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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
coordinstes proposed Federal Standards which either contribute to the
interoperability 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 inmstitute,
the International Organization for Standardization, and the International
Telegraph and Telephone Consultative Committee of the International
Telecommunication Union. This Technical Information Bulletin presents an
overviev 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 addressed to:

Office of the Manager
National Communications System
ATIN: NCS-TS

Washington, D.C. 20305

(202) 692-2124




R T T . - w— NI e e e e e o
- BN - - - B T e A T T S SR ST LA
o i o
-
2
'
C.‘
.
X

v —y —
T PP .
PR A
. ‘'ela
- u‘-.‘. -l G

F INVESTIGATION OF RESOLUTION REQ IREMENTS
?f : | FOR GROUP 4 FACSIMILE APPARATUS
o
4 FINAL REPORT

Submitted To:
b:‘_ NATIONAL COMMUNICATIONS SYSTEM
b Office of Technology and Standards
E Washington, D.C. 20305
Contracting Agency:
é; DEFENSE COMMUNICATIONS AGENCY
g ’ Contract Number
- DCA100-81-C-0042
: August 16, 1982
&) Submitted by:

DELTA INFORMATION SYSTEMS, INC.

310 Cottman Street

Lh_usyuu For

gy TT——

e LR
.~0 T s setlaaa

.

Jenkintown, Pennsylvania 19046 NTIS GcRaar -
& Unansounced )
3 Justification
: By.
| Distridutions

“_Qa_reuabuuy Codes

Avall andfor
Diler | Spocial

|
ﬁ |




........................................

TABLE OF CONTENTS

Section ’ ' Page

1.0 Introduction 1l-1

2.0 Selection of Candidate Scanning Resolutions 2-1

3.0 Selection of Test Documents 3-1

4.0 Image Scanning 4-1

) 5.0 Image Processing 5-1
5.1 Reformat the Scanned Data 5=1

5.2 Measurement of‘Compression-Modified

READ Code 5-3

S.3 Alternate Line Interpolation 5«7

6.0 Image Printing 6-1
7.0 Image Analysis 7-1
7.1 Measurement of Legibility : 7-1

7.2 Evaluation of Half Tone in Legibility .

Test Chart 7=9
7.3 uality of CCITT Images 7-9
7.4 Subjective Evaluation of Interpolation 7=-10
8;0_ Conclusions 8=1
APPENDICES
fj A. Image Scanning and Writing System
t: B. EIA RS465 - Group 3 Facsimile Apparatus for
;; Document Transmission
;E c. Procedure for Extended Run Lengths
“‘ . D. Code Listing for Extended Run Lengths
F? E. Scan Line Statistics for Modified READ Code Data
EE F. Code Listing for the Interpolation Program
:‘ G. Code Listing for the Convert Program
FS H. Legibility Test Data
&




1.0 INTRODUCTION
This document summarizes work performed by Delta
Information Systems, Inc. for the office of Technology and

Standards of the National Communications System, an organ-

ization of the U.S. Government, under contract number

R DCAl00-81-C=-0042. The 0ffice of Technology and Standards,

' headed by National Communications System Assistantyuanage:
?! - Marshall L. Cain, is responsible for the management of the
Federal Telecommunications Standards Program, which develops
telecommunication standards whose use is mandatory by all

Federal agencies.

Work is now actively underway by the EIA and CCITT to
develop standards for Group 4 facsimile equipment. One of
the most fundamental parameters for any facsimile system is the
resolution since this issue has a major inpact on many other
system parameters such as image gquality, transmission time,
cost, eomplexity, and compatability with other systems such

as TELETEX. The purpose of this study is to analyze alternative

regsolution standards for Group 4 facsimile as a contribution to

the overall standardization process.

= Four test documents were scanned at five candidate

;E resolutions and the results of all twenty scans were printed.
? One of the test charts (the Legibility Test Chart) was

:: developed on this project and is designed to measure the
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legibility of a visual communication system. The legibility of
varic-s character fonts at alternative resolutions was
measured. In addition the compression ratio for the Modified
Read Code for each of the 20 scans was measured.

Work on the Group 4 Resolution study was divided into
the six tasks listed below. The work ‘accomplished on each
task is described in the section noted. Coﬁclusion; are drawn

in section 8.

Section Task
2.0 Selection of Candidate Scanning Resdlution
3.0 Selection of Test Documents
4.0 Image Scanning
5.0 .Image Processing
6.0 Image Printing
7.0 Image Analysis

8.0 Conclusion
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2.0 SELECTION OF CANDIDATE SCANNING RESOLUTIONS

The scanning resolutions which were selected are listed
below along with a brief rationale for the selection of each.
These candidate resolutions were reviewed with the TR-29
Facsimile committee of the EIA to insure they were in agreement

with the selection.

Pels/Inch
No. Vertical Horizontal
1l 200 200
2 240 240
3 300 300
4 400 400
5 480 480
6 200 400

200 x 200

This resolution was chosen becausge it is the high
resolution option for Group 3 facsimile systmes. Since most
Group 3 equipments provide this optional capability this
resolution in Group 4 equipment would contribute to the
compatibility between Group 3 and Group 4 systems.
240 x 240

This resolution was chosen because it is more compatible
with proposed TELETEX standards and because there is some digital
printing equipment in the field operating at this resolution,
TELETEX standards call for textual characters to be printed

at a nominal pitch of 10 characters/inch horizontally and

2-1

4
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6 rows/inch. If an integral number of pels are to be positioned
within the character space of 1/10 in x 1/6 in the resolution
must be divisible by 60. This candidate resolution conforms
to that requirement.
300 x 300
This resolution was chosen for the three reasons listed
below.
© It provides a significantly higher quality output
image than 200 x 200. Some studies have shown that
images which are scanned/printed at 300 x 300 lines/
inch will usually pass as "originals".
© It meets the TELETEX compatibility requirement-
divisible by 60.
o There are several digital printing systems in the
field using this resolution
400 x 400
Some believe that Group 4 must provide a very high quality
output image relative to Group 3 if it is to be successful
as a new and distinctive service. Some also believe that it
is important to be downward compatable with Group 3. This
resolution satisfies these two requirements.
480 x 480
Some argue that the 240 x 240 resolution should be the
low resolution mode for Group 3 rather than 200 x 200 since it

is compatible with TELETEX. These people would also advocate




a

a high resolution mode and it is natural that this higher
! resolution be double the low resolution. ‘

200 x 400

E This resolution is selected to provide an intermediate

mode between 200 x 200 and 400 x 400.
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3.0 SELECTION OF TEST DOCUMENTS

Four images were selected to be used as test documents in
the subject program. Three of the pages were chosen from the
8 standard CCITT tgst documents shown in Figure 3-1. It is ad-
vantageous to use CCITT test documents because the test results
may be readily compared with other data developed by facsimile
investigators. The three CCITT documents selected are listed
below. The selections of these test documents were reviewed with
the TR-29 Facsimile committee of the EIA to insure they agreed

with the choice,

CCITT NO., Name Figure NO.
1 English letter 3=-2
5 French Text Figures 3-3
7 Kanji 3-4

Documents 1,5, and 7 are representative of a wide range of
detail whir’ is likely to be encountered in facsimile systems.
Pages 1 and 7 are representative of documents which contain re-
latively small and large amounts of information respectively.
Image 5 contains an intermediate amount of detail. Document 4 is
also commonly used in studies of this type. The test results for
documents 4 and 7 are usually very similar.

A new test chart was developed on this project to permit the
quantitative mwasurement of image legibility. The test chart was
first prepared as an offset plate. This plate was used to print
a number of high quality test images. One of these offset prints

was scanned as part of this resolution project. Another one of
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THE SLEREXE COMPANY LIMITED

SAPORS LANE . BOOLE - DORSET - BH2S $ER
TELEPHONE BOOLE (945 13) S1617 - Tmmx 123456

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holroyd Road,
Reading,

Berks.

Dear Pete,

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

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to a
remote destination over a radio or cable communications link.

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

Probably you have uses for this facility in your organisationm.

- Yours sincerely,

4L,
P.J. CROSS
Group Leader -~ Facsimile Research

Figure 3-2
CCITT IMAGE NO. 1

Registered in England: No. 2088
Registered Offise: ¢0 Viears Lang, Iiford. Beses.
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Cela est d'sutant plus valable que T Af est plus
grand. A cst égard la figure 2 représente ia vrais courbe
donnant [¢(/ )| en fonction de f pour les valeurs numé-
riques indiquées page précidente.

. |om|

‘ P N rw .\
ik /--— X~

2 N

[ foodt

Fic. 2

Dans ce cas, le filtre adapté pourra &tre constitué,
conformément & la figure 3, par la cascade :

— d'un filtre passe-bande de transfert unité pour
Jo €/ € fo+Af et de translert quasi nul pour
S < foarf> fo+A/ filtre ne modifiant pas la phase
des composants le traversant ;

-l L LAR

PG, 3

— filtre suivi d’une ligne & retard (LAR) disper-
sive ayant un temps de propagation de groupe 7T,
décroissant linéairement avec la fréquence f suivant

I'expression :
Ta= To+(fo=S) 5 (avec Ty > T)

(voir fig. 4).

Ts

T

To ot

telle ligne 4 retard est donnée par :

o= -2¥J':Tndf

- - L.l. gl 2
vm sl roe s
Et cette phase est bien |'opposé de /¢(/),
A un déphasage constant pris (sans importance)
et & un retard 7, prés (inévitable).
Un signal utile S(¢) traversant un tel filtre adapeé
donne 4 la sortie (& un retard T, prés et & un dépha-

sage prés de la porteuse) un signal dont ja transformés
de Fourier est réslle, constante entre f, et fo+ A/,

. et nulle de part et d'autre de f, et de [+ 4/, C'est-

i-dire un signal de fréquence porteuse /o +4//2 &t
dont I'enveloppe a Ia forme indiquée 4 la figure 5,
oi 'on s représenté simultanément le signal S(¢
et le signal S,(r) correspondant obtenu i la sortie
du filtre adapté. On comprend le nom de

& compression d'impuision donné i ce
filtre adapté : la « largeur » (4 3 dB) du si
primé étamt égale A 1/Af, le rapport de compression

T
“-——-T
=TV

H

1;“"
(¥
Gantagmn ¢
g Y
Comtagpn ¢ S(%)
[} ] tips)
T o
&0 = 5 0ie
t ey
Fa. §

To= =fo) L pour traverser, ce qui la fait ressontir
A l'instant 7. éenlement. Ainsi donc. le sienal ST

Figure 3-3
CCITT Document No. 5

3=4
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these same offset prints is included as Figure 3-5, The

legibility chart consists of two parts. The top half of the

test chart is divided into five parts each assigned a different

size or point of text. Four lines of text are included for

each point. Each line contains random text including numbers, upper
case, and lower case characters. The text is organized in

groups of five characters with a single space between the five
character groups. Each of the four lines is a different type

font. The four fonts are Helvetica, Times Roman, American Type-
writer, and Bodoni Bold,

The bottom half of the test chart is devoted to half-tone
imagery. Five different half-tone screen densities are included =~
65, 85, 120, 133, and 150 lines/inch. Each of the five half~tone
test areas is divided into two parts. The right side is a half-
tone of a typical scene. The left side is a uniform half-tone
degsigned to illustrate beat patterns which may appear when the
image is scanned. The five different half-tone: screen densities
are included to represent different input material ranging from

newspapers to high quality magazines.
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" - 10 Point dKfje giewo slweo xcaqp ¢Nvbm xiuyt rEdv2 dkfJe giewo siW3o xcaQp c9vbm xiuy dKfje giewo s1weo xcaqp cNvbm
. xiuyt rEdv2 dkfJe rFdvj dkfj5 giewo sLweo xca4G cnvbm x8uyt redVJ dkfje Gie6o siwXo xcagp dKfje giewo
81weo xcaqp cNvbm xiuyt rEdv2 difJe Cnvbm xiuyt redve d48je giewo s1BUo xc2Fp cnvbm xiWyt redOj dkfie
giEwo slweo xCa7p cavhm xi26t redvj KJfje giewo Slweo xe5Tp cavbm xiuyt Redvj dkfje gVew dKfje giewo slweo xcagp
3 Point dKfje giewo slweo xcaqp cNvbm xiuyt rEdv2 dkfle giewo sIW3o0 xcaQp c9vbm xiuy eikjf kjK56 defge 83fdKfje giewo slweo xcaqp cNvbm xiuyt
rEdv2 dktJe rEdvj dkfj5 giewo sLweo xca4G cnvbm x8uyt redVJ dkije Gie6o siwXo xcagp KL3er keich 3ksOd dKfje giewo s 1weo xcaqp
Cnvbm xiuyt redve d484e glewo slBUO xc2Fp cnvbm xiWyt red0j dkfje giEwo 3kdoc kdKod 34Ker cNvbm xiuyt rEdv2 difJe cNvbm xtuyt
siweo xCa7p envbm xi26t redvj KJfje giewo Siweo x¢5Tp envbm xiuyt Redvj dkfje gVew 3paje kwme) el cNvbm xiuyt rEdv2 dkfJe cNvbm xiuyt
3 Point dKfje giewo s1weo xcaqp cNvbm xiuyt rEdv2 dkfe giewo stW3o xcaQp c9vbm xiuy eikjk kiK56 defge 83fek pwkch Kwici bev3 dKfje giewo slweo xcaqp cNvbm xiuyt tE dKfje giewo
rdvi dkfi5 giewo sLweo xcadG crvbm xBuyt redv.J difie GieBo siwXo xceqp KLIer keich ke0d hekGH 23018 3kehl. Paroh alinc dKfje giewo s 1weo xcaqp cNvbm xiuyt rE keich
CHvRan XYt Fedw dalie glowo alBTo RFP enVhm xIWyt reds) dicfe ¢IEwo Siros kAXod S4Kasr opuch 360gZ QEEvp dulch 1achn dEQe £1ewo 81weo xoaqp clivben xiuyt 1 kAKod
siwes 3Ca7p cuvha xi26¢ redvi KifJe giewe Svee xeSTp savim xivyt Rodvj dkfje gVow Speje kwvma) elqma bo-1u Shkoj ahnle iveh3 plank dKfe giowe o1 wes sesqp cNvhm xiuyt rE kvme) ba-1
4 Point PN e v W30 saOp - ae - . g - -

3 Point

. 2 Point

65 Line Screen 85 Line Screen 120 Line Screen

Facsimile
Test Chart

Figure 3-5

Legibility Test Chart

133 Line Screen 1580 Line Screen
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4.0 IMAGE SCANNING
The four images described in section 3.0 were each scanned
with five different resolutions to provide a total of twenty

separate files of scanned images on magnetic tape. The scanning

Y 1 R SR S PP

process was performed by the Applied Physics Laboratory of Johns

Hopkins University. The scanning equipmen%, described in detail

—rd

in Appendix A, was manufactured by Optronics International, Inc.
and is designated as Model P-1700.

ii The P-1700 scanning equipment is a highly precise device

?_ which employs a square aperture and samples the images in a

rectilinear fashion; i.e. the sampling density in the horizontal

and verical directions is identical. The scanner has two limitations
which constrained the scanning procedure. First, the maximum
size of the input copy to be scanned is 10 inches by 10 inches.
Second, the number of spot size8 which are available is limited.

Due to these limitations, all input images were photo~
graphically reduced prior to being scanned. Table 4-1 shows the

reduced image size and spot size for each scan.

Table 4-1

Scanning Parameters

Resolution Optical Size of Scanned
Reduction Scanned Image Spot Size
lines/inches Ratio In, by In, Am
g 200 1.274 6.67 x 8.63 100
T 240 2.117 4.02 X 5.20 50
3 300 1.693 5.02 X 6.50 50
. 400 1.274 6.67 X 8.63 50
: 480 2.117 4.02 x 5.20 25
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The output of the scanner was fed to an 8 bit analog-to-

digital converter and each pixel was stored on magnetic tape.
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5.0 IMAGE PROCESSING
The Image Processing Task was divided into the three
subtasks listed below each of which is discussed in a separtate
subsection.
o0 Reformat the Scanned Data
© Measurement of Compression - Modified READ Code

o Alternate Line Interpolation

5.1 Reformat the Scanned Data
The scanned data was reformatted in three different
ways as listed below.
l, Each pel was converted from the 8 bit gray
scale form to the 1 bit black-white form by
merely selecting the most significant bit.
2. A specific number of pels per scan line was
selected for each resolution, and the scanned
data was truncated at that point. See table 5-1.
3. A specific number of scan lines per image was
selected for each resolution, and the scanhed data,
was truncated accordingly. See Table 5-1.
The binary data after having been reformatted was stored

on magnetic tape in the format shown in Table 5-1.
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5-2 Measurement of Compression - Modified READ Code

It is likely that the basic coding technique which will be
chosen for the Group 4 facsimile standard will be a version
of the Modified READ code (MRC). For that reason it was decided
to measure the compression ratio for the three CCITT images
when coded by ther MRC. Since Group 4 facsimile equipment will
operate over data circuits having error control the K-factor
in the simulation was made infinite. It is also anticipated
that Group 4 equipment will transmit from memory to memory.
Therefore the minimum scan line time was set at zero.

The basic description of the standard Modified READ code is
contained in CCITT Recommendation T.4 (EIA Standard RS-465;
Fed., Std. 1062). The coding portion of this standard is in-
cluded in Appendix B for reference purposes. Page 6 of this
document shows that the maximum run length defined by the standard
is 2,560 peis. Since the high resolution images have line lengths
longer than this it was necessary to use a coding procedure for
run lengths beyond 2,560. The coding procedure which was
used in this simulation is included in Appendix C. A computer
program was written to implement this procedure, and the code
listing for this program is included in Appendix D.
Measurement of MRC Compression

The formatted scan data for the three CCITT documents
(Number 1, 5, 7) was entered into the DCA computer system in

Reston, VA. The computer program, previously written to measure




MRC compression, as modified for long run lengths, was used to
measure the number of MRC code bits. To repeat, the K-factor
was set at infinity, and the minimum scan line time was set

at zero. The test results for the simulation process are
summarized in Table 5-2 and Figure 5-1. Note that the bits-per-
page is essentially a linear function of the resolution. To
- a very close approximation, if the resolution doubles the
number of bits/page is doubled. This occurs in spite of the
fact that, if the resolution doubles, the number of pels/page
increases by four to one. The reduced bits/page occurs
because the compression ratio increases as a function of the
resolution., This in turn is due to the increased correlation
between pels as the resolution increases.

Statistical measures describing the Modified READ code

data for the twenty scanned images is contained in Appendix E.
The statistical data applies to the number of coded bits per
scan line. The foliowing statistical data is ptovided.in

the Appendix.

o Minimum bits/line
o Maximum

o Median

© Mean

o Standard Deviation

vy

.v,_.
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TABLE 5-2

Compressed BITS/PAGE

MODREAD Coding

CCITT 1l 5 7 H> 1,5,7
DOC. NO

° ST CHART
RESOLUT | melish French Kanji 02‘1’,91’.1.
ipi Legibility Letter Journal Text Do ts
2001pi 1,136.952 132,034 229,204 531,754 297,664
240 2,170,245 156,880 273,026 628,793 352,899
300 3,148,214 197,476 350,538 798,924 448,979
400 4,476,998 272,312 468,005 1,041,862 594,059
480 5,264,170} 326,473 570,302 1,262,734 r- 719,836
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5.3 Alternate Line Interpolation

Compression techniques are used in digital facsimile
systems to minimize the time required for document transmission.
Source coding -- a technique which reduces redundancy inherent
in the input document -- is the most common compression technique
which is used. The Modified Huffman Code and Modified READ code
are examples of source coding techniques. One fundamental
characteristic of source coding is that, assuming no transmission
errors, the output document is identical to the input digital
image. No approximations or degradation oocurs relative to the
original digitized image. Another characteristic of source
coding is that the compression ratio is highly dependent upon
the complexity of the input document. Complex documents require
more transmission time than documents containing little infor-
mation. Alternate Line Interpolation is a compression technique
which achieves a fixed compression ratio of 2 to 1 by deleting
alternate- scan lines from tra‘'smission. At the receiver the
missing scan lines are interpolated from the transmitted data.

Consider a typical digital facsimile system which scans,
and prints, with the same resolution in both the horizontal
and vertical direction. For example, the one resolution

being considered for Group 4 facsimile equipment employs a

resolution of 400 lines/in.in both directions. Figure 5=-2
%’ illustrates the general concept of line interpolation where each
‘ square represents one pixel in the input and output images
]
: (e.g. 1/400 inch x 1/400 inch). As shown in the diagram every

5=17
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[3
ALTERNATE LINE INTERPOLATION
LINES OF -3l-2f-1{0|1]2 {3
‘ LINE OF
TRANSMITTED x <~ ¢ INTERPOLATED
| PELS
PELS -3j=2]=1]0}1{2|{3
DESIGNATION
OF PAIRS OF P.3P_3 Pyl Pq P3| P2|P3
TRANSMITTED
PELS

The pel to be interpolated is designated as "x". The first step
in the interpolation process is to consider the pair of trans-~
mitted pels (Pg) which are adjacent to "x” in the line above and
below. If the Pg pels are both black interpolate "x" to be
black. If the Pg pels are both white interpolate "x" to be
white. If the two Pg pels are of different color, adjacent pairs
(P31, P32, etc.) are examined to determine the color of the nearest
pair where both pels are black or white. Pel "x" is interpclated
to be the color of the nearest pair which is all black or all
white. For example, if pairs P.2, P-1, PO, and P1 all have
differing colored pels in each pair, but the pels in P2 are

both white then "x" is interpolated to be white. I opposite
colors are found equidistant from "x" then "x" is interpolated

to be white. For-example, under the following conditions "x"

is interpolated to be white.

P.2 = both black

P-1

Po - pairs have different colored pels
Pl

P2 - both white

Figure 5-2




other line of pixels is transmitted, and those lines which were
not transmitted are interpolated at the receiver. It is
antizipated that the pixels would be interpolated sequentially
by a hardware and/or software processor, In Figure 5-2

the .pixel which is labelled "x" is being interpolated using
éhe transmitted information from the lines above and below.

It should be noted that the proposed system will occasionally
interpolate pixels incorrectly. Therefore the interpolation
scheme differs from source coding in two respects. First, the
compression ratio is fixed at 2 to 1 regardless of the redundancy
of the input image. Second, the interpolation technique does
not reptoduce the input digital image exactly; errors will
occasionally be made.

The above discussion views the proposed system from a data
. mpression perspective. It is also possible to consider the
interpolation proposal from an "image enhancement" viewpoint.
Consider Figure 5-3 which illustrates the typical "stairstep"
distortion in a conventional digital facsimile system when
scanning a black-white edge which is nearly parallel with the
scanning track. This ragged edge distortion is very visible
to the naked eye and significantly reduces the acceptability of
digital facsimile. It is possible to enhance the appearance
of the output image by artificially creating, or interpolating
twice as many scan lines on the output copy as were scanned
and transmitted. If this were done the size of the ragged
stairstep distortion would be reduced 2 to 1 and the image would

be more pleasing to the eye. The proposed interpolation algorithm

5-9

T S G G PP WU Y




—

€-6 @2InbT1g

wWosAg [9A0T-0M ], pojdumug Uy uojjeaeusy dejsayeig

"V 34V (NOLLVYOILN)

. INITINYS 30 Y31N3D
Ul
[ M PR ]
V34V NOILVYOILNI—L__J

:3S¥J 1132 SNONSILNOD,, K1 38

01 G3¥30ISNOD SI VIV SIHL HILINS SIHL NI
17130 INIONOJSINYO0D YIA0 AONINI LHON
031vH931NI S LNIOD HKIV3 1V LNLNO TYNOIS
‘XIULVYN 40 SINIOJ ITINVS LNISIHG3Y S100

AJOINI
ABVONNOG

TAY o~
L) - e L) » (l ., . l. ] .
W
., . [} - * L] L] L L] L] L] L]
1~
. - * L] L] L] L] L2 L] L] L] L] L3 L ] [ ] [ ] [ ] L] L] -
13A31%06 Iv

ONIOTOHS JUH L AYVANNOR 40
NOLLINA0YJ3Y 0321TV30I

waLv

nvIe

eI

5-=10

WSy




........

would automatically position the stairstep transgitions on the

!: interpolated lines in the optimum position =-- halfway between
the steps on the above and below transmitted lines.

A computer program was written to simulate the Alternate

Line Interpolation algorithm. The code listing for the program

'*:IE‘if?fffff

is included in Appendix F, The algorithm was run on all four
test images at 400 x 400 line resolution. Every other scan

&. line of the 400 x 400 line image was deleted. The missing lines
were then replaced by interpolated lines. A CONVERT program was
then written to permit the interpolated image to be printed

on the Johns Hopkins printer. A code listing for the CONVERT

program is included in Appendix G,

&
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6.0 IMAGE PRINTING

A total of 20 images were printed consisting of all
combinations of the four test images (CCITT Nos 1, 5, 7 and
Legibility Chart) and five resolutions (200, 240, 300, 400, 480
lpi). Four additional images were also printed for the Alternate
Line Interpolation algorithm; all four test pages at 400 x 400
lpi. A print of each of the 24 images is included in this
report. Table 6-1 lists the figure numbers and the parameters
for each. Of course the quality of the images in this report
is not representative of the original images which were photo-
gkxaphically printed. Dennis Bodson, the COTR on this project,
has a complete set of the original photog?aphic prints,

The images were first printed on the Johns Hopkins system
desétibed in Appendix A. A reduced size photographic trans-
parency was produced by the printer. 1In general the size of the
output transparancy and the aperture size corresponded to the
parameters listed in Table 4-1. The Johns Hopkins transparencies

were then photographically enlarged to the full 8% in. x 11 in. size.

6-1




Table 6-1

List of Printed Images

Figure No. Subject Resolution Interpolation
6-1 Legibility , 200
2 " 240
3 . 300
4 » 400
5 " 480
6 CCITT No. 1 . 200
7 " 240
8 . 300
9 " 400
10 " 480
1 CCITT No. 5 200
12 . . 240
13 " 300
; 14 " 400
3 15 " 480
- 16 CCITT No. 7 200
& 17 m 240
%f 18 " . 300
% 19 " 400
tf ' 20 n 480
Ef 21 Legibility 400 Yes
?: 22 CCITT No. 1 400 Yes
. 23 CCITT No. § 400 Yes
f? 24 CCITT No. 7 400 Yes
5 6-2
3
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THE SLEREXE COMPANY LIMITED

SAPORS LANE . BOOLE - DORSET - BH2S $ER
TRLEPHONE sooLE (945°13) 51617 - veLmx 123456

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holroyd Road,
Reading,

Berks.

Dear Pete,

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

In facsimile a photocell'is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate 2 carrier, which is transmitted to a
remote destination over a radio or cable communicacions link.

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

Probably vou have uses for this facility in your organisation.

Yours sincerely,

/4.
P.J. CROSS
Group Leader - Facsimile Research

Figure 6=6
200 1pi
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THE SLEREXE COMPANY LIMITED

SAPORS LANE . BOOLE - DORSET . BH2S 8ER
TELEPHONE BOOLE (945 13) 51617 - teiRx 123456

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holroyd Road,
Reading,

Berks.

Dear Pete,

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

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to. a
remote destination over a radio or cable communications link.

At the remote terminal, demodulation reconstructs the video
signal, which is used to modulate the density of print produced by a

printing device. This device is scanning in a raster scan synchronised -

with that at the transmitting terminal. As a result, a facsimile
copy of the subject document is produced.

Probably vou have uses for this facility in your organisatiom.

Yours sincerely,

17
P.J. CROSS
Group Leader - Facsimile Research

Figure 6-7
240 1lpi
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THE SLEREXE COMPANY LIMITED

SAPORS LANE . BOOLE - DORSET - BH25 SER
TELEPHONE B00LE (945 13) 51617 - TELEX 123486

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holrsyd Road, :
Reading,

Berks.

Dear Pete,

Permit me to inctroduce you to the facility of facsimile
transmission.

In facsimile & photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the pho:occll to generate an tnalogous electrical video signal.
This signal is used to modulate a carrier, which is transmicted to a
remote destination over a radic or cable communications link.

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

Probably vou have uses for this facility in your organisation.

Yours sincerely,

144
P.J. CROSS
Group Leader - Facsimile Research

Figure 6-8
300 1pi
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THE SLEREXE COMPANY LIMITED

SAPORS LANE . BOOLE - DORSET . BH25 8ER
TELEPHONE BOOLE (945 13) 51617 - TELEX 123456

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys ltd.,
Holroyd Road,
Reading,

Berks.

Dear Pete,

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

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to a
remote destination over a radio or cable communications link.

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

Probably vou have uses for this facility in your organisation.

Yours sincerely,

1%L,
P.J. CROSS
Group Leadsr - Facsimile Research

Figure 6-9
400 1lpi
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. THE SLEREXE COMPANY LIMITED

SAPORS LANE . BOOLE - DORSET - BH2S 8ER
TELEPHONE 800LE (945 13) 51617 - rermx 123456

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,

- Mining Surveys Ltd.,
Holroyd Road,
Reading,

Berks.

Dear Pete,

{ Permit me to introduce you to the facility of facsimile
. transmission. _ .

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to a
remocte destination over a radio or cable communications link.

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

"

Probably you have uses for this facility in your organisationm.

Yours sincerely,

1%L
P.J. CROSS
® Group Leader - Facsimile Research

a Figure 6-10
480 lpi
g
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Cela est d'sutant plus valable que T Af est plus
grand. A cet égard la figure 2 représente la vraie courbe
donnant |¢(/ )| en fonction de / pour les valeurs numé-
riques indiquées page préciédents.

Nom|

: Tatem

(pr-.“jzw__ﬁ—
: .‘g

—g—

[ o

Fe. 2

Dans ce cas, le fiitre adapté pourra étre constitué,
conformément & la figure 3, par la cascade :

— d'un filtre passe-bande de transfert unité pour
Jo €/ € fo+A/S et de transfert quasi nul pour
S < foet [ > fo+A/ filtre ne modifiant pas la phase
des composants le traversant ;

I L

L.AR jre——

PG, 3

_ = filtre suivi d'une ligne i retard (LAR) disper-
sive ayant un temps de propagation de groupe T,
décroissant linéairement avec la fréquence / suivant
I'expression :

Tn-To"'Uo-f)-A’—} (avec T9>D U

(voir fig. 4).

(]

R

7. -7

o looa! t

Pic. 4

telle ligne i retard est donnée pur :

f/
v--ZRI Tadf
. [

o= -2z [To'l-j:-—}.]f""’ AIf-‘ﬂ

Et cette phase est bien I'opposé de /é(/),

4 un déphasage constant prés (sans importance)
et 4 un retard T, prés (inévitable).

Un signal utile S(¢) traversant un tel filtre adapté
donne & la sortie (3 un retard T, prés et 3 un dépha-
sage prés de la porteuse) un signal dont la transformée
de Fourier est réelle, constante entre f, et fo+ A/,
et nulle de part et d'autre de f, et de fo+4f, c'est-
i-dire un signal de fréquence porteuse f,+AfJ2 et
dont l'enveloppe a la forme indiquée & la figure S,
ou I'on a représenté simultanément le signal S$(r)
et le signal S,(¢+) correspondant obtenu a la sortie
du filtre adapté. On comprend le nom de récepteur
4 compression d'impulsion donné a ce genre de
filtre adapté : la « largeur » (& 3 dB) du signal com-
primé étant égale & 1/Af, le rapport de compression

1/Af

8 ()
Crvstonse o $(t)
rd
4
$ »
Te s 4
At « $ My
T a2y
FiG. §

On saisit physiquement le phénoméne de com-
pression en réalisant que lorsque le signal S(r) entre
dans la ligne 4 retard (LAR) la fréquence qui entre
la premitre 3 U'instant 0 est la fréquence basse /.
qui met un temps T, pour traverser. La fréquence /

entre 3 l'instant t = (f = f,) % et elle met un temps

To={f =fo) -AI- pour traverser, ce qui la fait ressontir

4 l'instant 7. éenlement Ainsi donc. le cignal S$0r)

Figure 6-=11
200 lfi
6-13




Celz est d'autant plus valable que T A/ est plus
grand. A cet égard |a figure 2 représente la vraie courbe
donnant |¢(/)| en fonction de / pour les valeurs numé-

riques indiquées page précédente.
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~ Dans ce cas, le filtre adapté pourra étre constitué,
conformément a la figure 3. par la cascade :

— d'un filtre passe-bande de transfert unité pour
Jo €/ € fo+Af et de transfert quasi nul pour
J < for [ > fo+Al[ fltre ne modifiant pas la phase
des composants le traversant ;

—Hwn LAR P —

e, 3

= filtre suivi d'une ligne & retard (LAR) disper-

sive ayant un temps de propagation de groupe 7T,
décroissant linéairement avec la fréquence / suivan:
1"expression :

Tom r.+<f'.—n{7 (avec Ty > T)

(voir fig. 4).

ta

Te~?

c
&
"
e
-

Fic. 4

telle ligne & retard est donnée par :
s
Q= -ZxI T. df
]

¢= -28[7'04-,—;}.]!4'85]’

Et cette phase est bien l'opposé de /¢(/).

4 un déphasage constant prés (sans importance)
et 4 un retard T, prés (inévitable).
Un signal utile S(¢) traversant un tel filtre adapté

" donne a la sortie (A un retard T, prés et & un dépha-

sage prés de la porteuse) un signal dont la transformée
de Fourier est réelle, constante entre fo ot fo+ 4/,
et nulle de part et d'autre de f, et de fo+ 4/, c'est-
a-dire un signal de fréguence porteuse fo+Af/2 et
dont !'enveioppe a la forme indiquée a la figure 5,
ol I'on a représenté simultanément le signal S(?)
et le signal S,(r) correspondant obtenu a la sortie
du filtre adapté. On comprend le nom de récepteur
4 compression d'impulsion donné i ce genre de
filtre adapté : la « largeur » (3 3 dB) du signal com-
primé étant égale & 1/Af, le rapport de compression
T

1/8f &f
4;!“)
(k] ]
Govatappe do
P ™
Cvaemse @0 S(1t)
I/
$ L J t{ws)
To o Uye
Al « S Mg
T «12ps
Fw. §

On saisit physiquement le phénoméne de com-
pression en réalisant que lorsque le signal S(r) entre
dans la ligne & retard (LAR) la fréquence qui entre
la premiére 3 I'instant O est la fréquence basse /j,
qui met un temps T, pour traverser. La fréquence /

entre & [instant ¢ m (f - f,) 5—_ et elle met un temps

To~{f =fo) 31; pour traverser, ce qui la fait ressortir

4 l'instant 7. émnlement Aind donc. le cignal Sin)

Figure 6-12
240 1lpi
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Csia est d'autant plus valable que T 4/ est plus
grand. A cst égard la figure 2 représente la vraie courbe
donnast |¢(/)| en fonction de / pour les valeurs numé-
riques indiquéss page précédents.
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Dans ce cas, le filtre adapté pourra étre constitué,
conformément & la figure 3, par la cascade :

— d'un flitre passe-bande de transfert unité pour
Jo €/ € fo+AS et de transfert quasi nul pour
J < fo &t [ > fo+A/, filtre ne modifiant pas la phase
des composants le traversant ;

pm— J_-L AR ——

— filtre suivi d’une ligne A retard (LAR) disper.
sive ayant un temps de propagation de groupe 7,
décroissant linéairement avec la fréquence / suivant
’expression :

Ty = To+fo=) 5 (avec T, > T)

(voir fig. 4).

™

1

To =t

L] [YTY] '

P 4

Figure 6-13
300 1lpi

telle ligne & retard est donnée par :

o= -hj:‘l‘.df

Af

Et cstte phase est bien I'opposé de /¢(/),

A un déphasage constant prés (sans imporiance)
ot & un retard T, prés (inévitable).

Un signal utile S(r) traversant un tel filtre adapé
donne A la sortie (A un retard T, prés et A un déphs-
sage prés de la porteuse) un signal dont la transformée
de Fourier est réelle, constante entre f, et fo+4/,
et nulle de part et d'autre de /, et de fo +4/, c'est-
a-dire un signal de fréquence porteuse fo+4/72 et
dont I'enveloppe a la forme indiquée & la figure 3,
ou I'on a représenté simuitanément le signal S(r)
et le signal S,(r) correspondant obtenu i la sortie
du flitre sdapté. On comprend le nom de
4 compression d'impuision donné i ce genre
filtre adapté : la « largeur » (2 3 dB) du signal com-
primé éant égale & 1/Af, le rapport de compression

T
1/af

o= —2x [1'.4-!;—}']1-" Ly

d

Y 10

To ¢ Y
&t =« 5 e
Tendms

Fra. §

On saisit physiquement le phénoméne de com-
pression en réalisant que lorsque le signal S(¢) entre
dans la ligne & retard (LAR) la fréquence qui entre
la premidre & l'instant O est la fréquence basse f,
qui met un temps T, pour traverser. La fréquence /

entre 3 l'instant ¢ = (f - f,) :T,. et elle met un temps

To=(f =fo) 21% pour traverser, ce qui la fait ressortir
4 l'instant T. émmiement. Ainsi donc. le sienal S/

6-15




Cela est d’autant plus valable que T 4/ est plus
grand. A cet égard la figure 2 représente la vraie courbe
donnant |¢(/ )| en fonction de / pour les valeurs numé-
riques indiquées page précédente.

i 18108

(Tl.-,)"'-----;i- :

Dans ce cas, le filtre adapté pourra étre constitué,
conformément i la figure 3, par la cascade :

— d’un filtre passe-bande de transfert unité pour
Jo € /€ fo+A[ et de transfert quasi nul pour
S < fort f> fo+3/ filtre ne modifiant pas la phase
des composants le traversant ;

-wn LAR p——

Fis. 3

— filtre suivi d'une ligne a retard (LAR) disper-

telle ligne a retard est donnée pur :

r/
o= -2xJ‘ Tadf
°

0= -2z [1‘.4-{:—;']/” Allj'

Et cette phase est bien I'opposé de /_Q(_/)

4 un déphasage constant prés (sans importance)
et & un retard T, prés (inévitable).

Un signal utile S(¢) traversant un tel filtre adapté
donne i Ia sortie (A un retard T, prés et & un dépha-
sage prés de la porteuse) un signal dont la transformée
de Fourier est réelle, constante entre f, et fo+A/,
et nulle de part et dautre de f, et de /o + 4/, c'est-
a-dire un signal de fréquence porteuse /o +Af72 et
dont !'enveioppe a la forme indiquée & la figure §,
ou l'on a représenté simultanément le signal S(7)
et le signal S,(r) correspondant obtenu i la sortie
du filtre adapté. On comprend le nom de récepteur
a compression d'impulsion donné & ce genre de
filtre adapté : la « largeur » (2 3 dB) du signal com-
primé étant égale & 1/Af, le rapport de compression

e de — w TS

1/af

psi0)

sive ayant un temps de propagation de groupe T, pd
décroissant linéairement avec la fréquence / suivant
I'expression : : : -
T
To= To+(fo=f) A— (avec To> T) To v W
! &t o S MMy
. (voir fig. 4). Peaw
L
[ .
L' " Fio. §
" G.
. t.-.‘
! ) i On saisit physiquement le phénoméne de com-
A i pression en réalisant que lorsque le signal S(¢) entre
| Toot . o dans la ligne 4 retard (LAR) la fréquence qui entre
- ! ; Ia premiére & I'instant O est la fréquence basse f,,
. - — = qui met un temps T, pour traverser. La fréquence /
; entre & l'instant ¢ = (f = f,) T et elle met un temps
- Pic. 4 T Af
4 To={f ~Jo) a7 pour traverser, ce qui la fait ressortir
l’
' o i l'instant 7. éealement Ainci donc. le signal S(r)
.- Figure 6-14
400 lpi
[ 6-16
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Cela est d'autant pius valable que T A/ et plus
grand. A cet égard la figure 2 représente la vraie courbe
doanant |¢(/)| en fonction de / pour les valeurs numé-
riques indiquées page précédente.

|om|

181.0

Fio. 2

Dans ce cas, le filtre adapté pourra étre constitué,
conformément & la figure 3. par la cascade :

— d’un filtre passe-bande de transfert unité pour
Jo € f € fo+A[ et de transfert quasi nul pour
S <ot f> fo+A[ filire ne modifiant pas la phase
des composants le traversant ;

.—-J_-L LAR

Fic. )

— filtre suivi d'une ligne i retard (LAR) disper-

telle ligne & retard est donnde par :

f/
o= -ZRJ. T. df

o= =22 [T,q-%}.]f-bn%f’

Et cette phase est bien I'opposé de /¢(/),
i un déphasage constant prés (sans importance)
et & un retard T, prés (inévitable).

Un signal utile S(7) traversant un tel filtre adapté
donne & la sortie (2 un retard T, prés et & un dépha-
sage prés de la porteuse) un signal dont la transformée
de Fourier est réelle, constante entre /; et fo +A/,
et nulle de pant et d'autre de f, et de fo+A/f, c'est-
a-dire un signal de frécuence porteuse f,+Af/2 et
dont ['enveloppe 2 la forme indiquée a la figure S,
ou l'on a représenté simultanément ie signal S{¢)
et le signal S,(r) correspondant obtenu a la sortie
du filtre adapté. On comprend le nom de récepteur
a compression d'impuision donné a ce genre de
filkre adapté : la « largeur » (3 3 dB) du signal com-
primé étant égale & 1/Af, le rapport de compression

estde_T.-'rAf
1/af

4818

sive ayant un temps de propagation de groupe 7, '
décroissant linéairement avec la fréquence / suivan: £
"expresiion : - >
v T
Tl-rc“‘(fo'f)g (avec To> T) LR TP
&t « § Mg
(voir fig. 4). Temw
\[]
Fw. $
) g

On saisit physiquement le phénoméne de com-
pression en réalisant que lorsque le signal S(¢) entre

Toot ~ dans la ligne A rerard (LAR) la fréquence qui entre
E la premiére & I'instant O est la fréquence basse /o,
— — - qui met un temps T, pour traverser. La fréquence /
1 entre & l'instant t = (f = f,) r et elle met un temps
. ro. ¢ r Af
To=(f=/o) A_ pour traverser, ce qui la fait ressortir
L. : 4 linstant 7. éenlement Ainci donc. le sienal Ser)
Pf Figure 6-15
. 480 lpi
5:17
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THE SLEREXE COMPANY LIMITED

SAPORS LANE . BOOLE - DORSET . BH25 S ER
TELEPHONE BOOLE (945 13) S1617 - meLmx 123456

Qur Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holroyd Road,
Reading,

Berks.

Dear Pete,

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

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to a
remote destination over a radio or cable communications link.

At the remote terminal, demodulation reconstructs the video
signal, which is used to modulate the density of print produced by a
printing device. This device is scanning in 2 raster scan synchronised
with that at the transmitting terminal. As & result, a facsimile
copy of the subject document is produced.

Probably vou have uses for this facility in your organisation.

Yours sincerely,

14
P.J. CROSS
Group lLeader - Facsimile Research
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Cela est d'autant plus valable que T Af est plus
grand. A cet égard la figure 2 représente la vraie courbe
donnant |@(/ )| en fonction de f pour les valeurs numé-
riques indiquées page précédente.

|om|

I Tat 00

" !
e

Dans ce cas, le filtre adapté pourra étre constitué,
conformément a la figure 3, par la cascade :

— d’un filtre passe-bande de transfert unité pour
Jo £ /€ fo+A[ et de transfert quasi nul pour
S < foetf> fo+A/ filtre ne modifiant pas la phase
des composants le traversant ;

I L WY

F.5. )

~ filtre suivi d'une ligne 4 retard (LAR) disper-
sive ayant un temps de propagation de groupe T,
décroissant linéairement avec la fréquence / suivant
I"expression :

Ty = To#fo=1) A—Tf (avec T, > T)

(voir fig. 4).

b ]

Yot

7

-

loodt ]

telle ligne 2 retard est donnée pur :

’4
Q= -ZnJ‘ Te df
°

-— LT Ip
¢ 23[T°+Af]f+nAff

Et cette phase est bien 1"opposé de /¢(/),

i un déphasuc constant prés (sans importance)
et & un retard T, prés (inévitable).

Un signal utile S(¢) traversant un tel filtre adapté
donne i la sortie (3 un retard T, prés et & un dépha-
sage prés de la porteuse) un signal dont la transformée
de Fourier est réelle, constante entre f, et fp+4Af,
et nulle de part et d'autre de f, et de f, + 4/, c'est-
a-dire un signal de fréquence porteuse fo+4f12 et
dont I'enveloppe a la forme indiquée a la figure §,
ou I'on a représenté simultanément le signal S(¢)
et le signal S,(¢) correspondant obtenu a la sortie
du filtre adapté. On comprend le nom de récepteur
a compression d'impulsion donné & ce genre de
filtre adapté : la « largeur » (i 3 dB) du signal com-
primé étant égale & 1/Af, le rapport de compression

est de —1— m TAS
1/af

Fic. 4

ﬁu(ll
0,2vs
"| Emetappe do
,ull
Cwmtoppn do S(t)
e
4
s ° tus)
Te » Yo
&t o § Mz
Tel2wm
Fu. §

On saisit physiquement le phénoméne de com-
pression en réalisant que lorsque le signal S(r) entre
dans la ligne & retard (LAR) la fréquence qui entre
la premidre & !'instant O est la fréquence basse f,
qui met un temps T, pour traverser. La fréquence /

entre 3 l'instant ¢t = (f = f,) 5 et elle met un temps

To={=Jo) Al pour traverser, ce qui la fait ressortir

4 linstant T. éanlement. Ainsi donc. le sienal S0

Figure 6-23
400 1lpi
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7.0 IMAGE ANALYSIS
Four different types of image analysis were performed.
The procedures and results of each analysis are summarized in
the following subsections.
O Measurement of legibility using the Legibility Test
Document ‘
© Evaluation of Half-tone performance using the Legibility
Test Document
o Evaluation of the relativg quality of the 3 CCITT images as
a function of resolution
O Subjective evaluation of effectiveness of the Alternate

Line Interpolation algorithm

7.1 Measurement of Legibility

The objective of this test was to obtain a gquantitative
measure of the legibility or intelligibility of a hypothetical
Group 4 facsimile system as a function of resolution. The textual

portions of the Legibility Test Chart was used for this purpose.

Test Procedure

A number of subjects were used to read the random characters
in the Legibility Test Chart. This, of course, is necessary to
insure the test results are not dependent upon a particular
subject. The subjects were required to illuminate the characters
with a special lamp, but special viewing optics are not used. If the
subject normally wears reading glasses they were worn in the

test. If he does not use glasses no optical aids were used.




Test Schedule

Before a subject took the test he was given a set of instructions
to read. The instructions are reproduced in the following two
pages.

The instructions refer to a yellow sheet with a ndmber of
rectangular holes to expose the 5-character nonsense words. There
are four different masks and a copy of Mask #1 is included in
Figure 7-1., The instructions also refer to a score sheet. Figure
7=2 is a copy of the score sheet which was used in the test.

Table 7-1 is a summary of the tests which were performed.

A "trial" is defined as the set of readings taken when a subject
reads one test page. In a trial the subject reads 48 sets of

5 characters using a particular combination of resolution and
mask. The maximum number of trials performed by one subject is
8. A total of nine subjects were involved in the test to varying

degrees.

Test Results

The raw test data has been accumulated and tabulated in
Appendix H, The final test results are plotted in Figure 7-3.
On the ordinate is plotted the percentage of characters which were
correctly read for any particular resolution and font size. The
following conclﬁsions are drawn from the data,

o0 The legibility of 6, 8, and 10 point type is near 100%

for all resolutions down to 200 x 200.
o For 4 point type there is a greater variation in

legibility but even at 200 x 200 the legibility is 90%.

ad
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INSTRUCTIONS

The U. S. Defense Communications Agency has awarded a
contract to Delta Information Systems to measure the legibility
of a series of test documents. Although all the test
documents may look alike to the casual observer they are
different, and it is these differences which we are measuring.
The results of these tests will be used to help set inter-
national standards for future facsimile equipment. These
facsimile equipments will be designed to transmit documents

over digital communication networks.

You will be given a page with varying sizes and styles
of printing, and asked to read the characters to the best
of your ability. This is not a test of your visual acuity,
but rather a test of various methods of processing graphic
data.

The yellow gheet has holes in it that expose S-character
nonsense words. Attempt to read the characters in each
word, starting at the bottom with the smallest print. Beside
each hole is a number, usually to the left. Record the characters
you read on the score sheet opposite the same number.

Keep in mind the following rules and information:

1. If you are not sure about a character, guess.

2. Wwith a sheet of paper, cover all the words above
the one you are working on.

3. After you have completed a word do not go back
and make any changes.




I R

) o e a i e e o g

4.
S.

6.

10.

Use your normal reading glasses, but not a magnifier.

Use the high-intensity lamp to provide as much
light as you need.

You may get as close as you wish to the page to
try to identify the characters.

You may take as much time as you feel is needed
to identify the characters. It should not take
more than 15 minutes to complete the test.

The character set is upper and lower case letters,
an .numerals.

Do not be concerned with distinguishing between
"zero" and upper case "0", or between "one"
and lower case "L",

Your entries on the score sheet may be upper
or lower case, and do not have to correspond with
the cagse of the character you have read.
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Figure 7-1
Mask for Legibility Test




LEGIBILITY SCORE SHEET
Figure 7-2
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© The legibility curve for 3 point type is most interesting.
There is a large increase in intelligibility from 200 x 200
to 300 x 300 - 40%. On the other hand the increase from
300 x 300 to 400 x 400 is only 4%.

© The intelligibility of the interpolated image for 3 point
text drops only 5% relative to the original 400 x 400 image.
It would seem highly advantageous to reduce the transmitted

bits in half while impacting the intelligibility so little.

7.2 Evaluation of Half Tone in Legibility Test Chart

© 200 x 200 - The distortions in the 133 and 150 line
screen image of the girl is quite severe.

© 240 x 240 - The distortion in the 85 line screen of the
girl is quite severe,

0 300 x 300 - The beat distortions in the girl pictures
are greatly reduced relative to the lower resolutions.

o 400 x 400 - Good quality for 65, 85, 120 line screens -
almost free of beats.

o 480 x 480 - More distortion than 400 x 400

. 7.3 Quality of CCITT Images
CCITT No. 1 (Figures 6-6 through 6-10)

The most noticeable variation in quality as a function

A of resolution appears in the logo and signature. The
i

raggedness of the logo and signature is quite perceptible

at 200 x 200 and 240 x 240 line resolutions. It is marginally
-
-
+

7-9




perceptible at 300 x 300 and virtually imperceptible at
400 x 400 and 480 x 480.
CCITT No. 5 (Figure 6-11 through 6-15)

This image is most useful for evaluation of quality
due to the large number of vertical and horizontal lines.
The eye is most sensitive to raggedness on these lines.

The improvement of 300 x 300 over 200 x 200 is very significant.
However, the raggedness on the 300 x 300 image is still
perceptible. It is unlikely that the raggedness on the

400 x 400 image would be noticed by the casual user.

CCITT No, 7 (Figures 6-16 through 6-20)

Several of the delicate Kanji characters are seriously
distorted by the 200 x 200 and 240 x 240 resolutions. Most

of the significant distortion is eliminated at 300 x 300

lines but the clarity at 400 x 400 and 480 x 480 is visibly

superior to 300 x 300.

7.4 Subjective Evaluation of Interpolation (Figure 6-21 through 6-24)
Legibility Test Chart
The half-tone scenes are significantly distorted by the
5? interpolation process when the interpolated image is compared
; with the 400 x 400 originai.
- CCITT No. 1
;‘ The.interpolated image appears quite comparable
-
o to the 400 x 400 original. The interpolation on the logo
Q” and signature appears to perform very well.
.
! 7-10
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CCITT No. 5
w— b T XX S )

The interpolated image compares quite favorably
with the 400 x 400 original.
CCITT No. 7

The interpolated image distorts many of the Kanji

characters quite seriously. In many cases the quality is

comparable to the 200 x 200 lpi images.
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8.0 CONCLUSIONS

It is inappropriate for this report te draw any firm
conclusions or recommendations regarding resolution for Group 4
facsimile systems. This is due to the fact that technical
factors such as intelligibility and quality are merely one
issue to be considered in selecting a standard. Other issues
such as compatibility with other facsimile groups and word
processing standards could have a great impact on the standard
selected.

The purpose of this study is merely to provide a base of
technical data to those groups deliberating upon the Group 4
standard. The technical data which has been generated by
this study and which should be useful for these deliberations
are listed below.

o Perhaps the most important output of the study is the

set of 24 images which are included in Figures 6-1 through
6-24. The copies in this report are of limited value
since the quality at the high resolution has been

reduced by the printing process. Dennis Bodson, the

COTR on the project, has a high quality set of prints.

o Compression Analysis - Section 5.0 provides data on the
compression ratios for the modified READ Code at varying
resolutions,

o Legibility - Section 7.1 provides data on the legibility/
intelligibility of a facsimile system as a function of

resolution.

8-1




o Quality - Sections 7.2, 7.3, and 7.4 provide general
subjective comments on image quality for a facsimile

system as a function of resolution.
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APPENDIX A

IMAGE SCANNING AND WRITING SYSTEM
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(Ing. Proc. lLab. cont)

. s . 3 §piting s

The isage scanning and vwriting system provides a unique
capability withia APL for the coaputer processing of color and
black and vhite photographic data. A photographic isage on either
fila or opague paper can be& scanned and digitized, and the rTesui-
tant data <then written cCn a computar storage medius such as
Ragnetic tape or disk. Conversely, properly foramatted coaputer
data can be written on fila (either ordinary silver halide fila
or Polaroid £ila) ¢to construct a photographic image. Computer
processing of the data provides a poverful means for image
analysis, sanipulation, and enhancement. The computer processing
can be perforamed by sither the PDP-11/70 or the ceztral computizg
systan., The choice depends on the characteristics of the proces-
sing to be performed. Standard image processiag prograas are
available nov, and special applicatiocc prograss caa be prepared
on reguest.

The systea uses <tvo units of equipsent purchased f£roa
Optronics International, Inc. One 1unit (a P=17C0) scans both
black and vhite (B/W) and color images and also wzZites 2B/%
images; the other unit (a C-430C) wvrites bota B/¥W and color
inmages, but is used ordinarily for writing only color images. The
P=-17CC is saown ipn Figure 3. The C-4300 (mot shown) is similar to
tae P-1700 but does not include scanning coaporents.

Data are transaitted betwveen the PDP-11/70 and the scanning
or writing device as eight-bit bytes at a rate or 28 kilobyzes
per second., Zach byte Tepresents the density of one sguars pice-
ture eslesent, 8 Tpixei.” Pixel sizes are selactable in six
geoaetrically increasing steps <from 12.5 aicroaeters to 400
sicroaeters. With eight=-bit bytes, 256 density .ievels can be
represented. For scanning operations, one may confidently expesct
a density resolution approaching that number. For writing opera-
tions, 54 <cepeatable density 1levels for B/V apd 32 for each
primary color can be achieved.

Both the P~1700 and <the C-4300 employ elactro-smechanical
rotating druas for scanniang aand vwriting. Color scan ard color
write operations are perforsed using £ilters for the three (ad-
ditive) primary colors, <red, green, and blue. Color operations,
therefore, reguire three passes for scanning or writing.

Both units accoanodats media in sizes up to 1C-in. by 1.-
in., but <tne maxiaua useble iaage area is 9~-in. by 9=in. ir the
P«1700 and 9=in. by 10=in. in the C-430C., Film types stocked for
the image writer are as follows: Linagraph Shellburst 2474 (B/W,
10=in. by 10-in.): Ektachrome S0-278, eaulsion eguipment <o 22~
160 apateur £filaz, process E=6 (color transparsacy, 1(-in. 0y
1g-in.): and Polacolor 2, type 808 (fast color prints, 8-in. by

=iBe)o
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Pigure 2. Dicomed D48C and PDP=-11/70
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Scanning QOpezations

The scanning portion c¢f the P-170C (used for both B/W and
color) consists of a rotating, horizontally aligned druam 2nd a
sovable "C" carriage., One arm of the carriage movas into and out
of the open-ended drua along a line parallel to the drum's axis.
The other ars of <the carriage, rigid with respect to the first
arm, is located outside the drum, The medium to be scanned is
attached to the periphery of tha druam vhere a section of the wvall
has been removed. Druz rotaticr and carriage aovamart provide tche
Y and X scazning sotions, respectively.

Thé light source is a bhalogen~fillad incardescert laap
located avay from the carriage area; light is traansaitted fros
the source to the carriage area by means of fiber optics buandles.
For scanning transparencies, the light is esitted froa the end of
the ara within <the carriage and transmitted througa the traas-
parency to a photodetector aocunted on the carriags ara outside
the dzum. For scanning opague media, the light is emitted froas
the carriage arm outside the drum and reflected from the mediua
€0 the detector,

Before it is emitted, <the light is transmitted through an
optical syster that ensuzes unifors illumination, focusing, and
spot size selection, Before its intensity is seasured Dy the
densitoseter photodetector, <the light passes through an imagizg
aperturs. 2ach aeasuresent defines the density of cae pixel. The
output £froa tae photodetecto~r is amplified liogarithaically
(giving a selectable density rauge of 0=-2D or J)-3D) or liaearzly
(giving a transaittance range of 9 to 100 percent).

Around the circuaference of <the druma (Y directioan), tbe
optical dansity is seasured at the selected pixel ianterval. ifter
each drua Trevolution, a precision lead screv and stepping moter
aove the "C" carriage axially (in the I direction) by the raster
vidth (pixel dinmeasion) until <the entire area of interest aas
been scanned. Pixel positicnal accuracy ain both X and Y is =2
sicrometers ras/ca., Once per revolution, the densitometer photoe~
detector is <reset to0 arn optical density of 0 as dafined by <ibe
air path <through an opening in the drua, or from a reflector on
the drum if an opagque nedium is being scanned.

3zisipg Qperations

Por write operations, eight-bit bytes froas the coaputer ace
converted to analog signals, vhich aodulate a light source to
expose the photosensitive mediun, The 21700 is used Zor wricting
B/W isages, and the C-u3C0 is used for writiag color izages. The
vzitiag portion of each davice includes a rotating draa to vhich
the unexposed nmediua is acttached in a darkrooa. The drum is
enclosed in a light-tight cassette, which caz be easily aztacmad
to and removed froa <thke device proper. (A slide openizg on tae
cassetts peraits exposure of the awdiuna vhen the cassette .S

A=4
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attached.) The optical systeas that writes on the f£ilm is locatad
on a carriage under the cassette, and it is aoved by the saae
precision lead screv and stepping maotor as the scanning carctiage.

Ffor the C-4300 (colcr writing), the optical systan consists
of a white-light glow crater tube, a color-filter seisct assen-
bly, 2 selectable aperture, and a lens systes to focus the bean
onto the film plane. The fils is exposad at every selected raster
peint along the circuaference of the drua (Y direction) by pulse
Rodulation of the light beas, and the optical carriage is stepped
in the axial (X) direction by the raster width after each revolu~
tion of the drus, The C-43C0 is capable of writing up to 32
Tepeatable density levels for each prisary coler znd bhas a
dynamic range of 0-2D,

The vriting portion of the P-1700 (B/W writing) diifers froa
the C~=4300 principally in that a red light-emitting diode is used
as the source, rather than a vhite-light glov crater tube. Tais
diffazence in 1light source allovs B/W isagery to be written wich
greater Or lesser rescolution (smaller or larger pixel sizas)
than coior imagery. The P=1700 is capable of writing up to 64
repeatable density levels and bhas a dynasic range of 0-2,.5D.

Tuactional characteristics and specifications of the image
processing systen are summarized ina Pigure 4. i chart of the scan
and vrite times as a <function of speciaen size (at differesant
resolutions) is given in Tigure 5.

Figure &
Inage Processing Systea

c——ee———es3Bc2ional Characzezistics and Specificatio ——

Pixel/Raster Size Resolvab.e
Qperaticn i3_ua ge Ievels
SCANNZING 12. 5, 25, %0, 0=2D or 0=3D 256
Black & Whize 100, 200 & &CO or 3-100%T
and Solor
(?=170C)
RRIZING 12.5, 2%, 50, 0~-2.5D €4
Black & dhite 160, 29C & &GO
(3=1700)
WRIIZI NG 25, 50, 100 & 200 ¢~2D 32/Color
Calor
1C=6300)

* D (density) = Log(10) [(Z(i)/=(t) ],
T (transmittance) = [I(t)/2(d) ),
vhere I (i) = incident light and
I(t) = zransaitted light
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RS-465
Page 1

GROUP 3 FACSIMILE APPARATUS
FOR DOCUMENT TRANSMISSION

(From ElA Standards Proposal No. 1301-A, formulated under the cocnizance of EJA TR-29
Committee on Facsimile Systems and Equipment.)

INTRODUC TION

This standard is based upon the International Telegraph and Tele"phone
Consultative Committee (CCITT) Recommendation T.4 approved by CCITT Study Group
XIV. It conforms in all essential aspects with this CCITT Recommendation.

SCOPE

This standard is concerned with the characteristics of inter-operability
sffecting Group 3 facsimile equipment operating on voice band analog circuits. This
equipment incorporates means for reducing the redundancy in its message information prior
to the modulation process and thus achieves a nominal transmission time of one minute for a
typical full-pege typescript document. Where options are indicated, the identification and
choice of these options is to be made in the pre-message portion of the control procedures
#s standardized in ETA Standard RS-466.

L Scanning Track

The message area shall be scanned in the same direction in the transmitter and
receiver. Viewing the message area in a vertical plane, the picture elements shall be
processed as if the scanning direction were from left to right with subsequent scans adjacent
and below the previous scan.
2. Dimensions of Apparatus

The following dimensions shall be used :

2.1 A standard resolution and an optional higher resolution of 3.85 line/mm *1%
and 7.7 line/mm 1% respectively in vertical direction;

2.2 . 1728 bleck and white picture elements along the standard scan line length of
215 mm -19%;

2.3 +.. Optionally, 2048 black and white picture elements along a scan line length of
255 mm -1%;

2.4 Optionally, 2432 black and white picture elements along a scan line length of

303 mm $1%.

Input documents up to a minimum of 216 x 297 mm size shall be accepted.
3. Transmission Time Per Total Coded Scan Line

For the standard one-dimensional coding scheme as describeq in paragraph 4.1,
the total coded scan line is defined as the sum of DATA bits plus any required FILL bits plus
the EOL bits.

For the optional two-dimensional coding scheme as described in paragreph 4.2,
the total coded scan line is defined as the sum of DATA bits plus any required FILL bits plus
the EOL bits plus a tag bit.
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3] To handle various printing methods, several minimum total coded scan line
times are possible. The minimum transmission times of the total coded scan line shall

conform to the following:

3.1.1 Alternative 1, where the minimum transmission time of the total coded scan
line is same both for the standard resolution and for the optional higher resolution,

3.1.1.1 20 milliseconds standard,

3.d.1.2 10 milliseconds option with a mandatory fall-back to the 20 milliseconds
standard,

3J4.1.3 5 milliseconds option with a mandatory fall-back to the 10 milliseconds option

and the 20 milliseconds standard,

3.1.1.4 0 millisecond option with a mandatory fall-back to the 5 milliseconds option,
and the 10 milliseconds option and the 20 milliseconds standard and an optional fall-back to
the 40 milliseconds option,

3.1.1.5 40 milliseconds option,

3d.2 Alternative 2, where the minimum transmission time of the total coded scan
line for the optional higher resolution is half of that for the standard resolution (see note).
These figures refer to the standard resolution.

3.1.2.1 10 milliseconds option with a mandatory fall-back to the 20 milliseconds
standard,

3.1.2.2 20 milliseconds standard,

3.1.2.3 40 milliseconds option.

The identification and choice of this minimum transmission time shall be made
in the pre-message (Phase B) portion of the EIA Standard RS-466 control procedure.

Note: Alternative 2 sapplies to equnpment with printing mechanisms which achieve
the standard vertical resolution by printing two consecutive, identical higher resolution
lines. In this case, the minimum transmission time of the total coded scan line for the
standard resolution is double the minimum transmission time of the total coded scan line for
the higher resolution.

3.2 The maximum transmission time of any total coded scanning line shall be less
than 5 seconds. When this transmission time exceeds 5 seconds, the receiver shall proceed
to disconnect the line.

4. Coding Scheme
4.1 One-dimensional Coding Scheme

The standard one-dimensional run length coding scheme for Group 3 spparatus
is as follows :
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41.1 DATA

A line of DATA is composed of a series of variable length code words. Each
code word represents a run length of either all white or all black. White runs and black runs
alternate. A total of 1728 picture elements represent one horizontal scan line of 215 mm
length. In order to insure that the receiver maintains colour synchronization, all DATA lines
will begin with a white run length code word. If the actual scan line begins with a black run,
a white run length of zero will be sent. Black or white run lengths, up to a maximum length
of one scan line (1728 picture elements or pels) are defined by the code words in Tables 1
and 2. The code words are of two types : Terminating Code words and Make Up Code
words. Each run length is represented by either one Terminating Code word or one Make Up
Code word followed by a Terminating Code word.

Run lengths in the range of 0 to 63 pels are encoded with their appropriate
Terminating Code word. Note that there is a different list of code words for black and
white run lengths,

Run lengths in the range of 64 to 1728 pels are encoded first by the Make Up
Code word representing the run length which is equal to or shorter than that required. This
is then followed by the Terminating Code word representing the difference between the
required run length and the run length represented by the Make Up Code.

41.2 - End of Line (EOL)

This code word follows each line of DATA. It is a unique code word that can
never be found within a valid line of DATA; therefore, resynchronization after an error
burst is possible.

In addition, this signal will occur prior to the first DATA line of a page.
Format: 000000000001

41.3 FILL

A pause may be placed in the message flow by transmitting FILL. FILL may
be inserted between a line of DATA and an EOL, but never within a line of DATA, FILL
must be added to insure that the transmission time of DATA, FILL and EOL is not jess than
the minimum transmission time of the total coded scan line established in the pre-message
control procedure,

Format: variable length string of O's.
4.1.4 Return to Control (RTC)

The end of a document transmission is indicated by sending six consecutive
EOL's. Following this RTC signal, the transmitter will send the post message commands in
the framed format and the data rate of the control signals defined in E1A Standard RS-466.

Format: 000000000001 000000000001
(total of 6 times)

Figures 1 and 2 clarify the relationship of the signals defined herein. Figure 1
shows several scan lines of data starting at the beginning of a transmitted page. Figure 2
shows the last coded scan line of a page.

B-3
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TABLE 1

Terminating Codes

Code Word

00110101
000111
o111
1000
1011
100
1110
11l
10011
10100
00111
01000
001000
000011
110100
10101
101010
101011
0100111
0001100
0001000
0010111
000001
0000100
0101000
0101011
0010011
0100100

- 0011000

00000010
00000011
00011010
00011011
00010010
00010011
00010100
00010101
00010110
00010111
00101000
00101001
00101010
00101011
00101100
00101101
00000100
00000101
00001010
00001011
01010010
01010011
01010100
01010101
00100100
00100101
01011000
01011001
01011010
01011011
01001010
01001011
00110010
00110011
00110100
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Code Word

0000110111
10 -

11

10

0l1

001l

0010

00011

000101
000100
0000100
0000101
0000111
00000100
00000111
000011000
0000010111
©000011000
000001000
00001100111
00001101000
00001101100
00000110111
00000101000
00000010111
00000011000
000011001010
000011001011
000011001100
000011001101
000001101000
000001101001
000001101010
000001101011
000011010010
000011010011
000011010100
000011010101
000011010110
000011010111
000001101100
000001101101
000011011010
000011011011
000001010100
000001010101
000001010110
000001010111
000001100100
000001100101
000001010010
000001010011
000000100100
000000110111
000000111000
000000100111
000000101000
000001011000
000001011001
000000101011
000000101100
000001011010
000001100110

000001100111}
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White Run
Lengths

64
128
192
256
320
384
448
512
576
640
704
768
832
896
960

1024
1088
1152
1216
1280
1344
1408
1472
1536
1600
1664
1728
EOL

Code Word

11011
10010
010111
0110111
00110110
00110111
01100100
01100101
01101000
61100111
011001100
011001101
011010010
011010011
011010100
011010101
011010110
011010111
011011000
011011001
011011010
011011011
0INCL1600
0.u012001
010011010
011000
010011011

TABLE 2
Make Up Codes

000000000001

Black Run
Lengths

64
128
192
256
320
384
448
512
576
640
704
768
832
896
960

1024
1088
1152
1216
1280
1344
1408
1472
1536
1600
1664
1728
EOL

Code Word

0000001111
000011001000
000011001001
000001011011
000000110011
000000110100
000000110101
0000001101100
0000001101101
0000001001010
0000001001011
0000001001100
0000001001101
0000001110010
0000001110011
0000001110100
0000001110101
0000001)10110
0000001110111
0000001010010
000000101001]
0000001010100
0000001010101
0000001011010
0000001011011
0000001100100
000000110010)
000000000001

Note: It is recognized that some machines may choose to accommodale larger

paper widths while maintaining the standard horizontal resolution.

This option

has been provided for by the addition of the Make Up Code Set defined as

follows:

Run Length
(Black and White)

1792
1856
1920
1984
2048
2112
2176
2240
2304
2368 .
2432
2496
2560

Make Up Cédes

00000001000

00000001100

00000001101

000000010010
000000010011
000000010100
000000010101
0ocoo0010110
000000010111
001000011100
000000011101
000000011110
000000011111

B'f6
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The identification and choice of either the standard code table or the extended
code table is to be made in the pre-message (Phase B) portion of the control procedures
defined in El1A Standard RS-466.

4.2 Two-dimensional Coding Scheme

The two-dimensional coding scheme is an optional extension ot the one-
dimensional coding scheme specified in Paragraph 4.1 and is as follows:

4.2.1 DATA
4.2.1.1 Parameter K

In order to limit the disturbed area in the event of transmission errors, after
each line coded one-dimensionally at most K-l successive lines shall be coded two-
dimensionally. A one-dimensionally coded line may be transmitted more frequently than
every K line., After a one-dimensional line is transmitted, the next series of K-l
two-dimensioral lines is initiated. The maximum value’of K shall be set as follows:

Standard vertical resolution: K = 2
Optional higher vertical resolution: K = 4

4.2.1.2 One-dimensional Coding

This conforms with the description of DATA, Paragraph 4.1.1.
4.2.1.3 Two-dimensional Coding

This is a line-by-line coding method in which the position of each changing
picture element on the current or coding line is coded with respect to the position of a
corresponding reference element situated on either the coding line or the reference line

which lies immediately above the coding line. After the coding line has been coded it
becomes the reference line for the next coding line.

a) Definition of changing picture elements (see Figure 3)

A changing element is defined as an element whose color (i.e. black or
white) is different from that of the previous element along the same scan
line.

a, The reference or starting changing element on the coding line. At
the start of the coding line a_ is set on an imaginary white changing

element situated just before the first element on the line. During

the coding of the coding line, the position of a, is defined by the

previous coding mode. (See Paragraph 4.2.1.3,b)

The next changing element to the right of a o On the coding line.

8, The next changing element to the right of a; on the coding line.

The first changing element on the reference line to the right of 8
and of opposite color to 8y

b2 The next changing element to the right of b1 on the reference line,

B=7




b, br
reference li
e line //// / 7 . v
codingline 77V , 77
| |
3 Y 3

FIGURE 3 - Changing Picture Elements

b) Coding Modes

One of three coding modes are chosen according to the coding procedure
described in Paragraph 4.2.1.3,c to code the position of each changing
element along the coding line. Examples of the three coding modes are
given in Figures 4, 5 and 6.

(i) Pass mode
This mode is identified when the position of bz lies to the left of a.

K When this mode has been coded, a_ is set on the element of the
- coding line below b2 in preparation f3r the next coding. (i.e. on ao)

: b, b,
»-. l
3 . 7 /t
1 reference line 2 // 5/ v 1
coding line 3 %87
|
, . a
- 3 1
o
&
-
F FIGURE 4 - Pass mode
h B-8
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However, the state where b, occurs just above 8,, as shown in
Figure 5, is not considered as gPass mode,

T
2 Y07,
reference line 2 /Y /g }/3 /4 % '
f,// 7
coding line -(4/ 7 T ]/ Z /
3 3

FIGURE 5 - An example not corresponding to a Pass mode
(ii) Vertical mode

When this mode is identified, the position of a is coded relative to
the position of b,. The relatwe distance a can take on one of
seven values V(0), Vo(1), V (2), (3), v (13 */ (2) and V, (3), each
of which is represen&d by a separgt woré’ The sutl'scnpts R
and L indicate that a, is to the right or left respectively of b and
the number in brackelts indicates the value of the distance

After vertical mode coding has occurred, the position of a8, is se{ &h
a). (see Figure 6)

(iii) Horizontal mode

When this mode is identified, both the run-lengths a3, and a a, are
coded using the code words H «+ M(a a,) + M(a,a ? His t;‘ne flag
code word '001' taken from the twoSdi ensnong'l gode table (Table
3). Ma_a,) and M(a,a,) are code words which represent the length
and coldt !bf the run a and a respectively and are taken from
the appropriate white of !g‘lack or‘!b %hmensnonal code tables (Tables 1
and 2), After a horizontal mode coding, the position of 3, is sel on
a,. (see Figure 6)

Vertical mode

I'I '1' by by
|
reference line | “ZZ 7K
coding line . s Z 777
. | i
3 |
' a5 2 | 3 3, X
e »
b . J
b Y
r» ; Horizontal mode
.
{. ) , FIGURE 6§ - Vertical mode and Horizontal mode
. B=9
2N
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¢) Coding Procedure

The coding procedure identifies the coding mode that is to be used to code
each changing element along the coding line. When one of the three
coding modes has been identified according to Step 1 or Step 2 mentioned
below, an appropriate code word is selected from the code table given in
Table 3. The coding procedure is as shown in the flow diagram of Figure
9. ’

Nots: It does not affect compatibility to restrict the use of Pass mode in
the encoder to a single Pass mode.

Step 1
i) If a pass mode is identified this is coded using the code word '0001'
(Table 3). After. this processing, picture element %’ just under b2 is
regarded as the new starting picture element a, for the next
coding. (see Figure 4)
i) If a pass mode is not detected then proceed to Step 2.

Step 2
i) Determine the absolute value of the relative distance albl'

i) If lbll < 3, as shown in Table 3, a,b, is coded by Vertical
mode, after which position 3 is regarded as the new starting

picture element a, for the next coding.

i) If ]albl 2 3, as showr: in Table 3, following Horizountal mode
code '001', a 3, and a,a, are respectively coded by one-dimen-
sionai coding. After this processing position a, is regarded as the
new starting picture element a o for the next coding.

3710

N
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TABLE 3
Two-dimensional code table
ELEMENTS TO BE
MODE CODED NOTATION CODE WORD
PASS bysb, P 0001
HORIZONTAL 8,8, 88y H 001 + M(aoal) +
M("laz) Note 1
VERTICAL 8) just 8)b; =0 V(D) 1
under bl
ajtothe |' ajb) _, VR o1
right of
by
albl =2 VR(Z) 000011
alb; =3 VR(3) _ 0000011
8, to the a,b; = 1 VL(].) 010
left of
b
albl =2 VL(Z) 000010
albl =3 'VL(3) 0000010
EXTENSION Note 2
2-D (extensions) 0000001 xxx
1-D (extensions) 000000001 xxx

Note 1 Code M( ) of Horizontal mode represents the code words in Tables 1 -
and 2, Paragraph 4.1.1.

Note 2 The Uncompressed mode is an optional extension of the two-dimen-
sional coding scheme for Group 3 apparatus. The bit assignment for the xxx bits
is 111 for the Uncompressed mode of operation whose code table is given in
Table 4.

Note 3 If the suggested uncompressed maode is used on a line designated to be
one-dimensionally coded, the coder must not switch into the uncompressed mode
following any codeword ending in the sequence "000". This is because any
codeword ending in "0C0" followed by a switching code "000000001" will be

mistaken for an end-of-line code."
Bfll
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TABLE 4
Uncompressed mode code table
Iimage Pattern Code Word
1 1
01 : 0l
001 8.1)3
0001 0001
00001 00001
00000 000001
Exit Image Pattern . Code Word
0000001 T
0 00000001 T
00 000000001 T
000 0000000001 T
gooo - 00000000001T
T denotes a tag bit which indicates the color of the next run. (black = 1,
white = 0)
d Processing the first and last picture elements in a line
() Processing the first picture element
)
The first a_ element on each coding line is imaginarily set at a
position jugt before the first actual picture element, and is
regarded as a white picture element. (4.2.1.3,a)
The first run length on a line a_a, is replaced by a_a,-l.
Therefore, if the first run is black and”is deemed to be ctn'.&c:)1 by
horizontal mode coding, then the first code word M(aoa ) corres-
ponds to a white run of zero length. (see Figure 10, Example 5)
(ii) Processing the last picture element
The coding of the coding line continues until the position of the
imaginary changing element situated just after the last actual
element has been coded. This may be coded as a, or a,. Also, if
b, and/or b, are not detected at any time during Jt.he co%!ing of the
lihe, they 2hre positioned on the imaginary changing element
situated just after the last actual picture element on the reference
line.
o
- 4.2.2 Line Synchronization Code Word
To the and of every coded line the end-of-line (EOL) code word '000000000001'
is added. he EOL ccdeword is followed by a single tag bit which indicates whether one- or
: two-dimensional coding is used for the next line. In addition, EOL plus the tag bit "1" signal
Lc will occur prior to the first DATA line of a page.
[" Format:
EOL +1 : one-dimensional coding of next line
EOL + 0 : two-dimensional coding of next line
l
" B-12
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FILL is inserted between a line of DATA and the line synchronization signal,
EOL «+ tag bit, but is not inserted in DATA. FILL must be added to insure that the
transmission time of DATA, FILL and EOL plus tag bit is not less than the minimum

transmission time of the total coded scan line.
Format : variable length string of O's.

4.2.4 Retumn To Control (RTC)

The format used is six consecutive Line Synchronization Code Words, i.e., 6 X

(EOL+1).

To further clarify the relationship of the signals defined herein, Figures 7 and
8 are offered in the case of K = 2. Figure 7 shows several scan lines of data starting at the
beginning of a transmitted page. Figure 8 shows the last several lines of a page.

EOL DATA EOL DATA BOL DATA
+ "1" |(one-dimensional) | + "o" ;;;:;si_ FILL +«"M" (one~dimensional)
onal)
L 2T o <7 R :
) L 3 T R
— ")

T: minimum transmit time of a total coded scan line

FIGURE 7 - Message transmission (first part of page)

B~13
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42.5 Coding Examples

Figure 10 shows coding examples of the first part of scanning lines and
Figure 11 coding examples of the last part, while Figurs 12 shows other coding
examples., The notations P, H and V in the figures are, as shown in Table 3, the

symbols for Pass mode, Harizontal mode and Vertical mode respectively. The picture
elements marked with black spots indicate the changing picture elements to be coded.

1
G
%%

@ v(0)

1

‘ .
N %07

| mN

@ PN @ vy
1 _ ' 10

B M

@ B(0,3) Vp(1)

FIGURE 10 - Coding examples: first part of scan line
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1728 1728
. H .k
@ v(0), vp(2) @ v(0), v, (2), V(o)
1728 1728
<:> v(o), v, (2}, v(o) <:) v(0), v.(3) (:) P, V(0) a;
1728 1728
PR BT
A G o | .

@ %  H(2,6) @ v(o), B(7,0)

FIGURE |1 - Coding examples : last part of scan line

q

@ v3(3), vL(z), v(0)

v A nane 2 ae o

7 _W
. . 7 e ;ju
;’ 3, [ v . ‘ ¥ ¢
: mode : P v, (1) v(0) H(3,U) P
'; code : 0001 010 T oot 1000 611 0001

FIGURE 12 - Coding examples
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Procedure for Extended Run Lengths
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Y C. PROCEDURE FOR EXTENDED RUN LENGTHS

Run Lengths up to and including 2560 pels are coded
as described in EIA RS-465. If the run length is greater
E! than 2560, the Make Up Code for 2560 is output followed by
| one or more Make Up Codes of the same color if the remaining

part of the run is greater than 63 followed by the appropriate

Terminating Code in the same color for the remaining part
of the run (0-63). Thus, a very long run will have a number
of Make Up codes for 2560 followed ﬁy a Make Up Code in the

range 64 to 2496 if required followed by a Terminating Code in

: . s

the range 0-63, all in the same color.




APPENDIX D

CODE LISTING FOR EXTENDED RUN LENGTHS




IS
Jais

W By . "I e 20 400 dhn 4 1.v~'
B R AP
" EEEIRTE I MV

[ e
PRI
‘. s e
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LIST CODELN.FOBT

DSNAME='D0031.CODELN.FOFRT

P —-000400---. 40-RETURN

000410 C
000420 C CODE LOOK-UP AND INSERTION ROUTINE
000430 C
00044¢ 1306 TCODE=CODE(3sLEXsHOLAR
000450 TLENG=CODE {1 s DEX s FOLAR )
000460 CALL MI2B(TCODE+CDBUF,CDELCT+1-TLENG®
000470 CDELCT=CDELCT+TLENG
000480 CDDATA=CDDATA+TLENG
- 000490 G - - :
000500 GO TO CODESWs (20,40560)
000519 END
END OF DATA
READY

........

- 000019 -BUBROUTINE COBELN(LENGTHsPOLARCDELCT LIDATA,CODE®
000020 C
000030 C <2/14/80 ADDED FASSING FPARAMETER - CODE:
- - 000040 C <2/14/,80 ADDEDN INTEGER CODRE(3+92,2)
000050 C £2/14/780 DELETED COMMON/HUFF/CODE(3,92+s2)sCODE(3-11"-
000060 C <2/14/80 DELETED COMMON/ERAY/ERRORS(10000::
000070 C
00008¢ IMPLICIT INTEGER(A-Z)
000090 INTEGER CODE(3,105+2)
000100 COMMON/RUFF/PELRUF (130+2) s CORUF(S20) s OTRBUF {13052
000110 X STFBUF (520)»STAT(6000)
000120 C
— 000130 LARREERKKERKKKKEKXKKKXXEKKXEXKXEXX -BEGIN FPROGRAM EXXAXEREXXLEXRARXEERKAK
© 000140 C
, 000150 C
. ———0001460—C - EHEGK- -I-NPBTS -
000170 C
) 000180 IF(POLAR,LT,1.0R.POLAR.GT.2) CALL EXIT
——000190 - IF(LENGTH.L-T.0.0R.LENGTH.6T+4160) CALL EXIT
) 000200 C
e 000210 IF(LENGTH.LE.&3) GO TO 40
- ——000220- £ —-- -
000230 C CALCULATE HAKE UP CODE INDEX
- 000240 C
. ——000250. ... _INDEX=LENGTH/64+64 .
- 000260 20 IFC(INDEX.LE.104) GO TO 30
T 000270 INDEX=INDEX~-40
1 000280 ... -.__DEX=104 . . -
' 000290 ASSIGN 20 TO coussu
000300 GO TO 1000
— 000310 .30.- DEX=INDEX .
000320 ASSIGN 40 TO CODESW
o 000330 .GO TO 1000
. ———000340.C. —— Coe s e
0003%0 C CALCULATE TERMINATING CODE INDEX
000360 C
- —000320... 40 DEX=MOD(LENGTH»44)+1. - e
000380 ASSIGN 60 TO CODESW
000390 GO TO 1000
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APPENDIX F

CODE LISTING FOR THE INTERPOLATION PROGRAM

-----------




Td. s

LIST RIGTERP.FORT
DSNAME="D0031.BIGTERF.FORT’

900010 C FROGRAM TERFOL
00520 IMPLICIT INTEGER(A=TY
000030 COMMON/G32BIT/MASK(32) s CONASK(32) »LIKIT(32) sLIRIT(32)
000040 COMMON/FILES/TERMsLPFIL,PELFIL,DTFILYERFIL

- _-_QM.Q.QA.Q..._.__EI.HEN.S_IQN_ PELBUF(130,2)sOTRUF(130) s UNFKA160+27 _ _. -
006060 DIMENSION INTERM(4081)
000070 LOGICAL DIAG

000080 TLATA NNsYYZ'N'2'Y'/ .
000096 TERM=5

. 000100 LPFIL=6

i _..QQ.QJ..LQ_____ PELEIL=1 —_— —_. —
000120 OTFIL=2
000130 DIAG=.FALSE.
000149 NEFW=32 — -
0001350 C
000160 C READ INPUT PARAMETERS

5 000170 C . - e —
000180 C  READ DIAGNOSTIC SWITCH
0060190 C

T 000200 114 WRITE(LPFILs115) _ , L
000210 115 FORMAT( $DIAGNOSTIC PRINTOUT? (Y OR N): '
000220 READ(TERM»110) INSU

—-000230 110 FORMAT(AL)

] 000240 IF(INSW.EQ.YY) GO TO 116
: 000250 IF{INSW.EQ.NN) GO TO 20
000250 GO_TO 114 __ e
- 000270 116 CONTINUE
: 000280 DIAG=,TRUE.
- 000290 C _ I —_
4 0003060 ©  READ INFUT RECORD SIZE
000310 C
000320 20 WRITE(5530) o .
= 000330 30 FORMAT(’'$ENTER INFUT RECORD SIZE: ')
I 000340 READ(55140+ERR=20) BUFDIM
= Q00350 IF(BUFDIM.GE.Q.ANR.BUFDIM.LE,130) GO TO _ 120 -
I 000360 WRITE(6s150) BUFDIN
R 600370 60 TO 20
e 290380 C . - --
T 000390 C READ MAXIMUM NUMBER OF PELS FER LINE
000400 C ‘ '

—000410 __ 120 CONTINUE . e

- 000420 WRITE(LPFIL,130)
- 000430 130 FORMAT(’SENTER MAXIMUM NUMBER OF FELS FER LINE: %)
200449 FEADRCTERMs 140,ERR=120) PFELMAX _ _ ___ . —_—
000450 140 FORMAT(I4)
0004540 IF(PELMAX.BGE.1,AND,FELMAX.LE.4160) GO TO 140
000470 WRITECLPFIL,150) PELMAX S
L 000480 150 FORMAT(’ONUMEER OUT OF RANGE (='1161'7 )
o 000490 GO TO 120
L. 900300 C ————— _
ot 000510 C READ VERTICAL SAMPLING
£ 000520 C
Y o__.__R00%530 140 CONTINUE
it 000540 WRITE(LPFIL,17Q)
= 000550 170 FORMAT(’SENTER VERTICAL SAMFLING: ’)
:- 009540 READ(TEREM: 180 :ERR=140) YRES
et 000570 180 FORMAT(I2)
K 000%80 IF(VRES.BE.1.AND.VRES.,LE.10) GO TO 350
& 000590 =0) VURES
000600 GO TO 160
0004610 C F=1 -

Ann srmhn




000630 C .
000640 C WRITE INFUT PARAMETERS

000650 C
DO0RE0 MEITECLFFTIL 4000 RUFDIM, PELMAXsVRES

: 000670 400 FORMAT(’1INFUT PARAMETERS:’/
- 000675 X "ORECORD SIZE =14/
E 000680 * ‘OMAXIMUM NUMBER OF FELS PER LINE=’,I5/
12 000690 X “OVERTICAL SAMPLING: N=’sI4)
it 000700 CRXAXKKAKKKRKKKKKKKKKK BEGIN FROGRAM XRKKKXKKKKKKKKAKKKKKXK
51 009710 €
7 000720 C  INITIALIZE
B} 000730 C
N 000740 ERRCNT=0
LT 000750 INLNCT=0
X 000760 INREF=1
i 000770 INCOD=2
B 000780 OTREF=1
;: 000790 " OTCOD=2
3 000800 DO 850 I=1-BUFDIN
- 000810 OTBUF(OTREF) =0
- 000820 OTBUF(OTCOD) =0

R 000830 FELRUF (I, INREF)=0
" 000840 FELBUF (I, INCOD) =0

E 000850 BS0 CONTINUE

; 000860 C }
= 200870 C  READSWRITEs UNFACK FIRST LINE
= 200880 C
- 000890 READ(FELFIL,END=2000sERR=4600)
= 060900 KINLNNO; INELCT s (PELBUF (IsINREF) s I=1sBUFDIN?

- 000910 IF (INELCT.NE.PELMAX)CALL EXIT
= 000920 INLNCT=1 L
= GU0930 WRITE(OTFIL)INLNCTsFELMAXy (FELBUF (1, INREF)+i=1sBUFLINM?
= 006940 INLNCT=INLNCT+1
= 000950 DO 900 I=1,FPELMAX

_ 000960 UNPK(XIs INREF)=I4B(PELRUF(1sINREF)sI»1)
= 000970 900 CONTINUE )
000980 1000 CONTINUE

o 000590 C
; 001000 C READ BOTTOM LINE MODULO VRES AND UNPACK
= 001010 €
= 001020 READ(FELFILJEND=3000sERR=5000)
- 001030 KINLNNO» INELCT» (PELBUF (I, INCOD)»I=1,BUFDIN)
) 001040 IF (MOD(¢INLNNO-1sVRES) NE.0)GO TO 1000
- 001050 IF(INELCT.NE.FPELMAX)CALL EXIT
- 001060 DO 1100 I=1sPELMAX .
001070 UNPK (I INCOD)=I4R(FELRUF (1, INCOD) s Ts1)
001080 1100 CONTINUE
= 001090 C
k 001100 C  CONSTRUCT INTERMEDIATE LINE
B 001110 €
] 001120 DO 1200 I=1,PELMAX
= 001130 IF (UNPK (I INREF) . NE UNFK(I+INCOD})GO 0 1180
s 001140 IF(UNPK(IsINREF).ER.1:G0 TO 1150
. 001150 INTERM(I)=0
R 001160 G0 TQ 1200
— 001170 1150 INTERM(I)=1{
= 001180 60 TO 1200
R 201190 1140 INTERM(I)=2
= 001200 1200 CONTINUE'
5 001210 INTERM(PELMAX+1)20
[ Q0012240 C
001230 C  INTERPOLATE F=2
001240 C :

001250 LEFT=0




...........

SCEnORs ]
001260 RIGHT=1"
o 001270 DO 1300 I=1,BUFDIN
o 001280 OTRBUF(I)=0
[ 061290 13200 CONTINUE
OIS 001360 DO 2000 X=1sPELMAX
SO 001310 IF(RIGHT.GT.X)G0 TO 1500
- 001320 1400 RIGHTI=RIGHT+1
ﬁg - 001330 . IF(INTERM(RIGHT).EQR.2)G0 TO 1400
L 001340 1500 CONTINUE
t 001350 IE(INTERM(X) .EQ.,2)6B0_T0O 1400
- 001360 LEFT=X
X 001370 IFCINTERM(X).EQ.0)G0 TO 2000
P ._001380 __CALL MIPB(INTERM(X)»QTRBUFsXs1)
o 001390 GO TO 2000
o 001400 1500 CONTINUE
= 001410 DL=X-LEFT
= 001420 - DR=RIGHT=-X
o 001430 IF(DR-DL)1700+1800+1900
S____ 001440 1700 CONTINUE -
= 001450 C
i 001460 C  SAME COLORS CLOSER TO RIGHT
001479 C
2 0014890 CALL MI2B(INTERM(RIGHT)sOTBUFs»Xs1)
i 001490 60 TQ 2000
. -
R 001510 C
= 001520 C  SAME COLOR CLOSER TO LEFT
i 001330 ¢
) 001540 CALL MI2BC(INTERM(LEFT)sOTBUF»X»1)
8 001550 G0 TO 2000
_“___QQLiéQ._LaQQ_cnﬂllqu e - — -
o 501570 C
:; 001580 C  SAME COLORS EQUIDISTANT
: 001590 ¢
= 001600 IF(INTERM(LEFT) .NE.INTERM(RIGHT))>GO TO 2000
. 001610 G0 TO 1900
N 001620 2000 CONTINUE
- 001630 C -
) 001640 C  WRITE INTERPOLATED LINE
001630 C
= 001640 WRITEC(OTFIL)INLNCTyFELMAXs (OTBUF(I)»I=1sBUFDIM)
= 001670 INLNCT=INLNCT+1
> QQ1480 C
i 001690 C  WRITE BOTTOM LINE
b 001700 C
oy 001710 MRITECOTFIL) INLNCT - PELMAX, (PELBUF (I, INCOD) » T=1 RYFDTHNY
= 001720 INLNCT=INLNCT+1
s 001730 C
X 0017%0 C
#7 001760 TEMP=INREF .
= R 001779 INR
SR 001780 INCOD=TEMP
GG 001790 G0 TO 1000
0 _____QQLBQQ_;EMNLJEEUJKME
G 001810 C
‘ ® 001820 C WRAP UP$ SET OUTPUT=WHITE AND WRITE
KL 001830 C
ki 001840 DO 3100 I=1,BUFDIM
5 001850 OTBUF(I)=0
by —CONTINUE
001870 WRITEC(OTFIL)INLNCTsPELMAXy (OTBUF(I)s»I=1yBUFDIM)
001880 WRITE(LPFIL»3200) INLNCT F=3
ANENBOA BAAA FARMMAT I A MIITARI® ) Pimm ISy v wma




001940 VRES=1

J01910 CALL ERRMES{FELBUF»OTEUFsFELMAX »VRESERRCNT L IAG: BUFDIIM)
001920 STOF

0Ci%930 4000 _STQP 4000

001940 5000 STOF 5000
001950 ENTD

__END_OF DATA

i READY
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APPENDIX G

CODE LISTING FOR THE CONVERT PROGRAM




v

v

T

WF

LISi 10
20019 C
20020 C
20030
000490
00050
300690
00070
00080 C
00090
00100
00110
00120
00130
00140
00150
00165
00170
00186 C
00190 C
06200 C
00210
00220 C
00230
00231 C
00232 C
00233 C
00234
00235
00236
00237
00245°C
00250 C
00260 C
00270
00280
00290 C
00300 C
00310 C
00320
00330
00340
00350 C
00360 C
00370 C
00380
20390
00400 C
00410 C
00420 C

T——T Y ban T e e A S S an

Fy9Q

FROGRAM CVYRTJHS

IMFLICIT INTEGER(A-Z)

INTEGER INBUF (403)

INTEGER OUTBUF(81,3)

LOGICAL DIAG

EQUIVALENCE (INBUF<1)»0UTEUF(1s1):

LZERO=6
RZERO=6
OUTLIN=3500
OTLNNO=1
INFEL=81
OUTFEL=80
DIAG=.TRUE.
TQF=30
BOTTOM=3400

READ INFUT BLOCK
100 READC(1,END=230,ERR=220) INBUF
DO 200 J=1,3
CHAMGE LINES AT TOF TO WHITE IF SFECIFIED
IF{OTLNNO.GT.TOP) GO TO 110
D0 115 I=1,0UTFEL
115 OUTBUF{I,J)=0
140 CONTINUE
ZERO LEFT FELS

pO 120 I=1sLZERO
120 OUTEBUF(IyJ)=0

ZERO RIGHT PELS
RIGHT=INPEL-RZERO+1
DO 130 I=RIGHTsINFEL
130 OUTBUF(I»J)=0

WRITE OUTPUT LINE

WRITE(2) OTLNNOYPELMAXs (OUTBRUF(I»J)sI=1,0UTFEL)

IF(.NOT.DIAG) GO TO 160

FRINT EVERY 100TH LINE




00430

00440

00430 C
00460
00470
00480
00490
005090
003510
003520
00530
003540
0035590
00560
00570
0035890
003590
005600
00610 C
00620

005630

00640

00450

00660

o000

140
159
160

200

210

220

IF - HOD(OTLNNDO»100),.NE.O) GO TO 159
WEITE(65140) OTLNNO

WRITE(6»150) (QUTBUF{I»J)s1=1»0UTFEL}
FORMAT(IB)

FORMAT(8Z9)

OTLNNO=0TLNNO+1
IF/OTLNNO.GT.BOTTOM) GO TO 230
IF(OTLNNO.GT,OUTLIN’ GO TO 210
CONTINUE

GO TO 100

STOF 210

STOF 220

FILL WITH WHITE LINES AT BOTTOM IF NECESSARY

END OF DATA

END
READY

-~ e

CONTINUE
DO 240 I=1,0UTFEL
OQUTRUF(Iy1)=0

IF(OTLNNO.GT.OUTLIN) STOP 240

WRITE(2) OTLNNOyPELMAX» (OUTBUF(I+1)sI=1,0UTFEL)

OTLNNO=CTLNNO+1
60 TO 250
END

G=2




APPENDIX H

LEGIBILITY TEST DATA
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