggggggg N Laser Printer
Server Ethernet |
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A fax message can be transferred over the Internet and then forwarded to a G3 facsimile, using the
NIC fax as a transfer station.

1. The sender specifies the end receivers using the quick dials, speed dials, and group dials that
are stored in the transfer station.

2. The fax message is sent to the transfer station over the Internet and the LAN at the remote
location. Then it is transferred to the destination over the local PSTN. It can also be transferred
by e-mail over a LAN or the internet, if the transfer station is a NIC fax.

This saves costs for long-distance communications.
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LAN Basics

Before we look at Internet fax features in more detail, it is important to know a bit about Local Area
Networks (LANs) and e-mail. This section will deal with LANs, and the following section will deal with
e-mail.

LAN Configurations

Overview

A LAN (Local Area Network) links computers within an installation such as a building or factory. It
consists of communications hardware such as interface boards and cables, and software for the
computers that are to be connected.

Basic Types

The following three configurations are available for linking computers. The different wiring
configurations are often referred to as ‘topologies

With all three topologies, signals sent from one computer go to all other computers. An address is
included at the start of the data so that it is ignored by all computers except the destination.
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Bus Configuration
One central cable is installed, with computers connected
to it in branch fashion. All data is sent via the central cable.

Network Topoloqgy

a) Bus Connection

356
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Star Configuration

A central hub is used, with computers connected around
it. All data is sent from the central hub. b) Star Connection
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Ring Configuration
c) Ring Connection

Computers are connected in a ring.

Because the data sent by one computer reaches all the others, only one computer may send data at
any one time, or there will be a collision of data on the circuit. If one computer continues sending
data, it will occupy the LAN to the exclusion of all others. To prevent this problem, data is limited to a
length of a few kbytes. These small units of data are referred to as ‘packets’ or 'frames'.
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Avoiding Data Collision

Collisions occur when data is sent from a number of computers simultaneously. Two methods are
employed to prevent this.

(a) The computers detect whether there is any data on the LAN, and only send when the LAN is free.
There are several ways to do this. A typical method is CSMA/CD, which is used with Ethernet
applications.

CSMA/CD (Carrier Sensing Multiple Access/Collision Detection)

A method by which multiple computers have access to the transmission route (referred to as
‘multiple access’). The computers monitor the transmission route for data (carrier sensing), and
send data if none is currently being sent. If a data collision is detected, the data is resent after a
randomly determined wait time.

(b) Token passing, in which collision of data is avoided before the event. Tokens ensure that the data
only goes to the intended computer.

The various connection configurations and ways of avoiding data collision have resulted in a number
of different types of LANs. The different types are incompatible when directly connected to each
other, thus requiring the use of relay devices.
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Main LAN Types and Their Characteristics

Access
Cable .
f Transmission control
Type connection Cables . . Remarks
. . speed (collision
configuration .
avoidance)
The original
10Base-5 Bus 10 Mbits/s | Thick coaxial| CSMA/CD |Ethernet
configuration
A simplified
Ethernet| 10Base-2 Bus 10 Mbits/s Thin coaxial CSMA/CD |version of
10Base-5
Currently the
10Base-T Star 10 Mbits/s Twisted-pair | CSMA/CD |main type in
use
. 4 Mbits/s or . . . |IBM standard
Token ring Star 16 Mbits/s Twisted-pair | Token passing LAN
FDDI Ring and star | 100 Mbits/s | OPtical fiber, | Token —Used primarily
twisted-pair appending (for trunk lines
Fitted as
Local Talk Daisy chain 230 kbits/s | Twisted-pair | Proprietary |standard to
Macintosh PCs
* The NIC fax uses 10Base-T.
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Ethernet

Overview

Ethernet is currently the commonly-used LAN. It was originally developed by DEC, Intel, and Xerox.
The original Ethernet standard incorporated what is now known as the 10Base-5 specialized
Ethernet coaxial cable.

The IEEE802.2 standard was based on the Ethernet standard. Specifications for hardware
components such as cables, were revised.

IEEE802.3 was then developed for use with media other than 10Base-5. 10Base-2, 10Base-F, and
the most widely used 10Base-T, were subsequently developed.

In contrast to the Ethernet standard data transfer speed of 10 Mbps, IEEE802.3 allows data transfer
at speeds between 1 and 20 Mbps.
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Ethernet Frame Structure

Ethernet frames consist of the addresses of the source and destination computers, an identifier for
the type of protocol used, the data, and finally the FCS (which is used to check whether or not the
data has been correctly sent and received).

Compare the Ethernet frame type and the IEEE802.3 frame type in the following diagram.

Ethernet frame Data (46 ~ 1,500 octets)

T— Frame Type (2 octets)
Source Address (6 octets) FCS (4 octets)
—— Destination Address (6 octets)

LLC Frame
IEEE802.3 frame _- (Data, 46 ~ 1,500 octets)

A
L T— LLC Data Length (2 octets)
Source Address (6 octets) FCS (4 octets)

—— Destination Address (6 octets)
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e FCS (Frame Check Sequence):
A CRC (Cyclic Redundancy Check) is employed to check whether or not the received data is
correct. The receiving device (receiving node) reconstitutes the FCS from the received data. If it
does not match the sent FCS, that frame is discarded as corrupted.

e |dentifier:
Indicates the type of data that follows. The identifier is referenced by the receiving node to
determine the type of protocol used to send the data.

e Octet:
A unit employed to indicate network data size. 1 octet is 8 bits (1 byte).
The term is used to make a clear division into 8-bit units from a continuous stream of 1s and Os
with no inherent division into bytes.

e LLC (Logical Link Control):
The name of the data frame defined in IEEE802.3.

e Node
A computer or printer connected to the network.
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MAC Addresses

To allow each node in the network to communicate with others, it must have a unique identifier. In
the Ethernet standard, a 48-bit address known as the MAC (Media Access Control) address is

assigned to each computer. Each data frame contains the MAC addresses of the source and
destination computers.

The MAC address is a fixed physical address that is set on the network card. It is six bytes in length
for the Ethernet standard. The first three bytes are a header code which is controlled and allocated
by the IEEE, and the last three bytes are a code independently controlled with each header (to
prevent duplication). This ensures that the physical address of each Ethernet card is unique.

Under the Ethernet standard, frames are sent and received using these addresses (see ‘Ethernet
Frame Structure’).
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LAN Hardware

Overview

The basic LAN configuration consists of four hardware items.

¢ Interface boards - also known as LAN boards or Network Interface Cards (NICs):
Convert digital data into electrical signals, prevent data collision, and transmit data on cables
e Cables:
Primarily unshielded twisted-pair (UTP) and optical fiber cables
e Hubs:
Distribute signals
o Relay devices:
Connect LANSs for the transmission of data to remote locations

LAN devices are regulated by IEEE (Institute of Electrical and Electronic Engineers) standards.
In addition to hardware, the following types of software are also needed.

e Transmission protocol software that can transmit data via a variety of relay devices
e Applications (database, e-mail), to provide the data in a format usable by the operator
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Relay Devices
Relay devices are required to expand LANs. These devices do the following.
Extending the Connection Distance

LANSs allow high-speed transmission of data, achieved by sending high frequency signals over the

cables. High frequency signals are considerably attenuated when transmitted over the cables, and

signal waveforms are easily distorted, resulting in difficulties when transmitting over long distances
(the maximum distance for transmission using twisted-pair cables to connect the hub and terminals
with 10Base-T is 100m).

When expanding a LAN, relay devices are used to amplify the attenuated signals. Distorted signals
are first converted back to digital format and regenerated to remove the distortion.

To cover even more remote locations, telecommunications companies provide dedicated lines,
PSTN lines, and ISDN lines for connection to remote LANSs.
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Connection between Networks of Different Standards

As the types of cable used, and the signal and data format differ between different LAN systems,
such systems cannot be connected directly. When a LAN system has to be connected to a different
system, a relay device that can convert between the two systems is employed.

Conversion between different LAN systems involves first converting the signals back to digital format,
and resending them in a format appropriate for the destination LAN.

Control of High-speed Transmission Routes

As the network grows, the number of connected computers increases, and so does the volume of
data transmitted. There is a limit to the amount of data that can be transmitted on the network. When
this is exceeded, the flow of data is impeded and communications are no longer possible.

There are a number of ways to increase the speed of data transmission on a LAN. A high-speed
LAN may be used to prevent network congestion when the amount of data to be transmitted is large.
When connecting LANs of different transmission speeds, relay devices are required that can convert
between the two LAN types.

By-pass circuits may be installed when connecting LANs with relay devices. When there is a complex
web-like interconnection of networks, there are a number of routes to the destination, so that busy
parts of the network can be by-passed.
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Filtering

There are also relay devices that can check the data on the network and remove all except that
which is necessary. This is referred to as 'filtering'.

Controls which pass only specific protocols (used for the transmission of data and voice between
terminals on networks such as TCP/IP, IPX/SPX, AppleTalk) are used to alleviate congestion in the
relay circuits.

As the number of users increases, the network is used for greater variety of purposes, resulting in
the entry of data through illegal access. Relay devices to limit access and to maintain security
become necessary.
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Types of Relay Devices and Gateways

Relay devices may be of various types - repeaters, bridges, switches, routers - depending upon their
purpose and principles of operation.

Types of Relay Devices and their Functions

Function Repeater Bridge Switch Router
Cable extension O O O O
Connection with remote sites X O X O
Connection with different LAN types X O O O
Avoiding congestion X O O O
Restricting access X X X O
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Repeaters

A repeater amplifies signals. It is normally connected to a number of LANs, and amplifies signals
from one LAN (one segment) and outputs it to another LAN (another segment).

It is considerably cheaper than a bridge or router, and does not require special setup. After power is
switched on, the repeater connects to the two networks.

As distortion occurs when signals are amplified, the number of repeaters is limited to two with
Ethernet.

Repeaters have no ability to store data, and are unable to prevent collisions when sending signals.
Therefore, they have no effect on relieving congestion in a network.

Signal
| Becomes

|—>— —_—

LAN M LAN

Repeater
Amplifies the signal

10 March 2004 370




Group 3 Fax Communication Faxing From a PC

Bridges

In the same way as a repeater, a bridge converts received electrical signals back to digital format,
and then regenerates the original electrical signals for transmission, thus preventing signal distortion.

Bridges can also filter out unnecessary data, and can act to alleviate congestion on the network. The
bridge records the source MAC address in the header of the arriving data packets. In this way, the
bridge builds up a picture of the location of each node (PC and printer).

In the example shown below, data sent from A to B also reaches the bridge. The bridge automatically
records this data and remembers that A is located in the left-hand segment. When data is
subsequently sent from B to A the bridge does not relay it to the right-hand segment. This process is
referred to as filtering.

The bridge does not require special setup. After power is switched on, the bridge connects to the two
networks.

Signals to node B are not g
transferred to the right-hand side. %D'

| Bridge

Z —
AsC : | :
AlC - -

.. Signals to node C are transferred
Left Side | Right Side | to the right-hand side.

A C

B
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Switches

Switches have the same filtering function as
bridges, however they also support
simultaneous connection of multiple LANs, and
allow parallel relaying.

Relay processing time is reduced in comparison
to bridges, and operation is therefore faster.
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Routers

A router checks the destination information
in the headers of the data packets on the
network and determines which LAN it has
to be sent to. The router contains a table
which records the destinations.

10 March 2004
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Data going to LAN segment A is transferred to the upper route.
Data going to LAN segments B or E is transferred to the left-hand route.
Data going to LAN segments C or D is transferred to the right-hand route.
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In contrast to repeaters and bridges, simply switching power on and connecting to the networks does
not make ready the router for operation. Software appropriate for the communications protocol must
first be installed, the network configuration checked, and the setup completed.

While filtering with bridges is implemented primarily by the checking of addresses, filtering with a
router is implemented by the communications protocol.

Depending upon the application protocol, the router may be set to pass e-mail data, but not to
transfer files.

Routers support considerably more sophisticated functions than bridges. For example, they may be
set up to allow high priority data to be passed more quickly (priority control). Different LAN types
have different formats for the destinations. The router makes sure that the destination is in the
correct format for the next network.

When there are multiple routes to the destination, bridges and switches cannot be employed to
reduce congestion since the data is sent via all routes. Routers, on the other hand, employ a number
of routes set beforehand in accordance with the amount of data to distribute the load throughout the
network (while bridges divide up the network with MAC addresses, routers achieve this, in the case
of a TCP/IP protocol, by analyzing IP addresses and sub-nets).

The router is a device central to the configuration of the network, and as such router functions are
implemented in software in PC LAN servers and UNIX machines.
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NOTE: In the NIC fax, the device setting the IP address as the default gateway is in practice a
default router. When data is sent from the network belonging to the local machine to other
networks, the device at the exit from the network is referred to as the default router.

Gateways

While repeaters, bridges, and routers are available as dedicated hardware for network use, gateways
are available as server and client software packages. They analyze all network communications
protocols, and convert data, thus allowing connection of different networks. The Netware Gateway
Service supplied with the Windows NT Server is an example of this software.
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Network Protocols
Overview

Network protocols are standard procedures for transmitting data over a network. There are different
protocols for different stages of the communication.

Data Transmission
Data is sent using the following procedures.

(1) Finding the destination
(2) Determining the route to the destination
(3) Sending the data
A number of protocols must be used in combination in order to execute each procedure. The TCP/IP

protocol used with the Internet, the Netware IPX/SPX protocol, and the Macintosh AppleTalk
protocol, are combinations of protocols designed to achieve various specific procedures.

Protocols used for steps (1), (2), and (3) listed above are referred to as (1) the name service
protocol, (2) the routing protocol, and (3) the transfer protocol respectively.
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The roles of the protocols Target PC

Transfer protocol

Name Server
Directory Server

Routing protocol

Name service protocol

Sending PC
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Name Service Protocol

A computer name is normally assigned to the computer. However, for the purposes of transmitting
data, the name is converted to an address indicating its location on the network. The name service
protocol provides lists of all names when the destination computer name is unknown.

The address is an identifier used in distinguishing between terminals and nodes on the network. The
most common addresses are |P addresses and MAC addresses.

An IP address consists of a network address (to identify the network to which the terminal belongs)
and a host address (to identify the terminal within the same network), both of which are set by the
user.

A MAC address is registered in the memory of the network interface board by the manufacturer.
Each MAC address is unique (no two are alike throughout the world).

Routing Protocol

The routing protocol is used in determining the route used to transmit the data. A preset network
route may be necessary, or it may be determined automatically by communication between routers.

If relay devices are to be added or moved, it is convenient to have a method of automatically
determining new routes. The routing protocol provides this ability.
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Transfer Protocol

The transfer protocol is used in the transmission of data. It first checks for errors in the received data,
and resends it if an error is detected. It also controls the rate at which data is transmitted, by
communication between the source and destination.

In addition to these basic protocols, there are also various other protocols which provide for
notification of network congestion, notification of errors, and so on.
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Protocols Used with Different LAN Types

Name Service Routing Transfer
Protocol Protocol Protocol
Protocols used with RIP IP
the Internet (TCP/IP) DNS OSPF TCP
UDP
Protocols used with SAP RIP IPX
Netware (IPX/SPX) NDS NLSP SPX
Protocols used with NBP RTMP DDP
Macintosh (AppleTalk) ZIP ASP
DNS: Domain Name Service NLSP: NetWare Link State Protocol
RIP: Routing Information Protocol IPX: Internetwork Packet Exchange
OSPF: Open Shortest Path First SPX: Sequenced Packet Exchange
IP: Internet Protocol NBP: Name Binding Protocol
TCP: Transmission Control Protocol ZIP: Zone Information Protocol
UDP: User Datagram Protocol RTMP: Routing Table Maintenance Protocol
SAP: Service Advertisement Protocol DDP: Datagram Delivery Protocol
NDS: NetWare Directory Service ASP: AppleTalk Session Protocol
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Tcre/ip

Overview

TCP/IP is the standard Internet protocol, and is supported as a standard by Windows 95. It allocates
32-bit network addresses (IP addresses) to the nodes. As the addressing system does not depend
upon physical media, TCP/IP provides for considerable flexibility in selection of routes.

The use of TCP/IP is not limited to Ethernet, but allows use of a variety of physical media.
TCP/IP is a combination of the TCP protocol and IP protocol.

Communications with IP protocol

The IP protocol divides data into packets. When the destinations may be on several different LANs,
the router selects the appropriate route for each packet before it is sent. This process is repeated
until all data arrives at the destination network.
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IP Address

Communications with IP protocol requires that network devices such as PCs and routers using
TCP/IP be assigned a 32-bit IP address as a means of identification.

When used in a single closed network, the IP addresses (referred to as private addresses in this
case) may be used freely. However, when connected to the Internet, global addresses which are
unique throughout the world must be used. Global addresses are managed by the Internet Assigned
Numbers Authority (IANA), and are assigned upon receipt of an IP address.

IP Address Format

IP addresses are 32 bits in length, and are normally converted to decimal notation in four 8-bit blocks
as shown below.

Example of IP Address Notation
133.139. 212. 11

Host portion (16 bits)
Network portion (16 bits)

The IP address consists of host and network blocks as shown above. The network block represents
a logical collection of hosts (a network), and the host block specifies a unique host within the
network.
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In the example above, a maximum of 65,534 (the maximum number of combinations of 16 bits) hosts
may be allocated to that particular network block.

As TCP/IP involves the routing of packets using the address in this network block, the network block
must be unique (no two can be alike throughout the world). On the other hand, the address within the
host block is up to the user.

Subnet and Subnet Masks

Subnet masks divide the host block into sub-nets. In the example above, there are 65,534 possible
host addresses, and it is difficult to manage all with one network.

The host address block is therefore subdivided into the upper and lower 8 bits, with the upper 8 bits
handled as a logical group address. In this way, the IP addresses assigned to a company for its
networks can be divided up into sub-nets of about 250 hosts for ease of management (each
department of the company can be allocated a different logical group number, for example).

Example: Sub-net

133.139. 212. 11
T ~ 254 ... 254 hosts

Logical group
Host block (8-bit)
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The final part of the IP address (the host block) cannot be 0 or 255.

The dividing is done using a parameter known as the subnet mask. The subnet mask blocks off
addresses, only permitting certain addresses to be used in a subnet.

A logical AND operation is done using the subnet mask to find the range of allowed sub-net
addresses.

If your computer has the IP address 210.145.159.11, and the subnet mask is 255.255.255.0, the
server can recognize that machines with an IP address of 210.145.159.* are on the same LAN, so
messages are sent to it directly. Any IP address with a different value at the start has to be accessed
through a router.

The following diagram shows how the AND operation can be used to limit the size of the subnet to a
few IP addresses.

10 March 2004 384
- - ______________________________________________________________________________________________— |



Group 3 Fax Communication Faxing From a PC

IP address and Subnet mask

IP Address (4 octets)

111]0[(0f1]0|0|1|1|(0fO|1]0|OfO of1]1]1]1]1]0]0|O0|O|1|O[1]1
210 145 159 11—

Subnet mask

| 28 bits |

111111111 (1 1111 11| 1(1[1[1[1|[0[0f0fO
255 255 255 240 —>

Logical Network Address

14 hosts are available

The address "0000" and "1111" cannot be used —T
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TCP and UDP

While data is formatted into packets and sent to the desired node on the Internet using IP,
communications applications (eg e-mail) do not control data transmission in packets.

The host requires a procedure for passing IP packets to the desired application. This requirement is
satisfied with TCP (Transmission Control Protocol) and UDP (User Datagram Protocol).
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E-Mail Basics

Principles

Overview

Electronic mail (E-mail) is a system by which messages in the form of digital data are sent and
received between computers. A variety of types of electronic mail are available - Internet e-mail,
Microsoft Mail as used with the exchange client under Windows95, and Lotus Notes Mail.

E-mail works as follows.
e Messages are stored at some location.
e Users generally have equal privileges, and are able to both send and receive messages.

A telephone system requires that users are able talk to each other simultaneously. In the case of e-
mail, the user first receives the message, and may then read it at any time, and send a reply if
necessary.
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Sending And Receiving

E-mail generally supports the following functions.

o A UA (User Agent) for creating e-mail and displaying received mail.
e An MTA (Message Transfer Agent) to handle transfer of messages.

The mail created by the sending UA is sent from the sending MTA to the receiving MTA, and
displayed by the receiving UA.

User Agent ' <\,:> Message Transfer Agent '

Message Transfer Agent ' <\:> User Agent '

The simplest e-mail system is one in which messages are stored at a location accessible by all
users. Each user has his/her own mailbox, and the sender puts messages in the recipient’s mailbox.
The recipient checks his/her mailbox to receive mail.
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The mailboxes are normally at one location, often referred to as a “post office”, and the process of
sending e-mail approximates that of sending mail at the post office.

When the post office is accessible from all computers connected to the network, the system
constitutes an e-mail system.

Microsoft Mail as used in Windows95, and Lotus Cc: Mail employ this system, as does the UNIX
local mail system (i.e., not connected to the Internet, etc.).

E-Mail Networks

As the number of users increases, and geographically distant users are connected to the network,
multiple post offices must be established, and users are no longer able to use the same post office
for sending and receiving mail. A system which connects post offices for the purpose of exchanging
mail (a transfer system) then becomes necessary.

In this case, the destination of mail is checked at the post office, separated into the various
destination post offices, and passed it to the transfer system. The transfer system then
communicates with the transfer systems of other post offices, and transfers the mail to the
appropriate post offices. Mail sent from other post offices is sorted into the appropriate mailboxes at
the receiving post office.

The above is a general description of an e-mail system. These functions are implemented with the
exchange server software packages for Microsoft Mail and CC: Mail using optional gateway software.

The fundamental principles of Internet mail are the same, and are implemented in the UNIX
SendMail program under UNIX.
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The following diagram shows what happens
when somebody sends mail from a PC to a
receiver with an account in the same post
office and to a receiver with an account in
another post office.

Machines A and B both have accounts in mail
server 1. Machine C has an account in mail
server 2.

When machine A sends the message, it goes
to the local mail server using SMTP protocol.
SMTP is based on TCP/IP. The post office
transfers the message to receiver B’s mail
box. Receiver B picks the mail up from there,
using POP procedures (POP is also based on
TCPI/IP).

To get to receiver C, the server sends the mail
to mail server 2, using SMTP procedures. Mail
server 2 puts the incoming mail into receiver
C’s mail box. Receiver C picks it up using
POP procedures.

SMTP and POP are both procedures for
Internet mail based on TCP/IP. If there is no

Receiver C

Client mail software @

Sender A
Client mail software

Receiver B
Client mail software

SMTP server on the LAN, the fax machine cannot send e-mail. If there is no POP server on the LAN,
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the fax machine cannot receive e-mail. Some more detail on SMTP and POP follow later in this
section.
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Internet Mail

Overview

Internet e-mail (hereafter referred to as Internet mail) is a system for creating text messages in
accordance with a set of standards, the messages then being sent to destinations using SMTP
(Simple Mail Transfer Protocol).

NOTE: SMTP is a protocol for sending and receiving mail as defined in RFC821. It was originally
developed for sending and receiving mail between servers. However it is currently used for
sending mail from client environments using POP (Post Office Protocol — discussed in a
separate section).

Character Codes

Messages consist of a header and the main text, both being subject to restrictions on usable
character codes.

Specifications for data exchanged on the Internet are determined within the organization of the
Internet, and do not necessarily conform to ISO (International Standards Organization) requirements.
However, these organizations have codified these specifications to the extent that they are now the
default standards organizations.

For example, the main text of a message created Japanese using JIS character codes must satisfy a
particular set of requirements for transmission on the Internet. However, if it is to be sent on a
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network within a particular company, the unique requirements of that system may mean that the JIS
codes are not always used.

Message Address Notation

The UA attaches the required header to the main text and sends it to the MTA. The MTA then adds
to or changes the header as required to ensure that the message transfer route is recorded, and that
the addresses of the destination and sender are correct.

Internet mail employs an 'address' to specify the message destination. The address format is
generally as follows.

user name @ domain name

The mailbox name is generally employed as the ‘user name’.

The MTA uses the ‘domain name’ to check the destination IP address with the DNS, and then sends
the mail using SMTP.

NOTE: DNS (Domain Name System) is a service which enables the |P address to be obtained from
the host name under the TCP/IP network environment.
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DNS and Domains

The IP address allows destinations within the Internet to be DNS model
identified. This IP address is, however, a string of numbers
not easily remembered by the user. To resolve this
problem, a corresponding name is added so that the user
need only specify the name in order to identify the
destination.

(jp domain)

@
DNS was developed for this purpose. Internet domain BE ) ( ddd )
names are distributed among organizations in a (co domain)
hierarchical manner, with lower order domains being ®
managed by the higher order domain. All organizations
participating in the Internet have a domain name. The vt ( DEE ) ( 999 )
domain name first identifies countries, and is subsequently (ricoh domain)

further divided in a tree structure to identify organizations. @

b
(e
3b

The name server (DNS server) located in each domain I:’
holds the information about the domains and hosts under fl—T}
its management. When the client communicates using a

host name or domain name, an inquiry is made to the DNS

host-1 host-2 host-3
to obtain the destination IP address. Note that this domain [ hostt | [ host2 | [ nost3 |
name structure is independent of the physical structure of host-2.eee.ccc.aaa

the network. The items in brackets below are examples of (f64g@ricoh. co. jp)

domain and mail addresses.
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Internet Fax and DNS

A NIC fax can use the Domain Names for the SMTP and POP3/IMAP4 server instead of the actual
IP addresses, if there is a DNS server on the same LAN as the SMTP server, POP3/IMAP4 server,
and the NIC fax. If the NIC fax does not support DNS, the user must input the actual IP addresses of

the SMTP and POP3/IMAP4 servers.
Transfer Of Incoming Mail

In some cases, incoming mail may be
transferred to another server using SMTP and
then stored on another mail server.

The UA used by the user receiving this mail
detects its arrival (e.g., by monitoring the
contents of the directory designated to contain
mail) and informs the user.

The UA then extracts the mail in accordance
with instructions from the user and displays it.

The mail stored on the server is transferred to
the user's PC using POP.
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The mail address consists of a host name (mailbox name) and domain name. Mail is distributed by
first finding the IP address of the destination with the DNS, and then transferring the message using
SMTP.

1. The mail destination within the relevant domain is checked using the domain portion of the mail
address.

2. The MTA then connects to the destination mail server using the mail address thus obtained.

3. The mail is transferred to the destination MTA using SMTP.

4. Depending upon the size of the organization, the message may be further transferred to an
internal MTA (not visible from outside the domain).

NOTE: POP (Post Office Protocol) is a protocol used to read the content of the mail spooler using
TCP/IP protocol. It is specified in RFC1725 (see a later section for more details).

Verifying Incoming Mail

Arrival of mail at the intended destination on the Internet is not guaranteed. In the worst case, it may
disappear at some unknown location. Furthermore, it is impossible to verify whether sent mail has
been read or not.

Mail sent on the Internet passes through multiple servers and networks, and computers used within
the Internet are of a variety of architectures. The network therefore contains a wide variety of
hardware environments, in addition to the wide variety of software employed for mail transfer.

While there are no problems in most cases, it is obvious that arrival of mail cannot be completely
guaranteed within this complex environment.
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Message headers

Requests for Comments

The basic protocols used for transmission of messages on the Internet are defined in RFC822.
RFC822 primarily defines the header information for e-mail, with the details of the main text of the
message being defined in MIME (RFC2045 - 2047).

NOTE: 1) An RFC (Request For Comments) is a document formally released by
the Internet Engineering Task Force (IETF). The IETF has released a
wide variety of RFCs on technical matters (e.g., network protocols)
related to the Internet environment.

2) MIME (Multipurpose Internet Mail Extensions) is a protocol which
removed such restrictions as the number of characters per line, and the
maximum size of an e-mail transmission. It also made possible the
transmission of non-character data (e.g., programs and bitmaps).

Header Format

The header of an e-mail message consists of a header and the main text. A blank line is inserted
between this header and the main text (the blank line is not included in the header).

The header is defined as a collection of fields, with the field format as follows.

field name ”:” content
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An example of the ‘To’ field, indicating the destination, is as follows.

To: XXX@ricoh.com

Header Example:

Received: from F64G.shinyoko.ricoh.co.jp ([133.139.167.30]) by bb.shinyoke.ricoh.co.jp (4.1/2.8Wb-91Jan07)
id AA15193; Sun, 15 Feb 98 14:53:50 JST

Return-Path: <f64g@shinyoko.ricoh.co.jp>

Message-1d: <9802150553.AA15193@bb.shinyoko.ricoh.co.jp>

Date: 15 Feb 1998 14:54:06 +0900

X-Mailer: ICFAX Version 1.0

Mime-Version: 1.0

Content-Type: multipart/mixed; boundary = “--ICFAX_60670AE6CB--"

To: hanako@shinyokeo.ricoh.co.jp

From: f64g@shinyoko.ricoh.co.jp

Subject: Fax Message NO.0003 from “+81454771786”

(“RICOH SERVICE”)
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Header Types

While a number of header fields are possible, the following three must be present.
e Date

e From
e To
Message Header Table (fields defined in RFC822)
Field Field name Meaning Description
Date Date Date that the mail was | Date and time in specified format
created Syntax: <address>
Person Person submitting mail | Mail address (including comments)
submitting From Syntax: <address>
mail
s Person sending mail Mail address (including comments)
ender )
Syntax: <address>
Reply-To Destipation when a Mail address (including comments)
Address reply is sent Syntax: <address>
To Mail destination Mail address (including comments)
Syntax: <address>
c Destination of carbon Mail address (including comments)
c .
copy Syntax: <address>
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Field Field name Meaning Description
Destination addressees | Mail address (including comments)
Address Bcc not covered by To and | Syntax: <address>
CcC
Message-ld | Message ID Message identification
In-Reply-To | Source of reply Message ID of original mail
Reference | References | Referenced mail Message ID of referenced mail
Keywords for search Any character strin
Keywords pun}g;ses y 9
Subject Mail title (summary) Any character string
Oth Comments | Mail comment Any character string
er : . " - -
Encrypted Encryptlop algorithm Defined word (defined in separate
specification RFC)
Return- Route for return of mail | Mail address
Path
Route Transfer record added | Describes transfer destination,
Received | by MTA transfer source, and protocol etc
with From, By, With, etc
Fields defined by user | Field names beginning with X-.
User defined May be any character string,
definition is up to the user.

* Other fields are available defined by separate RFCs (e.g., MIME).
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Fields for Sending E-Mail
- From Field -

The From field indicates the person sending the mail. The difference between the From and Sender
fields is that between ‘the person creating the message’ and ‘the person actually sending the
message’. These two fields are used when the two differ. When the From field is omitted, the Sender
field is added automatically.

When a error occurs, a error notification is sent to the destination in the Sender field. When the
Sender field has been omitted, the notification is sent to the destination in the From field.

Fields containing mail addresses may also include real names as a comment (the same applies to
the Person Sending Mail and Addressee fields). In both cases below , IC FAX' is handled as a
comment, and f64g@ricoh.com is recognized as the address.

Example 1 From: IC FAX <f64g@ricoh.com>
Example 2 From: f64g@ricoh.com (IC FAX)

Multiple mail addresses may be delineated by commas, and both address formats may be used
together.

- Reply-To Field -
Reply-To clearly specifies the address to which the reply is to be sent. As this field may be omitted, it

is possible that mail may be sent with this field blank. In such cases, the mail is returned to the
address in the From field.
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When both the From and Reply-To fields are used, the latter has priority.

The Return-Path field appears to have a similar function at first glance. However it is not for return of
mail, but is automatically added by the transfer system to specify the person submitting the mail, and
is used to investigate the mail route when an error occurs.

Addressee Fields
- To Field -

The To field specifies the addressee for the mail. As with the From field, multiple mail addresses may
be delineated with commas. The To field differs from the Cc field in that only the name of the person
sending the message is specified.

- CC Field -

Mail is sent to the addresses in the Cc (carbon copy) field in the same way as to the address in the
To field. The difference only with the To field is whether the name is in the To field or the Cc field of
the received mail.

- BCC Field -

Bcc means Blind Carbon Copy. The Bcc field is deleted in mail sent to the addressees in the To and
Cc fields. It is most commonly used when the address of the person sending the mail (the user in the
From field) is to be entered in order to leave a copy of the sent mail.

As some mail software saves a copy of the sent mail, it may not be possible to specify the Bcc field
in some cases.
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Exceptions

The addressee fields do not always contain the addressee’s name when mail is received. This is
because since the actual addressee for the mail is specified by the MTA, when an alias is used to
create a virtual addressee (in a local system, for example), the virtual address remains in the To
field. This also occurs in cases such as mailing lists in which mail is sent to all on the mailing list.

NOTE: 1) An alias is a group address. Mail sent to the group address is sent to all
members in the group.

2) A mailing list is a form of electronic conference using e-mail. E-mail sent
to a mailing list is transferred to each member of the list. As such, it
provides the same service as available with a PC-based centralized
host-type bulletin board system in a distributed network environment.

Date

The Date field indicates the date on which the mail was created (not the date it was sent). The date
is in the following format.

Day, date month year hour: minute: second zone

Zone indicates the local time used in the system in which the mail was created, and is expressed as
GMT+/-hhmm.
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Miscellaneous
- Received Field -

The Received field is used by the MTA sending the mail, to record the status of the mail. This field
shows the route over which the mail was sent, and the computers which handled it prior to delivery.

In addition to information showing when and where the mail originated, and where it was sent to,
some systems add further information (e.g., host IP address, software version) as a comment.

- Message-ID Field -

Internet mail adds an internationally unique message ID. This ID is created automatically, and is
normally a combination of the time the message was sent and the name of the mail server.
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SMTP

Overview

SMTP (Simple Mail Transfer Protocol) is used as the protocol for communication between Internet
mail MTAs. It is defined in RFC821, which covers 8-bit data communications and message size
negotiation, etc. SMTP is expanded upon in RFC1651 and RFC1653 as ESMTP.

SMTP uses text-based commands and responses between the client and server. In practice, it is a
protocol used under TCP/IP, and data is therefore sent and received under TCP. Retry processing
with communications errors is therefore handled at the TCP/IP level, and SMTP therefore needs only
to handle sending and receiving of data, and command errors.
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SMTP Commands

SMTP commands are sent, and responses
received, between the client and server when Receiver G
sending Internet mail. This communication Client mail software
involves sending of the domain name, sender's
name, destination name, and main text etc to the
server, and user verification.

Procedures

SMTP
Procedures

SMTP
Procedures

|]|]|]|]|]|]|]
Mail server 2

Sender A
Client mail software

POP
Procedures

Mail server 1 D
Receiver B
Client mail software
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POP

Overview

E-mail on the Internet was originally transferred between hosts using SMTP, with the computer
receiving the mail being operated all day long under the control of SMTP.

In practice, the use of dial-up IP connections to connect to the mail server via telephone lines, and
the fact that the power supply may be switched off when the user returns home in the case of PC
clients, means that mail cannot be transferred until the user connects to the server.

POP (Post Office Protocol) servers are used in such cases, i.e., when the connection is not
permanently established.

Pop Server Configuration

The POP server is a computer which receives user mail using SMTP. The mail for the user includes
a setting to ensure that it is directed to the POP server.

Following connection to the Internet, the user receives e-mail directed to the server with POP
procedures.

As with SMTP, POP is text-based, and as such sends command lines and receives responses, as
well as sending instructions for user identification by clients, transmission of passwords, acquisition
of mail, and deletion of mail on the server.
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MIME

Overview

Audio messages and image files cannot be sent without further processing, if mail is restricted solely
to characters.

MIME (Multipurpose Internet Mail Extensions) is a specification for the inclusion of various types of
data in e-mail, and currently supported by almost all e-mail software for attachment of files.

MIME is defined in RFCs 2045 - 2049.

Mime Functions

MIME supports the following functions.

¢ Inclusion of multiple objects in e-mail. other than text, each able to be handled at the receiving
end.

e Binary encoding.
¢ Insertion of non-ASCI| code characters (eg names in Japanese) in the header.

As MIME is a set of conventions which dictate how the main text of the message is to be handled, it
employs a character string, referred to as the MIME header, to specify the content and method of
encoding used, and to identify whether or not MIME is used in the mail.

Mime Header
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Messages using MIME contain a header field as follows.
MIME-Version: 1.0

The use or not of this field determines whether or not the main text of the message follows the MIME
conventions. Currently, only Version 1.0 of MIME exists.

MIME Header
Header Meaning Format
MIME-Version Indicates that the message uses MIME |MIME-Version: 1.0
Content-Type Message data type Content-Type:

Type/Subtype [;parameter]
Content-Transfer- |[Encoding method used when sending Content-Transfer-Encoding:

Encoding data Encodingtype
Content-ID A unique data ID. Uses the message ID. |Content-ID: Message ID
Content- Data description Content-Description:
Description “This is MIME Data”
Content- MIME header for future expansion —

[Content-Type] is added to the header to indicate that a message is in MIME format. The [Content-
Transfer-Encoding] header is also added as necessary to indicate how the data has been encoded.
As some types of data do not require encoding, the [Content-Transfer-Encoding] header is not
always required.
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The [Content-Description] header is used when including comments. The content of this header is
interpreted as comments referring to the content of the message, and has no effect on operation of
the software.

Data Types Supported with Mime

The following data types may be specified in the [Content-Type] header.

o Text: Information consisting of characters. The ISO-2022-JP character code set is used
in Japan, while US-ASCI|I is used for ASCII codes.

e Image: Still images such as GIF and JPEG data.

¢ Audio: Audio information.

e Video: Digital animation such as animation and MPEG.

¢ Application: Various application files and standard data formats.

e Multipart:  Main text which includes multiple objects. A MIME header is also added within the
message to record other messages. Use of this data type allows sound, animation,
and messages to be included in the same e-mail message.

e Message: Text message information.
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Multipart

Multipart is a data type which allows inclusion of multiple data items (objects). It allows for the
inclusion of text and attached files in messages, and is the most commonly used type.

Multipart indicates the inclusion of multiple parts (data) in the main text, while the Contents-Type
header indicates how the individual parts are handled.

Multipart supports the following sub-types to indicate the relationship between the individual parts.

e Mixed: The message consists of multiple independent parts.
¢ Alternative: The message consists of multiple parts of the same content, but in different
format.
e Parallel: The message consists of multiple parts which are reproduced and displayed
simultaneously.
¢ Digest: A collection of RFC822-format messages in digest format.
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Example: Received Multipart Mail Header

Received: from f64g.shinyoko.ricoh.co.jp ([133.139.167.30]) by bb.shinyoko.ricoh.co.jp (4.1/2.8Wb-91Jan07)
id AA15193; Sun, 15 Feb 98 14:53:50 JST

Return-Path: <f64g@shinyoko.ricoh.co.jp>

Message-1d: <9802150553.AA15193@bb.shinyoko.ricoh.co.jp>

Date: 15 Feb 1998 14:54:06 +0900

X-Mailer: ICFAX Version 1.0

Mime-Version: 1.0

Content-Type: multipart/mixed; boundary = “--ICFAX_60670AE6CB--"

To: taro@shinyoko.ricoh.co.

From: f64g@shinyoko.ricoh.co.jp Mail header

Subject: Fax Message NO.0003 from “+81454771786”

(“RICOH SERVICE”)

text message here

---—-ICFAX_60670AE6CB--

Content-Type: image/tiff; name = “FAX.TIF”

Content-Transfer-Encoding: base64 Part header
Content-Discription: “FAX.TIF”
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SUKqQAAgZAAAARAP4ABAABAAAAAGAAAAABBAABAAAAWAYAAAEBBAABAAAAggQAAAIBAWABAAAAA
QAAAAMBAWABAAAAAWAAAAYBAWABAAAAAAAAAA0BAWABAAAAAGAAABEBBAABAAAAG6ZAAABUBA
WABAAAAAQAAABYBBAABAAAAggQAABcBBAABAAAATFWAABoBBQABAAAA2gAAABSBBQABAAAA4gA
AACQBBAABAAAABAAAACEBAWABAAAAAGAAACKBAWACAAAAAAABADEBAZGAEAAAAICAGIAAAAADIA
AAAAQAAAGQAAAABAAAAAICWUGIJAYCWUG1JAYA6XQIVNAgxaSL5Sa8AgEktODg4IWwuCCGOPMJQp
VUFgSUUOriskFhyDBBMRXPRSM0czZRVI1JhLoRid2yafCjODgCNYmUCHEpRSAgEmxOC7HSThDwcedZLzHX qpfk
9IbOjWQGASIKBgLJZAY CyWQGASIKBgLJZAY CyWQGASIKBELJZAY CyWQGASIKBgLJZAY CyWQGASsIkBgLJZA
YCyWQGASIKBgLJZAYCyWQGASIKkBgLJZAYCyWQGASIKkBgLJZAY CyWQGASIKBELJZAYCyWQGASsIkBgLJZA
YCyWQGASIKkBgLJZAYCyWQGASIKBAA==

---—-ICFAX_60670AE6CB----

A Multipart message contains multiple parts, with the strings which delineate these parts being
specified with the boundary parameter.

Each part is delineated with
--boundary_string
and the final part is indicated with

--boundary_string--
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Binary Data Encoding

The binary data must be encoded as character strings in order to insert a binary file into a text
message. In Internet mail, non-ASCII data such as single-byte Katakana in Japanese is not sent
correctly.

This encoding method is indicated in the [Content-Transfer-Encoding] field in the MIME header. The
following encoding methods may be specified in the [Content-Transfer-Encoding] field.

o 7-bit: 7-bit code (8th not used)

e 8-bit: Full 8 bits used

e Binary: Binary data

e Baseb64: Encoding of binary data in base64 notation

e Quoted Printable:  Encoding of character subject binary data

Of the above, only 7-bit, Quoted Printable, and Base64 are normally used with e-mail. Other
encoding methods cannot be used unless they are supported over the network.
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BASE 64

Base 64 is commonly supported in e-mail application software for the transmission of binary data.

This method of encoding takes each six bits of the original binary data and converts it to numbers
between 0 and 63, each of these numbers being assigned to one of 64 characters (26 upper case
characters of the alphabet, 26 lower case characters of the alphabet, the numbers 0~9, and the +
and / symbols).

Now that we have covered e-mail basics, we can look at some of the features of an Internet fax in
more detail. All examples are taken from the Internet fax option for model H551.

This following sections show how the fax machine communicates with other terminals using G3 and
e-mail.
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Mail Protocol

SMTP Commands
Command Syntax Responses
HELO HELO <domain> S:250 <domain>
(Hello) E:500,501,421

This command is used to identify the sender-SMTP to the receiver-SMTP. The argument field
contains the host name of the sender-SMTP.

The receiver-SMTP identifies itself to the sender-SMTP in the connection greeting reply, and
in the response to this command.

This command and an OK reply to it confirm that both the sender-SMTP and the receiver-
SMTP are in the initial state, that is, there is no transaction in progress and all state tables and
buffers are cleared.

MAIL MAIL FROM:<reverse-path> S:250

(Mail) F:552, 451, 452

This command tells the SMTP-receiver that a new mail transaction is starting and to reset all
its state tables and buffers, including any recipients or mail data. It gives the reverse-path
which can be used to report errors. If accepted, the receiver-SMTP returns a 250 OK reply.
The <reverse-path> can contain more than just a mailbox. The <reverse-path> is a reverse
source routing list of hosts and source mailbox. The first host in the <reverse-path> should be
the host sending this command.
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Command Syntax Responses
RCPT RCPT TO:<forward-path> S:250, 251
(Recipient) F:550, 551, 552, 553,
450, 451, 452
E:500,501,503

This command gives a forward-path identifying one recipient. If accepted, the receiver-SMTP
returns a 250 OK reply, and stores the forward-path. If the recipient is unknown the receiver-
SMTP returns a 550 Failure reply. This second step of the procedure can be repeated any
number of times.

The <forward-path> can contain more than just a mailbox. The <forward-path> is a source

routing list of hosts and the destination mailbox. The first host in the <forward-path> should be
the host receiving this command.
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Command Syntax Responses
DATA DATA 1:354
(Data) F:451, 554

E:500, 501, 503, 421

after transmitting data;

S:250

F:552, 554, 451, 452

If accepted, the receiver-SMTP returns a 354 Intermediate reply and considers all succeeding

lines to be the message text. When the end of text is received and stored the SMTP-receiver

sends a 250 OK reply.

Since the mail data is sent on the transmission channel the end of the mail data must be

indicated so that the command and reply dialog can be resumed. SMTP indicates the end of

the mail data by sending a line containing only a period. A transparency procedure is used to

prevent this from interfering with the user's text.

NOTE: The mail data includes the memo header items such as Date, Subject, To, Cc,
From [2].

The end of mail data indicator also confirms the mail transaction and tells the receiver-SMTP

to now process the stored recipients and mail data. If accepted, the receiver-SMTP returns a

250 OK reply. The DATA command should fail only if the mail transaction was incomplete (for

example, no recipients), or if resources are not available.
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Command Syntax Responses
SEND SEND FROM:<reverse-path> S:250
(Send) F:552, 451, 452

E:500, 501, 502, 421

The SEND command requires that the mail data be delivered to the user's terminal. If the user
is not active (or not accepting terminal messages) on the host a 450 reply may returned to a
RCPT command. The mail transaction is successful if the message is delivered the terminal.

SOML SOML FROM:<reverse-path> S:250
(Send or F:552, 451, 452
mail) E:500, 501, 502, 421

The Send Or Mail command requires that the mail data be delivered to the user's terminal if
the user is active (and accepting terminal messages) on the host. If the user is not active (or
not accepting terminal messages) then the mail data is entered into the user's mailbox. The
mail transaction is successful if the message is delivered either to the terminal or the mailbox.

SAML SAML FROM:<reverse-path> S:250
(Send and F:552, 451, 452
mail) E:500, 501, 502, 421

The Send And Mail command requires that the mail data be delivered to the user's terminal if

the user is active (and accepting terminal messages) on the host. In any case the mail data is
entered into the user's mailbox. The mail transaction is successful if the message is delivered

the mailbox.
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Command Syntax Responses
RSET RSET S:250
(Reset) E:500, 501, 504, 421

This command specifies that the current mail transaction is to be aborted. Any stored sender,
recipients, and mail data must be discarded, and all buffers and state tables cleared. The
receiver must send an OK reply.

VRFY VRFY <user name> S:250, 251 <full name of

(Verify) user>

F:550, 551, 533

E: 500, 501, 502, 504, 421

This command asks the receiver to confirm that the argument identifies a user. If it is a user
name, the full name of the user (if known) and the fully specified mailbox are returned.

This command has no effect on any of the reverse-path buffer, the forward-path buffer, or the
mail data buffer.

EXPN EXPN <mailing list> S:250

(Expand) F:550

E: 500, 501, 502, 504, 421

This command asks the receiver to confirm that the argument identifies a mailing list, and if
so, to return the membership of that list. The full name of the users (if known) and the fully
specified mailboxes are returned in a multiline reply.

This command has no effect on any of the reverse-path buffer, the forward-path buffer, or the
mail data buffer.
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Command Syntax Responses
HELP HELP [command] S:211, 214
(Help) E: 500, 501, 502, 504, 421

This command causes the receiver to send helpful information to the sender of the HELP
command. The command may take an argument (e.g., any command name) and return more
specific information as a response.

This command has no effect on any of the reverse-path buffer, the forward-path buffer, or the
mail data buffer.

NOOP NOOP S:250

(No E:500, 421

operation) | This command does not affect any parameters or previously entered commands. It specifies
no action other than that the receiver send an OK reply.

This command has no effect on any of the reverse-path buffer, the forward-path buffer, or the
mail data buffer.

QUIT QUIT S:221

(Quit) E:500

This command specifies that the receiver must send an OK reply, and then close the
transmission channel.

The receiver should not close the transmission channel until it receives and replies to a QUIT
command (even if there was an error). The sender should not close the transmission channel
until it send a QUIT command and receives the reply (even if there was an error response to a
previous command). If the connection is closed prematurely the receiver should act as if a
RSET command had been received (canceling any pending transaction, but not undoing any
previously completed transaction), the sender should act as if the command or transaction in
progress had received a temporary error (4xx).
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Command Syntax Responses
TURN TURN S:250
(Turn) F:502

E:500, 503

This command specifies that the receiver must either (1) send an OK reply and then take on
the role of the sender-SMTP, or (2) send a refusal reply and retain the role of the receiver-
SMTP.

If program-A is currently the sender-SMTP and it sends the TURN command and receives an
OK reply (250) then program-A becomes the receiver-SMTP. Program-A is then in the initial
state as if the transmission channel just opened, and it then sends the 220 service ready
greeting.

If program-B is currently the receiver-SMTP and it receives the TURN command and sends
an OK reply (250) then program-B becomes the sender-SMTP. Program-B is then in the
initial state as if the transmission channel just opened, and it then expects to receive the 220
service ready greeting.

To refuse to change roles the receiver sends the 502 reply.

Remarks:

S: Successful
E: Error

F: Failure

I: Intermediate
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SMTP Response Commands
E:Eg Meaning

211 System status, or system help reply
Help message

214 [Information on how to use the receiver or the meaning of a particular non-standard
command; this reply is useful only to the human user]

220 <domain> Service ready

221 <domain> Service closing transmission channel

250 Requested mail action okay, completed

251 User not local; will forward to <forward-path>

354 Start mail input; end with <CRLF>.<CRLF>

491 <domain> Service not available, closing transmission channel

[This may be a reply to any command if the service knows it must shut down]
Requested mail action not taken: mailbox unavailable

450 [E.g., mailbox busy]
451 Requested action aborted: local error in processing
452 Requested action not taken: insufficient system storage
500 Syntax error, command unrecognized
[This may include errors such as command line too long]
501 Syntax error in parameters or arguments
502 Command not implemented
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Reply .
codes Meaning
503 Bad sequence of commands
504 Command parameter not implemented
Requested action not taken: mailbox unavailable
550 .
[E.g., mailbox not found, no access]
551 User not local; please try <forward-path>
552 Requested mail action aborted: exceeded storage allocation
Requested action not taken: mailbox name not allowed
553 . .
[E.g., mailbox syntax incorrect]
554 Transaction failed
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POP Commands
Command Syntax Responses
USER USER <name> +0OK name is a valid mailbox
-ERR never heard of mailbox name

To authenticate using the USER and PASS command combination, the client must first issue
the USER command. If the POP3 server responds with a positive status indicator ("+OK"),
then the client may issue either the PASS command to complete the authentication, or the
QUIT command to terminate the POP3 session. If the POP3 server responds with a negative
status indicator ("-ERR") to the USER command, then the client may either issue a new
authentication command or may issue the QUIT command.

The server may return a positive response even though no such mailbox exists. The server
may return a negative response if mailbox exists, but does not permit plain text password
authentication.

PASS PASS <password> +OK maildrop locked and ready

-ERR invalid password

-ERR unable to lock maildrop

When the client issues the PASS command, the POP3 server uses the argument pair from
the USER and PASS commands to determine if the client should be given access to the
appropriate maildrop.

Since the PASS command has exactly one argument, a POP3 server may treat spaces in the
argument as part of the password, instead of as argument separators.
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Command Syntax Responses

QUIT QUIT +OK

-ERR some deleted messages not removed

The POP3 server removes all messages marked as deleted from the maildrop and replies as
to the status of this operation. If there is an error, such as a resource shortage, encountered
while removing messages, the maildrop may result in having some or none of the messages
marked as deleted be removed. In no case may the server remove any messages not
marked as deleted.

Whether the removal was successful or not, the server then releases any exclusive-access
lock on the maildrop and closes the TCP connection.

STAT STAT | +OK nn mm

The POP3 server issues a positive response with a line containing information for the
maildrop. This line is called a "drop listing" for that maildrop.

In order to simplify parsing, all POP3 servers are required to use a certain format for drop
listings. The positive response consists of "+OK" followed by a single space, the number of
messages in the maildrop, a single space, and the size of the maildrop in octets. This memo
makes no requirement on what follows the maildrop size. Minimal implementations should just
end that line of the response with a CRLF pair. More advanced implementations may include
other information.

Note that messages marked as deleted are not counted in either total.
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Command Syntax Responses

LIST LIST [message number] +0K scan listing follows

-ERR no such message

If an argument was given and the POP3 server issues a positive response with a line
containing information for that message. This line is called a "scan listing" for that message.
If no argument was given and the POP3 server issues a positive response, then the response
given is multi-line. After the initial +OK, for each message in the maildrop, the POP3 server
responds with a line containing information for that message. This line is also called a "scan
listing" for that message. If there are no messages in the maildrop, then the POP3 server
responds with no scan listings--it issues a positive response followed by a line containing a
termination octet and a CRLF pair.

Note that messages marked as deleted are not counted in either total.

RETR RETR <message number> +0OK message follows

-ERR no such message

If the POP3 server issues a positive response, then the response given is multi-line. After the
initial +OK, the POP3 server sends the message corresponding to the given message-
number, being careful to byte-stuff the termination character (as with all multi-line responses).
DELE DELE <message number> +0OK message deleted

-ERR no such message

The POP3 server marks the message as deleted. Any future reference to the message-
number associated with the message in a POP3 command generates an error. The POP3
server does not actually delete the message until the POP3 session enters the UPDATE
state.

NOOP NOOP | +OK

The POP3 server does nothing, it merely replies with a positive response.
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Command Syntax Responses

LAST LAST +OK nn

The POP3 server issues a positive response with a line containing the highest message
number which accessed. Zero is returned in case no message in the maildrop has been
accessed during previous transactions. A client may thereafter infer that messages, if any,
numbered greater than the response to the LAST command are messages not yet accessed
by the client.

RSET RSET | +OK

If any messages have been marked as deleted by the POP3 server, they are unmarked. The
POP3 server then replies

TOP TOP <message number> +OK top of message follows

<number of lines> -ERR no such message

If the POP3 server issues a positive response, then the response given is multi-line. After the
initial +OK, the POP3 server sends the headers of the message, the blank line separating the
headers from the body, and then the number of lines of the indicated message's body, being
careful to byte-stuff the termination character (as with all multi-line responses).

Note that if the number of lines requested by the POP3 client is greater than the number of
lines in the body, then the POP3 server sends the entire message.

10 March 2004 428
- - ______________________________________________________________________________________________—-



Group 3 Fax Communication Faxing From a PC

Command Syntax Responses
APOP APOP <name> <digest> +OK maildrop locked and ready
-ERR permission denied

Normally, each POP3 session starts with a USER/PASS exchange. This results in a
server/user-id specific password being sent in the clear on the network. For intermittent use of
POP3, this may not introduce a sizable risk. However, many POP3 client implementations
connect to the POP3 server on a regular basis -- to check for new mail. Further the interval of
session initiation may be on the order of five minutes. Hence, the risk of password capture is
greatly enhanced.

An alternate method of authentication is required which provides for both origin authentication
and replay protection, but which does not involve sending a password in the clear over the
network. The APOP command provides this functionality.
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Mail Transmission

Sending Terminal

IFAX SMTP
Server
\ E-mail A
Router
LAN
Reception using
POP or IMAP
Internet
POP/IMAP IFAX
Server
LAN \ E-mail A
Router
E-mail
Pl IFAX
Reception using
SMTP
DNS
Server
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Procedure
Scanned documents are sent as electronic mail (e-mail).

All messages are sent using memory transmission. When a backup mail address (Bcc address, also
known as Blind carbon copy) has been stored with the NIC Fax user settings, the machine also
sends the message to all the Bcc address.

All e-mail transmissions are controlled using Simple Mail Transfer Protocol (SMTP) procedures.
There must be an SMTP server on the same LAN as the sending machine, or the machine will not be
able to send e-mail (it is not necessary to set up an SMTP account).

NOTE: ‘IFAX is the same as ‘NIC FAX'. Some models use the name ‘IFAX’. Others use the name
‘NIC FAX.
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Mail Transmission using a PDU (PSTN Dial-up Unit)

As explained above, you cannot send e-mail using the NIC fax if you do not have an SMTP server on
your LAN. A customer using the H535 model can send mail without an SMTP server if you install the
optional PDU Kkit.

The PDU controls protocols for communication between then Internet Service Provider (ISP) and the
fax machine. The PDU also converts scanned image data to MIME format for e-mail.

Sending Terminal

IFAX
E-mail Router
SMTP
LAN Server
Internet Service
Provider
Internet POP/IMAP] IFAX
Server
\ E-mail A
Router
LAN
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The fax machine sends the mail to the ISP, and the SMTP server at the ISP sends the mail over the
internet to the destination.

During transmission, the FCU detects a dial tone and then dials the telephone number for the ISP.
After connecting to the ISP, the NCU changes the data line relay from the FCU to the PDU. This
connects the PDU to the PSTN line.

Data Formats

The scanned data is converted into a TIFF-F formatted file (only MH compression can be used).
Some models also allow DCX; in these models, the file format depends on a user setting (for more
on image file formats, see Image Files).

The fields of the e-mail and their contents depend on the model (see below).
Example: H551

Field Content

From Mail address of the sender

Reply-To Mail address to be replied

To Mail address of the destination

Bcc Blind carbon copy address (backup mail address)

X-Mailer ICFAX Version 1.0 (ICFAX is a Ricoh mail utility - IC
means Image Communication)

Subject Fax message no. xxxx (file number) from the TSI (see the
notes below this table)
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Field Content
Content-Type Multipart/mixed
Attached files: imagel/tiff, application/octet-stream
Content-Transfer-Encoding | Base 64
Message Body MIME-converted DCX or TIFF-F (MIME standards specify
how files are attached to e-mail messages)

NOTE: 1) The message no. will exist in the subject field if no TSI or RTl is
registered.
2) The label of the personal code and RTI will appear at the end of the
subject field, if the personal code is entered.
3) The file number can be checked on the TCR/Journal.
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Errors

An error report will be generated if an error occurs during the communication between the machine
and the SMTP server. However, it is possible that the sender will not receive notice of errors that
occurred between the SMTP server and the receiving terminal.

For what happens when an error occurs when the machine is receiving, refer to the Mail Reception
section.

Secure Internet Transmission

To transmit e-mail via the Internet more securely, use SMTP authentication, and POP before SMTP
for IFAX.

SMTP Authentication. SMTP Authentication requires user authentication before they can access
the server. This prevents unauthorized access to the server. To use SMTP authentication, your
server must support CRAM-MD5, PLAIN, or LOGIN. The account name and password specified in
the “Mail Server” settings are used for SMTP authentication. Other account names and passwords
cannot be specified.

POP Before SMTP. Prevents unauthorized access to the SMTP server and requires users to access
and log onto the POP3 server before sending e-mail.
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Mail Reception — Overview
Internet fax machines support three types of e-mail reception:

e POP3 (Post Office Protocol Version 3.)
¢ IMAP4 (Internet Messaging Access Protocol Version 4)
e SMTP (Simple Mail Transfer Protocol).

POP3 picks up the mail from a POP3 server and deletes it from the server. The machine can be
adjusted to keep the mail on the server. IMAP4 also picks up the mail from a server, but does not
delete the mail from the server.

e Concerning the deletion of mail after reception, the server’'s settings may take priority over the
machine’s settings.

With SMTP, a mail server is not needed. However, the network administrator must register the NIC
fax machine as an SMTP server in the MX record of the DNS server. Then the NIC fax will receive
the mail automatically without the machine having to pick it up from a server.

The machine can be adjusted to select one of these types of reception. However, if SMTP is
selected and the machine is not registered in the MX record of the DNS server, then either IMAP4 or
POP3 will be used.

Some older models only support reception using POP3.
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Mail Reception — POP3

NIC Fax SMTP
Server
\ E-mail A
Router
LAN Receiving
Terminal
Internet
POP NIC Fax
Server
\ E-mail #
Router
LAN
H132D562.WMF

Procedure

In order for the fax machine to receive e-mail, 1) there must be a POP3 server on the same LAN as
the NIC Fax, and 2) an account must be set up for the fax machine.

There are two ways to receive mail from the server: automatic, and manual.
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Automatic E-Mail Reception

The machine calls the POP server at a regular interval to check if any e-mail has come in. The
interval is adjustable. The default setting is normally 3 minutes.

Manual E-mail Reception

The manual e-mail reception function can be stored in a Quick Operation Key. When the key is
pressed, the machine calls the POP3 server immediately.

The timer for automatic e-mail reception is not reset when the machine calls the POP3 server
manually.

Here is an example of the sequence

Automatic e-mail reception interval: 30 minutes.

The machine calls the POP3 server (automatic e-mail reception)

10 minutes later, the user calls the POP3 server (manual e-mail reception)
The machine will call the POP3 server again automatically after 20 minutes.

Reception Process
When new e-mail is detected, the server receives the mail.

If the POP server is holding several e-mails for the NIC fax, the machine picks up the e-mails one at
a time, in the order of arrival at the server. Mail is not picked up if memory is low. The machine will
wait until sufficient memory is free.

E-mail reception is done in accordance with Post Office Protocol version 3.0 (POP3) procedures.
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Mail Reception using a PDU (PSTN Dial-up Unit)

As explained above, you cannot receive e-mail using the NIC fax if you do not have a POP server on
your LAN. A customer using the H535 model can receive mail without a server if you install the
optional PDU kit

The PDU controls protocols for communication between then Internet Service Provider (ISP) and the
fax machine. The PDU also converts scanned image data to MIME format for e-mail.

IFAX SMTP
Server
\ E-mail A
Router
LAN
Internet
POP
Server
Internet Service Receiving
i Terminal
Provider
IFAX
E-mail %
Router >
LAN
For more about the PDU kit, please refer to Mail Transmission using a PDU.
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Characteristics of POP3/IMAP4 Reception
Here are some general characteristics of POP3 receiving. They also apply to reception using IMAP4.

No MX record registration. There is no need to register the machine in the MX record of the DNS
server.

Power can be switched off. As long as the machine is not receiving mail, mail stored in the mail
server is not lost when the power is switched off. With SMTP reception, if the machine is switched
off, the SMTP server sends an error report back to the sender, and the machine will not receive the
mail unless the sender sends it again after the machine is switched on.

Dial-up compliance. POP3 can be accessed spontaneously, making it ideal for dial-up operation.
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Mail Reception — IMAP4

The descriptions in the previous section (Mail Reception - POP3) also apply for reception using
IMAP4, except for the following.

e E-mail reception is done in accordance with IMAP4 procedures.

e There must be an IMAP4 server on the same LAN as the fax machine.

¢ IMAP4 does not automatically delete the mail from the server after picking it up.
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Mail Reception — SMTP

IFAX SMTP
Server
\ E-mail A
Router
LAN Receiving
Terminal
Int t
nterne IEAX
E-mail 7
Router
LAN
DNS
Server

SMTP Mail Reception Procedure

By registering the IFAX as an SMTP server in the MX record of the DNS server, you can enable
direct receiving of mail from the SMTP server. The fax machine does not call the server to pick up
the mail (as is done in the POP/IMAP protocol using either automatic or manual e-mail reception).
Also, with SMTP, the received mail can be routed to another fax (this is known as ‘delivery’).

NOTE: ‘IFAX is the same as ‘NIC FAX’. Some models use the name ‘IFAX’. Others use ‘NIC FAX..
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Required Settings

e The IFAX must be registered as an SMTP server in the MX record of the DNS server, and the
address of the received mail must specify the IFAX.

e SMTP reception must be enabled on the fax machine (normally a user tool).

However, if SMTP reception is selected and the machine is not registered in the MX record of the
DNS server, then either IMAP4 or POP3 is used, depending on the setting:
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SMTP Reception Characteristics

¢ Delivery of received mail. The ‘Off Ramp Gateway’ feature allows expansion for RX mail delivery
to a G3 fax. The machine transfers incoming mail is sent to the G3 fax specified by the local part.
For example, in a destination address specified as:

fax=0454778907@cl0l.doml.ricoh.co.jp

the ‘local part’ is 0454778907.

o A POP3/IMAP4 server is not required. For example, in an environment where there is only a
UNIX server or in an intranet environment where Notes is used for mail, mail received from outside
is handled via the SMTP gateway.

¢ Immediacy of response is slightly better. There is no interval in the acquisition of mail as with
POP3/IMAP4, thus slightly improving the response time.

e Easier error handling. When an error occurs with POP3/IMAP4, the receiving terminal sends an
error mail back to the sender in order to inform them that an error has occurred. With SMTP mail
reception, however, in almost all cases the SMTP server sends the error mail to the sender.

¢ Disadvantage: If the machine’s power is switched off when mail comes in, the SMTP server
receiving the mail will send an error report back to the sender and delete the mail. It will not keep it
for the machine to pick up next time it switches on. The sender has to resend the mail.

The user may be able to check a log on the SMTP server to see if any mail came in and was
sent back during the night. Nothing can be done on the NIC fax machine.

With POP3 and IMAP4, the user can switch the machine off and the server keeps the mail.
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Delivery: Transferring Mail Received With SMTP (Off Ramp Gateway)

Overview

If the address of the mail received with SMTP contains the following information, it can be delivered
to another G3 fax: Fax = “ Delivery Number”@”IFAX Host Name.Domain”

DNS SMTP

| IR
v

AN
SMTP IFAX — I

(Address:
Router * fax = 045477459@Cl01.dom1g.ricoh.co.jp)
()]
Intranet
‘ Router

N
AN
IFAX —_ I

SMTP DNS

t

V4 Switching
; I * Telephone Line a Station
PSTN z Transmission
—
SMTP IFAX AT
Switching
Station

(SMTP Receive Setting:
cl01@dom1g.ricoh.co.jp)
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How to Set Up Mail Delivery

The sender must set the mail address in the following format:
1) When dialing using a fax number

fax=<Delivery Destination Fax Number>@<IFAX Host Name>.<Domain Name>
Example:

fax=0454771459@cl01.dom1g.rico > Delivers to fax number 0454771459
h.co.jp

2) When dialing using a Quick dial destination

fax=<# Quick Dial Number>@<IFAX Host Name>.<Domain Name>

Example:

fax=#001@cl01.dom1g.ricoh.co.jp > Delivers to the number registered for
Quick Dial key 001.

3) When dialing using a Group destination

fax=<#**Group Dial Number>@<IFAX Host Name>.<Domain Name>

Example:

fax=#"*05@cl01.dom1g.ricoh.co.jp > Delivers to numbers registered for
Group dial key 05.
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Mail Delivery Conditions

1) The machine must be set up for SMTP mail delivery:

2) If the user wishes to limit this feature so that the machine will only deliver mail from designated
senders, the machine’s “Auth. E-mail RX” feature must be selected

3) If SMTP reception has been disabled, and if there is mail designated for delivery, then the
machine responds with an error.

4) The “fax=" setting does not distinguish between upper and lower case letters.

5) More than one destination cannot be specified in the mail address. A Group counts as 1
destination.

6) If the quick dial, speed dial, or group dial entry is incorrect, the mail transmission is lost, and
the Internet fax machine issues an error to the SMTP server and outputs an error report.
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Authorized E-mail Reception

Authorized e-mail reception prevents all except certain specified senders from using your NIC fax
machine. To limit access to mail delivery, the addresses of senders must be limited using the Access
Limit Entry.
1) Access Limit Entry
For example, to limit access to @ifax.ricoh.co.jp:

gts@ifax.ricoh.co.jp Matches and is delivered.
gts@ifax.abcde.co.jp Does not match and is not delivered.
ifax@ricoh.co.jp Does not match and is not delivered.

2) Conditions

¢ |f the Access Limit Entry address and the mail address of the incoming mail do not match,
the incoming mail is discarded and not delivered, and the SMTP server responds with an
error. However, in this case an error report is not output.

o |f the Access Limit Entry address is not registered, and if the incoming mail specifies a
delivery destination, then the mail is delivered unconditionally.

10 March 2004 448



Group 3 Fax Communication Faxing From a PC

Other Points Concerning E-Mail Reception

Errors during reception

Errors during POP3/IMAP4 procedures

When an error of this type occurs, the machine stops receiving and the message stays in the server.
An error report is output. After a prescribed interval, the machine calls the server and starts to
receive, starting with the interrupted message. If there is an incomplete received message in
memory, it will be erased.

Abnormal Files

When an error of this type occurs, the machine stops receiving and commands the server to erase
the message. Then the machine prints an error report out and sends information about the error by
e-mail to the sender’s address (in the “From” or “Reply-to” field of the message). If there is an
incompletely received message in the machine’s memory, it will be erased.

The machine prints an error message when it fails to send a message after a certain number of
attempts.
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Abnormal files are as follows:

1. The e-mail has an unsupported MIME header.
Supported types of MIME header depend on the model.

Example: H551

Header Supported Types
Content-Type Multipart/mixed, text/plain, message/rfc822
Image/tiff, application/octet-stream
Charset US-ASCII, ISO-2022-JP, Others are determined to
be US-ASCII.
Content-Transfer-Encoding | Base 64, 7-bit, 8-bit

2. MIME decoding error
The machine cannot recognize the file format as TIFF-F (some older models also accept DCX).
The resolution, document size, or compressed type cannot be accepted.

Remaining SAF Capacity Error

The machine CALLS the server but does not receive e-mail if the remaining SAF capacity is less
than a certain value (the value depends on a bit switch setting). The e-mail will be received when the
SAF capacity increases (for example, after substitute reception files have been printed).

Also, if the capacity of the SAF memory goes down to zero during reception, the machine acts in the
same way as when receiving an abnormal file (refer to ‘Abnormal files’).
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Paper Size

1. If the incoming message is wider than the maximum paper width specification for the machine,
an error is generated. The procedure is the same as when receiving an abnormal file.

2. When the machine receives a message that is wider than the paper currently in the paper trays
(but within machine specs for image width), the machine reduces the data to fit on the paper in
the tray and prints it.

Printing

When a line of text is longer than the paper width, the excess data will be deleted.

Multi-part

When a multi-part e-mail message contains several text parts and binary files, the message will be
divided with boundaries. Then, each part will be printed separately. If the machine cannot determine
where the boundary is, it will generate an error report and print, then send error information e-mail
back to the sender.
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Secure Internet Reception

APOP. Passwords are encrypted when e-mail is received, making it safer than POP3 authentication
(clear text), which is not encrypted. APOP requires a POP server that supports APOP.

IMAP-AUTH (Mail Reception). If the IMAP Server supports the AUTHENTICATE command (CRAM-
MD5, PLAIN, or LOGIN confirmation), then higher-level security confirmation can be implemented for
users logging in.

These features can be enabled with user tools.

Security is needed for reception using POP/IMAP, because the mail is stored in the POP/IMAP
server and the machine must call and pick it up. Security ensures that the mail goes to the correct
machine. For reception using SMTP, the mail goes directly to the destination address (it is not held
on a server), so this type of security is not needed.
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Mail Broadcasting (e-Mail and G3 FAX are combined)

G3 Transmissions E-mail Transmissions
(PSTN) (LAN/Internet)

\
\

SMTP

NIC Fax Server

E-mail
transmission /

LAN

The machine can send the same message to several destinations in one operation. Some
destinations can be G3 fax and some can be e-mail. For the G3 fax transmissions, each address has
to be dialled separately. However, all the e-mail addresses can be sent with the message to the
SMTP server in one transmission. The SMTP server then sends the message to each destination.
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The following example for broadcasting to three e-mail destinations and two G3 fax destinations
shows how G3 fax messages are each sent individually, but the e-mail destinations are all sent to the
server at the same time.

e Order of inputting the addresses at the operation panel
G3 fax (1) - mail (1) - G3 fax (2) - mail (2) - mail (3)
e Order of transmission
G3 fax (1) - mail (1), (2), (3) [these 3 sent to the server at the same time] - G3 fax (2)

The SMTP server cannot broadcast the message if a feature included individual information for each
terminal in the transmitted data (such as label insertion). If this type of feature was used, the
machine sends the e-mails to the server one by one.

To send the messages to the server at the same time, the batch transmission feature must be
enabled in the Internet fax machine.

The maximum number of e-mail destinations in a broadcast depends on the mail server’s limits.
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Transfer Request

Operation at the Transfer Requester

Making a Transfer Request by E-Mail

Transfer
Requester
R: Router
NIC Fax SSMTP
) erver Individual G3
‘ \ﬂ/‘ ‘ ’N Transmissions
R (PSTN)
LAN [ Transfer

Station

PoP NIC Fax >
Server

| E-mail A ‘ LAN

E-mail End
Receivers
| | SMTP E-mail
Server
Individual E-mail (several destinations, G3 End Receivers
Transmissions one transmission)

E-mail (one transmission
for each destination)
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The requesting terminal dials the transfer station, and requests it to transfer the message to end
receivers stored as quick dials, speed dials, and group dials in the transfer station. A quick dial
number is indicated by a “#” and two or more digits, a speed dial is indicated by “#’, “*”, and two or
more digits, and a group dial is indicated by “#” and “**” and two or more digits. This is the same as

for transfer request in a normal fax machine.

The destinations can be a mixture of e-mail and G3 fax addresses. However, only an Internet fax can
be specified as a transfer station if the end receivers include e-mail addresses.

The transfer request goes to the SMTP server as an e-mail message. The quick/speed/group dials
(and the ID code) are included in the mail body field of the e-mail as text. The message arrives at the
POP server of the transfer station.

The transfer station then does the following (see Operation at the Transfer Station for details).

e The transfer station picks up the transfer request.

e The transfer station sends the message to the G3 destinations one-by-one.

e The transfer station sends the message to its SMTP server once. The SMTP server sends the
message to the e-mail destinations one-by-one.

The transfer station sends back a transfer result report. The original may be attached to the transfer
result report, depending on the G3 settings of the fax machine. For transmissions to e-mail end
receivers, the transfer result report only indicates whether the message was successfully transmitted
from the transfer station to its SMTP server.

The transfer station sends an error report to the requester if it fails to transfer the message to an end
receiver. However, if the selected transfer station cannot handle transfer requests, or cannot handle
e-mail, no error report is returned to the transfer requester.
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The fields of the e-mail and their contents depend on the model.

Example: H551

Field Content
From E-mail address of the requesting terminal
To Destination address (transfer station’s address)
Bcc Blind carbon copy address (backup mail address)
X-Mailer ICFAX version 1.0
Subject Fax Message No. xxxx (file number) from theTSI

Content-Type

Multipart/mixed
Text/Plain (for a text part), image/tiff or
application/octet-stream (for attached files)

Content-Transfer-Encoding

Base 64

Mail body (text part)

RELAY-ID-: xxxx (xxxx: 4 digits for an ID code)
RELAY: #01#*01#*01....

Message body

MIME-converted TIFF-F or DCX
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Making a Transfer Request by G3 FAX

The procedures are the same as for a
normal G3 fax machine. The requesting
NIC fax contacts the transfer station by

Faxing From a PC

G3 End Receivers

G3 Transmission (Transfer Request)

G3 over the PSTN.

NIC FAX

PSTN

Requesting
Terminal

The requesting terminal dials the
transfer station, and requests it to
transfer the message to end receivers
stored as quick dials, speed dials, and

group dials in the transfer station. B -mail End

Receivers

Using NSF, the machine sends an ID
code and the machine’s own telephone
number. Up to 30 end receivers can be
requested.

G3 Transmission (Report)

SMTP
Server NIC FAX

‘ N E-mail / ‘

LAN

Transfer
Station

W

End receiver destinations can also be selected using tonal signals, in the same way as for other
recent fax models. E-mail address can also be selected in this way, as end receivers and as the

destination for receiving the transfer result report.

The receiving NIC fax machine receives the transfer request on the PSTN connection. It then
handles the transfer request in the same way as explained in “Making a Transfer Request by E-Mail’.
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Operation at the Transfer Station

Handling a Transfer Request Received by E-Mail

Transfer
Requester
R: Router
NIC Fax SS MTP
_ erver Individual G3
\ E-mail A | ‘\ Transmissions
R (PSTN)
LAN Transfer
Station /
poP NIC Fax >
Server
E-mail

Receivers

SMTP E-mail

Server

Individual E-mail (several destinations, G3 End Receivers
Transmissions one transmission)
E-mail (one transmission
for each destination)
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The NIC fax polls the POP server at regular intervals, as mentioned in a previous section. If the
server has received a transfer request, the fax machine receives it from the server in the form of an
e-mail message. The end receivers are included in the text part of the message. The machine then
sends the message to the end receivers by G3 fax or e-mail, depending on the type of end receiver
address, in the same way as described for Broadcasting.

The NIC fax sends each G3 fax as an individual transmission. However, for the e-mail, the NIC fax
sends the message to the SMTP server once, and the server broadcasts the message to the e-mail
end receivers one at a time.

The transfer station sends back a transfer result report to the address in the From field of the
received e-mail. If an administrator's address is registered, the result report is also sent to that
address. The original may be attached to the transfer result report, depending on the G3 settings of
the fax machine.

For transmission to e-mail end receivers, the transfer result report only indicates whether the
message was successfully transmitted from the transfer station to its SMTP server (the transfer
station does not know if the messages were received successfully at the end receivers).

The transfer station prints an error report if it cannot send the result report to its SMTP server.
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Handling a Transfer Request Received by Fax

G3 End Receivers

G3 Transmission (Transfer Request)
G3 FAX PSTN

Requesting G3 Transmission (Report)

Terminal

E-mail End
Receivers

SMTP Transfer
Server Station

AL

When the machine receives a transfer request by G3 fax, it sends the message to the various e-mail
and G3 end receivers in the same way as for a request received by e-mail.

The machine sends back the transfer result report to the requesting terminal’s telephone number,
which it specified in the NSF signal. If the machine cannot send this report back to the requesting
terminal, it prints the report itself, so that the user can contact the other party.

The NIC Fax can accept end receiver destinations and transfer result report destinations that were
sent from the requester as DTMF tones. This applies for e-mail or PSTN G3 addresses.
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Transfer Result Reports for Multi-step Transfer
If All Links Are By E Mail

After it has passed on the transfer request to the next transfer station, each transfer station sends a
transfer result report back to the previous transfer station in the chain by e-mail. The main point is
that the reports are only sent back one link in the chain. The requesting terminal has no idea what
happened further along the chain.

The bottom part of the drawing shows details of the route from Transfer Station A back to the
requesting machine.
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Requesting Terminal e-mail | Transfer Station A| e-mail | Transfer Station B | e-mail | Transfer Station C
(NIC Fax) (NIC Fax) (NIC Fax) (NIC Fax)

Requesting Terminal

NIC FAX SMTP
Server
| AN e-mail al
A
LAN
POP
Server POP Transfer
Transfer result report Server NIC FAX Station A
A
| LAN |
SMTP
Transfer result report Sell'ver
| Jransfer result report

The procedure is as follows.

1. The requesting terminal requests transfer station A to transfer a message.
Transfer station A passes the request on to transfer station B.

Transfer station A sends a transfer result report back to the requesting machine.
Transfer station B passes the request on to transfer station C.

o kb

Transfer station B sends a transfer result report back to transfer station A.
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6. The broadcasting station (transfer station C) sends the message to its SMTP server (e-mails) and
to the G3 destinations.

7. Transfer station C sends a transfer result report to transfer station B (for e-mail end receivers, it
only indicates whether the message was successfully passed on to transfer station C’'s SMTP
server).

NOTE: The requesting machine’s own telephone number is not included in a transfer request
message by e-mail, so the transfer station at the end of the chain cannot send a report back
directly to the requesting machine. The requesting terminal only receives a report of how the
communication went between transfer stations A and B.
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If Some Links Are G3 Fax

This example shows that even if there is only one e-mail link in the chain, the transfer result report
from the final transfer station cannot get back to the requesting terminal.

(The bottom part of the drawing shows details of the route from Transfer Station A back to the
requesting machine.)

Req g Machi ‘ PSTN [ Transfer Station A | _e-mail | Transfer Station B| PSTN | Transfer Station C
(G3 Fax) | (NIC Fax) (NIC Fax) (NIC Fax)

Requesting Machine

Transfer result
report (G3 tx)
SMTP Transfer
NIC Fax | sStation A

LAN

The procedure is exactly the same as for a request by e-mail, as described on the previous page.

However, if there are two or more consecutive PSTN links in the chain, the transfer station at the end
of the PSTN chain will be able to send a transfer result report back to the machine at the start of the
PSTN chain. For example, if only the link between transfer stations B and C is e-mail, transfer station
B will be able to send a report all the way back to the requesting terminal.

PSTN
G3 Fax

If there is even one e-mail link, continuity is broken. The requesting terminal can only get a report
from the final transfer station if all links are G3.
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Example of a Transfer Request and Result Report

) — Q@ - -
E-mail Server 1
G3 FAX 1 ~ PSTN NIC Fax 1 (SMTP/POP)

I

! |

! I

% |

i p 7y < ) 7y Router :
i Transfer result report | Error mail [B] | ,—| LAN

| I

| [A] [— |

| Japan |

] |

[D] Transfer result e-mail

=TTttt T - - - ]

I

Europe 3

I

I

I

I

I

I

I

I

I

I

I

I

I

I

® @ — -
E-mail Server 2
G3 Fax 2 PSTN NIC Fax 2 (SMTP/POP)

The steps of the transfer request are as follows:
G3 Fax 1 sends a transfer request to NIC Fax 1 by G3 fax (D in the diagram).
NIC Fax 1 sends e-mail to E-mail Server 1 (@ in the diagram).

E-mail Server 1 sends e-mail to E-mail server 2 (® in the diagram).

N =

E-mail server 2 sends e-mail to NIC Fax 2 (® in the diagram).
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NOTE: Steps 2 to 4 assume that NIC Fax 1 sends the transfer request to NIC Fax 2 by e-mail, and
not G3 fax.

5. NIC Fax 2 sends a G3 fax message to G3 Fax 2 (® in the diagram).

The steps for sending the transfer result report and any mail reporting errors is as follows:

1. NIC Fax 1 sends a transfer result report [A] to G3 Fax 1 after @ in the diagram.

2. When an error occurs at ®, e-mail server 1 sends e-mail reporting an error [B] to NIC Fax 1.
Error mail is also sent to the administrator if the address has been registered in NIC Fax 1.

3. When an error occurs at @, e-mail server 2 sends e-mail reporting an error [C] to NIC Fax 1.
Error mail [C] is also sent to the administrator if the address has been registered in NIC Fax 1.

4. NIC Fax 2 send a transfer result report [D] to NIC Fax 1 through e-mail server 1 and e-mail server
2 after transferring the message to the end receivers (after ® in the diagram).
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Autorouting
G3 Transmission with SUB code
G3 Fax PSTN

SMTP
Server

NIC Fax

Forwarding by
N\ e-mail /

LAN

The sending G3 fax machine appends a code to the telephone number. This code is sent in G3
protocol to the NIC Fax in the SUB code.

When a G3 fax message is received with a SUB code, the machine compares the SUB code with the
personal codes stored with Personal Boxes and Transfer Boxes in the machine. If there is a match,
the machine routes the message to the e-mail address in the Personal Box by e-mail. (If the SUB
code corresponds to a Transfer Box, the machine routes the message to all the addresses in the
Transfer Box).

A communication failure report will be printed if a transmission error occurs between the machine
and the SMTP server.

10 March 2004 468
- - _________________________________________________________________________________________________—



Group 3 Fax Communication Faxing From a PC

Conditions

1. E-mail addresses for autorouting must be registered in the machine with personal codes in
Personal Boxes and/or Transfer Boxes.

2. If the received SUB code specifies confidential reception, the message at the NIC fax can be
received using confidential reception. However, when this message is forwarded by e-mail, the
‘confidential’ attribute is not passed on — you cannot specify confidential reception by e-mail.

3. The RTI or CSI of the forwarding machine is indicated in the subject field of the forwarded e-mail.

4. Autorouting only works for incoming G3 faxes. It does not work for incoming e-mails, because
there are no SUB codes in the e-mail protocol.
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- Example -

G3 Transmission [A]
G3 Fax PSTN
SUB code: 1111

SMTP

Server NIC

FAX

o\ e-mail /

Personal Code 1111:
abc@ricoh.com

LAN

Client
PC

E-mail address:
abc@ricoh.com

1. The sending terminal sends a fax message with a SUB code “1111” to the NIC Fax.

2. Personal code 1111 in the receiving NIC fax has been allocated to a PC on the network. The NIC
fax makes an e-mail out of the incoming fax message, then sends the e-mail to that PC.
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Forwarding

Forwarding is a similar feature to autorouting, useful when the sending machine cannot send SUB
codes.
e The sending machine must have the RTI and CSI programmed.

e The receiving machine must have already specified a destination PC e-mail address for messages
received with that RTI/CSI.

e The message can only be forwarded to one destination.
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LAN Fax Transmission
PC fax application

installed G3 Transmission

Client NICFax |
PC Request to @
\_ sendfax

| smTP

Server

LAN

This section shows how a PC on the same network can:

e Send a document created with a PC application, through the NIC fax, to another fax machine by
G3 or by e-mail. The destination fax machine does not need a NIC fax card, because the message
goes out over the PSTN.

¢ Print out a document created with a PC application, using the NIC fax as a printer. Normally, this is
not so effective as installing a printer controller option. There are fewer features and resolution
settings available with the LAN fax driver.

This feature is known as LAN Fax. The following items and settings are required to use this feature:

¢ A NIC Fax and a PC connected to a LAN.

¢ The initial settings set up correctly on the NIC FAX (such as the IP Address, Subnet Mask, and
Default Gateway settings). Refer to the documentation for the model.

e Software installed on the PC (depends on the model)
Example: H231: SmartNet Monitor for Client, the LAN Fax driver, and an Address Book
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IP-Fax

What is IP-Fax?
This feature allows you use TCP/IP to communicate with fax machines. The other party can be on
the same TCP/IP network as your machine, or it can be on the internet anywhere in the world.

¢ |t can also be on a public telephone network, if your intranet has a Gateway to interface with the
public telephone network. Modem speed in this case is below V.17.

e |If the other fax machine is connected directly to a TCP/IP network, it must use T.38 protocol.
IP-Fax uses a Group 3 style fax protocol, but in packets to conform to TCP/IP.

No e-mail server is required (compare with internet fax).

Use the IP address (or host name) to dial the destination machine, instead of the fax number.

o [f there is a Gatekeeper on your intranet, you can use the ‘alias number’ stored in the gatekeeper.
The gatekeeper stores a look up table of ‘alias fax numbers’ and actual IP addresses.IP-Fax is
faster than PSTN.

Direct connection with the other party’s machine is possible, so function capability information can be
exchanged and transactions can be confirmed.
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The diagram below shows the three methods of data transmission.

VolP Gateway
IP Address: 182.168.1.64

=

Telephone

MNetwork ril“'lmm [y
Gatekeeper
Alias Fax Mumbsr
| 2123336686 = 192.168.1.20 | IP Address: 192.168.1.10
Host Mame: IPFAX1
G3 FAX
212-123-5678 IP Address: 192.168.1.20

Host Name: IPFAX2
Alias Fax Number: 2123336666
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Note how cases @, @, and © operate in the illustration above:

e Case ©: The NIC Fax, connected to the Internet/Intranet via a VolP gateway connected to
telephone network, sends a transmission through the Gateway (address: 192.168.1.64) to the
destination fax number (212 123 5678). (The Host Name can be substituted for the IP Address.)

e Case @: The NIC Fax, connected to the Internet/Intranet using a VolP gatekeeper, sends a
transmission to the destination with the alias fax number 212 333 6666 through VolP gatekeeper
192.168.1.20.

e Case ©: The NIC Fax, connected to the Internet/Intranet, sends a transmission to IP Address
192.168.1.10 or to Host Name IPFAX1 (192.168.1.10). The IP Address and Host Name must be
previously registered on the DNS server.

Note the difference between the ‘gateway’ and the ‘gatekeeper’.

A gatekeeper contains a list of IP addresses of destinations, and an ‘alias number’ for
each one.

The alias numbers allow you to use telephone numbers instead of IP addresses when sending a
message. This may be more convenient for many people.

When you specify one of these alias numbers as the destination, the gatekeeper wakes up and
passes your fax to the destination over your LAN or the Internet.

To set up your machine for using a gatekeeper, do the following:

1. Store the gatekeeper’s IP address in the NIC fax machine.

2. Store your ‘own fax number’. This will be your NIC fax machine’s alias number. It is convenient to
use the machine’s telephone number, but any number will do.
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3. Make sure that your NIC fax machine’s |P address is stored already in the NIC fax machine with
the user tools.

4. Your machine will then automatically contact the gatekeeper, and your machine’s IP address and
alias number will be registered with the gatekeeper.

This works even if the gatekeeper is on a different LAN, or over the internet, as long as the
gatekeeper’s IP address is input correctly.

To set up an ‘alias number’ network of NIC fax machines on different LAN segments or internet
locations, all machines will have to register with the gatekeeper using the above procedure. There
only needs to be one gatekeeper in this network.

The gatekeeper system will not work if there are any firewalls in the network.

A VolP gateway interfaces your LAN with the public telephone network. If you input the IP
address of the gateway and the destination fax number, the gateway will handle things from there,
converting the TCP/IP frames into T.30 fax protocol.

¢ VoIP: Voice over IP. This allows voice frequency tones to be send out over TCP/IP. Internet
telephones use this technology. However, with the NIC fax, voice message transmission is not
possible.
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Features of IP-Fax

IP-Fax provides these features:

e Compliance with ITU-T T.38 Standards.
e Employs TCP/IP communication protocols.
o Allows destinations to be identified by the IP Address, Host Name, or an Alias Telephone Number.

The main advantages of IP-Fax are:

e Costs are reduced as the main method of communication is over the Internet.
¢ All transactions can be confirmed because the machine is connected directly to the other party.
o Extremely high speed because IP-Fax can operate over a 10/100Base LAN.

The disadvantages of IP-Fax are:
e Communication through firewalls is not possible.

e Communication via gateway is the only method of transmission.
¢ High visibility (poor security).

NOTE: The transmission speed of IP-Fax is affected by the condition of the network (distance of
wiring, packet loss, etc.). IP-Fax operates in real time, so IP-Fax must occupy one line until
the other party’s machine breaks communication.

IP-Fax can use all G3 fax features except the following:

e Sending: Memory file transfer, batch transmission
¢ Receiving: Batch reception
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T.38 Transmission Protocol

The T.38 transmission protocol handles data in packets in order to allow IP-Fax to transmit with a
T.30 G3 fax protocol network.

(1) Transactions in an Intranet (2) Transactions Between PSTN and Intranet
NIC FAX NIC FAX G3FAX GATEWAY NIC FAX
/ /
T.30 IND: Flags T.30 IND: Flags
Flags
: Csl V21: HDLC
V21:HDLC | — :
.CSIFCS ol | _{«—| csiFcs
4| DIS/FCS-Sig-End DIS DIS/FCS-Sig-End
4|
H231D923.WMF H231D924. WMF
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Packet Format

Fax communications are conducted with T.38 IFP (Internet Fax Protocol) packet exchange via the
Internet. TCP or UDP (protocols that employ two different packet formats) can be selected for
transmission. TCP is selected by default for NIC Fax; you can change this to UDP with a bit switch
adjustment.

TCP Packet Format
TCP requires more time because it requires a confirmation response.
However, TCP is more reliable because it always demands an affirmative
response and requests a retry in response to an error. Packet 1
p q y P «——
[ Comfirm
Response —
IP + TCP E-)r(tggslllgn T.30 Data PU— Packet 2
Header — I Reserd
Request —
H231D926.WMF Packet 2
44— |
H231D925.WMF
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UDP Packet Format

Packet 2 Packet 0 ]_ Packet 0

4 | SR I
«—— Packet 3 _PfikftJ_ ]_ _Pf(ikft_z_ _;
1
Packet 4 _Pfcikft_z_ ]_ _Pfikft_s_ | Used for Error
_______ A Correction

Packet 5 Packet 3 ]_ Packet 4

H231D927.WMF
UDP is output without establishing the session. The UDP protocol does not correct errors or attempt
re-sending. While it is much faster, generally its reliability is lower. However, on the receiving side
with IP-Fax the speed is forced lower to prevent data overflow, making UDP slower than TCP.

NOTE: As a general rule, UDP is faster than TCP but slightly less reliable. On the other hand, TCP
is more reliable than UDP but slightly slower.
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IP + UDP
Header

Sequence
Number

T.30ID
Extension

T.30 Data

Redundant
Packet

Redundant
Packet

Group 3 Fax Communication Faxing From a PC

H231D928. WMF

UDP appends a redundant packet to the data packet and sends both. At the NIC Fax, the redundant
packet is attached to only Phase C and the post message. The number of redundant packets can be
changed as shown below. However, increasing the number of redundant packets increases the size

of the data and slows down the speed of the transmission.

UDP Related Adjustments
IP FAX Delay Level

Raise the level by selecting a higher setting if too many transmission errors are occurring on the
network.

If TCP/UDP is enabled on the network, raise this setting on the T.30 machine. Increasing the delay
time allows the recovery of more lost packets.

If only UDP is enabled, increase the number of redundant packets.
Level 1~2:3 Redundant packets

Level 3: 4 Redundant packets

10 March 2004 481
- - ______________________________________________________________________________________________—-



Group 3 Fax Communication Faxing From a PC

E-Mail Options

Subject and Level of Importance
You can enter a subject message with a user tool.

The Subject entry for the mail being sent is limited to 64 characters. The subject can also be prefixed
with an “Urgent” or “High” notation.

E-mail Messages

After entering the subject, you can enter a message with a user tool.
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Message Disposition Notification (MDN)

Router

[]

Mail (Request receive
Optioin On respone)
SF2@dom1g.ricoh.co.jp

Reception Confirmation s_tadasi@abcde.ne.jp

o ***JOURNAL = **

Time  ADDRESS Mode Time PAGE  RESULT
10:17AM  s_tadasi@abcde.ne.jp MailsSMQ  0'09" 2 --

0 Confirm @
m d= === == =| Mail (Answer o Roception | = === mmm =
Confirmation Request)

TX Management

Report
Confirmation
(TX Management
Report)
A @ "' JOURNAL***
Time ADDRESS Mode Time PAGE RESULT
10:18AM  SF2@dom1g.ricoh MailSMA 0'09" 2 --
A @ JOURNAL''*
Time ADDRESS Mode Time PAGE RESULT
10:17AM  s_tadasi@abcde.ne.jp MailSMQ  0'09" 2 OK | ¢—1—o0k
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The network system administrator can confirm whether a sent mail has been received correctly or
not. This confirmation is done in four steps.
1. Send request for confirmation of mail reception. Enable or disable this request with a user tool.

2. Mail reception (receive confirmation request)
3. Send confirmation of mail reception
4. Receive confirmation of mail reception

The other party’s machine will not respond to the request unless the two conditions below are met:

e The other party’s machine must support MDN (Message Disposition Notification).
e The other party’s machine must be set up to respond to the confirmation request. To do this:

1) The ‘Disposition Notification To’ field is in the received mail header (automatically inserted in
the 4th line in the upper table on the previous page, if MDN is enabled), and
2) Sending the disposition notification must be enabled. The content of the response is as
follows:
Normal reception: “Return Receipt (dispatched)” in the Subject line

Optional response (bit “Return Receipt (displayed)” in the Subject line
switch adjustment)

Error: “Return Receipt (processed/error)” in the Subject line
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Handling Mail
- Handling Mail on the Send Side -

When mail is sent, a “Disposition Notification To” notation is included in the header as a request for
confirmation that the mail was received.

X-Mozilla Status : 0001
X-Mozilla Status2 : 00000000
Message-ID : <3A23379A.81BEOABD@domlg.ricoh.co.jp>
Disposition-Notification-To : T.Suzuki <s tadashi@domlg.ricoh.co.jp>
Date : Tue, 28 Nov 2000 13:4203 +0900
From : T.Suzuki <s tadashi@domlg.ricoh.co.jp>
X-Mailer : Mozilla 4.73 [jalC-CCK-MCD BDP jm-Sony 3
(Win95: U)

X-Accept-Language : ja
MIME-Version : 1.0
To : fuser 0l@domlg.ricoh.co.jp
Subject : Mail Request for Reception Confirmation
Content-Type : text/plain: charset=iso-2022-jp
Content-Transfer-Encoding : 7bit

10 March 2004 485



Group 3 Fax Communication Faxing From a PC

- Handling Mail on the Receive Side -

Return Path: <>

Received : From fuser 01 ([133.139.157.20]) by domlg.ricoh.co.jp (post
office MTA V1.9.3 ID# 0100110-37392) with SMTP id AAA1l63
for<S tadasi@domlg.ricoh.co.jp>

Date : 28 Nov 2000 13:4236 +0900

X-Mailer : ICFAX Version 1.0

MIME-Version : 1.0

Content-Type : multipart/report: report-type=disposition-notification:
boundary="—ICFAX 000000EF48-—"

To : T.Suzuki <s_ tadashi@domlg.ricoh.co.jp>

Message-ID : <20001128133423664.ICFAX-XFC9BE-X26986@133.139.157.20]>

From : fuser 0l@domlg.ricoh.co.jp

Subject : From @81454771459” (“"RICOH GTS) (Return Receipt) (dispatched)

X-Mozilla-status : 8001

X-Mozilla-Status2 : 00000000

X-UIDL : 20001128044713447 .AAAl63@fuser 01

This is a Return Receipt for the mail that you sent to “fuser 0l@domlg.ricoh.co.jp”
Final Receipt: rfc822:fuser 0Ol#domlg.ricoh.co.jp
Original Message ID: