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,_ Facsimile: Objective

Efficient representation of bilevel images for transmission
using telephone and data networks.
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@ History of Facsimile (1)
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* 1843 — First facsimile patent (England, n° 9745) registered by Mr.
Alexander Bain - telephone has not been invented until 1876 !

* 1843 - ? - Main problemas to solve at that time were power sources,
scanning, synchronization, transmission channel (telegraph line).

*x 1865 - First commercial between Lion and Paris.

* 1876 — Telephone emer@

*x 1911 - First modulator for facsimile transmission
over the telephone line.

* 1900 ... — Along XX century many technological
advances have been made related to the various
parts of a facsimile system.
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History of Facsimile (2)
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1969 — First digital fax appears ...
1974 and 1976 — Standards for analogue fax - groups 1 and 2 - appear.

1980 — Group 3 digital fax standard appears allowing the quick spreading
of this type of terminals.

1984 — Group 4 digital fax standards appears targetting transmission over
data networks.

1991 — Further improvements on group 3 facsimile; group 3 faxs have
99.7 % of the market with more than 20 million terminals.

199x — Internet takes the fax market share ...
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fif Standard Facsimile Equipment
o (Recommendation ITU-T T.O)
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* Faxs using telephone network transmission:

e GROUP 1 - Uses double band amplitude modulation without any (analogue)
Analogue compression of the transmission bandwidth; the transmission of an A4 page
takes about 6 minutes for a resolution of 3.85 linhas/mm (recommendation T.2)

e GROUP 2 - Uses bandwidth compression techniques (vestigial side band) to
Analogue obtain a transmission time of about 3 minutes for an A4 page with a resolution
of 3.85 linhas/mm; any processing for redundancy reduction is excluded
(recommendation T.3)

e GROUP 3 - Uses redundancy reduction digital processing techniques before
modulation; the transmission of an A4 page takes about 1 minute for a
resolution of 3.85 linhas/mm (recommendation T.4)

Digital

* Faxs using data network transmission:

Ay e GROUP 4 - Uses redundancy reduction digital processing techniques and
Digital operates over public data networks, which provide a virtually error free
transmission (recommendations T.5 and T.6)
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@ Communication Protocol W\
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Recommendation T.30 specifies the protocol for the transmission of
facsimile documents over the telephone network.

* Phase A — Call Setup: the fax connection is established using a specified
protocol based on sinusoidal tones.

* Phase B — Pre-Message Procedure: the 2 faxs exchange their capabilities to
agree on operational conditions; the calling fax is always the one leading.

* Phase C — Message Transmission: the image information is sent using the
operational parameters previously agreed.

* Phase D — Post-Message Procedure: the ‘good’ reception is confirmed; more
pages may be sent or the connection is finished.

* Phase E — Call Release: Both fax machines disconnect from the telephone
line.
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| Phases of a Facsimile Call

Phase E

START Facsimile Connection END
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@ Group 3 Protocol
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Emissor Receptor

*

CNG - Calling signal - every 3.5 s a 1100 Hz sinosoid
0.5 s long is sent.

CED - Answering signal - 2100 Hz sinosoid during 2.6
to 4s.

DIS - Digital Identification Signal — caracterizes the
receiving terminal in terms of standard features.

DCS - Digital Command Signal — determines the
connection characteristics based on the sending and
receiving terminals features.

TCF - Training Check — training sequence is sent to
analyise the line and determine the transmission rate
to use without too many errors; consists in a sequence
of 0s during 1.5 s.

CFR - Confirmation to Receive — confirms the
preliminary procedures and determines the starting
of the message transmission phase

EOP - End-of-Procedure - indicates the end of the
transmission of one image; if there is no need to send
more images, the connection will be disconnected
(after confirmation).

MCF - Message Confirmation — confirms the
reception of one image and the availability to receive
more.

DCN - Disconnect — disconnecting ...
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@ Group 3 Protocol
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For all phases of the communication protocol, with the exception of the
message transmission and call setup, HDLC (High-Level Data Link

Control) frames are used.

Predmbulo

Informagde bindria codificada

“Trama de facilidodes

Trama de identificagdo

Trama de informacao

Campo de Informacdo

nd0 normalizadas
. Campo | Campo Comando Informagdo | Campo .
Bandetra |gdgreg, {Comando |para Telecopia |para Telecdpia |Controle [Pangeira
< »

* Basic rules of this protocol are:
e Optional frames must always

be acompanied by a
mandatory frame transmitted
as last.

When receiving optional
frames that it is not able to
recognize, a terminal must
discard them using only the
mandatory frames received.

HDLC frames always use bit
stuffing with the exception of
the delimitation flags.
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* A fax modem has the task to take digital picture information and
transform (modulate) it into a convenient format to be given to the
transmission channel, notably in terms of bandwidth, frequency range,
etc.

* The mandatory modems for group 3 are the V.27 ter modem for the
transmission of the picture information at 4.8 or 2.4 kbit/s and the
V.21 modem for the initial signaling at 300 bit/s.

* Group 3 faxs automatically test the line conditions using a training
sequence.

* The transmission bitrate for the picture information is the highest
bitrate that can be used by both fax in presence, guaranteeing
minimum transmission conditions.
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@ Group 3 Modem Characteristics
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/N
Bitrate (bit/s) | Baud rate Bit/symbol | Modem Carrier andwid\
(baud) type frequency (Hz)

14400 2400 6 V.17 1800 |/ 550-3050 |
12000 2400 5 V.17 1800 || 550-3050
9600 2400 4 V.29 1700 || 450-2950
7200 2400 3 V.29 1700 || 450-2950 i
4800 1600 3 V.27ter | 1800 |\ 950-2650 |
2400 1200 2 V.27ter | 1800 \11{)—?{/
Bitrate Bandwidth

Q 77

Modulation

Corresponds to the

telephone channel
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Modem Constelations
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V.17 V.29
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@ Group 4 Facsimile

INSTITUTO
SUPERIOR
TECNIcoO

Group 4 facsimiles operate over data networks, virtually error free, since error
control protocols are present to ‘clean’ the connection from errors.

Group 4 facsimiles work as I/0 terminals in remote terminals/computers.

Example group 4 facsmile applications:
e Email - the data network is used to exchange ‘mail’.

e Storage and retrieval — documents may be stored in a computer and accessed from
a remote fax.

e Text and image integration — the fax terminal may digitize images that the
computer processes and integrates, and later the same fax transmits.

e Character recognition — digitized documents may be stored after character
recognition with specific purposes.

Group 4 terminals communication is assured through the OSI Model which
guarantees the connection of any 2 terminals using a data network.
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Group 4 Facsimiles and the OSI Model

THE 7 LAYERS OF OSI
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@ Digital Facsimile Architecture
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@ Digitization of the Image Signal
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Sampling and quantization allows to obtain a digital signal from the
analog output of the scanner; these processes preceed the source
coding phase.

Quantization methods may be evaluated
in terms of:

e Subjective quality of the associated
bilevel image

e
e

e Compression factor obtained after
coding

Transition zone

/

White'

e Complexity of the quantization

algorithm
Black

e Robustness of the quantization
algorithm against difficulties such —
as low constrast, ‘recycled paper’,
luminance variations
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Basic Quantization Techniques
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* Fixed threshold quantization

e The fixed threshold depends on the gray level histogram for the signal to
be quantized, which is typically the midpoint between the black and white
peaks.

e The threshold may be valid for the whole image (rigid) or just part of it
(dynamic).

e This is an acceptable quantization method for highly contrasted images
but it may cause distortions for less constrasted images or when there are
variations in terms of illumination or paper reflectance.

* Variable threshold quantization (dithering)

e This process substantially improves the subjective quality of gray level
images by allowing the threshold to uniformly vary in the full gray level
range.

e With this process, the average (black and white) luminance value in a gray
zone 1s close to the real (gray) luminance value.
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Basic Quantization Techniques: Examples
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The transmission of images with ‘bad quality’, e.g. black dots,
leads to the reduction of the compression factors and the
corresponding increase of the transmission time since the spatial
redundancy in the image is decreased.

Noise reduction pre-processing may ‘improve’ the image, making it
‘cleaner’, subjectively more pleasant, and allowing to reach higher
compression factors.

Pre-processing may be applied to the multilevel signal at the scanner
output or to bilevel signal after quantization. While the bilevel pre-
processing is typically simpler, it does not allow to eliminate certain

types of distortion since part of the information has already been lost
in the quantization process.
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Pre-Processing for Noise Reduction (2)
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* Majority processing — The
resulting value for the pixel in

. © . n o Ts -
question is determined by the S1E SEE “E" T
majority value for the pixels in - -2 2[o]5] 22
1ts neighborhood. T : . -

D D BEIE n T 5% |0
* P2 oo EH E

Selective majority processing
— The resulting value for the —m

. . . . . ARIR HEB v[o [o
pixel in question 1s determined +OE nak TE I
. . DD b
by the majority value for the 22 an
I-Prels D - tumlquer

pixels in its neighborhood
unless specific pixel
configurations are present, e.g.
to avoid eliminating thin lines.
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@ Digital Image Coding
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* LOSSLESS (exact) CODING - The image is coded preserving all the
information present in the digital image; this means the original and
decoded images are mathematically the same.

* LOSSY CODING - The image is coded without preserving all the
information present in the digital image; this means the original and
decoder images are mathematically different although they may still be
subjectively the same (transparent coding).

Lossless coding may use pre-processing technique provided that they are
reversible or applied before the signal which is taken as the original to
code.
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@ Digital Coding of Bilevel Images
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GROUP 3 FAX

* MODIFIED HUFFMAN METHOD (MHM) - Unidimensional coding
method based on the coding of the lenght of alternate black and white
pixel runs using Huffman coding.

GROUP 4 FAX (also Group 3 options)

* MODIFIED READ METHOD (MRM) - Bidimensional coding method
based on the coding of the variations of the positions of tone transition
pixels (black-white or white-black) in relation to the previous line;
unidimensional coding may be used every k lines.

* MODIFIED-MODIFIED READ METHOD (MMRM) — Similar to MRM
but without periodic unidimensional coding.
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@ What is a Bilevel Image ?
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THE SLEREXE COMPANY LIMITED

SAPORS LANE - BOOLE - DORSET - BH 25 3ER
TELEPHONE BOGLE (M5 13} 51617 - TeLEX 123458

Our R=f. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Guadall,
Mining Surveya Ltd.,
Holroyd Roed,
Reading,

Barks.

Dear Fete,

Permit me to introduce you to the facility of facsimile
transmiasion.

In facsimile a photacell is csused re perform a raster scan over
the subject copy. The variaticons of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to medulate a cerrier, which g transmitred to a
remote destinetion over a radia o cable communicaticms link.

At the remote terminal, demodulation recomstructs the video
aignal, which is used to modulate the density of print produced by a
printing device. This device is scanming in a raster scan synchronised
with that at the transmitting terminal. As a result, a facsimile
copy of the subject document is produced.

Probsbly you have uses for this facility in your organisatiocn.

Tours siocerely,

174
F.J. CROSS
Group Leader - Facsimile Research

‘Bugistercd in England: No. 2038
Repistersd Office: O Vioara  Lane, Iiford. Essex.

A bilevel image is basically
a set of white-black and
black-white
transitions/frontiers.

[
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@ MHM Facsimile Coding
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Entropy
Encoder

Bits

Original
PCM Image Symbols
— Symbolic —
Model
Bilevel Alternate white and black runs
matrixes

for each line

(Always)
Bits

MHM Model: A facsimile image is represented as a sequence of
independent lines with each line represented as an alternate
sequence of white and black runs; to keep synchronism, the first

run in a line is always white.
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Modified Huffman Method (MHM): The Symbols
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Run lengths 2R =P 5B 2P FREE=500
(576) (9)
MHM Code 0111 0011 1100 11 01101000 10100
Number of bits 4 4 4 2 8 +5 = 27 bits

‘<l Compression factor: 599/27 = 22.19 _>

* MHM coding is based on the (indirect) representation of the Black-White
and White-Black frontiers along a fax line.

* Each line is represented as an alternate sequence of white and black runs.

* For tone synchronism, first run is always white; an EOL codeword (End-
Of-Line) signals the end of a line.
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@ Information Theory: Source Entropy

INSTITUTO
SUPERIOR
TECNIcoO

Information Theory states that there is a lower limit for the average number of
bits per symbol when coding m symbols from a source of information, each
one with probability p,. This limit is given by the source entropy:

H =X p, log, (1/p,) bit/symbol

* The source entropy:

e Measures the average amount of information carried by each symbol output by
the source

e Is a convex function of the probabilities p,

e Takes its maximum value when all symbols are the same probability (all p, are
the same)

e Takes a maximum value of log, m bit/symbol

Information Theory does not indicate how to obtain a code with this coding
efficiency but there are methods which allow to obtain codes with an efficiency as
close as desired to the entropy efficiency.
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@ Entropy Coding
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Entropy coding allows encoding into bits the symbols issued by a
source taking into account their statistical distribution.

Entropy coding:

(+) Increases the final compression efficiency

(+) Does not degrade the coded signal, this means it is lossless
(-) Produces a highly time varying bitstream

(-) Increases the sensibility to transmission errors

(*) Provides compression in statistical terms, not necessarily symbol by
symbol
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@ Variable Lenght Coding (VLC)
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In VLC, a codeword is attributed to each symbol which may have a
different lenght. Compression is obtained by using shorter
codewords for the most frequent symbols and vice-versa.

* Codes may have the following characteristics:

e Uniquely decodable — There must exist a single way to decode any sequence of
VLC codes.

e Instantaneous — Each codeword may be decoded immediately after its
reception since it does not depend on any codewords to come.

=> No codeword may be the ‘starting’ of any other codeword

* ‘Bad’ example:
e Codewords: A-'0';B-'01';C-'11';D-'00',E - '10'
e Bitstream: 0000110 ...
e Decoding: AAAACA ; DDCA ; ADBE ; ...
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@ Huffman (VLC) Coding
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S{mbolo || Probabilidade Palav. Cédige Probabilidade Palav. Cédigo
redugao 0 redugao 0 _redugdo 1 reducdo }
A 0.7 0 0.7 i}
B 0.2 10 —71—= 0.3 1
C 0.1 11—
|
- . . . Entropy = 1.157 bit/symbol
Huffman coding allows obtaining a (H=Xp log, (1/p;) bit/symbol)
code with an average number of
bits per symbol as close as Average code length = 1.3 bit/symbol

desired to the source entropy. o
Efficiency = 1.157/1.3 =89 %

But this requires knowledge on the
source statistics, i.e., symbol
probabilities.
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Huffman
Coding: 2*
Order
Extension

2" extension Source Reduction 1 Reduction 2
AA 0.49 1 0.49 1 049 1
AR 0.14 000 0.4 000 0.14 000
BA 0.14 001 0.I4 001 0.4 001
AC 0.07 0100 0.07 0100 0.07 0100
CA 0.07 0101 007 0101 0.07 0101
BB (.04 Ort1 0.04 01117 0.05 0110
BC 0.02 01101 ; 0.03 01100{0.04 0111
CB 0.02 011000{0.02 01101 '
ce 0.01 011001

2nd extension Red.3 Red. 4 Red.5 Red.6 Red.7
AA 049 1 049 1 0.49 I 048 10051 0
AB 0.4 000 0.14 000 023 01028 00{ 049 1|
BA 014 001 0.4  0O01|0.14 000{0.23 01
AC [ 009 0110014 0104014 001
cA | o007 omo{ 009 a1l
BB { 007 o101
BC
CB
CC

Entropy = 1.157 bit/symbol
Average code length for 2" order extension = 2.33 bit/extension symbol
Average code length = 2.33/2 = 1.165 bit/symbol

Efficiency = 1.157/1.165 = 99,3 %
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Modified Huffman Method: Design Options

nnnnnnnn
TECNICO

* Black and White Coding Tables - Due to their very different statistics, MHM
uses separate Huffman coding tables for the black and white runs; with this
solution, keeping the tone synchronism is essential for correct decoding.

* Coding Long Runs - To reduce the dimension of the Huffman tables,
simplifying the implementations, runs longer than 63 pixels are coded in a
different way. For these runs, their length is represented using 2 codewords: a
make-up code multiple of 64 and a terminating code lower than 64.

Run = Make-up Code X 64 + Terminating Code (e.g. 739@x 6

* The maximum value for the compression factor is set by the Information
Theory as

CFoax = VH o= (rung + rung, O/ (Hygpet Hyaod

pixel —

assuming that different codeword tables are used for black and white runs as
their statistics are rather different.
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MHM:
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Terminating Codes

White run length Code word Black run length Code word
0 0 0000110111
1 1 }10)

2 2

3 3

4 4

5 5 0011

6 6 0010

7 7 00011

8 8 000101

9 9 000100

10 10 0000100

11 11 0000101

12 12 0000111

i3 13 00000100
14 14 00000111
15 15 000011000
16 101010 16 0000010111
17 101011 17 0000011000
18 0100111 18 0000001000
19 0001100 19 00001100111

.. 63
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W MHM: Make-up Codes
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White run lengths Code word Black run lengths Code word

TECNIcoO
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 0000001110011
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
1664 011000 1664 0000001100100
1728 010011011 1728 0000001100101
EOL 000000000001 ECL 000000000001
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v ITU-T Fax Test Images
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THE SLEREXE COMPANY LIMITED

SAPORS LANE - BOOLE - DORSET - BH 15 §ER
TELEPHONE BOGLE (94513} 51617 - TELex 123456

Our Ref. 350/PJC/EAC 18th January, 197Z.

Dr. P.N. Cundall,
Mining Surveys Lltd.,
Holroyd Read,
Reading,

Berks.

Dear Pete,

Permit me to introduce you to the faeility of facgimile
transmission.

In facsimile a photacell is caused te perform a raster scan over
the subject copy. The variations of princ density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used ta modulate a cerrier, which is transmitted to a
remote destination over a radia or cable commmicatioms link.

At the remotes terminal, demodulation recomatructs the video
nigoal, which is used te modulate the density of print produced by &
printing device. This device is scanning in a raster scan synchronised
with that at the tramemibting terminal. As a result, a facsimile
#opy of the subject document iz produced.

Probably you have umes for this facility in your organisation.

Yours sincerely,

144
P.J. CROSS
Group Leader - Facsimile Research

Begisvercd in England: Mo, 2038
Ragistersd Office: 60 Viasra  Lane, Tiford. Esesx.
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v ITU-T Fax Test Images
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QUANTITY QUANTITY UNIT PRICE A,%,‘" ebonnéa contiendront des quantités considdrables d'informations,
ORDERED DELIVERED Le volume total de¢ caractdr'es & gérer en phese [inale sur un ordinatewur ayant en charge
AND UMiT AND UNIT quelques 500 000 abonnés a 616 estimé & un milliard de caractires au moina. Au masins le

2 Circuit intégré 2 104,33 ¥ 208,66 F tiers des données seront concerndes par des traiterents en temps réel, .

10 Connecteur 10 83,10 F 831,00 § Aucun des calculateure énumérés plus haut ne permettait d'envisager de tels traitements,

o 20 15,00 § 300,00 H L'intégration progressive de toutes lesapplicaﬂuns suppese la création d'un support commun

25 Co! sant indéterainé 5 ' pour toutes les in{ormauuns. une véritable "Banque de données", repartie sur des moyens

de et qui devra rester alimentée, mise & jour en perma-

nence, a partir de la bnse de 'entreprise, c'est-2-dire les chantiers, les magagins, les
guichets des services d’abonnement, les services de personnel et

L'étude des ifférents fichiers A constituer g donc permis de definir les principales carac-
téristiques du résesu d'ordinatenrs nouveaux 4 metire en place pour aborder la ralisation
du systéme informatif. L'obljgation de fatre appel 3 des ordinateurs de troisieme génération,

frés etdotés de § ires de masse, a condnit & ER réduire substan-
tiellement l¢ nombre,
L'implantation de sept ceéntres de calcul interr i is entre :

d'ane part le désir de réduire le coat économique de l'ensemble ae lacmler la coordinatian
des équipes d'informaticiens; et d'avtre part le refus de créer des centres trop imporiants
difffciles a gérer et a4 diriger,et posant des problémes délicats de séourité, Le regroupe-
ment des traitements relatifs & plusleurs régione sur chacun de ces sept centres permettra
de leur donner une taille relativement homogene, Chaque centre ""gerera” envivon un mil-

lion d'abonnés & la fin du YIéme Plan.
Costs Débo Inclus Non inclus
e ind! La mise en place de cen centres a débuté au débul de 'année 1971 : un ordinateur IRIS 50 de
Packing Emballages 92, T% Ia Compagnie Internationale pour l'Informatigue a €té installé & Toulouse en février ; la
Fraight Transport meme machine vient d'étre mise @n sérvice au cenire de calcul interrégional de Hurdeaux.
Insurance. Assurances
Total involoa smount | Montant total de la factre 1431, 80
Installment Acomptes.
NET TO 8E PAID NET A RECLER 1431,80 Photo n® 1 - Document trée dense lettre 1, 5mm de haut -

Restitution photo n* 9
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22 QUESTIONS — COMMISNION X1
Celn est d’autant pius valable que T4/ cxt plur | telle ligne & retard est donnée par : o b |
grand, A cetégard la 2 représente ls vraic courbe &
dounant {$(f }| en Fonction de f pour les valeurs numé- — , 7, df o
riques. indiquéss page précidonte, Lol

ol "’"Z'[ onf]“" il )/

iy N Tatviw Et cette phase cst bien "opposé de /(). n — / TRl
T ) @ un déphasage constant prés (sans imporiance) [ AT - -
] N e & un reterd T, prés (inévitable). \ o | =
Wt Un signah utile S(i} traversant on tel filtre adapté - L4 e
donne i la sortie (& un reiard T prés et & un dépha- » »

sage prés de |a portense) un signal dont Ia transformée

Fo.2 de Fourigr est réclle, constante entre f et fo-+Af, .
et nulle de part et d’sutre de fy et de fo+ 4y, c'est- - i
h-dire un signal de fréquence poneus: {e;‘AﬂZ ;l confience & 1B N -
Dans le filtre adapté pourra #re consit dont L'enveloppe @ la forme indiqués & ta figure " -
uml’wm;:;' i Is figure 3, pur u“d:w e, ot l'on a représenté simultanément le signal S(r) = 3

Y o k3
et le signal $,(r) correspondant abtenu & 3 sortic ".‘,J- -
— d'un filtre de tranafert uoité pour du filtre adspté. Ono comprend le nem de récepteur g
Ly Kf & fHbrAf & do tramfert quasi nul pour & compression d'impulsion domné i cc genre de )—"'
I < St f> fo+ A7 filtre vo modifiant pas la phase filtre adapté - la « largeur » (2 3 dB) du signal com-
des compouants le Lraversant ; primd érant égalc & /AR, le rapport de compression

T
e de — = T,
1af o

Fia 3

— filtre suivi d'une ligne & rewsd (LAR) duper— Eomtorpe. du B(1}

aive ayant un tomps de propagation de groupe T,
avee In I ﬂll\'lllt /—%
I"expreasion : 3 =
[
arasmm

771

Ty T.+(f.-l)£- W Ty > T)

(voir fig. 4). / el sar
F) 3 0 ® B ¢
Te (8 ifs
Fic. § Courbes staptées ¢~ ﬂ"’é‘:“f;;&s G, = 1548
v 0] x I

T

Poinis calculde D (2, G powr

On aaisit physiquement le phénoméne de com-
pression ¢n réalisant que lorsque le signal S(:) entre
dans I ligne & retard (LAR) la fréquence qui entre
Ia premitre i Pinstant O est la fréquence basse fp,
qui met un temps T, pour traverser, La fréquence

entre & I'instant ¢ = (f —f,) KTf et elle met un temps

To—f 1o I pour traverser, cc qui la fait ressortic

A Pinstant 7. éealement. Ainsi donc, Je signal SN

Guwe= O,=25 G,=35dB
. [] IS ~ dam ls partie montante
= Y + - dant la partic descendants
— ——— —
Courbes. s w mmm— = — D {0, G}
Feaves 3

TOME ¥ — Question L1I/XII, Ambtse §
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Compression Efficiency for the ITU-T Fax Test Images
Doc. Avg. white run Avg. black Entropy Entropy CFnax
Iﬁ run for white | for black
runs runs
insTITUTO 1 156.3 6.793 5.451 3.592 18.02
TEERIEE 2 257.1 14.31 8.163 4.513 21.41
3 89.81 8.515 5.688 3.572 10.62
MHM: 4 39.00 5.674 4.698 3.124 5.712
. 5 79.16 6.986 5.740 3.328 9.5
Compressmn 6 138.5 8.038 6.204 3.641 14.89
7 45.32 4.442 5.894 3.068 5.553
Factor s 35.68 7087 | ese2 | sae1 | 124
Compression Efficiency for the ITU-T Fax Tests Images using MHM
Doc. Avg. white runs | Avg. black | Entropy | Entropy CFmax CFreal
runs for white | for black
runs runs
1 134.6 6.79 5.23 3.592 16.02 15.
2 167.9 14.02 5.989 4.457 17.41 16.67)
s ——
3 71.5 8.468 5.189 3.587 9.112 8.35
4 36.38 5.673 4.574 3.126 5461 | C4.911)
5 66.41 6.966 5.280 3.339 8.513 7.927
6 90.65 8.001 5.063 3.651 11.32 10.78
7 39.07 4.442 5.320 3.068 5188 | 4.99)
8 64.30 60.56 4.427 5.31 1152 | 8.665
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Perfodo recuperacao sincronismo
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Y T 111 1 v T

Linha original

Pixels perdidos

‘ Desl
Linha afectada eslocamento

WIIHIHWHIIIWJ/IIHW

Sequéncias "falsas” Ressincronizacao

MHM: Resilience
to Errors

The period to recover
the synchronism is
defined as the
number of bits
between the starting
of the corrupted
codeword and the
end of the codeword
where the
synchronism is
recovered.
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@ Digital Coding of Bilevel Images
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GROUP 3 FAX

* MODIFIED HUFFMAN METHOD (MHM) - Unidimensional coding
method based on the coding of the lenght of alternate black and white
pixel runs using Huffman coding.

GROUP 4 FAX (also Group 3 options)

* MODIFIED READ METHOD (MRM) - Bidimensional coding method
based on the coding of the variations of the positions of tone transition
pixels (black-white or white-black) in relation to the previous line;
unidimensional coding may be used every Kk lines.

* MODIFIED-MODIFIED READ METHOD (MMRM) — Similar to MRM
but without periodic unidimensional coding.

Audiovisual Communications, Fernando Pereira, 2012



@ Modified Read Method: the Symbols
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The Modified READ (relative addressing) Method (MRM) exploits the
vertical redundancy in the image (in addition to the horizontal
redundancy) to achieve higher compression factors.

MRM is a line by line coding method where the position of each variation element
in the line (a,, a;, a,, b;, b,) to code is coded:

e Using as reference the position of the corresponding variation element in the
reference (previous) line (vertical redundancy) or

e Using as reference the previous variation element in the line to code
(horizontal redundancy)

by b
Reference line U ' G - G
Line to code \ %@&V y_,
g 2, &
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MRM: Variation Elements
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Reference line _f/? jyjy//j 2 %
Line to code Z : | G
¢

%

N
%

* A variation element is a pixel which tone is different from the tone of the previous
variation element in the same line.

* The MRM algorithm uses 5 variation elements located in the line to code as well as
in the reference (previous) line:

e a,- reference or starting element in the line to code; its position is defined by the
preceeding coding mode. At the starting of the line to code, a, is located in a virtual white
variation element placed immediately before the first pixel of the line to code

e a, - variation element immediately after a, in the line to code; this element has a tone
opposite to a, and it is the next variation element to code

e a, - first variation element at the right of a,
e b, - first variation element in reference line at the right of a, with the same tone of a,
e b, —first variation element at the right of b,

Audiovisual Communications, Fernando Pereira, 2012
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*

VERTICAL MODE - Used when there is a good correlation between the
reference line and the line to code — the position of a; is coded relative to
the position of b,. The distance a,-b; may take 7 values: 0, +1,+2 e £+ 3.

PASS MODE - Serves to skip a black run in the reference line — this
mode happens when the position of b, is at the left of the position a,; only
one codeword is needed.

HORIZONTAL MODE - Used when there is a black run in the line to
code without sufficient correlation with the reference line — used when
the vertical mode cannot be used; the distances a,-a; and a;-a, are sent.

WITHOUT COMPRESSION MODE - Uses the PCM values (1 sample,
1 bit) allowing that, for very detailed zones, the number of code bits is
never higher than the number of samples and, thus, PCM bits.

Audiovisual Communications, Fernando Pereira, 2012
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Modified READ Method: Stopping Error
-«  Propagation ...
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To minimize the vertical propagation of damages caused by transmission
errors, no more than k-1 successive lines are coded using the
bidimensional procedure. This means that each kth line is coded using the
MHM unidimensional procedure.

b b
1 2
| ]
Linha de referéencia B2 il oy
Linha a codificar | Z 1
a i
° 4 %
(a)
Modo Verlical
a, b
r L
: . o by
Linha de referéncia 5 i
Linha a cedificar i WV 7 Hih
3y a
1

%
12|
Modo Horizontzl
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@ MRM Facsimile Coding

Original
PCM Image Symbols
ﬁ SymbOliC ﬁ

Model

Entropy
Encoder

Bits

MRM Model: A facsimile image is represented as a sequence of
depending lines, each of them represented as a sequence of
symbols representing the BW and WB edges, using as references
the edges in the previous or same line; periodically, one line is

coded without exploiting the vertical redundancy, this means
using the MHM model.

Audiovisual Communications, Fernando Pereira, 2012



MHM and MRM: Comparing Performances

INSTITUTO

Lo Number of bit/image
Low resolution (MSLT= 0 ms) High resolution (MSLT= 0 ms)
Doc. MHM MRM (k=2) Gain % MHM MRM (k=4) Gain %
1 149834 130684 12.8 299311 207660 30.6
2 137252 106851 /221\ | 274858 157163 42.8
3 260247 207584 20.2 520196 326297 37.3
4 432219 408261 55 864524 654436 243
5 273164 226285 17.2 546460 353172 35.4
6 204516 150572 26.4 409290 225879 A4
7 426053 402333 5.6 851286 651643 335
8 251171 210457 162 502331 264029 (47.4)
Average | 266807 227117 15.8 533532 355034 40

e MRM allows to achieve higher compression and thus lower transmission times; the
reduction is larger for high resolution (7.7 pel/mm versus 3.85pel/mm) and may
achieve almost 50 % for MSLT= 0 ms (MSLT is the Minimum Scan Line Time).

e MRM compression efficiency advantages are higher for less dense/detailed images
(where there is more vertical redundancy to exploit).

MRM is more complex than MHM.
e MRM is more sensitive to transmission errors.

Audiovisual Communications, Fernando Pereira, 2012
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Original

@ MMRM Facsimile Coding

PCM Image
ﬁ

Symbolic
Model

Symbols
ﬁ

Entropy
Encoder

Bits

MMRM Model: A facsimile image is represented as a sequence of
depending lines, each of them represented as a sequence of

symbols representing the BW and WB edges, using as references

the edges in the previous or same line (no periodic MHM coded

line is inserted and also no EOLSs are inserted).

Audiovisual Communications, Fernando Pereira, 2012



@ Digital Coding of Bilevel Images: the k Factor
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GROUP 3 FAX k=1

* MODIFIED HUFFMAN METHOD (MHM) - Unidimensional coding
method based on the coding of the lenght of alternate black and white
pixel runs using Huffman coding.

(>0
GROUP 4 FAX (also Group 3 options) 1<kc<

* MODIFIED READ METHOD (MRM) - Bidimensional coding method
based on the coding of the variations of the positions of tone transition
pixels (black-white or white-black) in relation to the previous line;
unidimensional coding may be used every k lines. — 00

* MODIFIED-MODIFIED READ METHOD (MMRM) — Similar to MRM
but without periodic unidimensional coding.

Audiovisual Communications, Fernando Pereira, 2012



Transmission Errors
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* Any transmission using the telephone lines must consider the effects of transmission
errors.

* Typically, the more efficient are the coding methods, the more sensitive they are since
every bit carries more information (on average). However, more efficient coding
methods (achieving lower bitrates) suffer less transmission errors, leading to te so-
called statistical protection effect.

* The receiver may detect the ocorrence of transmission errors and process the
received signal to minimize the subjective effects in the decoded image of the errors.

* Errors may be detected when:

e Semantic condition: The decoded line does not have the correct number of pixels, e.g.
1728 pixels/line for low resolution (MHM and MRM).

e Syntactic condition: None of the codewords in the tables corresponds to the received
sequence of bits (MHM e MRM).

e Syntactic condition: The line to decode refers a run that does not exist in the
reference line (MRM).

Audiovisual Communications, Fernando Pereira, 2012



Minimizing the Subjective Impact of Errors:

Error concealment corresponds to the process where the receiver creates data for
the parts received in error (and for which no correction capability was
available) while maximizing the subjective quality.

Error concealment is more important for MRM coding due to the vertical (and
not only horizontal) propagation of errors.

Example error concealment techniques (with increasing complexity):

* PRINT WHITE - The first erroneous line is printed white and all subsequent
lines are printed white until a one-dimensional coded (MHM ) line is correctly
received.

* PRINT PREVIOUS LINE - The first erroneous line is replaced by the
previous correctly received line and all subsequent lines are replaced by that
line until a one-dimensional coded (MHM) line is correctly received.

Audiovisual Communications, Fernando Pereira, 2012



Minimizing the Subjective Impact of Errors:
«w  Error Concealment (2)

TECNIcoO

Error concealment techniques (by increasing complexity):

* PRINT PREVIOUS LINE AND AFTER WHITE - The first erroneous line is

replaced by the previous correctly received line and all subsequent lines are
printed white until a one-dimensional coded (MHM) line is correctly received.

NORMAL DECODE/PREVIOUS LINE - The first erroneous line is decoded
and printed in the normal manner up to the point in the line where the error is
detected. From this point, the remainder of the first erroneous line is replaced
by the corresponding pixels in the previous line. The resultant line is then used

as a new reference line and the process is repeated until a unidimensional
coded (MHM) line is correctly decoded.

Audiovisual Communications, Fernando Pereira, 2012



@ Error Sensitivity Factor
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MRM Error Sensitivity Factor (Doc. 1, 4 and 5)

Resolution | Factor K | Method 1 Method 2 Method 3 Method 4
Normal 2 36.24 24.64 29.60 23.20
3 34.03 40.89 31.01 27.76
High 4 66.55 49.23 55.16 54.49
6 88.51 64.46 76.55 75.74
Average 56.33 44.80 48.08 45.32

ESF tends to decrease ... Readability tends to increase ...

—

The Error Sensitivity Factor (ESF) corresponds to the average
number of incorrect pixels for each transmission error.

Audiovisual Communications, Fernando Pereira, 2012




@ Group 3 Fax Error Control
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Group 3 fax basic configuration does not foresee the use of any error
control techniques. But there are some extensions/tools ...

However:

* For MRM, the periodic transmission of unidimensionally coded lines
targets the limitation of error propagation.

* Some faxs may ask for the retransmission of the page, if more than X
lines are detected as erroneous.

* The initial protocol defines the transmission rate depending on the line
conditions to limit the error rate.

Audiovisual Communications, Fernando Pereira, 2012



The Beauty or the Monster ?
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* A long hibernation — The deployment of fax has stressed the importance of
standardization and influenced the way standardization is made nowadays.

* Democratization — The easiness to install and use a fax and its price have
made it a very largely used equipment also for protest and revolutionary
purposes, e.g. Tian amen up rise.

* Transparency — Its autonomy and initial transparency led to some problems
and the consequent adoption of privacy protection technology, e.g.
passwords, cryptography.

* The ‘intruse’ — Its widespread usage transformed it in a powerful and
simple advertizing mechanism ‘by force’. Technology and law responded ...

* Impunity ? — A communication system where there is no face and no voice
may serve less proper purposes ...

Audiovisual Communications, Fernando Pereira, 2012
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