HD-A137 532 MIXED MODE FOR GROUP 4 FACSIMILE SYSTEMS(U) DELTA
INFORMATION SYSTEMS INC JENKINTOWN PA A DEUTERMANN
87 NOV 83 NCS-TIB-83-7 DCA18B-82-C-8847

UNCLASSIFIED F/G 14/5




)?'4

o ;*duv—_

td

ERA MO LS tafong, « g aul o Al Ty
10 Bl
Josps
w . .
iy P58
——— |.8

| Q
o

Il
O

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

O Sl X s
S SSEhen
S IALR % <, o'
: “'. ?1 . g’ (: v "f Q:
p."J."C.ﬁ. > \(&fmf-."x‘

IZYRN S
“ ~.--.f<. Y DR

-




Ot A

e of -
P .

-ww
“W
L3

2.7 &7t
)4 _— >~ -

,.-_».
E..
A - .

T A A
> T

Lo

yYréi

s X
e~y

*—~

MAL137592

TECHNICAL INFORMATION BULLETIN
83-7

MIXED MODE
FOR GROUP 4 FACSIMILE
SYSTEMS

NOVEMBER 1983 DTIC

D

APPROVED FOR PUBLIC RELEASE
DISTRIBUTION UNLIMITED

OTIC FILE coPy | 84 02 06 048

T ronirit- _ S e At e S T S A SR
BUC R A KA ?"'u‘q\,’«‘* " K ’ ,.. . - 'd $ . -.,v 1. "q'.J' "-f'b'-ﬂ ._- .. .

ELECTE

|
|
|
\
\




. At AT G AELACAI AL SR ML e S e S AR A oSt Aurali-bion At i But in Bart it i S Do Sl Mg

;

d

1 e et el e
- READ INSTRUCT!

: 1. REPORT NUMBER Z. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
e NCS-T1B-83-7 N A /37591 i
- 4. TITLE (and Subtitle) T 5. TYPE OF REPORT & PERIOD COVERED 5
- Mixed Mode for Group 4 Facsimile Systems
{ Final Report —
- 6. PERFORMING ORG. REPORY NUMBER !i R "
- e
-:: 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(e) " j
- Alan Deutermann DCA100-82-C~0047 e
o 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENTY, PROJECT, TASK ’ .‘~‘.71
! AREA & WORK UNIT NUMBERS S
s Delta Information Systems
' 310 Cottman Street ]
‘N Jenkintown, PA 19046 R

11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE ~:..-‘-._-'
National Communications System T

Attn: NCS-TS 15. NUMBER OF PAGES oot
) Mashington, D.C, 20305 122 el
¥ MONITORING AGENCY NAME & ADDRESS(!{ difforent from Controlling Office) 18. SECURITY CLASS. (of this report) '.'.' "
_ - Unclassified : -".f—j::
B (7o DECLATSIFICATION/ GOWNGRADING
1) [C OTRIBUTION STATEWENT (of s Reper) s
L '..‘--“-
N Approved for Public Release; Distribution Unlimited. ;_.\:,:;,

e o
) 17. CISTRIBUTION STATEMENT (of the abstrect entered in Block 20, If diflerent from Report) j‘_;l-"_‘-'.:
‘. *a
g
é [ SUPPLEMENTARY NOTES
¢ s
’ L -

19. KEY WORDS (Centinue on.reverse side If necessary and ldentify by block number) h

Mixed Mode, Facsimile, Group 4, Segmentation ;‘.:_fjf::‘
¥ ) :"'
' oS
ABSTRACY (Cantiave an soverse sii I nassscay and identify by blosk number) ‘;;{

The purpose of this effort is to investigate the more advanced Mixed Mode coding L

' technique which will be one service of Group 4 facsimile, In a mixed mode syst R
d the information printed on a page is divided into two parts - symbols (letters, REDRN
Y pumerals, punctuation, etc.) and graphics (logos, signatures, sketches, etc.). :::::::

. This study exsmines possible techniques for segmenting a document into graphic g

and symbol sreas, and assemble a code that represents the entire document.
Tour segmentation techniques were selected for analysis as follows: SYMBOL

REMOVAL/SCAN LINE; SYMBOL REMOVAL/LINE OF SYMBOLS; EXTENDED TELETEX; SYMBOL -] /-~ s
DD ,jon 7 UJ3 =ormon or 1 oV 6813 ossoLETR UNCLASSIFIED ?"}‘
SECUMTY CLASHFICATION OF THIS PAGE (Wiven Dota Bntered) ot

S € S L A SAOA IR TR N NSOV ?
At ‘oo el e T e RARTRIAES e ) :.‘-_.'-.\‘t-

) ~ " \}\}-.
RIS O N LN SO
2GCh N '-"s

Y \-.'-'.\ -

e Pd . - s,
LY - o LI ) ~ . ) - -y - M L L
LN . . . . e d At At AN LN L .
/ o nd Y o T -~
: ) p Al ﬁtﬁ‘\"‘;\. i‘!‘i\.‘_n -



T T T T T T T e e

N
) )REHOVAL/HYBRID. These techniques were designed to differ from each other as
.':{'.'_ much as possible, so as to display a wide variety of characteristics. For
each technique, many minor modifications would be possible, but it is not

expected that these modifications would alter the conclusiuns drawm from the
study.

Accession For

NTTS GRARI X[
| ot

C TAB 0
Unannounced O _
Justificatio -

By
Distribution/ ]
- e .
L_A}r_gi_labili.t.y Codes )
Avall and/or .

Dist Special

Rl

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered)

’.'e

AR O v

RO SO

A AN N A A I IO,
YSAOA S YA, A WA A ',:.._
. - (RN LA
e e

o - :.~_ e e
SR GBI T Y IS



l.rv

‘g"x

A

Al

akels,
- " l‘
afalad

kN
St

;“‘s'

o

,’,_,_,
»y s
0¥ 5
Wb

LA

7;31

NCS TECHNICAL INFORMATION BULLETIN 83-7

MIXED MODE FOR GROUP 4
FACSIMILE SYSTEMS

NOVEMBER 1983

PROJECT OFFICER APPROVED FOR PUBLICATION:
DENNIS BODSON EDWARD P. GREENE

Senior Electronics Engineer Acting Assistant Manager
0ffice of NCS Technology Office of NCS Technology
and Standards and Standards

FOREWORD

Among the responsibilities assigned to the Office of the Manager, National
Communications System, is the management of the Federal Telecommunication
Standards Program. Under this program, the NCS, with the assistance of the
Federal Telecommunication Standards Committee identifies, develops, and
coordinates proposed Federal Standards which either contribute to the inter-
operability of functionally similar Federal telecommunication systems or to the
achievement of a compatible and efficient interface between computer and
telecommunication systems. In developing and coordinating these standards, a
considerable amount of effort is expended in initiating and pursuing joint
standards development efforts with appropriate technical committees of the
Electronic Industries Association, the American National Standards institute,
the International Organization for Standardization, and the International
Telegraph and Telephone Consultative Committee of the International
Telecommunication Union. This Technical Information Bulletin presents an
overview of an effort which is contributing to the development of compatible
Federal, national, and international standards in the area of digital facsimile
standards. It has been prepared to inform interested Federal activities of the
progress of these efforts. Any comments, inputs or statements of requirements
which could assist in the advancement of this work are welcome and should be
addressec to:

0ffice of the Manager

National Communications Systems
ATTN: NCS-TS

Washington, DC 20305
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1.0 Introduction

oM This document summarizes work performed by Delta Information

N Systems, Inc. for the Office of Technology and Standards of the

* National Communications System, an organization of the U. S.
Government, under contract Number DCAlG@-83-C-@047. The Office of -
Technology and Standards, headed by National Communications System
Assistant Manager Marshall L. Cain, 1is responsible for the
management of the Federal Telecommunications Standards Program,

which develops telecommunication standards whose use is mandatory

by all Federal agencies. i

,

Eﬁ Consideration is now being given to possible CCITT standards
"A 1: '

RN for Group 4 FPacsimile which refers to the transmission of an A4

sized page over data networks containing error control. It is

likely that the basic coding technique for Group 4 transmissions

will be some advanced form of the Modified READ code, which is the
optional compression algorithm for Group 3. The purpose of this
'study is to investigate the more advanced Mixed Mode coding
" technique which will be one service of Group 4 as shown in Figure
l-1. In a mixed mode system the information printed on a page is

divided into two parts - symbols (letters, numerals, punctuation,

etc.) and graphics (logos, signatures, sketches, etc.) The purpose
of this study was to examine possible techniques for segmenting a°

document into graphic and symbol areas, and assemble a code that

s represents the entire document.
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Parameters to be considered include compression, commonality with
facsimile and TELETEX 1/ transmissions, and complexity of

implementation.

Four segmentation techniques were selected for analysis. The
techniques were designed to differ from each other as much as
possible, so as to display a wide variety of characteristics. For
each technique, many minor modifications would be possible, but it
is not expected that these modifications would alter the

conclusions drawn from the study.

The segmentation techniques analyzed are:
- SYMBOL REMOVAL/SCAN LINE
- SYMBOL REMOVAL/LINE OF SYMBOLS

- = EXTENDED TELETEX

- SYMBOL REMOVAL/HYBRID

Section 2 presents descriptions of the four mixed-mode
segmentation alternatives considered. Section 3 describes the
assumptions and methodology for measuring compression, and the
compression computations themselves. Section 4 discusses the
commonality of each alternative with Group 3 facsimile, Group 4
facsimile, and TELETEX. It also summarizes compression and
discusses the complexity of implementation of each technique.

Finally Section 5 compares the alternatives and draws conclusions.

The CCITT has determined that the 7 layer O0SI (Open System

%/ TELETEX refers to a CCITT recommendation which is now under
evelopment for communication between word processors.

1-3

B % N N R T N A A A N TR e T T




- Interconnect) protocol which has been developed by the IS0

1 (International Standards Organization) will be used for Group 4
ég facsimile. Figure 1-2 illustrates the top 4 OSI levels
7 emphasizing the relationship between the Teletex and Group 4
facsimile services. The S. and T. are the designations of the

oM CCITT Recommendations for each protocol layer. Note that S.a is
~ the key recommendation for mixed mode operation. This standard
has not yet been finalized. The most recent draft of this

recommendation is included in Appendix A for reference purposes.
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;{{ 2.0 Task 1 - Develop Candidate Mixed Mode Algorithms
{.
‘-\'.
:ﬁf Four mixed-mode segmentation techniques are selected for
\g: consideration in this study. The techniques are:
- Symbol Removal/Scan Line
$ 4
‘ﬁ?i ) Symbol Removal/Line of Symbols
S
y Extended Teletex
N
K¢ Symbol Removal/Hybrid
At
.;f In the three symbol removal techniques, the black pels
a4
,3; associated with recognized symbols are coded and "removed"
‘f; (changed to white), and then the entire document is encoded using
e the Modified READ code, including areas where the symbols were.
o In the Extended "ELETEX technique, the Modified READ code is used
fﬂﬂ only for areas that do not have encoded characters. All
-y techniques presume existence of a stored library of symbols.
N2
b 2.1 Symbol Removal/Scan Line
N
N g This coding technique is very similar to the Combined Symbol
L]
%
~;g Matching algorithm which is described in Appendix B. In this
AN
%1 approach the document is scanned, from top to bottom, and from
"'y
- left to right, until a group of black pels is encountered that
N
-:j matches a symbol in the stored library. All black pels within the
Ot
: rectangular symbol space are then changed to white, and the symbol
i
e code and position are recorded. After the symbols have been
§2 "removed", the documnent is rescanned in principle and encoded
X
\‘
By
- 2=-1
l( -
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using the Modified READ code (k=@ , no EOL code). The detected

symbol codes are inserted before the READ code of the scan line in

» .. ’
RS -
.

28" S

which the top of the symbol occurs. The presence of a symbol code

L )

.l' " ./ ‘i' ‘l‘.

j; rather than a READ code, 1is indicated by a single bit at the
oo beginning of every scan line. If the bit indicates that there are ‘
ﬁ% symbols on the scan line, the 8-bit symbol code follows, and this ‘
ﬁ;ﬁ in turn is followed by an ll-bit horizontal position code word,
24 (211-2,048, being greater than the 1,728 pels in the scan line).
.;é This may be followed by additional symbol/horizontal-position code
;ﬂ pairs for any other symbols that may have been detected on the
‘;: scan line (in order of horizontal position). Finally, the symbol
ié data 1is terminated by a special 8-bit symbol code that indicates
ig there are no more symbols on the scan line. Then the READ code
» 3 for that line is transmitted. \
AN |
iﬁ? Notice that in this technique the recognized symbols will be
'ﬁ\ encoded as they are first encountered by the scanning process, ,
'V{ regardless of where they appear relative to other symbols or |
ES graphics. The vertical position of the symbols is implied by the
i:; scan line on which the symbol code appears. !
= 2.2 Symbol Removal/Line of Symbols |
2 J
fs In this technique, as in other symbol removal approaches, the
;: symbols are detected, "removed", and their codes and positions are ‘
‘& recorded. The symbols are then organized into lines of symbols,

e
-

)

based on symbol position, height, hang down, etc. Account is

X

taken of small amounts of line skew, and a single vertical

position is assigned to the entire 1line of symbols. When this
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process is complete, each printed 1line on the document should be
contained within a line of symbols. Spaces between symbols having
several different widths up to about 2 normal symbol spaces, are
filled with appropriate blank characters. I1f the space between
. symbols is greater than 2 symbol spaces, the line of symbols is

broken into segments.

The entire document, less recognized symbols, is transmitted
using Modified READ code. When a scan line having the vertical
) position of a line of recognized symbols is encountered, a special
12—bit code (which could be an EOL code) is inserted. This
changes the mode from graphics to symbols. This is followed by an
1ll-bit code giving the horizontal position of the first symbol.
Then the symbol codes for each symbol in the segment are sent,
followed by a special 8-bit end-of-segment symbél code. This, in
A ~turn, is followed by an 1ll-bit distance-to-the-next- segment
symbol code. The last segment of symbols on the line is followed
by a special 8-bit end-of-line symbol code instead of the
end-of-segment code. This changes the mode back to graphics, and
Modified READ code is continued until another scan line with a

line of symbols is encountered.

. As with the other symbol removal techniques, a recognized
symbol will be encoded wherever it is located, since lines of
symbols may overlap vertically, and each 1line of symbols may
contain as few as one symbol. There may be some inaccuracies in
positioning symbols, since spaces between symbols of 1 or 2 pels
will probably not be encoded, and the horizontal position of a

symbol code could be in error at the end of a 1long line of

R S S S RO R R R FERS P L P T SR
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Zfi symbols.

3 2.3 Extended TELETEX - CR/LF option

’s: _ In this approach' the entire document is divided into
\ character spaces, except for areas that are defined as graphics,
'Eé as discussed below. All character symbols, including blanks, are
fﬁg transmitted using 8-bit symbol codes.
ey The graphics are transmitted by Modified READ code as they
f?ﬁ occur within a line of symbols. First, a special 8-bit symbol
™ code is used to designate the transition from symbol codes to
;;Z graphics. This is followed by an ll-bit code giving the width of
;:ﬁ the graphics area. (The height of the graphics area is defined by
233 the height of the symbol font.) Then the READ code for the

graphics is sent. The length of the READ code is defined by the

o
R D
o Fal

Co
g »I. -

width and height of the graphics area, so the transition back to

A,

symbol codes does not require a code.

In the CR/LF option, instead of transmitting a series of

Y
f o

8, Ay A
ALY /

blank symbol codes at the right of the line, a special 8-bit code

AN ‘. K

NS
A

4

‘w

is used to designate the last-symbol-on-the-line. This, of

.“u

955'

course, would have to be to the right of any graphics on the line.

This last-symbol-on-the-line code would direct the receiver to

A A
PN

start on the next line of symbols, and would replace the CR and LF

Sl |7

codes of TELETEX. For reasons of commonality it may be preferable

3

7 3 )

to keep the two standard TELETEX symbols for this purpose.

This technique is considered primarily as a method to

incorporate graphics (such as logos and signatures), into

K 2_—4
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computer-generated text. Therefore graphics areas are defined,

probably by the user, as rectangular areas which may contain a

mixture of graphics and symbols.

Since all lines of symbols must have proper spacing, symbols
that are not aligned with the majority of the symbols must be

treated as graphics.

2.4 Symbol Removal/Hybrid

This technique combines features of the other two symbol
removal techniques to make it more robust then either in that it
is designed to handle both isolated (or arbitrarily 1located

symbpls) and symbol strings in lines or segments.

In this technique, as in other symbol removal approaches, the
symbols are detected, "removed", and their codes and positions are
recorded. Spaces between symbols (up to 2) are filled with

appropriate blank characters.

The presence or absence of a symbol code, rather than a READ
code, is indicated by a single bit at the beginning of every scan
line. In addition, a s8single bit preceding each symbol code
indicates whether the symbol is contiguous or not, i.e., not
followed by more than 2 blank spaces. If the symbol is not
contiguous, it is preceded by a horizontal position code otherwise

the symbol code follows immediately.

A special 8-bit symbol code terminates the symbol string at
the end of the line of symbols. Then the READ code for that line

is transmitted.

) \' .\ \’\',-.‘ Y \'\';-.' AN
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3.0 Task 2 - Measurement of Compression

3.1 Methodology for Measuring Compression

For each of four proposed mixed mode techniques, an estimate
of compression has been made. Extimates of compression were made
for CCITT test Document 1 and for two computer generated

documents.

It should be recognized that compression values calculated in
this report are estimates only, and should not be regarded as
actual measured numbers. However, it is expected that the
relative compressions of the various segmentation techniques are

accurate, since the same assumptions were used for all of them.
3.2 Assumptions

In making compression estimates, the following assumptions

were made:

(1) BEach symbol is encoded using 8 bits, which allows

up to 256 different symbols.

(2) Several of the 256 symbol codes can be made
available for indicating termination of symbol
transmigssion, or other requirements of the segmentation

technique employed.

AN
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(3) A stored library, suitable for the document being
transmitted, is available at both sending and receiving

terminals.

(4) Bits requirel to identify the proper symbol library

to the receiving terminal are neglected.

(5) The stored library will accommodate either fixed or
proportionally spaced fonts, including several widths

for word spaces.

(6) All characters of the principal font used in the
document are in fact recognized as such, and will be
encoded as symbols, subject' to the rules of the

proposed technique.

(7) Lines of symbols can be accommodated despite slight

skews of the printed lines.

{(8) The characters of the principal font include math
symbols, italics, and Greek letters, but not subscripts

or superscripts, or long horizontal or vertical lines.

(9) Graphic data is transmitted using the modified READ

code, without EOL's and with k=00D.

(16) The number of bits reguired to transmit increased
width of white spaces by means of Modified READ can be
neglected. This follows because the spacing between

groups of black pels (such as symbols) usually only has

3-2
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to be specified once, and the READ code length does not

grow rapidly with the length of a white run.

o (11) Each A4 source document normally 216 x 297MM,
" consists of 2,376 rows with 1,728 pels per row (ie,
resolution equals 8 pels per mm, or approximately 200

, pels per inch).

(12) Scanned documents, stored on tape, are retrieved

'%& onto disk as an image file commensurate with a 16-bit
.gg computer word size. Thus the computer image file
o consists of 2,336 rows of 1,728 bits each row. Since
S§Q the computer image contains all the black pels of the
}3% original document, any process, such as the modified
»§< READ algorithm, performed on the computer image may
’:3 represent the same process performed on the original

document with negligible error or vice versa.

R,

I

(13) Code transmissions will not experience any

transmission errors, so addition of redundancy for

AT
-

e error control is not required.

Mt 3.3 Calculating Compression

N

oY

A S For each technigque the number of bits required to construct
the message is totaled. This includes any flags, tag bits, symbol

AN

& codes, end of symbols on line, end of segment graphics, symbol

f_q mode changes and horizontal and vertical positions. The number of
»

- bits required for each of these functions is given in Table 3-1:

g
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Table 3-1

Table of Bit Requirement for Data Function

Data Punction Data Requirement (Bits)
Scan Line Flag 1
Contiguous Symbol Flag 1l
Symbol Code 8
End of Symbols on Line or Segment 8
Symbol to Graphics

Vertical Position-Symbols on Line 12
Graphics to Symbols

Horizontal Position 11

The compression is calculated by dividing the total mesage bits
into the total number of pels, as referred to the source document,

which is always 2,376 x 1,728 = 4,185,728.

In the three symbol removal techniques, the black pels
associated with recognized symbols are coded and “"removed"
(changed to white), and then the entire residual document is
encoded using the Modified READ code (k=®, no EOL code),
including the areas formerly occupied by the "removed" symbols.
In the EBxtended TELETEX technique, the Modified READ code is used

only for areas that do not have encoded characters.

Values for document related parameters used in calculating

compression estimates are given in Table 3-2.
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\ 3.4 Scanned Document - CCITT No. 1, Figure 3-1
,E: 3.4.1 Symbol Removal/Scan Line
}’

Figure 3-2 illustrates the composition of a mixed-mode .
$$ message using this technique. As indicated in Figure 3-3, all of
3§ the typewritten symbols are recognized, encoded and "removed".
] .

The presence or absence of a symbol code, rather than a READ code,

13

=%£ is indicated by a single bit at the beginning of every scan line.
-.&‘ .
(SL A special 8 bit symbol code terminates the symbols on the scan
& -
' line and indicates the end of symbols and start of graphics. Each
o symbol's horizontal position is independently encoded. Since the
) ‘\r;
IN vertical position is implied by the scan line on which the symbol
3¢

: code appears, no account need be taken of spaces between words or
;: between line segments. The Modified READ code (k=@ , no EOL code)
3 .“.‘

”: is applied to the residue (Figure 3-4) after removal of
%o
B typewritten symbols. A summary of the compression estimate for
f} the Symbol Removal/Scan Line Technique applied to the CCITT-1
N document is presented in Table 3-3,
N

‘ 3.4.2 Symbol Removal/Line of Symbols 7
.

4
:% Pigure 3-5 illustrates the composition of a mixed-mode .
Py
&* message using this technique. As indicated in Figure 3-6 all
A4 typewritten symbols are recognized, encoded and "removed". The
7? symbols are organized into lines of symbols with spaces between
hi symbols (up to ¢two) filled by blank characters. The resulting
o string of symbol codes is preceded by a graphics-to-symbols code,
e
f% @ horizontal- position-of -the-first-symbol code and is terminated
by 3-6
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THE SLEREXE COMPANY LIMITED

SAPORS LANE - BOOLE - DORSET - BH 25 SER
TRAPENNG jums (945 13) 51617 . vmax 123456

Our Ref. 350/PJC/EAC 18¢h January, 1972.

Or. P.M. Cundall,
Mining Surveys Ltd.,
Holroyd foad,
Reading,

Berks.

Desr Pete,

Permit ms to introduce you to the facility of facsimile
cransaission.

In facsimile a photocell is caused to perform a raster scaa over
the swbject copy. The variaciomns of print demsicy on the documsnt
csuse the photocell to generace an anslogous electrical video signal.

This signsl is used to modulace a carrier, vhich is transmitted to &
Temsts destinstion over & redio or cable commmicstions link.

AL the remote terminal, demndulation recomstructs the video
signal, which is used to modulate the demsity of princ produced by a
printing devies. This device is scamning in a raster scan synchromised
vith that at tha transmitting terminal. As & result, s facsimile
copy of the subject documsnc is produced.

Probably you have uses for cthis facility in your organisatiom.

Yours sinceraly,

, Mo
P.J. Choss
Group Leader - Facsimile Research

Rageaeud 1o Sngiens: Mo 5000
Rapwterss Offigs: 0 Viears  lLase, Dawd Bume.

Figure 3-1
CCITT Document Number -1

Q~Q\Qv - . & Y Ny b2 T 0 PSS S N -.-*-'- -*--p'-.- - Lt _.-‘- " -
N NN PR DL N S0 5 R0 LG L5 £ RN ORUKRR LS SR v |




R aa ta o R 2l Mk WgR-gL Al a~aa En) LML S AL S aat v add- . - T TIRTES T ATLVELT VY g LN
- ‘ - - - . - . - -~ ‘- - . - A R ) . -t - . . . . - - -

Figure 3-2
:Q5 MESSAGE OOMPOSITION
AN SYMBOL REMOVAL/SCAN LINE

Scan S
Line

;

\-
N
';ﬁ 201

o 202

; - 204

205

1 206

e : 207

o 208

209

o 210

o I=jOoOjO |JOI]O]O]J]O JO JO

212

SYM PRES 1 indicates at least cne symbol on scan line - 1 bit
The G graphics mode using Modified READ code - variable bits
1 S symbol code - 8 bits
X HPOS horizontal position of symbol - 11 bits
i BOS end of symbols on scan line - 8 bits

i 3-8
4 * ~
::;,
N e e A e n et R XN
) AN IR A AT I AVIERIN v, P2 S R S A ) Y YR ABALAR L B A SRS TSR CL UL N O



e
Lot
N
0
g .
8 @
ol |
N
THE SLEREXE COMPANY LIMITED |
"y SAPORS LANE - BOOLE - DORSET - BH 25 S ER ‘
. TRAUDE WAL (943 L3) 31017 - TMax 123486
y IA)I
b ‘l.:i
A
it
o ——
L Our Ref. 3S0/PJC/EAC 18th January, 1972.
N g ¥ !
. i
AR De. P.N. Cunda :
P Mining Surveys Ltd.,
. ) Molroyd Rosd,
‘: X Resding,
b s
r Pete,
“ 1
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”a B : In facsimile a photocell is caused to perform a raster scan over |
‘ the subject copy. ﬁc vnudan_l of print dansity on the document i
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10 signal 183 used co modulate a cartier, which is Ctransmitted to &
1y d femote dsstination over a radio or 8 icati ink.
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;:. pristing device, This device is scamning i ynchrouised
of the subject is
) Probably vou have uses for this facility in your orgsaisation. I
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J', JOurs sinceraly,
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b}
SN .
Y .
) P.J. CROSS
;'.j Group Leader - Facsimile Research
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Figure 3-3
Symbol Removal/Scan Line
CCITT Document Number 1

3-9

X . . . - .- v - .- . a -~ - - - - . . -
1" * A% \ 43,3 1". 'h"& .“e‘., . \v'\-'_ 'Jh( \-.\._.. PR T L TSI A TRTR RE T PPl § PN \




Y

~
¢2 L

-

NN

)

Ag P
LU LN

e
.

L.
‘4 ‘. .l “»

1,

[N
> P Pl

A a
255 %%

B T LT T

2.0 0.5

“~
fa"a e e

R % INGAQONA

-

11:43 AR

TVE., 10 3
PLOT CENGCLR - STARTING AT PEL @

: L B SR B S NI o o A en b A St b a0 let 0 gb-a il IhAnaiiie SUiL e S At Sl _wﬁ

ocT., 1
1 {APPROY.) - RECOPD LENGTH (72%

THE SLEREXE COMPANY LIMITED

SAPORS LANE . POOLE - DORSET - B3 S ER
TRAsuINS somn (945 13) S1617 - Tmax 123456 *

Figure 3-4
Residue after removal of symbols
CCITT Document Number 1
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Figure 3-5

MESSAGE COMPOSITION

S ‘ SYMBOL REMOVAL/LINE OF SYMBOLS

Scan Symbol ‘
Line Line

"N 201 G

..v' . m 2 G

N 23 G

204 G

e 205 G

" 206 1 G/S HPOS S s S s S | eoL G

o 207 G

o 208 G

210 G

[y
(]
2 s K . C 4

5 %
.

Pd

211 2 G/s |wmos | s | s |Es | pbisT| s | s | oL G
o 212 G

G graphics mode using Modified READ cocde - variable bits

. ] symbol code = 8 bits !
) G/S indicates change from graphics to symbols - 12 bits

WA HPOS horizontal position of first symbol in line - 1l bits

EOL end of symbols can line - 8 bits

2 EOS end of symbols cn segment - 8 bits

DIST distance between segments - 11 bits

= 3-12 ‘
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o P

with an end-of- symbols-on-line code . More than two spaces
between symbols on a 1line breaks the 1line into segments which
except for the last segment are each followed by an
end-of-symbols-on-segment code and a distance- between-segments
code. The last segment in a line is terminated with an
end-of-symbols-on-line code. The Modified READ code (k=@ , no EOL
code) is applied to the residue Figure 3-4. A summary of the
compression estimate for the Symbol Removal/Line of Symbols
Technique applied to the CCITT-1 document is presented in Table
3-4.

3.4.3 Extended TELETEX - CR/LF Option

Figure 3-7 illustrates the composition of a mixed-mode
message using this technique. Figure 3-8 shows symbols encoded by
the Extended TELETEX technique (with transmission of CR/LF symbol)
and also shows boxed-in areas of Graphics transmitted by the
Modified Read code (k=@@, no EOL code). All typewritten symbols
are encoded as are blank characters used ;o space over: to the
first character on each 1line of text and to the left hand
horizontal position of the boxed-in areas of Graphics (see figures
3-9 through 3-14). Symbols~to-Graphics and Graphics Width codes
guide deployment of the Modified Read Code. A summary of the
compression estimate' for the Extended TELETEX-CR/LF Ooption
technique applied to the CCITT-1 document is presented in Table
3-5.
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Figure 3=7

N MESSAGE COMPOSITION
e EXTENDED TELETEX

S Line

S/G | Width ‘ G CR/LF'

mnin jun |n
Omiunw | |0
mnjn jnun jn

»
"] [ ] ~ [- ) w

S/G | width G S S S

N 10 s | s |s

12 S/G | Width S/G| width G S [ER/F

0o {n jn
wn

13 S S S

¥,
. G graphics mode using Modified READ code - variable bits
v S symbol code - 8 bits

g CR/LF carriage return/line feed - 8 bits

- S/G indicates change fram symbols to graphics - 8 bits ]
g Width width of graphics - 11 bits '

o 3-16
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Figure 3-8
Extended TELETEX-CR/LF Option
CCITT Document Number 1
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3 12:28 PM  MON., 21 NOV., 1983
*' PLOT <LOGO > STARTING AT PEL # 1 (APPROX.) - RECORD LENGTH 89

LINES READ = 84.

Figure 3-9
Logo Graphic
CCITT Document Number 1
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’ SLEREXE Graphic
CCITT Document Number 1
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PLOT <SAPR > STARTING AT PEL ¢ 1 (APPROX.)} - RECORD LENGTH 624
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2. LINES READ = 38.

Figure 3-11
o SAPORS LANE Graphic
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{s 3.4.4 Symbol Removal/Hybrid

N

\;g Figure 3-15 illustrates the composition of a mixed-mode
:i< message using this technique. As shown in Figure 3-16 all
N ) typewritten symbols, including spaces between symbols (up to two),
Sﬁi are recognized, encoded and "removed". The presence or absence of
;3 a symbol code, rather than a READ code, is indicated by a single
45, bit at the beginning of every scan line. In addition a single bit’
;; preceding each symbol code indicates whether the symbol is
i; contiguous or not. 1If the symbol is not contiguous it is preceded
gi by a horizontal position code otherwise the symbol code follows
2;% immediately. A special 8 bit symbol code terminates the symbol
{l& string at the end of the line of symbols. The Modified READ code
{ﬁ' (k=a0, no EOL code) is applied to the residue Figure 3-4. A
L:; summary of the compression estimate -for the Symbol Removal/Hybrid
ﬁ? technique applied to the CCITT-1 document is presented in Table

' 3-6.

!

ig 3.5 Computer Generated Documents - A and B

>

f. ¢ Computer generated documents A and B are shown respectively
Eg{ in Figures 3-17 and 3-18. Compression estimates for the computer
:gf | generated documents are calculated in the same fashion as
T; previously described in Section 3.4 for the CCITT document number
jﬁ l. In the Symbol Removal/Scan Line Technique symbols are removed
iﬁ as illustrated: Document A, Figure 3-19; Document B, Figure 3-21.
ff After symbol removal READ Code is applied to the residue: Document
éa A, Pigure 3-20; Document B, Figure 3-22.
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Figure 3-15
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- Message Composition

ﬂ Symbol Removal/Hybrid

- Scan Sym

N Line Pres

N

‘: 201 oo G
202 cj|o G

NS 203 [o|o G

o 204 [0 ]o0 G

Y

> 205 [1]of Bros| s [1]s |1]| s |1 |Eos G

N 206 o]0 G

o 207 [1|o|mros | s |1 | s [o| mros| s |1]|cEos G

9

= 208 0{o0 G

N

= 209 (00 G

N 210 {o o G

e 211 |1jo|HPOS | 5 (1| s |1 ] EOS G

1 212 010 G

W,

;; : Legend

Sym Pres 1 indicates at least one symbol on scan line - 1 bit
G graphics mode using Modified READ code - variable bits -

ey s symbol code - 8 bits

' HPOS horizontal position of symbol - 11 bits
EOS end of symbols on scan line - 8 bits
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.?: an inflow of capital funds from stockholders is not income to a
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D)
A ' \ § T T T d T T T
:‘: 1100000 - - . . N T SRS S RLES ..............
90030
¢ ) ]
\: 700900
:-:: wwooue
‘:". CR000 - - e e
3
406000 |-
N e e e e
e presmey s
) JyreY cee e e e . PN S e g e T
',\ N -=" r b
{ ' ?%7 1960 1967 1770 1971 1972 19?3 1974 19’8 1976 1677
D - GRHAPHICR OUTPUT
AP the disposal of goods and the rendering of services. If income
;5 is earned by selling goods, it may also be called profit; the
»
‘4 term profit is not properly applied to income derived from the
. rendering of services. .
4,
S A basic criterion for the determination of the pericd in
o .
:} 3 which income may be regarded as earned may be stated as follows:
U
,}i Income should not be regarded as earned until an asset increment
- has been realized, or until its realization is reasonably assured.
‘
o

a 2

Page 1

Ay

Figure 3-=17
Computer Generated Document A

v T

3-29

4
5J

g

s ‘.’. . o’ .’- LR \‘_\‘ q...-.\q'_-r.$4\.d:\-;_‘~'".‘\.'.‘-'\.'_ . .
A G2 X Y ; . : ¥ " 3




ate DA ana a4 enve o o Ao gl AR iCRall A et AT L C R T

o
[y
]

.v.,.
4 s "o
L@ A

a

D

KA

A

* e
]

C e
‘s "l

"
‘.
e

r
et

J

/

-

.

e SR
SRR B NS R
em‘ ‘___- 2 -J__ T b Ay : ) Sdoeked vk

FIGURE 2 EXTERIOR VIEW OF PROPOSED BUILDING

We are running out of oil - and natural gas. Whether it's
exactly 30 years or more makes very little difference in the long
run. AS we begin to drill more deeply into hard-to-reach reserves,
the supply will become more spotty and more expensive, SO start
planning for oil-gas alternatives.

The best is coal. 1It's conservatively estimated that we have
300 years of coal reserves. However, the cost of mining and
transporting it will grow sharply as demand builds. (Much of the
coal will be "difficult to reach, too.)

Should a company convert its boilers to coal-burning from
oil or natural gas-burning? In many cases the answer is yes.

N N
v-F

y g/'j/oj BHLLMIT
> VY Tank
/ “/ Selar panels

Lupplies 88% neating
< §

"/
/nyy
e 6§% cooling demany

.,‘: l

MERT
T EACHMHGER

.
i - COOL TOMER . .
OILER L J —
- HoT
i oxp. arer A.C. A0

Thmx TANK 1 1 i
‘1‘ LISF FT-];J .
& L Jeeronszen "

A [t

FIGURE 3 PIPR LAYOUT DIAGRAM

Paae 2

Figure 3-18
Computer Generated Document B

3730

" ha B, ) Y N F AL PSP - mm . TN - "
MEGLRRRG A, 1% 0 R TR DAY 3 % ) h A A 340 8



]
T M ']

L )

.
SLARA

.,

.
s
.

-~
s s

-

Income 1s an inflow of assets, but 1t must be recognized

Logs

that there are 1ntlows of assets which are not income. Obviously

an inflow of capital funds from stockholders 1s not income to a

Pl
.

corporation, nor should a business regard as income an inflow of

assets which i1s offset by an increase in liabilities. Income

A

consists of an inflow of assets in the form of cash receivables,

or other property from customers and clilents, and 1s related to

ot

2

o4

o

&)

N

o 500000 e
)

400900 - -
00809

& 200069 4
ﬁ 100000

i 1962 19s8 1979 19‘71 1972 1973 1974 L1978 1978 19?77
3! SRAPHICS OQUTPUT

¥ the disposal of goods and the rendering of services. If income
; is earned by selling goods, it may also be called profit; the
'{ term profit is not properly applied to income derived from the

rendering 6: services.

;‘ A basic criterion for the determination of the period in
i which income may be regarded as earned may be stated as follows:
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Similarly in the Symbol Removal/Line of Symbols Technique,

I I

symbols are removed as illustrated: Document A, Figure 3-23;

. A‘* A 1‘ l. “: '-. .', "“

B

Document B, Figure 3-24.

NN
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The Extended TELETEX-CR/LF Option Technique is applied as
illustrated: Document A, Figure 3-25; Document B, Figure 3-27.

READ code is applied to the boxed-in graphics: Document A, Figure

o e
7% T

3-26; Document B, Figure 3-28 and 3-29.

%a

In the Symbol Removal/Hybrid Technique symbols are removed as

sty

illustrated; Document A, Figure 3-306; Document B, Figure 3-31.
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The results for the four mixed mode compression techniques i

are presented in Tables 3-7 to 3-1¢ for computer generated

documents A and B.
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4.8 Task 3 - Analysis of Results

{

Es 4.1 Compression

T~

35 The compression estimates, calculated in Section 3 for all

) four segmentation techniques, are summarized in Table 4-1. For

. comparison, the compression for normal Group 4 Modified READ
: (k=0®, no EOL) is also included in Table 4-1.

L%

;i; As expected, the results support the general conclusions that

“i ~ with increasing graphics relative to text content: the amount of

%ﬁ compression decreases, the distinction between the four mixed-mode

:3 techniques diminishes as does their advantage over straight

'iﬁ forward application of Modified READ (k=0 , no EOL).

ﬂ: While the Symbol Removal/Line of Symbois technique provides

iﬁ the greatest compression of all, it is not robust with respect to

::5 arbitrary location of symbols. The Symbol Removal/Scan Line does

" handle the case of arbitrary symbol location but does not take

;3 advantage of the occurance of lines of symbols. Furthermore the

:; Symbol Removal/Scan Line technique provides the poorest
n - compression performance. The Symbol Removal/Hybrid technique

?E remains robust with respect to arbitrary symbol location and this

3% ' technique also takes advantage of the occurrence of symbols in

» lines thereby providing compression close to that of the Symbol

Ei Removal/Line of Symbols technique.

N

&: The Extended TELETEX with CR/LF option provides compression

e intermediate between the Line of Symbols and Hybrid Symbol Removal
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- techniques, being marginally better than Symbol Removal/Hybrid for
the more Graphics intensive computer generated documents and
slightly inferior to Symbol Removal/Hybrid for the CCITT No. 1

document.

4.2 Complexity of Implementaiion

.

Not much separates the various techniques in complexity. In

b
&
h-
S
L

~
<

0
O
‘." ".'4'~';'~'-

all cases accommodation of scanned documents requires symbol

-
"

2 s o
N '

recognition. The three Symbol Removal techniques have the same

'

0
PR

v:;: image storage requirements independently of whether the recognized
Ef‘ symbols are to be organized into 1lnes of symbols or not.
;ﬁj Generally the 32 x 1728 = 55,296 bits required to accommodate the
~

Eﬁj larger fonts and hang-down characters will permit symbol
. «

(;\3 recognition, removal and organization into lines.

igﬁ In the Symbol Removal/Scan Line technique each recognized

isi symbol 1is incorporated into the transmission as the recognition

< occurs. In the Symbol Removal/Line of Symbols and the Symbol

E;j Removal/Hybrid techniques provision must be made for calculating
%E the linear regression of horizontal and vertical symbol positions
:é . to identify line skew and perform the vertical realignment, of the

EE; recognized symbols to a baseline, necessary to remove the skew.

EE Extended TELETEX, with CR/LF option, is presented as a

;;. technique for generating a mixed-mode message by a computer; not
:sz as a method for scanning a document and segmenting it into
By

1 4

’
L3
»

F

graphics and text.
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4.3 Commonality

This section discusses the commonality or ability of a Mixed

Mode machine to transmit messages to, or receive messages from
such existing machines as:

(1) TELETEX

(2) Standard Group 4 FACSIMILE, without

mixed-mode capabilities

(3) Group 3 FACSIMILE
Changes to these machines are not considered permissible because
they are already in the field; rather, here are considered changes

to Group 4 mixed-mode machines necessary to provide commonality

with existing machines.

The basic core of commonality between the existing machines
and mixed-mode machines 1is built-in in that all mixed-mcde
techniques considered use the TELETEX code and the Modified READ
II code proposed for Group 4 FACSIMILE machines. The Group 4 code
modifies the Group 3 code by:

(1) Using k=ow instead of k=4 for 7.7 lines/mm,
(2) Deleting the EOL code for each line,

(3) Eliminating bit stuffing to achieve minimum line time.

General compatibility betwen Group 4 and Group 3 machines,
with respect to the encoding differences, is expected to be the
rule rather than the exception. Therefore commonality with Group
3 machines is implicit in the discussion of commonality between

standard and mixed-mode option Group 4 machines. No special
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discussion of commonality with Group 3 machines is necessary.

For all of the mixed-mode techniques to achieve commonality
it may be necessary to inhibit information about the stored
library to be used. Other than this general requirement, the
Symbol Removal/Line of Symbols technique requires merely the
inhibiting of symbol recognitions to produce Group 4 transmissions
while reception of Group 4 transmissions requires no modification

whatsoever.

In addition to the above, for Symbol Removal/Scan Line and
Symbol Removal/Hybrid, code bits that change mode must be delected
on transmission and inserted on reception. For both techniques

this is a single bit that precedes each scan line.

For Extended TELETEX, a Group 4 transmission can be obtained
by inhibiting all symbol recognitions, including blanks, which
will force the entire line to be transmitted as dgraphics. In
addition, the codes for the last symbol on the line and the
graphics width would have to be deleted. For reception, the last
symbol code and a graphics width code of 1728 would have to be
added before each scan 1line to correct the Group 4 transmission

for coméatibility with the mixed-mode receiver.

For Extended TELETEX, to receive TELETEX transmissions no
change 1is required except adding the code that identifies the
stored library to use. In transmission, the graphics mode must be
inhibited, with space symbol codes being transmitted whenever
material that cannot be recognized as symbols 1is encountered.

Also CR/LF codes must be inserted for each line.

4-5
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For all techniques except extended TELETEX, in transmitting,
the graphics mode must be inhibited, and a blank symbol used to
replace each 28 pels of all-white or graphics pels. Also CR/LF
codes must be inserted at the end of each 1line (approximately 33
scan lines). Corresponding changes must be made for reception,
namely adding coding for approximately 33 all-white scan lines for

each LF, and deleting the CR/LF codes.

In addition for Symbol Removal/Line of Symbols, the 12-bit
(EOL) code that indicates a change from graphics to symbol mode

must be deleted on transmission, and added on reception.
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b 5.0 Conclusions And Recommendations
i

Figure 5-1 summarizes the subjective evaluations given to
iﬁl each mixed mode technique for each of the topics considered in the

study. Note that there 1is a slight preference for the Symbol

Removal/Line of Symbols technique relative to the other three

Ej? algorithms.

This study assumed that the OCR function was performed

perfectly for the scanned input document. AT&T has submitted a
recommendation to the CCITf for a mixed mode system describing a

? specific approach to the OCR function. It is recommended that
;fl this algorithm be simulated in order to properly evaluate the

impact of a realistic OCR system on mixed mode performance.
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N CCITT DRAFT RECOMMENDATION S.a -
-

-~ DOCUMENT INTERCHANGE PROTOCOL

N FOR THE TELEMATIC SERVICES
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- Document hifercianige rolocol
- P roventattomrtontroi-feoecduse for the Telemat fc Services.

1) General

l.1. Scope

l.l.1. Concerning the service aspects :

- - Recommendation F.200 lays down the operation provision

’ for the automatic international Teletex service. The
service requirements unique to the mixed mode of
operation are described in the annex C of the recommen—
dation F.200.

= Recommendation F... should describe the service requi-
rement for G4 fac sfaile service.

l_.l.Z. On the technical side :
1.121.. The Len‘lml equipement is defined by

‘ . - = Recommendation S.60 for the teletex,
~ Recomnmendat ion T.a for the G4 facsimile

1.122. Concerning the information coding :

: = Recommendation S.6]1 defines the character
repertoire and coded character set for the
international teletex service,

. = Recommendation T.b. defines the coding scheme
used in G4 facsimile equipments,

* = Recommendation S.100 defines the coding scheme
used in videotex services.

1.123. Recommendatfon S.62 gpecifies Lhe control proce-
dure for the teletex and C4 facsimile services.

Note : the generalized session protocol, under
discussion between CCITT and 1SO, should be
also coansidered. :

- ' 1.124. Recommendation 5.70 specifies the network indepen—
dant basic transport for teletex and G4 facsiaile

f . services.
I~ : Dociment Iulev change
- 7.13 This Recommendation S.a defines the

Pwto«(. to be used within the Telematic Services when a docu-
ment structure is required e.g.jfor Mixed Mode Teletex and
fo: Group 4 Pacsimile. (For +he Hime beiny |

S.a is embedded in a Framework of Recommendations for Tele-
matic Services o as shown In ﬁgurc, 1.
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Figure 1., Framework of Recommendations
for Telematic Terminals
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( see 7”0?#40/ a.?/ar'/.: rn Annes & J

1.2L1 I"t-ar the purpose of this Recommendation, a document
is an_q&’;.‘" '+ text that {s interchanged between
telematic terminals.

7.2.7¢ A document can be interchanged for two major purposes,

= It may be interchanged as an origsiigal in a final form allow-
o L4n .
ing for printing, displaying and -i-i-l-lggg at the recipient.

= It may be interchanged 1 . in a revisable
form allowing ‘for prOce&.sinJ at the recipient.

Processing includes editing, reformatting, filing and
other manipulations.

7.2:7.3 Text is information for human comprehension that can be
presented in a two-dimensional form, e.g. printed on paper
or displayed on a screen.

7474 Text consists of graphic elements such as character box
elements, geometric elements and photographic elements,
which constitute the content of a document.

Contenst

7,],7, $  The wemt of a document need oe separated intn
varinug portions {n order to :

objects
= delimit dhe presentation 4Alts (e-g—pagad) {vch ar Payes

— Aelimt logieal Okrefs sveh as pdvajmp/‘)_g
= use different types of coding :
~ allow processing after communication.

Jhe Cé‘ser;;a'f,'pn q[' Zhese /oorﬁbmj 6,[ st and T4,y
relafiou ship- rustilofe  She AoCsmien £ @rch i tertore

/’ ""i /. /. ( -
The decrinendt .- ireto, e recognizes fuwor
Slrvefevr s
— "/1:_‘ /}tyru/ .f/VUC/U"C’
— '/rf( //“«’// ral _""'/’z/"//. e
A~-5
s e i e T D N N e e o e i S e S S e
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L

e MLIR-TI8 X o4
X The M relates the content of_a._.docnme.nt < lauept cETTS
- fﬂ" jhg;rpositioning and rendition on the presentation

. media.
. lp -~
(“ The logical structure relates the content 22aL o

- to logical text objects dueh -as portiens/serving

-.jj specific purposes; sections, headings, paragraphs,
p- footnotes and figures.
19

e The architecture that is particular to a given document is

;::; called specific document architecture.

(O -

3 %}o@%ﬁ_ﬁ“ common )

- 1,249 Agven docoment may contain jyelefined Veoutcns frertions
\_: /(Pf’S’l-"’nif/ /2705/ /OVMS 07(C'. whith hﬂaj appeat seveval

o Fimes 1n Yhe a’a(omen?‘. .
N . ' aud 150v 7C[aTimn s/ J
N Tnese predefined otent porieons A 1¢la finn shije arC

s 4 e Gemerte [agovt stwclere

> ;/(sfméfr/ \7 s j___,__ 7

~. ogn a Sl;‘-l/ay manne, therc ad be ﬂ”d’ﬁiﬂ'&( /?z'(a/ 06/'(7/(

\ ﬂhc/( 5¥V(;C1(071;7\7 Vuﬂ’.{ wﬁl’(’? cCon $}I¥0/C /%e T/qeh('”.c /094(61’/
" (/wc/vre

Lj: The interchanged generic document structures help

- - to improve the transmission efficiency,

N - to maintain the consistency of the document with the

. document class during revision at the recipient and

::f - to facilitate the creation of new documents of a certain

:‘-j class.

(v

e ﬂerrfovc a Comprechensive description of a docomen f may
(omprisc .S/xci[:'e avd jcnen'( cfrucfures @5 Showea 149

>

j . ”

x Flavre 2 .

- v _ .
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3 Document architectove and inter change formafs
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4 Document architecture N

.

v

4.1 Specific document architecture

;*’;z _ 4.1.1 The architecture that is particular to a given document is

L called specific document architecture. It consists of the
-,; . following components (see Pigure 4):
o = content
= - layout structure } specific
= logical structure document structure
= layout directives . 1

4.1.2 For the presentation on paper or screen the content of a
document is physically structured into pages, blocks, lines,
character boxes etc.. This structure is called layout struc-

' ture and the objects building up this structure are called

R . A-28
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Figure 4. Document Architecture Model :
Structure, Functions
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layout objects ' - . In the final form the
content is divided into portions which belong to this layout ]
-objects.

.4.1.3 On basis of the final form only such processing can be done
efficiently which causes no reformatting in the environment
of the manipulated layout object. It may conpzise layout
revisions like to scale and to move blocks within empty
space or to overlay them transparently or opaguely. In cases
where the enviromment needs to be reformatted, this has to
be done manually by the user. ‘

.4.1.4 Documents use to be logically structured in order to enhance
the comprehension of the text. In the final form of documents
the logical structure may be implicitly expressed by the lay-
out of the content, i.e. its arrangement within pages and
its type style.

.4.1.5 In the revisable form the logical structure of a document
is explicitly represented by logical objects, e.g. like sec-
tions, paragraphs, footnotes, figures etc.. The content is
divided into portions, which belong to the logical objects.
The logical structure can be edited (revised) by commands
like "insert, delete, move" etc. applied to logical objects

like a paragraph. Pigure 2.shows an example of a specific
logical structure.

4.1.6 In the revisable form layout directives can be associated
as attributes to the logical objects. These layout directives
allow for the control of an automatic formatting and layout
of the content portions belonging to the logical objects
during editing (revision). Such layout directives may be
"centered, left aligned, two columned®” etc. and "emboldened,
underlined, italic" etc. applied to paragraphs, sections etc..
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In a given document common content portions may occur se~

veral times like a logo on several pages or a standard pa-

ragraph within several sections. For purpose of transmis- ]
sion efficieny the common content portions need to be trans- -
mitted only once in that part of the document interchange

format, which contains the generic document structure. In

the specific document structure there need to be only re-

ferences to that common content portions.

o
- e,

b

L i'a .4.’1,

b s s

4.2.4 The generic layout structure defines layout templates for
pages containing the position of predefined blocks with com-~
mon content (e.g. logos) and of “frames® (e.g.the image area,

* an address area) within which the content of the logical

objects may be dynamically formatted. Such a template might

represent a standardized form like ISO 3535. Figure 2 shows
the example of a template of a form.

The generic layout structure allows also for predefined se-
quences of pages with predefined layout, e.g. a template for
the "cover page” followed by a template for the "introduction"
% page and a template for all "new section pages” of a certain
* document class . *

fi 4.2.5 The generic logical structure allows for the definition of

: types of logical objects, named generic logical objects,

! which are characteristic for the document class, and of the

definition of their hierarchical order and their possible

2 sequential order. The hierarchical order is expressed by

é a "consist of" relation, e.g. for a section consisting of

4 none, or one or more subsections, which may consist of one
or more paragraphs. The sequential order is expressed by

” a "followed by" relation, e.g. a head followed by none or

s one abstract, followed by one or more sections, followed

j ’ by none or one reference list. The generic logical struc-

% ture can be regarded as a set of rules (i.e. a grammar) from

which specific logical structures can be derived.

Pigure !-lhoul an example of a generic logical structure.
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4.2

O4.2.1

4.2.2

4.2.3

b

The formatting and layout process creates or modifies the
layout structure and results in layout objects like blocks
arranged and styled according to the layout directives.

Generic document architecture

A given document can be regarded as a member of a document
class like a bussiness letter, report, purchase order etc.
The generic document architecture provides the user with
means to define rules for the logical structure and templates
for the layout which are characteristic for a given document
class. A document class is defined by the application. It

is not intended to standardize any document class by Reconm-
mendation S.a.

The specific architecture of a given document can be built
according to the rules and templates of its document class.
They are described by the generic document architecture of
the document class which consists of the following components
(see Pigurel ):

- common content portions

- generic layout structure generic

- generic logical structure ]' document structure

- generic layout diretcives.

The interchanged generic document structures help

= to improve the transmission efficiency,

= to maintain the consistency of the document with the
document class during revision at the recipient and

- to facilitate the creation of new documents of a certain
class.

The common content portions of a document class are prede-
£ire4 porti'xl'ot text like the geometric elements of logos
in -.'8, che character box elements of standard paragraphs
in auihority documents etc. which are common for all specific
documents of that class.
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-Zﬁ §.2.6 The generic layout directives are attributes of the generic
logical objects and apply to all specific logical objects
of the same type. Similar to the specific layout directi-

:': ves, which are associated only to single logical objects

ﬁt the generic layout directives allow for the control of an ‘
'1¥) automatic layout of the content of logical objects on the .
5A presentation media. There are twqgo types of layout direc-

e tives, the one effecting the positioning and the other ef-

{ﬁ fecting the type style of logical objects. Specific layout
_"\:: directives may overwrite generic layout directives. If a

) given document has been changed by this way it is no more

= ' a member of that class from which it originally has been
'~ ’l:: derived. rigurej demonstrates the functions of the generic

T structures.
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Interchange formats

Categories of interchange formats

By apropriate selection among the components of the docu-
ment afchitectu:e different interchange formats with dif-
ferent capabilities can be derived. '
Two major categories of interchange formats are distingui-
shed

~ text imaging formats (TIF)

- text processing formats (TPF)

Text imaging formats

Text Imaging Formats mainly support the imaging (printing,
displaying) of documents at the recipient. The document is

‘interchanged as an original in the final form by interchan-

ging its content and its layout structure. The content and
layout structure of such received documents can be edited
(revised), however only by doing any reformatting manually.

The text imaging format offers no support for an automatic
reformatting.

There are two text imaging formats. TIF.l (Basic TIF) and
TIF.2 (see Pigure §).

The text imaging format TIF.l is called Basic TIF. It con-
tains the content structured by the objects "pages", “frames"
and "blocks"™ of the specific layout structure

- The Basic TIF represents the finael form of a forlattcd
document and allows for an exact reproduction of its image

at the recipient as created by the originator. There is at
least one frame, which represents the image area (= printable
area).
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For the easy repositioning of logically related blocks which
need to retain their relative positions during layout revi-
sion at the recipient, there might be additional frames which -
enclose these blocks. Such a frame could be one enclosing

a diagram block and several caption blocks of a figure. How-
ever these frames need not necesgssarily be interchanged.

eray

¢

.
»
b

a
..J

Note: In the context of TPPF frames have an additional essen-
tial function. They define boundaries within which

N the content of the objects of the logical structure
?- can be automatically formatted. Therefore layout di-
o ’ rectives which effect the positioning refer to frames,
W :

. R:2.3 The text imaging format TIF.2 adds to the objects of the
» i Basic TIF the objects of the generic

?g layout structure. .

It allows for transaission efficiency. Predefined content of
layout objects which occur repetetively on different pages,
like components of forms, are transmitted only once within
the generic part of the text imaging format. In cases where
Y the document class is known by the recipient, e.g. within

a company or for standard forms such as e.g. ISO 3535, TIF.2

gaain
o Vs I

§§ contains only the name of the document class within the ge-
%g neric part of the format and the detailed generic informa-
§f tion is added by the recipient.
& Q.3 Text Processing Pormats
ke
?3 2.3.1 Text Processing Pormats support the processing of documents
& at the recipient. The document is interchanged in the revis-
able form by interchanging its content, the logical struc-
g} ture and the layout directives. The content, the logical
55 structure and the layout structure can be edited at the re-
.§ cipient support’d by automatic reformatting.
8
.5 ?
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There are three text processing formats, TPF.l (Basic TPF),
i@ S TPF.2 and TPF.3 (see Fiqure é)

f3 .. Jl,3.2 The text processing format TPF.l is called Basic TPF. It

N : contains the content structured by the objects of the speci-
fic logical structure, the specific layout directives and

the objects of the generic layout structure. In the case

of TPF.1l the positioning layout directives refer to the
generic frames of the eneric layout structure (e.g. the image
area).

'.;ﬁ n ‘°4= I‘

-

¥

.The TPF.l allows for transmission efficiency in saving the
interchange of a not yet final layout. The unformatted do-
cument can be formatted at the recipient according to the
specific layout directives given by the originator which
may be accomplished and revised by the recipient. The con-
tent, the logical structure and the layout struture of the
document can be edited together with an automatic formatting
according to the layout directives.

T WL
PRy -y Xy
.

3t Ak e i e
;}‘A‘_‘,J'ur

"3.3 The text processing format TPF.2 adds to TPF.l the rules
and objects of the generic logical structure and the generic
layout directives.

<A

o
5

The TPF.2 allows for the interchange of unformatted docu-
ments which can be formatted at the recipient according to
the generic layout directives given by the document class

- and the specific layout directives explicitly defined by
the originator. The document can be revised under control
by the generic logical structure which helps to maintain
the consistency with the properties of the document class.
The types of logical objects which may occur in the speci-
fic logical structure and their possible hierarchical and

. sequential orders are defined. In order to format the docu-

B ‘. ment, layout directives have to be added to the logical ob-
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jects by the recipient. In cases where the document class
is known at the recipient the generic part of the format
contains only the name of the document class and the detailed

.generic information is added by the recipient.

The text processing format TPF.3 adds to the objects and
layout directives of TPF.2 the objects of the specific
layout structure.

The TPF.3 allows for the interchange of an already format-
ted but still fully revisable document. It adds to the pro-
cessing capabilities offered by the TPF.2 the capability

of reproducing the image at the recipient exactly identical
to the cne originated by the sender. This format may be named
"full text format®.
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PRATT er al.: COMBINED SYMBOL MATCHING FACSIMILE

- L INTRODUCTION

OﬂhaimﬂceodiumMMydmged

have besn based on the concept of rundength coding

(1]. Rundength coding methods provide a relatively
high compression ratio for a graphics type of document or an
alphsnumeric document containing a small amount of text
{2). But, the achievable compression ratio drops appreciably
if a document is filled densely with slphanumeric characters
because the biack and white run-iengths become quite shost.
Deunse slphanumeric documents can be efficiently coded by
symbol recognition techniques in which individual symbols are
detected and coded by a prototype library code (31, (4].
However, such a method cannot effsctively handie documents
containing a mixture of alphanumerics and graphics. Ome
propossd approach to this probiem has besn to segment a

" document into strips containing alphanumeric text or graphics

data, and then code the former by symbol matching and the
latter by rum-ength coding [S]. The problems with this
approach are the difficulty of document segmentation and the
drop in compression performancs if the segmentation is not
accurate. This peper introduces a new concept of hybrid
symbol-matching/run-dength coding in which a document is
dynamically segmented into symbol aad graphics regions [6].
Concsptuslly, ths symbol versus graphics ssgmentation pro-
cems employed in the facsimile compressor is quits simple. A
document is scanned line by line, and all isolated symbols that
are expected to recur in the document are extracted and coded
by a symbol-matching process. The remainder of the docu-
ment, called the residue, is coded by two-dimensionsl run-
lsngth coding. This segmentation method permits docuoment
symbols to be coded by symbol matching without interference
from the graphics portions of 3 document, and eliminates
symbols from thst postion of the document which is run-
length coded. The resuit is an efficient match between the
type of data sad ths chossa coding methods.
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Fig. 2. Block shrinkiag.

slong with the location coordinates of the symbol. If the
compsrison is unsuccessful, the new symbol is both trams-
mitted and placed in the ibrary. Those aress of 3 document
in which the blockesr cannot isolats a valid symbol are assigned
to a residue, and s two-dimensional run-dength coding tech-
aique is used to code the residue dats. The following sections
describe kay elements of the coder in grester detail.

A. Symbol Blocking

The function of the symbo!l blocker is to examine the input
buffer in a systematic fashion, and to locate the position and
size of any isolated charscters. Fig. 2 illustrates the blocking
process. A black pixel in the buffer, denoted by the character
“1™ is comsidered to be 3 key pixe! whensver the fowr neigh-
boes located above it aad to its left ars white, as shown below

000
oL

Whenever 3 key pixel is encountered, the blocker is initiated.
The biocker extracts thoss pixels from the buffer that are
coatiguows with the key pixel, or enclosed by a set of contig-
wous biack pixeis. For exampis, with the lower case lstter
“s,” all black pineis snd ths enciossd white “isiand™ will be
extracted by the blocker.

B. Feature Extraction

The most straightforward method to determine whether a
match exists betwesn sa umknown symbol and owe of the
symbols stored ia the libeary is to perform a tempiste match
botwoen the uakaown and every library symbol. However, a
two-dimensional tempiate match is costly ia terms of procem-
ing time snd squipment. A method of reducing the sumber of
sush metches is required. The approach thet has besn taken is
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Fig. 3. Perimoter fostures, W= gymbol width, M =symbol height,

P = symbol outer perimeter, 4 = black ares pius saclosed white sres.

to extract 3 set of scalar “features” from the various symbols
in the library. Thess festures are uged to reduce or “screen”
the number of candidates for a tempiats match to a tiny
fraction of all the possibilitiss in the Hbrary.

The festurss used in the screenming process are the block
height, block width, symbol perimetsr, and pixel area enclosed
by the outer boundary of the symbol. Fig. 3 provides an
example of featurvs derived from a character,

C Candidare Scresning

The purpose of the screening process is to reduce the burden
on the template matcher by paming ouly “good prospects”™ to
the matcher. This is accompiished by calculating the festure
spece distance betwesn the unknown and each library entry,
and sslecting the Hbeary candidate with the smallest distance
a8 the best prospect for a match. If this match is rejected, the
aext best candidate is comsidered, and so forth. The distance
“metric™ weed to determine how “closs”™ sn umknown is to a
particular cendidate is the “city block” distance defined by

TN
nw.c:)-g]rcm-rywl ()
1
where Fo(l) is the Rk festure of the candidate, Fg(/) is the
Rk festure of the uaknown, |*| denotes the sbeolute vaiue,
D(U, C) i the distance betwesa the unknown and candidate,
‘snd Np is the sumber of features.

D. Tempiste Matcher

The tempiate matcher forms a comparison detween the biaary
pastorns of s detected symbol and 2 library prototype symbol.
Consider s two-dimensional binsry petiern represemted by
AC.R) whars C=1,2,* " Noand R»1,2,
sonventional tempiate matcher calculstes the similerity be-
twess 8 pair of vector pattarns A(C, R) sad IC, R) by sum-
ming the sumber of picture clements (pixels) for which
A(C, R) snd IC, R) differ. This RXCLUSIVE OR exxer is do-

fiaed
Ne N,
£e ; ):. AC,RYOKC,R)

-.th-ud-mum

(2)

A major shortcoming of the conventional template matcher
-described above is that it treats all errors alike regardless of
where they occur spatislly. An improved matcher, to be
described, utilizes a “weighted EXCLUSIVE OR" error criterion
that is based on the context in which the error occurs.

The motivation behind the weighted EXCLUSIVE OR count
error criterion- may be spprecisted by examining the EXCLU-
SIVE OR error (denoted 4 © B) in Figs. 4 and S. Compare the
EXCLUSIVE OR pattern for the “c” and “o” in Fig. 4 with the
pattern for the pair of “¢’s” in Fig. 5. Note that the EXCLU-
SIVE OR emor count for the pair “c” and “o0” (count = 23) is
actually less than that for the pair of “e’s™ (count = 29) im-
that, by this error metric, “c” and “o” are “closer”
the pair of “e’s” are to esch other. However, the error
for the pair of “e's,” which should be declared a
is composed of spersely distributed pixels, while the
pattern for the “o” and “c” shows a dense node of
. pixels corresponding to the missing right segment of the
Oune way to quantify the density of such a “node” is
s summation in which the “local density” of every
is merely the sum of all the pixels in its 3 X 3
if the pixel is 1, and 0 if the pixel is 0. The
patterns above labeled ‘“‘weighted XOR error” have been
caiciiated in this manner. Note that by this criterion, the
associeted counts indicate that the peir “c” snd “o0” are more
soparsted (count = ] 31) than are the peir of “s’s” (count = 73).
.In the templats matcher, the weighted EXCLUSIVE OR erTor
is computed for nine tramsistion shifts of a pair of patterns
correspondiag to horizontal sad vertical single pixel shifts of
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3
R is bumped out of the Hibrary and repiaced by the new proto-  Figs. 6 and 7 contain partial library plots of isolated symbols

type. At the recsiver, the mme sise Hbrary and the same from two facsimile documents, one a French journsl article
- seoring symeem are wtilieed to maintain synchroaisation (CCITT #M), and the other a Japeness langusge document
i} the tsememitter. Wich s library sise of N elements, the sooring (CCITT #7). The first item on the list is the first isolated pro-

T gves STy “new prototyps” or “matched symbol”™ totype symbel, and all following symbols repressnt matches
o2 Joust NV chansss for s match. the prototype.

-4

. P T U S S . v ae R IR T S T PP M
§ > - - . ORI ) Pt DRI e A T e N e T A N N Y e e et e N et e
BRSNS ". LN N _\5.,' ¥ A‘)L‘ \] D-x.i-a l' 1---! .t e : AR " <, i.‘- ..(.- % . e . N a0t




MAraacSaadbichari/e-aiech A Wiec RIS S TR I I R

e B T i A DO S A g A s o 5 i s ar M It e Rie SR a4 T UL G
R A A A I LY ORI IC RO PR

7,
p 2yt

y
)

> \" *‘,

’fo"

ATATE TR PR -
LS
fa
<.
s -
. 790 PROCEEDINGS OF THE {EEE, VOL. 68, NO. 7, JULY 1930
5 '
W ¢ @R Comun pius veiskis Wor TAf im piae | wiie Ugnv & raesd e donmd
. A o dgued la dgure 3 rapudentts (8 veaie esurte
o* L Yy y— "l' p
. + indiguing gage pristdesen. 0"3'1. g
. _— - -
b rl"" ,-..;.[r.,[:’l']
oo &t amte pham an bien I'gy
X .
.,- { A wn diphtaags epmean | .
<. Ve g o L on g 7, prés (in .
:f. - e Un sigael wis S} ceverm —_— ——— e e
. domen 4l sovie b wn recard
S 3 ::li:: o= ik, —-E
> . - < d*sutre
Tt btire - flons ..-rn.—-
. " t
L, ---..h--?.—:lh-‘ :I-'_-m. o forme
“ C'en Sire pumo-bents ¢o wamtrs wisé pomy | ¢u ey mtapud. On compres
- r€ foed/ -,l"—*! [ l: pour A.n—--t.-d“l-uh—:(:
;‘- s et = -uu-rniuhau'ar.un
Ny ol.ar —_—y
'..A‘i \ ) | - 173 d
! (@) ORIGINAL
=N
r v -
[ I TY
N
. T
- [ Y2
h - , -
“
> r
\f- L) ——
g
N
-1
[ ™,
N
N
%
y - v

() Restoue

Fig. 8. Magnified section of CCITT wo. 4 sad its residus.

F. Prorotype Coding

After a symbol has been biocked, 3 decision threshold is
applied to esch prototype element of the library thst has
passed the screening test. U & match is indicated, only the
mmmmwmmmm
the previous symbol are coded, Otherwise, the binary pattern
dmbmmwhmmmmmw
width, symbol height, and horizontal location, in addition to
mmhmmuammm
mmmotmwdh.hwmm
the pixsls within a block in a raster scan fashion. On the

occurs. mmmmmmmmr«.
mmamcsumm,mm

loldodm-uauheodh;nmdkmdfwnvuy-hu-
performance version.
. Residue Coding

hmumhmmmmmu
ot mest the criteris of prototype characters. Exampies in-

—

" clude exceptionally large or exceptionally small alphanumeric
characters, segments of company logos, and segments of
handwritten script. In the CSM system, these patterns are
rejected by the symbol blocker, and then left behind as 3
Mutobeeododbytvo-dimeasiomlm-lennheodin;.
mamuabbwupofaucﬁmofa&dmﬂedocn-
ment (CCITT #4) and its corresponding residue.

w.mcmmmmmayuymeof
mmnﬂufmmm The selection
Mhnnhumhﬂoteodh.p«fmtdmee
to channel errors, implementation complexity, and com-
patibility with facsimile standards. Considering these factors,
amWMofmcmmemmmm
coding algorithm hss been selected for the residue coder. By
inhibiting the symbol matching process, the CSM coder will
Wymwammmm,wmmu
mads exactly compatible with the CCITT standard.

H. Trensmission Code

The CSM facsimile coding system produces an asynchronous
code that is dependent upon the contents of the document to
be coded. Table [ contains a detailed specification of the code
mmm9m.mum«mmm.
The code words lengths in this specification have been opti-
mised for s scan resolution of 8 X 3 pixsis/mm.
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TABLE I
CLI ComsiNED SYmMBOL MATCHING FACSIMILE CODE o
[--- S WORo STZE
NNE  DEPDITION  (RITS) DESCRIPTTON -
LYY LM SuC ’ BEGINDG OF HORIZONTAL SOW LINE,
TMUGECTTID EVERY K LDES
MG SYEX TG 1 0 = N0 SYCL CN LDE
1 = AT LEAST ONE SYMIOL ON LDE
CLADD  COLIMN ACORESS 11 HORIZONTAL LOCATION OF PIRST
2D, ON LDE
MITIG  ICH TUG 1 0 = N0 MRTCH
1 = pacn
LINID LIMAXY DOEX 7 SDORY CODK O LIBRARY DOEX
TONGE XM KSTTIM 2 VERTICAL WOCH SWIPT
00 = WO ST
0L = UP SHIFT
10 = ooMN SHIFT

mOX SIE 10
MK CXE W
ORI\ CouM 6,17

MEIDUE CODE VAR,
STUFP BIT3 VAR,

i RE

L
SYMBOLS
PRESENT

NO MATCH

Fig. 9. Trassmission code ststs diagram.

symbols. Isolated unknown symbois detected in the key
pixel scanning process thst do not match a library entry can
be placed in the regidue for subseguent run-ength coding.
The symbol matching process in the CSM system is not
exact; a match tolerancs is permitted between symbols to
sccomodate perturbetions in symbol shape caused by the
scansing process. As & consequence, in the basic CSM system,
& recoastructed document is aot an exact pixel-by-pixel replica
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of the original document. Although symbol substitution
errors are extremely rare, there may be applications in which
exact coding is demanded. This mode of operation can be
accomodated in the CSM system by a simpie modification of
the coder and decoder. At the coder, after a successful match,
the EXCLUSIVE OR between the pair of matched symbols is
formed and placed in the residue for subsequent rundength
coding. At the decoder, the pixel arrays generated from re-
constructed symbols and reconstructed residue are combined
in an EXCLUSIVE OR fashion to correct for differences in the
pair of matched symbois. In this manner, exact reproduction
is achieved. However, the “overhead” associated with the
exact reproduction mode of operation can reduce the achiev-
able compression ratio by as much as 50 percent at 8 X 8
pixel/mm resolution.

I1. SYymsoL RECOGNITION MODE

The CSM algorithm achieves facsimile data compression by
the matching of document symbols against a library of s~"m-
bols accumulated during the document scan. If a match oc-
curs, the library index is transmitted rather than the symbol
binary pattern. This basic concept can be extended to per-
form symbol recognition by preloading the library with the
binary symbol patterns of a predetermined set of symbol
fonts. The coder can then operate in a symbol recognition
mode in which only the ASCII codes are transmitted and all
other document data such as 3 signsture or logo are ignored.

A. Line Tracking

In the western world, printed matter is “read” from left to
right and from top to bottom. Therefore, 3 symbol blocking
system that transmits its output to a serial ASCII terminal
must do the same. However, the CSM aigorithm extracts
characters from the document being scanned in a totally dif-
ferent fashion. As the line buffer scrolis through the page
from top to bottom, the tallest of first encountered charac-
ters are removed from the document and processed through
the recognition algorithm. Thus characters emerge from the
CSM process in a2 sequence which would be totally incom-
prehensible if viewed in chronological sequence. In the con-
ventional CSM facsimile transmission mode, this is of no con-
sequence, since characters are placed in their appropriate
address locations regardless of their order of occurrence. In
the serial symbol recognition mode, the transmitter will as-
sign esch character an ASCII code, amembie the codes into
lines, inserting blanks, line feeds, carriage retums, etc., and
transmit the lines seriaily to the receiver. For single spaced or
rotated documents, this “line tracking” is more difficuit than
one would imsgine. The problem is basically that of grouping
the characters into lines. Determining the sequence in which
they should be transmitted is relatively easy since the charac-
ters msy be sorted by their column addresses. A significant
benefit of this serial ASCII mode is that no information on
character locstion need be transmitted, since the correct se-
quencs is afl that is required in order to properly reconstruct
the received document.

Ths linetracking algorithm is based on a straight line fit of
the key pixel coordinates of characters on a text line, as il-
justrated in Fig. 10. The straight line is defined parametrically
=

R=8:C+0 3
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Fig. 10, Line tracking.

where R represents the row index, C is the column index, S
denotes the text line slope, and O is its offset. As characters
are encountered, they are assigned to the nearest straight line
representing a text line. The algorithm is as follows:

1) The coordinates (C, R) of the first encountered character
are used as a2 “seed” to start a clusterat S =0, 0 =R,

2) The (C, R) coordinates of the next character encountered
are used to compute £ = [R - § - C]? for the siope and offset
of each cluster.

3) If the error is less than a threshold for a given cluster,
the character is assigned to that cluster (next line). If it is
greater than the threshold for all clusters, the oldest cluster
is dumped, and a new cluster is started.

4) If the character was added to an existing cluster the
values of siope and offset are updated by use of minimum-
mean-square error techniques.

B. Handling of Special Characters

A number of characters which consist of two “subcharacters™
must be treated as special cases in the symbol-recognition
mode. This is because the blocker/matcher would otherwise
fragment them into their constituent parts and give misieading
results. These characters are: (i), (), (1), (?), (t), (), (»), and
("). After recognition of the two parts of the character, the
system will check if two compatible symbols are on top or
almost on top of each other. If so, the two symbois are
merged into one. For example two (-)’s on top of each other
will be merged into a (:).

IV. CoMPRESSION RATIO EVALUATION

The CSM system has been extensively evaluated by com-
puter simulation to optimize its performance and to determine
its compression ratio with respect to other coding methods.

A. Facsimile Mode Evaluation

The CCITT document set of eight digitized documents of
200 X 200 line/in (8 X 8 pixeis/mm) resoiution, shown in
Fig. 11, has been used for evaluation of the CSM system in its
facsimile mode of operation. Tables II and III contain listings
of the compression ratios for each of the documents for the
high-performance and very-high-performance versions of the
CSM aigorithm, respectively. These tabies aiso contain the bit
allocations for each of the code elements defined in Table 1.

Table IV presents a summary comparison of the compression
ratios of the high-performance and very-high-performance
CSM systems with several other fscsimile coding methods.
Ths modified Huffman code is the CCITT adopred standard
for ome-<dimensional rundength coding [2]. The [BM code
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Fig. 11. CCITT facsimile document set.

(7], READ code {81, and BPO code (9] are proposais for a
CCITT standard employing two-dimensional run-length cod-
ing. These algorithms all provide for an end-ofdine code. All
of the algorithms in Table IV have been simulated and evalu-
ated on the same set of digitized documents scanned at the
University of Hannover, Germsny. The X factor indicates the
number of lines in which the coder is operated in its two-
dimensional mode before it reverts to a one-dimensional mode
to limit the propagation of errors.

Comparison of the compression psrformance of these algo-
rithms indicates that the CSM methods outperform the run-
length coding techniques substantially for text-predominate
documents, and perform at about the same level as the best
of the two~dimensional run-ength coding methods for graphics-
predominate documents.

B. Symbol Recognition Mode Eveluation

The symbol recognition mods system has been tested with
86 sets of dsta, each containing 1000 sampies of one of the
86 symbols of the Courier 10 font. In these tests, no mis-
matches occurred, snd only very badly damaged charactens
were rejocted.

Fig. 12 contains an example of a business letter and its re-
construction with the symbol matching coding mode of opers-
tion. It shouid be noted thst ths reconstructed letter has been
printed with a different font than the original, however, the
format and spacing of the two letters are in basic agreement.

~

The compression factor obtained for this document for opera-
tion of the CSM system in the symbol matching mode is about
257:1 and for operation in the facsimile mode is about 49:1.

V. SYSTEM IMPLEMENTATION

Although the CSM system is more compiex to implement
than a conventional two-dimensional run-ength coding sys-
tem, with the advent of high-speed and relatively inexpensive
memory, discrete logic circuits, and microprocessors, imple-
mentsation complexity has ceased to be a deterrent to the
development of high-performance systems. A 100X 100
linesfin (4 X 4 pixel/mm) facsimile coder using the CSM
algorithm was introduced by Compression Labs, Inc. of
Cupertino, CA, in Fall 1978, This unit utilizes 3 microproces-
sor to implement the algorithm for transmission at sub-
minute page rates. A discrete logic impliementation of the
CSM algorithm is being developed by Compression Labs for
transmission rates of less than § s for a 200 X 200 lines/in page.

V1. SUMMARY

A new high-performance method of facsimile data compres-
sion, called CSM, has been introduced. The coding system
involves segmentation of a document into symbois, that are
coded by template matching, and into a residue of the re-
maindsr of the document, thst is coded by two-dimensional
run-length coding. Computer evalustion indicates that the
compresmion factor for text-predominate documents is about
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2 1s.1 28.7 3.0 4.1 29 25.7 32.6 7.2 3.8
3 8.7 1.6 16.3 13.2  15.8 13.3 15.9 2.7 n..
¢ s.3 6.6 7.1 6.6 7.2 6.5 1.0 2.4 8.3
s ..3 12.7 147 12.3  14.1 12.4 14.3 2.7 3.1
6- 1.2 19.0 2s.1 17.6 22.8 18.1 23.8 26.8 2.0
7 'K 6.1 6.7 6.1 6.6 6.1 6.6 7.4 8.9
] 7.9 1s.1 20.2 12.9  1s.9 14.0 18.2 16.9 17.7

August 15, 1970

ﬂlo‘—‘u’q-. Nenager

11 M
Wew Tesk, N.¥. 18022

Dear Ne. Nonagars

This letter will ast s the standasd for decarminatise
of she D Sampressi ioe sossptable for the FAN-
NP, fasainile dass camguesess. The fleppy dish of tha
FAX-CONP will be able %0 0000 st laset nine eupies of this
pope prier %0 evesfloving vhish will guaguntes & Cransmissien
tias of lass then 25 ssomnds for Whe gege. This tranemiesien

tiae vill 8o ashiovebie wsing & 2000 boud digital asden fow
a0 casmestion.

-?:4 Cospresaies racies of f3um 311 wp % 2511 een be

5‘*‘ enpested £30m other poges of iaformsion, depeadisg upen the
1'::- S5t5al CENMSEE OF e Pages. TheSt GARPUUESSER 58100 axe

:,‘.-": daiia0d vhen using the 36 1ine pon L00h comming sesslecien
WA ealy.

vesy ssely youss,:

Lt & Honr

) ciays 8. Nawee
! Vise Presidens
N Nasheainy
v ' vy

(o) ORIGINAL

AN

FRX Yy X

Auguaz 13, 1978
Iatesnotional Company

1113 Greadwmy
Now Yook, W.¥. 10032
Dese M. Maasger:

This letter will ast as the standerd fer decterainstion
of the aininua cenpreasien raties accepeadble for the FAR-
cone, ¢ The fleppy disk of the
PAR=CONP will Do able ts stere at least atwe csples of thin

inile data s .

page Peior o everfloviay whioh vill quarantee a trangnissiea
tine of Loss thoa 23 sevamis for the page.
tise will 0o sshiovedle using & 2408 bowd dlgital seden fer
1ise comnestion.

Conpeoastion raties of frem 511 wp %o 1511 emm be
enpestad fran other pages of infomstion, depondiag upna the
setusl csagent of the pages. These compression raties are
dolined when using the 56 line por ineh sssmning cesslution

ealy. A
Yoty teely yours,
?
CLOYD §. WARVIN
viee President
Racheting
Geve

() REPROQUCTION

Mg 12, hmd'b-mhcal“
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and about the same for graphics-predominate documents.
ﬂn(ﬁlnmmnanbtqnnudmlpmuﬂmuﬂnum&
ﬁmnmannﬂﬂha&mnmﬂhaﬂﬁbyuuuﬁ&moﬁu
dunmuuumwmum~Qmunubnnﬁalnnuﬂunzm:l
anuadhnmmbuhuﬂuuuhﬂﬁum«ohn«ubm

111 R.I.Arn"l.yh-peo-uﬁ::."hlmm

codes for documents,” JEKE
Commum., vol. COM-25, no. 11, pp. 14281433, Nov. 1977,
(3] ~ N. Ascher sad G. Nagy, “A means for achisving 2 high degree

PROCEEDINGS OF THE IEEE, VOL. 68, NO. 7, JULY 1980

(4] W. K Pratt, W. Chen, sad C. Resder, “Block charscter coding,”
in Poc Soc Photo-Opticel Instrumensstion Enginesrs, vol. 66,
PP. 222-228, Aug. 1976.

(3] W. Chen, J. L. Douglas, sad R. D. Widergren, “Combined symbol

~A 80w approach to facasimile data compression,” in
Proc. Soc. Photo-Opticel Instrumenmsion Enginesrs, vol. 199,
PP 1-9, Aug. 1978.

(6] W. Chen, J. L. Dowgles, W. K Prast, and R H. Wallls, “A dusl
mode hytwid compressor for facsimBe imsges.” in Proc. Soc.
Photo-Opaicel Instremensasion Enginsers, Avg. 1979,

{71 l.LmMMG.W“mem
scheme.” in Proc. Int. Communications Conf., pp. 5.7.1-8.7.5,

979.

(8] “Proposal for draft recommendation of two-dimensional coding
schems,” Rep. CCITT Study Group XIV, costribution mo. 42,
prepared by Japen.

(9] ~mmfaomwmmmma
faceimile apparatus,” Rep. CCITT Study Group XIV, contribution
RO. 77, prapared by Dritish Post Offics, Mar. 1979,
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