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FACSIMILE COMMUNICATION (FAX) SYSTEMS
GENERAL DESCRIPTION, APPLICATIONS,

DEFINITIONS

CONTENTS PAGE that reproduce the received images in soft form,
sometimes referred to as “soft fax,” are generally re-
1. GENERAL . . . . . . . . . . . .. 1 garded as slow-scan television systems. The output
quality of a typical modern business fax system, as

2. BASICPRINCIPLES . . . . . . . . . . 2 compared with the input page, is illustrated in Fig 1.
3. BELL SYSTEM APPLICATIONS . . . . . . 4 1.06 The term fax is generally also applied to sys-
tems that produce raster mode (video line ar-
4. SYSTEM AND TERMINAL CATEGORIES . . 4 ray) hard copy from artificially generated picture sig-
nals, as in a weather chart transmission system in
5. GLOSSARYOFTERMS . . . . . . . . . 6 which the input device is a computer or data tape

-—

. GENERAL

1.01 This section describes facsimile communication

(fax), a graphic communications tool. It
discusses typical fax applications and provides a glos-
sary of some common terms associated with its tech-
nology and use.

1.02 Whenever this section is reissued, the reason
for reissue will be specified in this paragraph.

1.03 Section 006-400-101 provides additional infor-

mation about fax system planning considera-
tions, including system input, intersystem compatibili-
ty, transmission considerations, system output, and
special capabilities.

1.04 These sections are issued because of the
widespread use of fax systems within the Bell
System.

1.05 Fax is the process by which a tangible copy

(or facsimile) of the content of a paper page is
produced electronically from a transmitted signal. A
basic fax system can be likened to an office copier, ex-
cept that in typical applications, the input and output
ends of the fax system are geographically separated.
It can also be likened to a television system except
that it reproduces the received image in hard (paper)
rather than soft (viewing screen) form and usually
operates at substantially lower speeds. Fax systems
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player. It is less often applied to the opposite
configuration: a graphic scanner inputting paper
page content to a computer or data recorder. Such
configurations are customarily described as “image di-
gitizers.” Similar systems having microfilm images
(micro-images) as the input are referred to as com-
puter input (from) microfilm (CIM) systems. Simi-
larly, systems that output graphic micro-images from
computer input are called graphic computer onto
microfilm (graphic COM) systems. Fax systems that
scan and transmit micro-images and reproduce them
remotely in either film or paper form are generally
referred to as “microfacsimile” (microfax) systems.

1.07 Fax systems intended primarily for the

transmission and faithful reproduction of pho-
tographs (eg, news pictures and fingerprint records)
are known variously as “photofacsimile,” “telephoto-
graphic,” or (in Europe) “phototelegraphic” systems.
Section 314-715-100 describes telephotography from
the Bell System standpoint and provides references to
other related sections.

1.08 There is a tendency to refer generically to all

fax terminals as Telecopiers. However,
Telecopier is a registered trademark of the Xerox
Corporation and applies only to fax devices manufac-
tured and/or marketed by that firm.

1.09 The basic fax principle of converting a page
image to electronic form by raster scanning,

and then reproducing it in tangible form, is also ap-
plied in systems intended for electronic production of

LIBRARY
FILE COPY

Page 1




SECTION 006-400-100

duplication stencils, color separation negatives, and
printing plates.

1.10 Systems that transmit handwritten messages

or hand drawn sketches by remotely reproduc-
ing human manipulation of writing stylii in real time
are technically not regarded as fax systems, and will
therefore not be covered in this section. The termi-
nals of such systems are generically referred to as
handwriting machines or manual graphic termi-
nals. Two of the more familiar trade names for such
systems are Electrowriter* and Telescribert The
Bell System’s Gemini® electronic blackboard also be-
longs in this category.

1.11  This section and its companion section will dis-
cuss only conventional fax systems of the kinds
used within the Bell System.

2. BASIC PRINCIPLES

2.01 The basic fax principle is depicted in Fig 2. It

involves the processes of rectilinear scanning,
signal processing, transmission, synchronization, and
rectilinear recording.

2.02 Scanrning: Rectilinear scanning consists of a
concentrated spot of light traversing a page, a
segment at a time, much as our eyes do in reading.
The scan spot generally traverses the short dimension
of the page from left to right, with subsequent scans
displaced downward by some predetermined amount.
The line-to-line displacement can be achieved by
movement of either the spot or the paper along an
axis perpendicular to the scan axis. Fig 3 shows ex-
amples of both schemes. Note that, in Fig 3b, rectil-
inear scanning is accomplished by continuous rotation
of the page relative to the scan spot, which moves
slowly along a perpendicular axis. This mode of
operation is commonly known as “drum” or “cylinder”
scanning. The mode depicted in Fig 3(a) is commonly
known as “flatbed” or “flat feed” scanning. In either
case, the varying proportions of light energy reflected
from the page as the scan spot encounters light and
dark image elements are sensed by a detector and
converted to a serial electrical analog. This low-level
varying current is the scanner output. (See Fig 4.)

-

FRegisered trademark of Telautograph Corporation.
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2.03 Signal Processing: The scanner output,
which may be described as a fluctuating
“baseband” current, is amplified and is then usually
altered in form via one or more processing steps. In
an analog fax system it will be applied to a modula-
tor, in effect impressing itself upon a separately gen-
erated alternating current of a frequency consistent
with the bandpass of the communication channel (usu-
ally voiceband). It is this composite signal which is
then transmitted to the remote fax machine. See Fig
5. Other possible forms of signal processing include:

(a) Thresholding (Fig 6)—reduction of scanner
output to dark-light extremes; elimination of

intermediate grays. The objective is image

enhancement or preparation for digital encoding.

(b) Analog-to-Digital (A/D) Conversion—after

thresholding, the signal is subjected to preci-
sion “clocking,” ie, each scan line consists of the
same discrete number of decision points, each of
which has either a 0 or 1 (black or white) binary
value. The usual objective of A/D conversion is to
prepare the scanner output for further digital pro-
cessing.

(¢) Compression Encoding—after thresholding

and A/D conversion, the signal is subjected to
a process by which the light-dark-light transitions
are encoded into digital “words,” which are then
trangmitted to the remote receiver. The objective
of this process is to minimize signal redundancy
and thereby improve transmission efficiency.

(d) Tonal Encoding-—the amplified scanner output

is subject to a pulse code modulation (PCM)
process in which each of a discrete number of am-
plitude values is assigned an identifying digital
code. At the remote receiver, these codes are in-
terpreted as image tonal values (black, white, and
shades of gray) and recorded accordingly. The ob-
jective of this process is to permit transmission of
pictorial matter via digital facilities.

It is possible, but not common, to have a fax system
in which the scanner’s analog output undergoes. no
further processing beyond amplification. The
amplified output is transmitted to the remote receiver
via a direct dec channel (eg, a simple wire pair). Such
systems are known as ‘“baseband” systems and are
considered rare.

2.04 Transmission: The appropriately processed

scanner output is applied to the communication
channel by which the sending and receiving fax
machines are interconnected. At the receive end of



the system, the incoming signal is reconverted to
baseband form for graphic recording. Typically, the
communication channel is a dial-up voiceband channel
on the public telephone network. As mentioned in
paragraph 2.03, the most basic form of transmission
signal processing is modulation. It is, in fact, a prere-
quisite to transmission via voiceband or other ac-
oriented communication links. It follows that demod-
ulation is required at the receive end of the system.
Traditionally the modulator/demodulators (modems)
of a voiceband fax system are integral to the fax ter-
minals.

2.05 Synchronization (Analog Systems):

Inasmuch as the proper operation of a fax sys-
tem requires remote reconstruction of serially seg-
mented page images, means must be provided to
somehow keep the fax receiver “in step” (synchron-
ized) with the fax transmitter. In a basic real-time
analog system, in which a given segment of the re-
ceived page copy is being recorded at essentially the
same instant that the same segment of the original
page is being scanned, synchronization is usually ac-
complished by operation of scanning, recording, and
feed motors from pretuned precision power supplies.
However, synchronization must be preceded by a
phasing step during which the geographically separat-
ed scanning and recording motors are made to run at
different speeds until local and remote start-of-line
pulses coincide. At the sensing of coincidental pulses
at the receiver, the speed of the recording motor is
instantly changed to that of the remote scanner and,
from that point to the end of the page, the separated
scanning and recording movements remain reason-
ably synchronized. Previously, some fax systems re-
lied on the commercial ac power grid, rather than
separate integral precision power supplies, for syn-
chronization. However, because of certain inherent
limitations, this method has been generally aban-
doned.

2.06 Synchronization (Digital Systems): In a di-

gital fax system, the sequential codes
representing a scanned line are transmitted a line at
a time to the receiver, where each received line is
momentarily stored and decoded. As each line of re-
stored black-white image pulses is “clocked out” of
the storage buffer to the graphic recorder, the se-
quence of codes for the next line is loaded and decod-
ed, and so on. The delay caused by this “store-and-
forwarding” action is usually measurable in mil-
liseconds. To accommodate the stop-start nature of
the digital system, stepper motors are used in place of
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the continuous rotation variety to advance the paper
through the scanner and recorder.

2.07 Recording: Rectilinear graphic recording at

the output stage of a fax receiver is essentially
the opposite of . the .scanning process at the
transmitter. The incoming series of electrical pulses
representing the contents of sequential scan lines at
the transmitter are transformed to the level (or form)
necessary for them to reproduce analogous dark-light
marks on a piece of paper. In a traditional photofac-
simile system, the electrical pulses are converted to
variations in light intensity, which are recorded as la-
tent images (for subsequent development) on light-
sensitive paper. In a more conventional fax system,
the pulses are modified to a form in which they can
produce marks on the paper directly (or semidirectly)
via metal stylii. Some of the ways in which received
fax images are recorded on paper not sensitive to
light include: '

(a) Electroresistive (“Burn-Off”’).—the de fluctua-

tions are applied to a stylus in contact with
special electrosensitive paper, the white coating of
which is burned away in proportion to current
variations, revealing a black underlayer.

(b) Electrolytic—the dc fluctuations are applied

to a stylus in contact with paper that is sa-
turated with a wet electrolyte. The paper darkens
by chemical action wherever sufficient current
passes through it. (This process is widely used in
weather chart systems.)

(c) Electrostatic (Direct)—the de fluctuations are

applied to a stylus (or stylus array) in con-
tanct with a special coated paper having electros-
tatic properties. The current fluctuations cause lo-
calized electrostatic charges of varying intensity,
resulting in a latent electrostatic image, which is
developed by automatic application and fusing of
charged “toner” to the paper (as in the developing
section of a typical office copier).

(d) Thermal—the current fluctuations are applied

to a special stylus (or stylus array) which
converts them to instantaneous temperature varia-
tions. The stylus (or array) is in contact with spe-
cial paper that turns dark when the temperature
exceeds a predetermined threshold. This process is
presently experiencing increasing popularity in
voiceband fax systems. (It is the same process
used in some high-speed character printers.)
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In addition to these processes, there is transfer xerog-
raphy, an electrostatic process in which the latent im-
age is formed by light intensity variations (usually
from a laser) on a selenium drum, and transferred to
ordinary paper via charged toner. Processes also ex-
ist in which the incoming current fluctuations control
the applications of quick drying ink to ordinary pa-
per.

2.08 Control Procedure: Not depicted in Fig 1 be-

cause it is not basic to system operation is the
control or automatic “handshake” procedure (or pro-
tocol) by which the send and receive ends of a system
can interoperate with varying degrees of automation.
It is included in this section only because of its grow-
ing importance as fax systems become increasingly
automated. It consists of a back-and-forth exchange
of pre- and post-message signals which, in their most
basic application, permit an automatic answering
telephone-connected fax receiver to acknowledge that
it is on-line and basically compatible with the calling
transmitter. (See Fig 7.) Other functions of the con-
trol procedure include:

(a) Called station identification
(b) Selection of operating mode

(c) Preparation for transmission/reception of mul-
tiple pages

(d) Testing of line condition and adjusting to it
(e) End-of-message acknowledgments.

Both tonal (audio frequency) and binary signaling are
used, the latter being applied mainly where more
complex procedures are required.

3. BELL SYSTEM APPLICATIONS

3.01 Facsimile systems are used extensively within
the Bell System for various applications. In
general, their use is confined to the exchange of
time-sensitive messages and documentation. Some of
the more common applications as determined by usage
surveys include:
(a) Central fax service via mailrooms and com-
munication centers (for the exchange of textu-
al and graphic documentation via dial-up circuits)

(b) Dispatch of engineering change orders
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(¢) Dispatch of priority project reports
(d) Dispatch of computer program changes

(e) Service order distribution (a popular but
largely transitional application)

(f) Dispateh of stock transfer and other signed
documentation

(g) Exchange of press releases and press clip-
pings.

3.02 Closed Networks: Fax systems exist in either

closed or open network configurations, with the
latter predominating. In a true closed network
configuration, the terminals or stations are intercon-
nected via dedicated circuits. A typical example is a
service order distribution system. A service order
generated by a business office is fax-dispatched via
dedicated circuits to the Plant Department, the
affected Central Office(s), and the Traffic and Com-
mercial Departments, thus enabling rapid implemen-
tation of the requested service. Other networks are
effectively closed in the way they are used, but rely
on dial-up circuits for interconnection and are there-
fore more flexible. A typical example is a network
composed of telephone-coupled fax transceivers at
widely dispersed laboratory and manufacturing loca-
tions, primarily to dispatch engineering change infor-
mation and test data in connection with the manufac-
ture of new products.

3.03 Open Networks: Any fax transceiver con-

nected to a line on a corporate or public
switched network for the purpose of accessing other
compatible terminals, as needed, may be regarded as
a station on an “open network.” A typical example in
the Bell System is the central fax service provided in
mailrooms and communication centers.

4. SYSTEM ANO TERMINAL CATEGORIES

4.01 Any fax system can be identified as either a
convenience or operational system and, if
operational, as either conventional or specialized.

4.02 Convenience System: A convenience fax sys-

tem is maintained for the convenience of occa-
sionally dispatching time-sensitive documentation to
other sites. By this definition, the central service fax
system in a mailroom or communication center is a
convenience system. However, the term is generally



reserved for relatively simple and inexpensive
telephone-coupled terminals. Typically, such systems
offer only marginal cost justification because of rela-
tively low usage. Their principal justification is that
they are usually the fastest way to transmit a few
pages to remote sites.

4.03 Operational System: An operational fax sys-

tem is dedicated to a specific application, such
as service order distribution or the dispatching of en-
gineering change orders. The terminals are often in-
terconnected by dedicated circuits. Operational sys-
tem terminals tend to be more oriented to specific end
requirements than convenience system terminals. If,
for example, conventional commericial terminals are
used in an operational fax system, they are likely to
be equipped with added cost options such as high
resolution, high speed, automatic polling, etc. Alter-
natively, specialized or special-purpose fax terminals
are available. Some applications to which such termi-
nals are tailored include:

(a) Transmission of photographs
(b) Transmission of signature verification cards

(c) Encrypted transmission for high security ap-
plications

(d) High-resolution transmission of large size
masters for remote photo-engraving

(e) Transmission of weather charts and similar
large graphics.

4.04 Classification of Terminals: The terminals
used in any fax system can be classified as:

(a) Conventional or specialized

(b) Simplex or transceive

(c) Single mode or multimode

(d) Attended and unattended

(e) Desktop or floor-standing.
4.05 Conventional versus Specialized: See 4.03.
4.06 Simplex versus Transceive: Simplex fax ter-

minals (send only, receive only) are used main-

ly in operational systems in which the traffic flow is
characteristically unidirectional. Service order, news
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picture, and weather chart distribution systems are
typical. However, transceivers tend to predominate
in business applications. The choice is between half-
duplex (send and receive, but not simultaneously) and
duplex (send and receive simultaneously via separate
communication channels). Duplex is frequently re-
ferred to as “full duplex.” Two simplex terminals--one
transmitter and one receiver--situated in the same
room are equivalent to a single duplex terminal.
However, the latter tends to be slightly less expen-
sive, because of the commonality of some circuits and
mechanical parts within one shell. Half-duplex tran-
sceivers offer more extensive commonality of com-
ponents and are therefore proportionally less expen-
sive than duplex transceivers. Transceivers with
completely separate send and receive mechanisms
(this includes some half-duplex transceivers) offer the
added capabilities of self-test and local copying.

4.07 Single-Mode versus Multimode: A single-

mode fax terminal offers a single speed/quality
capability and is either analog or digital. A mul-
timode terminal offers dual or multiple speed/quality
combinations and can also operate in an analog or di-
gital mode. In addition, it may offer the following
selectable capabilities:

(a) Choice of amplitude or frequency modulation
(AM or FM) in the analog mode

(b) Polling (automatic transmission triggered by
a call from an athorized receive terminal)

(¢) Operation as a local copier.

Speed (of transmission) and quality (of images) are
treated here as a single entity because if one is
varied, the other is usually affected. The exception is
the ability of bandwidth compression and data redun-
dancy reduction techniques to maintain, under normal
transmission conditions, a given level of image quality
at increased speeds, or provide higher quality at the
same speed. Digital operation is usually used to
achieve data redundancy reduction. Selectable
speed/quality combinations and provision for both
analog and digital operation in the same terminal are
expedients for expanding technical compatibility
among fax terminals. Provision for both AM and FM
operation of the same analog terminal serves the same
function. Polling is achieved by a slight alteration of
the normal control procedure (paragraph 2.08) and
assumes some degree of administrative prearrange-
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ment with remote transmission sites. The local copy
mode, when provided, is used primarily for local ter-
minal testing or a pretransmission quality check.

4.08 Attended versus Unattended: There has

been a steady trend toward increasingly au-
tomated operation of fax terminals. It is generally
only the least expensive convenience-type terminals
(see paragraph 4.02), and especially those that use
drum scanning and recording methods (see paragraph
2.02), that must be attended by an operator in both
the send and receive modes. Unattended reception,
including automatic switching to off-hook status upon
detection of an incoming ring signal, is easy to
achieve with receivers and transceivers in which the
recording paper is fed from a roll or from an au-
tomatic multisheet feeder. There are two levels of
unattended sending, the most common being the abili-
ty to load multiple original pages in an automatic
feeder. The operator must still dial the intended re-
ceive terminal, await acknowledgment, and initiate
transmission. The second level of unattended sending
provides, in addition to automatic document feeding,
means by which the intended receive terminal can be
automatically dialed.

4.09 Desktop versus Floor-Standing: Of the two

classes, the desktop design predominates, par-
ticularly within the convenience realm (see paragraph
4.02). When first introduced, digital data compression
fax terminals were available only in floor-standing
configurations, but an increasing number of desktop
digital terminals are becoming available. Occasional-
ly, the floor-standing configuration is preferred be-
cause of a shortage of desktop space.

5. GLOSSARY OF TERMS

5.01 The following definitions are confined to those

terms used in this section and in Section 006-
400-101 that are essentially peculiar to fax. Techni-
cal terms of a more universal nature are excluded, as
are those which concern telephotography exclusively.
The latter are defined in Section 314-715-100.

An‘alog Fax

5.02 A facsimile communication (fax) system in

which visual tonal variations on the input page
are transmitted in the form of analogous variations in
the strength or frequency of an electrical current; a
fax system in which the characteristic linearity of the
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scanner output remains virtually unaltered through
transmission and reception. (See also CCITT Group
1, CCITT Group 2)

Aperture Distortion

5.03 Distortion in the output waveform of a fax

scanner resulting from the scanning aperture’s
having a finite width; angularity attributable to the
scanning aperture in the rise and fall of a theoretical-
ly square output pulse.

Automatic Background Control

5.04 Electronic circuitry that effectively maintains,
at a constant level, the white (background)
component of the output of a fax scanner.

Automatic Feed

5.05 Any mechanism provided with a fax
transmitter or receiver for automatic feeding
of paper.

Binary Fax

5.06 A term sometimes applied to fax systems that

transmit and reproduce all input as 2-level im-
ages (no intermediate gray tones). The term espe-
cially applies to those analog systems in which the 2-
level output is attributable to a band-compression
process.

“Burn-Off”’ Recording (See Electroresistive Record-
ing)

CCITT Group 1

5.07 Designation of an analog FM fax system

designed in accordance with international
CCITT technical recommendation T.2, which
effectively formalizes the traditional voiceband
transmission of letter-size pages in 4 or 6 minutes.
(See also Analog Fax)

CCITT Group 2

5.08 Designation of an analog fax system designed

in accordance with international CCITT techn-
ical recommendation T.3, which applies a 2:1 band
compression technique to permit voiceband transmis-
sion of letter-size pages in 2 or 3 minutes, with output
legibility comparable to that of Group 1 systems.
(See also Analog Fax)



CCITT Group 3

5.09 Designation of a digital data compression fax
system designed in accordance with interna-
tional CCITT technical recommendation T.4, which
applies sophisticated digital encoding techniques to
reduce transmission redundancy. Transmission speeds
of less than one minute per letter-size page via
voiceband circuits are normal. Speed depends on the
ratio of actual image elements to blank space on the
page. (See also Digital Fax, Run-length Coding)

CCITT Group 4

5.10 Designation of an advanced digital data

compression fax system designed in accordance
with international CCITT technical recommendations
currently under development. The Group 4 system is
distinguished from Group 3 systems mainly in that it
will permit direct interconnection of fax terminals
with computer-switched data networks at possibly
higher output resolutions. '(See also Digital Fax,
Run-length Coding)

CCITT T.30

5.11 Designation of the international CCITT techni-

cal recommendations for control procedures to
be applied to fax systems in the Group 1 through 4
categories. (See also Control  Procedure,
“Handshake,” Fax)

“Checkerboarding”

5.12 A term often applied to a visual effect caused

by sharply defined, periodic dark-light transi-
tions in the output copy of fax systems employing
thresholding, analog/digital conversion, and/or multi-
stylus recording arrays.

Convenience Fax

5.13 A term often applied to fax systems main-

tained for the convenience of occasionally
dispatching time-sensitive documentation to other
sites; most often applied to ‘relatively simple and
inexpensive telephone-coupled terminals.

Control Procedure

5.14 The exchange of control signals between fax
transmitter and receiver to ensure terminal
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compatibility and to effect automated operation. The
exchange takes place automatically before and im-
mediately following each separate transmission of
page images. The control procedure is often loosely
referred to as a “handshake” or protocol.

-

Copy Mode

5.15 A term applied to a selectable operational
mode in which a fax transceiver transmits
copy to itself via an internal closed loop.

Cylinder  Scanning/Recording  (See  Drum

Scanning/Recording)

Dead Sector

5.16 That sector of the total line length of a fax

scanner or recorder in which no information is
scanned or recorded; the sector reserved for syn-
chronizing pulses.

Density, Image

5.17 The darkness, or light-absorbing, quality of
image details. High density (relatively dark)

details on a white or near white background is usually

the preferred output quality of a typical fax system..

Density, Scan

5.18 A term sometimes substituted for scan resolu-
tion; the number of lines or strokes within a
given linear dimension.

Digital Fax

5.19 Any fax system in which the transmitted sig-

nal is in the form of digital codes. Precision
“clocking” of the code bits is usually implied. The
term is most often applied to fax systems in which di-
gital data compression techniques are applied to
reduce signaling redundancy, thereby improving
transmission efficiency. (See also CCITT Group 3,
CCITT Group 4, Redundancy Reduction)

Digitizing, Image
5.20 The conversion of visual images to digital

codes by electronic scanning and subsequent
processing of the scanner output.
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Direct Recording

521 Any of a variety of graphic recording

processes in which the recorded image is in-
stantly visible. Except for ink jet recording, direct
recording processes generally require specially coated
paper. (See Electrolytic Recording, Electroresis-
tive Recording, Percussive Recording, Thermal
Recording.) Direct recording often includes electro-
static and heat-processed recordings in which a latent
image must be separately developed, but by mechani-
cally in-line methods (ie, the recording and developing
processes are mechanically integrated).

“Downward” Compatibility

5.22 The ability of a digital data compression fax
system to be selectively compatible with ana-
log as well as other digital terminals.

Drum Scanning/Recording

5.23 Scanning and recording processes in which the

paper sheet (original page or sheet of record-
ing paper) is attached to a drum or cylinder and ro-
tated to effect rectilinear scanning or recording. Ei-
ther the drum or the scan or recording head moves
relatively slowly along an axis perpendicular to the
scan axis in order to properly displace each subse-
quent scan or recording stroke.

Dry Silver Recording

5.24 A recording process used in some photofac-
simile systems in which a latent image is pro-
duced by a high-intensity light beam (usually from a
laser) on a medium known as dry silver paper, and
then made visible by the application of heat. As in
more conventional photographic recording, the dry
gilver latent image must be produced within a light-
tight enclosure. (See also Photographic Recording)

Electrolytic Recording

5.25 A direct recording process jn which the image

is produced on paper saturated with a wet
electrolyte, by the flow of signal output current
through the paper from a contacting metal stylus to a
metal backplate. In most uses of this process, the
stylus is in the form of a single-turn helix on a re-
volving drum, and the “backplate” (usually located at
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the front, or imaging side of the paper) is in the form
of a horizontal bar or blade.

“Electronic Mail”

5.26 A means by which information is electronically
transmitted for visual reproduction at a re-
mote site.

Electroresistive (“Burn-Off”’) Recording

5.27 A direct recording process in which the image

is produced by the flow of signal output
current through specially coated paper from a con-
tacting metal stylus to a common paper surface con-
nection. The resistive oxide coating on the paper is
decomposed by an electrochemical reaction to the
current flow, revealing a black carbon underlayer.
The higher the signal current, the greater the area of
decomposition, and the darker the mark. Typically,
marking begins at potentials in excess of about 24
volts.

Electrostatic Recording

5.28 A recording process in which a latent image is

produced in the form of localized electrostatic
charges on specially coated paper, and then made
visible by the application and fusing of oppositely
charged, toner. The latent image may be formed by
either a high-intensity light beam or direct metallic
contact, the latter being preferred in most fax sys-
tems using the process. The toner may be a liquid or
dry powder, and may be fused by heat, adhesion, or
pressure. (Note: in transfer xerography, imaging
and toner application occur on a photosensitive drum,
from which the toner is then transferred and fused to

plain paper.)
Encryption, Scanned Image

5.29 A process of ‘‘scrambling” a fax signal for

security purposes, usually employing analog-
to-digital conversion of the scanner output and appli-
cation of a “key,” a predetermined (but widely alter-
able) clocked bit stream applied at both the send and
receive ends of the system. Application of the key at
the send end produces a cipher, the form in which the
signal is transmitted. Application of the same key at
the receive end deciphers (or “unscrambles”) the in-
coming signal, restoring it to the original data stream.



Facsimile

5.30 The common short form of the term facsimile
communication. (See also Fax)

Facsimile Communication

5.31 The process by which a tangible copy (or fac-

simile) of the content of a paper page is pro-
duced electronically from a transmitted signal, usually
at a point remote from where the original page is in-
put.

Facsimile (Fax) System

5.32 A system consisting basically of a facsimile

(fax) transmitter and one or more compatible
receivers interconnected (or arranged for demand in-
terconnection) via an electronic commmunication
channel or channels. A single system may consist of
multiple transmitters and receivers interconnected in
various configurations, either simultaneously or
selectably.

Fax

5.33 The commonly accepted abbreviation for fac-
simile communication.

Flat Bed Scanning (also known as flat scanning)

5.34 A mechanical scanner configuration in which

the paper page is fed past the scan point in
essentially flat form as distinguished from drum scan-
ning. Accepted usage of this term does not preclude
deforming of the paper, during or after scanning, into
a curved path that permits its ejection at a con-
venient location.

Glow Modulator Tube

5.35 A type of gas discharge lamp used for image

recording in some photofacsimile receivers;
designed to produce intensity variations analogous to
the received and recovered picture signal that is input
to it. (See Photographic Recording)

Graphic; Graphics

5.36 Terms applied to information in essentially

pictorial form. This includes line drawings,
photographs, signatures, letterheads, charts, graphs,
fingerprints, and simple sketches. Reproduction of a
page of text or numerics may also be considered
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graphic if it is accomplished by an imaging, as op-
posed to an encoding/decoding, process. Reproduction
of pages via a digital fax system is considered graphic
because the encoding/decoding process is applied to
image elements rather than whole characters.

“Handshake,” Fox

5.37 A commonly applied slang term for the ex-

change of control signals (control procedure)
before and immediately following each separate
transmission of page images in a fax system. (See
Control Procedure)

Huffman Code

5.38 A code system used in digital data compression

fax systems to represent the lengths of white
and black runs within a scan stroke; based on sta-
tistical concepts by which code length is varied in ac-
cordance with the relative probability of occurrence
of given run lengths: the more frequent the oc-
currence, the shorter the code.

Ink Recording

5.39 A category of fax recording processes using

controlled depositing of fast-drying wet ink to
form the reproduced image on plain paper. The best
known of these processes is ink-jet printing in which
a fine spray of ink is electrostatically focused and
guided to the paper surface. Some such systems
reproduce multiple scan lines simultaneously via a
store-and-forward or multiplexing arrangement.
Another ink recording process uses an inked ribbon,
through which ink impressions are made on the paper
by percussion.

Kell Factor

5.40 An expression of the estimated degree of

effective resolution degradation attributable to
the segmenting of an image by scanning. Normally
expressed as 0.70 to signify an estimated effective 30
percent loss in resolution along an axis perpendicular
to the scan axis. In a typical digital fax system, Kell
factor may be assumed to apply along the scan axis as
well.

Laser Recording
5.41 Use of a mechanically deflected, finely focused

laser beam to record fax images on a photosen-
sitive medium, or on plain paper via transfer xerogra-
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phy. (See Electrostatic Recording, Photographic
Recording)

Laser Scanning

5.42 Use of a mechanically deflected, finely focused

laser beam to scan the input page in a fax sys-
tem. That portion of the beam energy reflected from
the page is electronically detected and converted to
an electrical analog of the serial dark-light variations
within each scan stroke. The beam may be deflected
by oscillating mirrors or rotating prisms.

Latent Image

5.43 An invisible image produced by the action of

electrical or radiant energy on an appropriate-
ly sensitized surface. The latent image is made visi-
ble by one of a variety of development processes.
(See Dry Silver Recording, Electrostatic Record-
ing, Photographic Recording)

Legibility, Fax

5.44 The ability to visually identify separate com-

ponents (readability) of a recorded fax image.
It involves such factors as resolution, density, con-
trast, distortion, paper texture, and the effects of sig-
nal impairments.

Line Advance (Line Feed)

5.45 The measured distance between one scanned or
recorded line and the next; the intervals at

which the paper, scan spot, recording stylus, etc, is

moved to produce a raster of a given scan resolution.

Moire

5.46 The ’interference” effect noted in a fax
recording when a scan line intersects an image

line at a relatively shallow angle.

Multiline Coding

5.47 A system of transition and run-length coding
that permits simultaneous coding of the con-

tent of two or more adjacent scan lines.

OCR/Fax

5.48 An electronic communication system in which
the content of a page can be selectively con-
verted for transmission by either an optical character
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recognition (OCR) or fax mode, depending on the na-
ture of the information. OCR is applicable only to al-
phanumeric information in compatible fonts; the fax
mode is applicable to both alphanumerics and graph-
ics, but transmits alphanumerics less efficiently.
Mode selection at both ends of the system may be ei-
ther manual or automatic.

Percussive Recording

5.49 A gystem of graphic recording in which the

image elements are reproduced by a vibrating
stylus acting upon a pressure pigment transfer medi-
um such as carbon paper.

Phasing

5.50 A spatial synchronization process in which a

difference in stroke speed between scanner and
recorder allows one to catch up with the other in
terms of relative instantaneous position on a page; the
alignment of start-of-stroke positions between
scanner and recorder prior to actual information
transmission.

Phone-coupled Fax (See Telephone-coupled Fax)
Photofacsimile

5.51 A fax system in which the intermediate (gray)
tones of a scanned photograph are preserved
in the output recording.

Photographic Recording

5.52 A fax recording process in which light of

varying intensity (analogous to that detected
at the scanner) impinges upon a photosensitive medi-
um to produce a faithful reproduction of the transmit-
ted images. Imaging is in two steps: exposure and
development. (See Dry Silver Recording, Glow
Modulator Tube, Laser Recording)

Polarity, Image

5.53 The tonal relationship of contrasting image

elements.  Photographs or photographic
recordings in which tonal values are reproduced in
kind (ie, dark for dark, light for light) are said to
have positive polarity, those in which tonal values are
reversed are said to have negative polarity. General-

* ly, document page reproductions consisting of dark

characters or lines on a light background are said to
have positive polarity, whereas those having the oppo-
site tonal relationship are said to be negative.



READ Code

5.54 A 2-dimensional run-length code (see Run-

length Coding) used to achieve improved data
compaction in CCITT Group 3 digital fax systems; a
coding scheme in which the content of a scan line is
encoded and retained in memory for comparison with
the content of the succeeding scan line. The coding of
each succeeding scan line reflects a comparison with
the content of the immediately preceding line so that
only the changes in transition locations need be
transmitted. READ is an acronym for Relative Ele-
ment Address Differential.

Recording, Fax

5.55 The reproduction of graphic images in line-

by-line fashion in response to electronic signals
received from a scanning transmitter. Each separate
recorded line represents the linear sequénce of dark-
light variations detected by the scanner as it succes-
sively traverses the input page.

Recording Head

5.56 That part of a fax receiver representing the

end point in the fax system’s signaling chain;
the part containing the stylus or other image-
reproducing elements at which the received and
detected (or reconstructed) picture signal is terminat-
ed.

Redundancy Reduction, Image

5.57 The process of reducing the amount of

transmitted information necessary to repro-
duce a page image in a fax system; achieved by appli-
cation of data compression (compaction) techniques
such as run-length coding; sometimes also referred to
as white space skipping.

Resolution, Scan

5.58 The relative fineness with which an image is

segmented by scanning; usually expressed in
terms of (scan) lines per inch or millimeter; the
higher the number, the higher the resolution and the
greater the output legibility. Scan resolution, as op-
posed to the resolution within a scan line, applies only
to the resolution along an axis perpendicular to the
scan axis. Typically, scan resolution and vertical
resolution are synonymous.
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Run-length Coding

5.59 A system of encoding the content of a scan

line in terms of the number of sequential sam-
pling intervals in which either a white or black condi-
tion is sustained. The line content information is thus
transmitted as a series of digital codes representing
the addresses of occurrence of sequential tonal transi-
tions in terms of the length of the ensuing tonality.
(See also Huffman Code; Multiline Coding; READ
Code; Redundancy Reduction, Image; White Space
Skipping)

Scan Head

5.60 That part of a fax transmitter representing

the starting point of the fax system’s signaling
chain; the part containing the photoreceptor (the
transducer that converts copy density variations to
analogous electric current variations) and, in some
cases, the illumination source.

Scen Index

5.61 The mechanical counterpart of scan resolution;

the measured interval by which sequential
scan lines are separated, usually expressed in terms
of total lines per inch or millimeter along an axis per-
pendicular to the scan axis; more or less synonymous
with line advance.

Scan Rate

5.62 The number of scan or recording strokes per

minute; applies primarily to conventional ana-
log systems (no redundancy reduction). Systems em-
ploying redundancy reduction techniques (run-length
coding or white space skipping) to improve transmis-
sion efficiency do not scan at fixed rates.

Scan Spot

5.63 The concentrated point of light by which den-

sity variations on a scanned page are conveyed
to the photoreceptor for conversion to an electrical
analog. In solid-state and other scanning methods us-
ing sensor arrays there may not be a scan spot, but
rather a narrow “strip” of illumination covering the
effective scan width.

Skew

5.64 Angular distortion of essentially vertical im-

age lines caused by slight differences in stroke
speed between scanner and recorder; the undesired
slanting of otherwise vertical image lines.
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Skip Mode

5.65 A selectable mode available in many analog

systems to increase transmission speed by au-
tomatically switching to a higher stroke speed when
the scanner senses large blank areas in the copy.

“Soft Fax”'

5.66 A term sometimes applied to slow-scan (typi-

cally voiceband) television systems when used
to transmit document page images; a fax system in
which the output is a temporary screen image instead
of a paper copy of the input page.

Solid-State Scanning

5.67 The use of a charge-coupled device (CCD) as a

virtually self-contained nonmechanical scanner.
A typical solid-state fax scanner consists of fixed il-
lumination source, a fixed page-width array of
single-line CCDs, and a mechanism to transport the
page across the scanning array.

“‘Stepladder" Effect

5.68 A visual effect in the output copy of a fax
recorder caused by the angular displacement
of image lines from scan lines and/or sampling seg-
ments, and having to do with the fact that segmenta-
tion of the image is in finite intervals. The smaller
the angle of displacement or the lower (coarser) the
system resolution, the more noticeable the effect.

Stroke (Scanning or Recording)

5.69 A scan or recording line in terms of the motion
that produces it.

Synchronization, Crystal

5.70 A common method of fax system synchroniza-

tion, based on the use of separate, precision ac
power supplies in each fax terminal, crystal-tuned so
that all supplies deliver the same highly stable base
frequency, within very tight tolerances, to the termi-
nals’ motors.

Synchronization, Power Grid
5.71 A method of fax system synchronization that

relies upon the precision with which distribut-
ed ac power is synchronized over a wide geographic
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area via a grid or network arrangement. This
method, seldom used in modern fax systems, permits
manufacture of inexpensive fax terminals by eliminat-
ing the need for precision local power supplies.

Telephone-coupled Fax

5.72 Any voiceband fax system in which the termi-

nals are connected to the line via a voice tele-
phone installation; most often used when the termi-
nals are acoustically coupled to the line via the tele-
phone handset.

Thermal Recording

5.73 A system of graphic recording in which image

elements are reproduced by the effect of rapid
temperature changes in a stylus that is in contact
with special temperature-sensitive paper. The metal
stylus, most often in the form of a linear array of
multiple stylii, is normally held just below the thres-
hold temperature at which the paper will turn black
at the point of contact; black peaks in the applied pic-
ture signal drive the temperature instantaneously
over the threshold, thus recording image details.

Three-level Image Signaling

5.74 A bandwidth compression technique in which

alternate white peaks (or alternate black
peaks) in a fax signal are represented by two
different carrier levels, while a fixed medium third
level represents black (or white). The result is a
halving of the number of zero crossings in the aver-
aged fax baseband, and thus the ability to transmit
the same information at twice the speed.

TV/Fax

5.75 A term sometimes applied to fax systems us-

ing freeze-frame or slow-scan television cam-
eras as send terminals (eg, the system by which in-
stantaneous views of the earth's cloud cover are
transmitted to ground-based fax recorders from or-
biting weather satellites).

Turnaround Polling

5.76 A polling (receiver-controlled transmission)

option provided with some fax systems in
which, immediately following a transmission, a termi-
nal automatically switches to the receive mode and
polls the remote transceiver to which it is already in-
terconnected.



Vertical Compression

5.77 A redundancy reduction method in which the

data representing scan line content is
compressed (compacted) both vertically and horizon-
tally. Typically, this is accomplished by automatic
comparison of the spatial content of one scan line with
that of the one immediately preceding, and the
transmitted codes representing only the differences.
(See READ Code, Run-length Coding)
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White Space Skipping

5.78 A term loosely applied to any redundancy

reduction technique in which the speed of a fax
scanner (the stroke speed or line-to-line advance
speed) is increased when lengthy blank areas are
sensed on the page being scanned. (See Run-length
Coding, Skip Mode)

Page 13



SECTION 006-400-100

Begerintics

Basic Appe
Basic Repezter
E/¥W 0.0 mile LBD

E/W 0.1 mile LBO ;

. 1972-0308B FR3I6F
E/N 0.2 mile Lyp€y_1973-008 FP3T0
3138-2334~00 Xoce a7
3138-2562-080 TFAC21002
3138-2612-08C ATRCZNY-NYT
313¢~2618-02 ATRC2NY L~V 4
¢ 18/208/% 3138-261%-22 ATRCINY I-NY 4
BT CAC machine} "and, "Sduchdly, TTEel *
spite of what was decided at the meeting,
e pitched at an angle considerably greater
ewhere around 35 or 40° (minimum).

FPl?S-M‘l
FP369%
FRI68

4th these suggested chenges, ané if there
‘ding implementation, plemse do not hesitate

l g [ 2 - % N §%§{4
L h . M. Costigen
8 Point Century Schoolbook e

ABCDEFGHIJKLMNOPQRSI‘UVW
abedefghijkimno] &umvwxymb«hf
1234

12345678 B0 1 2345678901234
APA A MNPy ! 8§ Point Contury Schootbook
7K 12 5K ! ABCDEFGHIIKLMNOPQRETUYWXYZABE I QI 2
ER2 2R ) ¥ s e B eory e P s P
£C1 YT N DISPATCH COMPLETION ORDER
{ : o
- ‘“ l 2T P18 #/CUS ZIBLAPE 2 01=T0/10 ow
d —r="cm ! f Ro KESSISIIZIR/CS IPN/L & 14252¢ 247 10
2 vt EuTX *
ar re | AERLpiel ! §0iR
42K | 852K ot 18¥ iRy L
W ! o P | INLST(NON LSTIWIS TEL €0 ,
=C2 3 RIQ '7 LA 12@¢ ¥ MARBOR DR Y
000Pr] SL5K L/  LOC (MIDWAY ENTRANCE) 0RD NG
L I A ©Y EL: I¥PK NONE/UCB 99248 ¥
- 1w 1 1 handt 1% ‘ , ADDR.
1og o Lt A
% 3 iy oo et P !
a 3 3 - "o _f._;r,.(‘_,.hmmc L.o.\ VOR8O wm GED R Mk?
U . TN 1 T8 T RsgE -
I s @ 1oomE el T L 513 3-7,
SECS I 13«% A : 1 coos: X e ' L }!: "3 i
LTI R o § | FT IR P B s UL dte 7e?
a1 HB) e T R 5 , Bowis o d
o e s N i TEST CHART - 7 |17} e WL MOt
Y o : v BIL74A ..t © T - owls
. / g oo BELsYSTEMORAPHIC [ F Ot
"‘""'—\__:_ N/ S REPIODUCTION & TRANSFER APPLICATIONS i O AL
B ‘Y H i COFYRIGND BELL TELEPNONE LABORAICRIES INCORPORAIED 074 ) ’i :

Fig 1(a)—Original Test Chart as Input to a Typical Fax System

Page 14



ISS 1, SECTION 006-400-100

Y Rlgs
i 4-2¢C RIS
S 1572-228 Fp3e3- 00
2g-i571-2¢z TPII2
31122-2214=7¢ xCC2.00
T112-08€60-008  TFRCZICC
TP22«2512-200 RTIRCONY=NYT
/a2y 3:12-251B=-29 ATROZNY (=44
18/2¢/% T11P-l818-02 ATRTINv i~Nva
Pt SEiTITE T tRee RNy TS T
spite of vhat var Zecided wt tle Deetiig,
e pitched &t ev sigle nrrsilers®ly grepter
ewtere arc.ng f cr -17 (zirimam

8 Poiry Caztury Schuoihock
ABCDEPCHLKLMANOPQRETUVW

T ';*
(/’-&: - ";uf{k-\ oo
) W,
N P 2 SN el A
Dae g 2L g 22[“'; e
EHOKENG EK%U\ | s
NC

~n.21

; T ’] !
e Tgh AT pe e G e X s 20 b 35 R AR
, G o JRNRERT 111
xS S EEY EE fEP e ofTH
§ Poin: Ceotury Swbmi ?i?:l;fff{ Tt Zf' “L‘:%?r: i:L’!
ABCDEFCHIGKLMNDPQRITU T WA YIARL &/ J ;.\..i‘\I E:_ IR ',F'“;,
alroelye ,u“m.mmmkmﬂm S - 3 I A G r.\,‘
B T R e P L R R B LT ol i‘l rmieraohaloa
balolvabudiuiadivg Sl S~ ERERASEL LT
- — :
]t.w:e]‘ DiS=~"CR {THFRLETIIN (FTER 1
!‘.__{ 2
1" 2789418 0,00 218/4PP Se21-72/1D €
pj BSS1511218/28 [PN/A S 1€B532¢ 242 102
= . 16=27X
B — L
:li weal €1
________ JE INLST(NON LST)v1S TEL €D , ;
La 128 N Ha¥BlR DR .
%) ‘ 0.OC (®1DwaY INTR2ANCED L
"Eé 1YPH RONE/UCB 55243 -
>"1}° - n' »‘Cg"‘ _
» c--BLL EUEALI
—’\b" - Tas %2 RS
= —_ . et
- AcE-ac eme SEE TAE
1 TTE %ot 3417 L MERL
= P s e T e
. o 3 Cl:-:. ™ . = \‘T' \l L U T
7 ‘ b ' | S
E,,__,___,‘_ . L P -
LS F E wi§ ire
R A—— i Toew 4o 2.0 ¢
TEST CHART 71 .' 71 R
~ [T c——— - Ly [ -
BIL 744  (57x1) - T

7
i

Sonf BELL SYSTEM GRAPRIC  f T TTRCenns ol oo
REPRODUCT'ON & TRFANSFER APPLCA” ONS |- Sl a e

Caly RS- aMD4a LNh o miLEYI8a D ®ta

Fig 1(b)—Resulting Output After Scanning, Signal Processing,
Transmission, Reception, and Reconstruction

Page 15



SECTION 006-400-100

Page 16

ORIGINAL
(INPUT)
PAGE

SIGNAL
PRO-
CESSING

SYNC
TRANSMISSION
LINK
RECTI- SIGNAL
LINEAR PRO- |—FZ~
SCANNING CESSING

SYNC

RECTI-

> LINEAR
RECORDING

FACSIMILE
(OUTPUT)
PAGE

Fig 2—Basic Fax Principle (Rectilinear Scanning Signal Processing,

Transmission, Synchronization, Rectilinear Recording)
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Fig 3(a)—Fax Scanner in Which the Input Page is
Transported Slowly Past a Moving Scan Spot
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Fig 3(b)-—Fax Scanner in Which the Input Page is Rotated
Relative to a Scan Spot That Moves Slowly Along a Perpendicular Axis
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Fig 5—Scanner Output Amplitude-Modulates a Voiceband Carrier
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Fig 7—Diagram of Fax Control Procedure (Pre- and Post-Message “‘Handshake’’)




