
RD-R1B 614 INVESTIGATION OF RESOLUTION FOR GROUP 4 FRCSIMILE(U) i/
DELTA INFORMATION SYSTEMS INC JENKINTOWN PA RUG 82
NCS-TIB-82-5 DCRti8-81-C-8842

UNCLASSIFIED F/G 17/2 NLIIIEIIIIIIIEI
ElllhhEllllllI
llEllllhhhI-l
EIIIIIIIIIIIhIE
EIIEImllllllll
I/IhhI///IE///I



i/

-.0 la 
II 1.0 _I

1111= 1 1mm5

ml-- H1--1 "

lII"l I1 _ gll_ i

NMICROCOPY RESOLUTION TESTC

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

NATIONAL BUREAU OF STANDARDS-1963-A

III,- II32 ln

1.0 W 1 .5,

Jil- UKi

I~ LA

111111.2 jjjEM4 .

111I.I ; "Eii 1111

MICROCOPY RESOLUTION TEST CHART MICROCOPY RESOLUTION TEST C T

NATIONAL BURAU O POAIIOS-1TO3-A NATIOBRAL AUREAU OFS-TANSCI6-AI

- .0- II.-W*- 1.

"... ".. . . . . . . .



REPOR DOMENTAION AGE 3F,2EAD INSTRUCTIONSREPRT OCUbENATIN PGEORE COMPLETING FORM
1REPORT NUMBER 2. GOVT ACCESSION No. 3. RECIPIENT'S CATALOG NUMBER

NCS TIB 82-5 A________4___

4TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
Investigation of Resolution for Group 4 Facsimile

~ FINAL
6. PERFORMING ORG. REPORT NUMBER

7AUTi4OR(s) S. CONTRACT OR GRANT NUMUER(e)

DCA100-8 1-C-0042

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT. TASK

~~ D~lta Information Systems, Inc. AE OKUI UBR

310 Coitman Street
Jenkintown, PA 19046

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT OATS
National Communications System AUGUST 1982
Office of Technology and Standards 13. NUMBER OF PAGES

Washington, DC 20305 120
14. MONITORING AGENCY NAME aAOORIESSIt diffrent from Controlling Ollice) S. SECURITY CLASS. (of tis report)

UNCLASSIFIED
1s. DECL ASSIIlC ATI ONDOWN GRADI NG

SCHEDULE

16. DISTRIBUTION STA1 C946NT (a# this Report)

Approved for PuLlic Release; Distribution Unlimited

17. DISTRIBUTION STATEMENT (.1 iho abstract mitered i. Bock^ 2,I dlifferent hemn Report)

e0.0

19. KEY WORDS (Continue an reverse side if noceseamy and tdontify by block number)

Facsimile Modified Read Code
Group 4 Modified Huffman Code
Resolution Legibility

LA ~ Data Compression Half Tone

ABSTRACT fCoahi~a am reverse ebbe N tnawweemy md identify by block number)
The objective of this study is to analyze alternative resolution rates for
Group 4 facsimile& Four Lest documents were scanied at five candidate
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 legibility of a visual communication system. The
legibility of various 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.

DD ,. 3 EION OF I Nov 65l Bs6OLETE UNCLASSIFIED
SECURT CLASSIFICATION OF THIS PAGE (011re DO&e Enterod)

.1 '*~ I<



NCS TIB 82-5

NATIONAL COMMUNICATIONS SYSTEM

TECHNICAL INFORMATION BULLETIN

82-5

INVESTIGATION OF

RESOLUTION FOR ,. .,.

GROUP 4 FACSIMILE

AUGUST 1982

APPROVED FOR PUBLIC RELEASE
DISTRIBUTION UNLIMITED

0 19 9i
d



7r--- .

NCS TECHNICAL INFORMATION BULLETIN 82-5

INVESTIGATION OF RESOWTION REQUIREMENTS

FOR GROUP 4 FACSIMILE APPARATUS

AUGUST 1982

PROJECT OFFICER APPROVED FOR PUBLICATION:

DENNIS BODSON MARSHALL L. CAIN
Senior Electronics Engineer Assistant Manager
Office of NCS Technology Office of Technology

and Standards and Standards

FOREWORD

Among the responsibilities assigned to the Office of the Manager, National
Communications System, is the management of the Federal Telecommunication
Standards Program. Under this program, the NCS, with the assistance of the

.. Federal Telecommunication Standards Committee identifies, develops, and
coordinates proposed Federal Standards which either contribute to the
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 institute,
the International Organization for Standardization, and the International
Telegraph and Telephone Consultative Committee of the International
Telecommunication Union. This Technical Information Bulletin presents an
overview of an effort which is contributing to the development of compatible
Federal, national, and international standards in the area of digital
facsimile standards. It has been prepared to Inform interested Federal
activities of the progress of these efforts. Any comments, inputs or
statements of requirements which could assist in the advancement of this work
are welcome and should be addressed to:

Office of the Manager
National Communications System

,-" ATTN: NS-TS
Washington, D.C. 20305
(202) 692-2124
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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

DCAI00-1-C-0042. The Office of Technology and Standards,

headed by National Communications System Assistant Manager

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 quality, transmission time,

cost, eomplexity, and cospatability with other systems such

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

resolution standards for Group 4 facsimile as a contribution to

the overall standardization process.

Four test documents were scanned at five candidate

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

(" 1-1
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legibility of a visual communication system. The legibility of

varia-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. Conclusions are drawn

in Section 8.

Section Task

2.0 Selection of Candidate Scanning Readlution

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

1-2
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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

1 200 200

2 240 240

3 300 300

U4 400 400

5 480 480

6 200 400

200 x 200

This resolution was chosen because 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



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

be low.

o 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/

q inch will usually pass as "originals".

o 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 ic 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

2-2



a high resolution mode and it is natural that this higher

resolution be double the low resolution.

200 x 400

This resolution is selected to provide an intermediate

mode between 200 x 200 and 400 x 400.

2- 3



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 test documents shown in Figure 3-1. It is ad-

vantageous to use CCITT test-documents because the test results

4 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 measurement 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 printsK was scanned as part of this resolution project. Another one of

K 3-1
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THE SLEREXE COMPANY LIMITED
SAPORS LANE . BOOLE . DORSET. DBH25 O R

13.-a-s uaN (94513) 51617 - Tan 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 docuent is produced.

Probably you have uses for this facility in your organisation.

Yours sincerely,

P.J. CROSS
Group Leader- Facsimile Research

Figure 3-2
CCITT IMAGE NO. 1

aSla~mi i tsgIa.4M: 14. 0.
UqieiCvS Offi..: 0 Vie. Lme. nlfolt. Xmas.
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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 contain& 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

designed 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.

p- 3-6
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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

process was performed by the Applied Physics Laboratory of Johns

Hopkins University. The scanning equipment4, described in detail

in Appendix A, was manufactured by Optronics International, Inc.

* and is designated as Model P-1700.

The P-1700 scanning equipment is a highly precise device

which evploys 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 in~put copy to be scanned is 10 inches by 10 inches.

Second# the number of spot sizes 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.

200 1.274 6.67 x 8.63 100

240 2.117 4.02 x 5.20 so

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

4-1



The output of the scanner was fed to an 8 bit analog-to-

digital converter and each pixel was stored on magnetic tape.

4
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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.

o Reformat the Scanned Data

o 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.

1. 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 scanned 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.

q

, •,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 the 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 pels. Since the high resolution images have line length.

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
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MEC compression, as modified for long run lengths, was used to

measure the number of NRC 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 p.1. 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 following statistical data is provided in

the Appendix.

o minimum bits/line

o Maximum

o Median

o, Mean

o Standard Deviation
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TABLE 5-2
Compressed BITS/PAGE

MODREAD Coding

CCITT 1 5 7 1,5,7
DOC. NO

ST CHART

RESOLUT English French Kanji AgOCITripi Legibility Letter Journal Text D et

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

405,264,170 326t473 570,302 1,262,734 719,836
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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 image4  Another characteristic of source

coding is t hat the compression ratio is highly dependent upon

the complexity of the input document. Complex documents require

more transmission time than documents containing little inf or-

mation. Alternate Line Interpolation is a compression technique

which achieves a fixed compression ratio of 2 to 1 by deleting

alternater scan lines from trasmission. 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
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ALTERNATE LINE INTERPOLATION

LINES OF - IL-3 -2 1-1 0 1 1213f7
- FLIKE OF

TRANSMITTED x - INTERPOLATED

PELS 7J-3j12- 0 1 2 13 1L

DESIGNATION ________ ____

OF PAIRS OF I PJ- P P4 P1 P2 P3 J *
TRANSMITTED
PELS

The pel to be interpolated is designated as "x". The first step
in the interpolatiorT proe £_is to consider the pair of trans-
mitted pels (P0 ) which are adjacent to -x* in the line above and
below. If the P0 pels are both black interpolate "x" to be
black. If the P0 pels are both white interpolate "x" to be
white. If the two P0 pels are of different color, adjacent pairs
(P*J, P*2, etc.) are examined to determine the color of the nearest
pair where both pels are black or white. Pel "x" is interpolated
to be the color of the nearest pair which is all black or all
white. For example, if pairs P-2, P-1, P0, and Pl all have
differing colored pels in each pair, but the pels in P2 are
both white then "xn 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

P0 - pairs have different colored pelsP1 I
P2 - both white

Figure 5-2
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other line of pixels is transmitted, and those lines which were

not transmitted are interpolated at the receiver. It is

antic.ipated 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

the 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 reproduce 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

Vg 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 algorithmL 5-9
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would automatically position the stairstep transitions 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

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

ipi). 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 vhe quality of the images in this report

is not representative of the original images which were photo-

gzaphically printed. Dennis Bodson, the COTR on this project,

has a complete set of the original photographic prints.

The images were first printed on the Johns Hopkins system

described in Appendix A. A reduced size photographic trans-

parency was produced by the printer. In 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.
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Table 6-1

List of Printed Images

Figure No. Subject Resolution Interpolation

6-1 Legibility . 200

2 240

3 300

4 U400

5 480

6 CCITT No. 1 .200

7 240

8 300

9 400

10 480

11 CCITT No. 5 200

12 240

13 300

14 400

15 480

16 CCITT No. 7 200

U17 240

* is1 300

19 400

20 480

21 Legibility 400 yes

22 CCITT No. 1 400 Yes

U23 CCITT No. 5 400 Yes

24 CCITT No. 7 400 Yes
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THE SLEREXE COMPANY UMITED
SAPMS LANE • •0! - DORSET. B1 25 ER

utimma0 smU (94513) 51617 - m 123456

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

Dr. P.N. Cundall,
Mining Surveys Ltd.,

iolroyd Road,
Reading,
Barks.

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, 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 you have uses for this facility in your organisacion.

Yours sincerely,

P.J. CROSS
Group Leader- Facsimile Research

Figure 6-6
200 ipi
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THE SLEREXE COMPANY LIMITED
SAPORS LANX. 3OOL - DORSUT. BH 2£ ER

nhmLmm mu (945 13) 51617 . Tu 123456

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

Dr. P.N. Cundall,

Mining Surveys Ltd.,
Iolroyd Road,
Reading,
Berks.

Dear Pete,

Permit me to introduce you to the facility of facsimile
t ranmis msion.

In facsimile a photocell is caused to perform a rascer 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, vhich is transmitted to. a
remote destination over a radio 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 you have uses for this facility in your organisation.

Yours sincerely,

P.J. CROSS
Group Leader- Facsimile Research

Figure 6-7
240 ipi
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HE SLEREXE COMPANY LIMirED
SAPORS LANE. OO.LE DORSET. DH Z 8 ER

mumom mm (945 13) 51617. Tm in 123456

Our Ref. 350/PJC/EAC l8th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holrayd 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 rester 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 coummications 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 organisation.

Yours sincerely,

P.J. CROSS
Group Leader- Facsimile Research

Figure 6-8
300 ipi
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THE SLEREXE COMPANY LIMITED
SAPORS LANE - BOOLE - DORSET . BH 25 8 ER

TnUmIOwa so=0. (945 13) 51617 - zim.s 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 you have uses for this facility in your organisation.

Yours sincerely,

P.J. CROSS

Group Leadir - Facsimile Research

Figure 6-9

400 ipi
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THE SLEREXE COMPANY LIMITED
SAPORS LANE - BOOLE . DORSET. BH 25 8 ER

TU.EpWOK MOLa (94S 13) 51617 - u 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 che 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 you have uses for this facility in your organisation.

Yours sincerely,

P.J. CROSS

Group Leader - Facsimile Research

Figure 6-10
480 ipi
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Aklire suivi d'une ligne k retard (LAR) disper- oi d
sive ayant un temps de propagation do group. r.

* ddcroinsant Iieidairemant avec la frequence f sumvan
l'azpruuaion:

7t5 T*4(f0-f)- (aveCT*>T) T p

(voir figl. 4). -12s

On saisit physiquemont le phtnometne do com-
lo-Tpression en rdalisant quo Iorsque le signal S(t) enre

dans Is ligne i retard (LAR) Is, frilqumnce qui enre
la premiere & l'instant 0 est Ia frquence baum f,

te *s~aequi met un temps To pour traverser. La frdquence f
__________________________________ enre i I'instant t as (f -fo I et eli. met un temps

P,o.4 'If
To -(f -fa) L pour traverser, cc qui I& fait ressortir

It linst r. hiaeven, Ainoti donc. le %ional Sh
Figure 6-11
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Colsat d'autant plus val able que TAt est Plus teile ligps & retard at donnie par:
V and. A cot fgard Ia figure 2 repriserne Ia vraae courbe
donnant 10(J)I en fonction del pour les valours num&- PP-x g
nqwes indiquusa pap precidente. f Z Jad

~'Et cette phase at bien t'oppos6 do 1(f).

'f - A r A un diphasage constant prds (sans importance)
____________et i un retard To prds (intwitable).

%*a Un signal utile, S(t) traversant ian tel filtr. adaptd
_______________________________ donne i I& sortie (i ian retard T, pris et & ian d6pha.

fwi 2 sale pr~s de Ia porteuse) ian signal dont Is transformie
de Fourier est fdeile, constt entre jo et f. + A1,
et null. do parn at d'autre delo et de o.+41 coest-
i-dire ma signal do fruuenco porteuse o .Af4J2 et.

Dons cc as. lo filte adapid pourra hre constitud. dont lenveloppe a I& formie indiqude i Ia figure 5,
confoonadne. ti Isa figure 3. par Ia cascade: oia Von a reprdmetd simultantmenu lo signal S(1)

et lo signal S,Qt) correspondant obten i Is sortie
- d'un ilt,. passe-band. do transfert unit* pour dui fire adapi. On comprend It nom do recopteur

ja4 wl~, o+a f et do transfert quasi nul pour A compression d'impulsion donnd A ce genre do
f < f* t f> f,+ Af. filte neniodifimnt pas Ia phase filtreasdaptd : Ia 4( argeur * (1 3 d9)du signal corn.
des composants It ravrsant; privA itant 6galo & I /A1. le rapport do compeson

___________________________ ot do 1.

I~ Of

- Attn suivi d'une ligne A retard (LAR) diaper.$(
sive ayant ian temps do propagation do group. T.
dicroissant lindairement awe ]a frdquence f suivant

*laeprossaon :MO

TamT+(f-f)-L (avecl*g>T)

* (voir fig. 4).

Flu. 5

On saisit physiquement le ph~nowuem do com-
pression en rdalisant quo torsque to signal SQt) ornre
dana ta ligne & retard (LAR) I& frquence qui entro,
Ia premift i A instant 0 est aS frdqUen basso AC.
qui met ian temps To pour traverser. La ri4uwnce f

_________________________________ ntre A l'instanti m (f -f,). e t elle met ian temp.
Poo 4 ,

T -f -f.) L pour traverser, ce qui Is fait ressontir
U 'If

i l'instant r,. mnlemnent Ain~i dme. It uirnal SMr
Figure 6-12

240 ipi
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Usl eW d'autant plus vulabis quo rAr t Pius tell@ lips A retard at dennis per:
pead. A cot igrd la figure 2 1epri mu-to I& wraie courbe
dosnuat 1(JI mnmtenction de/ pour Wee valours niAi -2 rTA 4f
riques indiquius pap p*eddeste

a ONO& urn diphasams commas:, PAS (Sans importance)

at & un retard To pris (7nivitablo).
Un sgnal utile SQt) trawmat un tel Ski.e &daps

done i sortie (k un retard To pris i dipis-
sap pris do ls perteuse) unsigna dont I& transformie

Pus. 2do Fourier est rdele, constanto entre Aeet A + 4f.
at mailedo Pont t d'sutr de fo a dof(9+b4f cams-
W.ire us signal do friquenes ponsuse fo.4,72 et

Dan ae ca, le Sis adapud pourra Ate consutud, dent PIenvoppe a la rotts indiqAc i Is1 figure 5,
coninieist & la figure 3. par la cascade: oia Pon a repriset sianultanmt Is Signal SWt

ot ls signal SI(t) correspendast obtenu i la sortie
-d'wi SMis passe-bands do tnu a unit& pour du fltre adaptS. On comprend It neos do ricepesur

fe A (f 4f,+A~f of do tranefert quasi nul pour & compression d'impulaon doani &cc genii do
f <f~e f > fAf. fireo modifant psla phase Sklre adapd: l laerpu (3 d) du igal COW-
des composarns It ttawusvant pMimi &ant igale k I/Af, le rapport docopesn

at. do-L w ~

SO)d

- it,'. suivi d'une lapse i retard (LAR) disper. GOM do 0

* save syant ian temps do propagation do groups TR
* ddcroissant lindmiremsnt avoe )a rriquence f suivant

I'aprossion: -(

T-T+(f.-f)Z (SVecT>T) T u
At

* (veer fit. 4).

Pul. 5

On saisit physiquoment It phfnomins do com-
pression on rialisant quo leisque lo signal St) entre
dams la 11gn & retard (LAR) la (riquence qul entre
ls premide i'Iinstant 0 at la friquence basso fe,
qwi mot on temps To pour traverse. La friquonce f

ontrs k insant t j-, o l met un temp.

T
Figur 6(13f. pour traverser, ce qui Ia fit ressoir

Figure 6-3 rnswant r. datewt Ainqi done. le Mortal S(,,
300 ipi
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Cola at d'autant plus valable quo r a/ oat plus tolkli gne: i retard est donndo par:
grand. A cot dgard Is figure 2 reprilsento I& vraie courbe
dominant 1#(J)l en fomiction def pour Ins vakurs ut V=-x ,rIniques indiqudes pape prdcidonte. ~ 2 J Td

fpi~ m - 2 x To+ f T f + Lfa

I Et cotte phase est bien Voppost de 1(f).
i urn dilphasage constant pris (sans importance)

_______________et i vin retard To -ri (inilvitable).
Un signal utile S(1) traversant un tel filtie adaptil

__________________________ domnno i Is sortie (i un retard To pris ot A un ddpha.
Fou. 2sage pris do Ia portem) on signal dont In transformie
Fs~. 2 do Fourier at ne. constn entre fa ot fo + f,

et nulle do part ot d'autre de fooet do fo .~. coest-
W-ire un signal do triquence porteus. fa + 412 et

Dans ce cas, It filtre adapti pourra Etre constitue, dont 1'enveloppe a la forme indiqude & I& figure S,
conformiment A Ia figure 3, par ta cascade: o6 ['on a retprisetii simultantment It signal SC:)

et It signal S,(t) correspondent obtenu A la sortie
-d'un filtue: passe-bendo de transtert unitd pour du filtre adapti. On coniprond It nom do rdcepteur

e 1, f 4C f. + Af et do uransfort quasi nul pour a compression d'imnpulsion donni & co genre de
f j ff tf >fa+A f, filtre nemodifiat pasla&phase Ailtreadapit : Is 4(largeur.*(A 3 dB) du signal corn-
des composants it traversant; prim* &ant ftgeo It JIM Itf rapport do compression

__________________________ t do -L- .. TAJ
u~ 1A,

sit)

Pao. 3 0.2 ii

-filtre suivi d'une ligne It retard (LAR) disper. IMM o81
sive ayarn un temps do propagation de group. TA
ddcroissant liniairemen: avec ]a rrquence f suivant
Vexprssion

TAmT 0 +(f 0 -f)Z (evecT 0>T) .. 4
Af

(voir fig. 4).

On saisit physiquoment It phdnomdne do com-
pression en rialisant quo lorsque It signal S(t) entre

V.-- ~dens a& ligne It retard (LAR) la ftquence qui entre
U I I& promidre A I'instant 0 est Ia triquence basso 4.,

to qui met un temps 7T0 pour traversor. La rrdquonce f
I efitre A I'instant I (f -fo) L et W~e met un temps

FIG. 4 A/

T -(f -fo) I pour traverser, ce qui I& fait ressortir
4/U It I'instant Tr. boalemvent Ain~ti dnnc. It Ptimnal Mni

Figure 6-14
400 ipi
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Cola an d'autant plu valable quo r v at Pius teile ligno i retard at donfld Par:
U grad. A cot igard I& figiure 2 reprisonto Is vraie courbe

donausa 1U()l on~ foftction def pour Its valours numn6
riques incdiquiles page prdente. -PI -2xf T0 df

p-2x [o f.T T
AfI Af

* I Et cetto phase ost bien l'opposd do /(f).
*rkv~i un diphasage constant pros (sans importance)

______________________et i un retard T9 pies (indvitable).
Un signal utile SQt) traversant un tel filre adapti

________________________________ donne i I& sortie (i un retard To pis et i un d6pha.
F*;- 2sage pros de I& porteuso) un signal dont la transform..

do Fourier est rdelle, constant. entre fo et fo + Af,
et null. do part et dautre de f, et de f,+ 4(, caet-
W-ire un signal do friquence porteuse f, + 4)2 et

Dans cc cai, le filtre adapt* pourra 6tre constitui, dont 1lenveloppe a I& rormo indiqude i ]a figure 3,
conformiment A Is figure 3. par la cascade out I'on a repriumnti simultandment Ie signal SQt)

et It signal S,(t) correspondent obtenu i la sortie
- d'un filtre passe-band. de transfert unitt pour du filtre adaptC. On comprond le nom do r6cepteur

A. 4f I. A + f et do transfert quasi nul pour i compression dimpulsion donni i cc genre do
f <fo at f > f,.-1 A filtre ne modiflant pas la phase filtr. adapti :Ia * largeur *(1 3 dB) du signal corn-
des composants le traersant ;primd 6tant igale & I11M, le rapport do compression

__________________________ st do --L - TAf
I 141

Fla. 3 io

-filte suivi d'uno ligne k retard (LAR) disper-
sive ayant un temps do propagation do group. T,

Dicousant lintairemont avc as triquenco f suivant
I'enpreson:

Tam T.+(fo-f)-- (avcT>T)
'If

(your fig. 4).

t.w -

On saisit physiquement le phthomtne de corn.
preision on rdalisant quo lorsque It signal SCt) entre
dans Is lip.e A retard (LAR) la fr6quence qui ontre
la promidre i linstant 0 at I& rfle.nce bass. fo,

U qui met un temps To pour traverser. La tNquence f

_________________________________ I ontre i 'instant f = (f -Ia) L et tile met un temps

To -(f -fo) L pour traverser, cc qui Ia fait ressortir

linstant T. &valemwnt Ainqi dne. le -timnaI No'

Figure 6-15

480 ipi
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THE SLEREXE COMPANY LIMITED
SAPORS LANE -BOOLE DORSET. BH 25 8 ER

TumLEHONE 0OL3 (945 13) 51617 - im.X 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.

U
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 you have uses for this facility in your organisation.

Yours sincerely,

P.J. CROSS
Group Leader - Facsimile Research
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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

o Evaluation of Half-tone performance using the Legibility

Test Document

o Evaluation of the relative 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 quantitative

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.
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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 number 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.

Test Schedule

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 conclusions are drawn from the data.

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

W 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%.

.-
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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 measur~ng.

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 sheet has holes in it that expose 5-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. With 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.
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4. Use your normal reading glasses, but not a magnifier.

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

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

7. 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.

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

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

10. Your entries on the score sheet may be upper
or lower case, and do not have to correspond with
the case of the character you have read.

40
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Figure 7-2

NO. NO. MRMKIN
CBRAIESCELRS "MME CCU

1 2
--- 2pt.

3 4
'5 6

7 8
• 9 10

-3pt.

13 14
15 16

17 - 4pt.19 20
g21 22

25 24

25 -- 26 6pt.-- 7- 28

29 30
:31 32

33 34
"3-- 3 8 p t .

37 38

39 40

lOpt.

43
45 46

47 4

Date:
Subject:

Pattern No.:
Tester:
Processing:
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o 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%.

o 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

o 200 x 200 - The distortions in the 133 and 150 line

screen image of the girl is quite severe.

o 240 x 240 - The distortion in the 85 line screen of the

girl is quite severe.

o 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

of resolution appears in the logo and signature. The

raggedness of the logo and signature is quite perceptible

at 200 x 200 and 240 x 240 line resolutions. It is marginally
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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)

Lecibility Test Chart

The half-tone scenes are significantly distorted by the

interpolation process when the interpolated image is compared

with the 400 x 400 original.

CCITT No. 1

V The interpolated image appears quite comparable

to the 400 x 400 original. The interpolation on the logo

and signature appears to perform very well.
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CCITT No. 5

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.

7

7-11



8.0 CONCLUSIONS

it is inappropriate for this report to 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 ofK. resolution.



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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IMAGE SCANNING AND WRITING SYSTEM
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DPL(P) DS1.9(2) (06/06/80)

(ZIng. Proc. Lab. cont)
E Teage _sgana and W.riting stIL,-

The image scanning and writing system provides a unique
capability within 1PL for the computer processing of color and
black and white photographic data. A photographic "nage on either
fila or opaque paper can be scanned and digitized, and the resui-
ta t data then written an a computer storage medium such as
magnetic tape or disk. Conversely, properly formatted computer
data can be written on film (either ordinary silver halide film
or Polaroid film) to construct a photographic image. Computer
processing of the data provides a powerful means for image
analysis, manipulation, and enhancement*. The couputer processing
can be performed by either the PDP-11/70 or the central cosputing
system. The choice depends on the characteristics of the proces-
sing to be performed. Standard image processing programs are
available now, and special application programs can be prepared
on request.

* The system uses two units of equipment purchased from
Optronics International, lZc. One unit (a P-17CO) scans both
black and white (B/9) and color images and also vrites 3/V
images; the other unit (a C-430C) vrtes botA B/i and color
images, but is used ordinarily for writing only color images. The
P-1700 is shown in Figure 3. The C-4300 (not shown) is similar to
the P-1700 but does not include scanning components.

Data are transmitted between the PDP-11/70 and the scanning
or writing device as eight-bit bytes at a rat*e o 28 kilobytes
per second. Each byt. represents the density of one square pic-
ture eleentp, a "pixel.* Pixel sizes are selectable in six
geometrically increasing steps from 12.5 micrometers to 400
microeters. With eight-bit bytes, 256 density levels can be
represented. For scanning operations, one may confidently expect
a density resolution approaching that number. For writing opera-
tions, 64 repeatable density levels for B/V and 32 for each
primary color can be achieved.

Both the P-1700 and the C-4300 employ electro-mechanical
rotating druss for scanning and writing. Color scau atd color
write operations are performed using filters for the three (ad-
ditive) primary colors, red, green, and blue. Color operations,
therefore, require three passes for scanning or wrizing.

Both units accommodate media in sizes uF to 1C-in. by 1'-
in., but tne maximum usable iaage area is 9-in. by 9-in, in the
P-1700 and 9-in, by 10-in, in the C-4300. Film types stocked for
the image writer are as follows: Linagraph Shellburst 2474 (B/W,
10-in, by 10-in.); Ektachrome SO-278, emulsion equipeent to Z2-
160 amateur film, process 2-6 (color transparency, 1C-in. by
10-in.) ; and Polacolor 2, type 808 (fast color priats, 8-in. by
10-in.).

A-1
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?igure 2. Di-coaed D48C and PDP-11/70
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DPL(P) DSI.9(2) (06/06/80)
(!ag. Proc. Lab. cont)

The scanning portion ef the P-1700 (used for both 5/U and
color) consists of a rotating, horizontally ali4Led drum and a
movable "C" carriage. One arm of the carriage moves into and out
of the open-ended drum along a lite paral el to the drum's axis.
The other arm 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 the drum where a section of the wall
has been removed. Drum rotation and carriage oveeat provide the
Y and Z scanning aotions, respectively.

The light source is a halogen-filled incandescent lamp
located away from the carriage area; light is transmitted froa
the source to the carriage area by means of fiber optics bundles.
For scanning transparencies, the light is emitted fzom the end of
the arm within the carriage and transmitted through the trans-
pareancy to a photodestector mounted on the carriage arm outside
the drum. For scanning opaque media, the light is emitted from
the carriage arm outside the drum and reflected froa the edium
to the detector.

Before it is emitted, the light is transmitted through an
optical system that ensures uniform illumination, focusing, and
spot size selection. Before its intensity is measured by the
densitoseter photodetector, the light passes through an imaging
aperture. Zach measurement defines the density of 'one pixel. The
output from the photodetector is amplitied logarithaically
(giving a selectable density rtvge of 0-2D or 3-3D) or liaaly
(giving a transmittance range of 0 to 100 percent).

-round the circumference of the drum (Y dIrection), the
optical density is measured at the selected pixel interval. Ifter
each drum revolution, a precision lead screw and stepping ator
mOve the "C" carriage axially (in the I direction) by the raster
width (pixel dimension) until the entire area of interest ias
been scanned. Pixel positional accuracy in both X and T is t2
micrometers rms/ca. Once per revolution, the densitometer photo-
detector is reset to an optical density ot 0 as defined by the
air path through an opening in the drum, or from a reflector on
the drum if an opaque medium is being scanned.

_r4!iina Operations

For write operations, eight-bit bytes from the computer are
converted to analog signals, which aodulate a light source to
expose the photosensitive edium. The 2-1700 is used for writing
3/ imaqes, and the C-43CO is used for writiag color images. The
writing portion of each device includes a rotating drum to whpch
the unexposed medium is attached in a darkroom. The drum is
enclosed in a light-tight cassette, which can be easily attacaad
to and removed from the device proper. (a slide openitg on tat
cassette permits exposure of the medium when Zie cassette .as
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(Ing. Proc. Lab. cont)

attached.) The optical system that writes on the film is located
on a carriage under the cassette, and it is moved by the sane
precision lead screw and stepping mctor as the scanning carriage.

For the C-4300 (coler writing), the optical system consists
of a Vhite-light glow crater tube, a color-filter sieect assem-
bly, .a selectable aperture, and a lens system to focus the bean
onto the film plane. The film is exposed at every selected raster
point along the circumference of the drum (T direction) by pulse
modulation of the light bean, and the optical carriage is stepped
in the axial (X) direction by the raster width after each revolu-
tion of the drum, The C-4300 is capable of v ting up to 32
repeatable density levels for each primary color and has a
dynamic range of 0-2D.

The writing portion of the P-1700 (B/V writing) differs from
the C-4300 principally in that a red light-enitting diode is used
as the source, rather than a white-light glow crater tube. ThiN

-u difference in light source allows B3/ imagery to be written with
greater or lesser resolution (smaller or larger pixel sizes)
than color imagery. The P-1700 is capable of writing up to 64
repeatable density levels and has a dynamic range of O-2.SD.

Functional characteristics and specifications of the image
processing system are sunnarized in Figure 4. A chart of the scan
and write times as a function of specimen size (at different
resolutions) is given in Figure 5.

Pigure 4
Zmage Processing System

. .. _ a. 2n. ka _thaasu ics and S Deci fitios_
Pixel/Raster Size Resolvable2Maio Uaal tu _

SCANN:N; 12.5, 25, 50, 0-2D or 0-3D 256
Black & White 100, 200 & 'CO or 0-100T
and Color
(P-1700)

61:1 ZNG 12.5, 25, 50, 0"2,5D f 4
Black & white 100, 20C & 400
(P-1700)

VIIZBG 25, 50, 100 & 200 0-2D 32/Color
Color

D D (density) a Log(1C) Z (i) /: (t) J,
T (transmittance) a [Z(t)/:() 1,
whire I (i) a incident light and

1(t) - transmitted light

A-5



DPL (P) DS. 9(21 (06/06/83)
C; (log. Proc. Lab. cont)
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APPENDIX B

EIA RS 465

Group 3 Facsimile Apparatus for

Document Transmission
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RS-65
Page 1

GROUP 3 FACSIMILE APPARATUS
FOR DOCUMENT TRANSMISSION

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

INTRODUCTION

This standard is based upon the International Telegraph and Telephone
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
affecting 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-page 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
as standardized in EIA Standard RS-466.
1 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 black and white picture elements along the standard scan line length of
215 mm !1%;

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 described 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 paragraph 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.

B-1
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Page 2

3.1 To handle various printing methods, several minimum total coded scan line
times ame 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,

3.1.1.2 10 milliseconds option with a mandatory fall-back to the 20 Milliseconds
standard,

3.1.1.3 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 fail-back to
the 40 milliseconds option,

fa
3.1.1.5 40 milliseconds option,

3.1.2 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 MIA Standard RS-466 control procedure.

Note: Alternative 2 applies to equipment 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 apparatus
is as follows

B- 2
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4.1.1 DATA

A fine 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 Uip
Code word followed by a Terminating Code word.

Run engths 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.

*4.1.2 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

4.1.3 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 EDL is not less 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
EDL'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 EIA Standard RS-466.

Format: 000000000001------------00000000001
(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.
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tart of Phase C
as defined in EIA Standard RS 466

EOL DATA EOL DATA FILL EOL DATA

II IE

I IA  T I T =minimum
transmission time

I of a total coded
scan lineV

FIGURE 1

END OF PHASE C
" ' ,' i ' i I [as defined in EIA Standard

t)DATA jEOL jDATA EOL EOL IEOL EOL EO IE~RS 466 inEASadr

Ii RTCI

FIGURE 2

B
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TABLE 1 
S-6

Terminating CodsPg R-65

White Run Black Run
Length Cods Ward Length Code Word

a o0110101 0 0000110111
1 000111 1 010
2 Di11 2 11
3 1000 3 10
4 1011 A all
5 1100 5 0011
6 1110 6 0010
7 1111 7 00011
a 10011 a 000101
9 10100 9 000100

10 00111 A0 0000100
11 01000 11 0000101
12 001000 12 000011
13 000011 13 00000100
14 110100 14 00000111
15 110101 15 000011000
16 101010 16 000001011
17 1010.11 17 000001.1000
18 0100111 1s 0000001000
19 000110 19 00001100111
20 0001000 20 00001101000
21 0010111 21 00001101100
22 0000011 22 00000110111
23 0000100 23 0000101000
24 0101000 24 0000001011
25 0101011 25 0000011000
26 M110011 26 000011001010
27 0100100 27 000011001011
28 001100 28 000011001100
29 00000010 29 000011001101
30 00000011 30 00001101000
31 00011010 31 000001101001
32 0001.1011 32 000001101010
33 0001010 3 000001101011
34 00010011 34 000011010010
35 00010100 35 000011010011
36 00010101 36 000011010100
37 00010110 37 000011010101
38 0001011 38 000011010110
39 00101000 39 000011010111
40 0010100 40 000001101100
4l 00101010 A1 000001101101
4-% 00101011 42 000011011010
43 00101100 43 000011011011
44 00101101 4400001010100
45 0000100 45 000001010101
46 00000101 46 000001010110
47 00001010 47 000001010111
A8 00001011 48 000001100100
49 O101001p 49 00001100101
50 01010011 50 000001010
51 01010100 51 000001010011
52 01010101 52 00000100100
53 0010010 53 000000110111
54 00100101 54 000000111000
55 01011000 55 000000100111
56 01011001 3 000000101000
57 01011010 57 000001011000
58 01011011 58 000001011001
59 01001010 59 000000101011
60 01001011 60 000000101100
61 00110010 61 0000010 11010
62 00110011 62 00001100110
63 00110100 63 00000110011]
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TABLE 2

Make Up Codes

White Run Black Run
Lengths Code Word Lengths Code Word

64 11011 64 0600001111
128 10010 128 000011001000
192 010111 192 000011001001
256 0110111 256 000001011011
320 00110110 320 000000110031
384 00110111 384 000000110100
448 01100100 448 00000011010]
512 01100101 512 0000001101100
576 01101000 576 0000001301101
640 01100111 640 0000001001010
704 011001100 704 0000001001011
768 011001101 768 0000001001100
832 011010010 832 0000001001101
896 011010011 896 0000001110010
960 011010100 960 0000001130011
1024 011010101 1024 0000001110100
1088 011010110 1088 0000001130101
1152 011010111 1152 0000001310110
1216 011011000 1216 0000001110111
1280 011011001 1280 0000001010010
1344 011011010 1344 000000101001
1408 011011011 1408 0000001010100
1472 0 P01O00 1472 000000101010).
1536 01uOl001 1536 000001011010
1600 010011010 1600 0000001011011
1664 011000 1664 0000001300100
1728 010011011 177% 0000001100101
EOL 000000000001 EOL 000000000001

Note: It is recognized that some machines may choose to accommodaLe larger
paper widths while maintaining the standard horizontal resolution. This opLion

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

Run Length Make Up Codes
(Black and White)

1792 00000001000
1856 00000001100
1920 00000001101
1984 000000010010
2048 000000010011
2112 000000010100
2176 000000010101
2240 000000010110
23rA 000000010111
2368 009000011100
2432 000000011101
2496 000000011110
2560 000000011111 B-6
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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 ElA Standard RS-466.

4.2 Two-dimensional Coding Scheme

* The two-dimensional coding scheme is an optional extension of thp 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-1 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-i
two-dimensional lines is initiated. The maximum valueof K shall be set as follows:

Standard vertical resolution: K = 2
Optional higher vertical resolution: K z 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.

a0 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 beforeP the first element on the line. During
the coding of the coding line, the position of a 0is defined by the
previous coding mode. (See Paragraph 4.2.1-3,b)0

a 1 The next changing element to the right of a0on the coding line.

a2 The next changing element to the right of a, on the coding line.

b1 The first changing element on the reference line to the right ofa
and of opposite color to a 0'

b b2  The next changing element to the right of b1 on the refermence line.

B-7
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bI  b

reference line

coding line P/ /AWNI _
a0  aa

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 nodes are
given in Figures 4, 5 and 6.

(i) Pass mode

This mode is identified when the position of b2 lies to the left of a1 .

* When this mode has been coded, a is set on the element of the
coding line below b2 in preparation fSr the next coding. (i.e. on

bi  b2

reference line

coding lineL

Sa0 a

FIGURE 4 - Pass mode

I--8



RS-465
Page 9

However, the state where b occurs just above a1 , as shown in
Figure 5, is not considered as Pass mode.

bI  b2

reference line Xr ' Ps /
W coding line

a a)

FIGURE 5 - An example not corresponding to a Pass mode

(ii) Vertical mode

When this mode is identified, the position of a1 Is coded relative to
the position of b . The relative distance a b can take on one of
seven values V(O) V(1), VR(2), VR( 3 ) V (@.) ' (2) and V (3), each
of which is represenad by a separate cob wor& The subscripts R
and L indicate that a is to the right or left respectively of b and
the number in brmckeits indicates the value of the distance i b.
After vertical mode coding has occurred, the position of ao is sel.xn

( a1 . (see Figure 6)

(iII) Horizontal mode

When this mode is identified, both the run-lengths a a1 and a a2 are
coded using the code words H + M(aoa ) + (a a. H is te2 f lag
code word '001' taken from the two-lidnensionl gode table (Table
3). M(a a ) and M(a a ) are code words which represent the length
and colo 8f the run a 2a and a a respectively and are taken from
the appropriate white oA black or 3-imensional code tables (Tables 1
and 2). After a horizontal mode coding, the position of a is se . on
a2. (see Figure 6)

Vertical mode

*

reference line N 'IM/

coding line __
r -I

al 82

Horizontal mode

FIGURE 6 - Vertical mode and Horizontal mode
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c) 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.

Note: 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 Ls identified this is coded using the code word '0001'

(Table 3). After this processing, picture element I just under b2 is
regarded as the new starting picture element a0for the next
coding. (see Figure 4)

UI) If a pass mode Is not detected then proceed to Step 2.

Step 2

1) Determine the absolute value of the relative distance a b1

ii) if 18aibil f 3, as shown in Table 3, alb, Is coded by Vertical
mode, after which position a 1 is regarded as the new starting

4picture element a0for the next coding.

iii) if 1la1b A 73, as shown in Table 3, following Horizojntal mode
code '001', a oa 1 and ala,2 are respectively coded by one-dimen-
sional coding. After this processing position a2 is regarded as the
new starting picture element a0for the next coding.

w B-10
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1i TABLE 3

Two-dimensional code table

ELEMENTS TO BE
MODE CODED NOTATION CODE WORD

PASS bl,b2  P 0001

HORIZONTAL a0a, al2 H 001 + M(a 0a 1

M(ala 2 ) Note 1

VERTICAL a, just aIb 1 = 0 V(0) 1
under b

a to the a1b 11 1  VR(1) 011

right of R

b I

a1 b1 a 2 VR(2) 000011

C a1 b1 = 3 VR( 3) 0000011

to the a b1 = 1 VL(l) 010

left of
b 1

a =b1  2 VL(2) 000010

a1 b1 = :3 VL(3) 0000010

EXTENSION Note 2

2-D (extensions) 00000O0xxx
1-D (extensions) 00000000xxx

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 Uncomprrssed mode of operation whose code table is given irn
Table 4.

• Note 3 If the suggested uncompressed mode 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 "000" followed by a switching code "000000001" will be
mistaken for an end-of-line code."
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TABLE 4

Uncompressed mode code table

Image Pattern Code Word
1 1-
01 01
001 001
0001 0001
00001 00001
00000 000001

Exit Image Pattern Code Word
0000001T

0 00000001T
00 000000001T
000 0000000001T
0000 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

(I) Processing the first picture element

The first a element on each coding line is imaginarily set at a
position jult 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 aoa" is replaced by a a-1.
Therefore, if the first run is black and is deemed to be co&de by
horizontal mode coding, then the first code word M(a a ) corres-
ponds to a white run of zero length. (see Figure 10, Exa;Pmle 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 bhe coing of the
le, they Ire positioned on the imaginary changing element
situated just after the last actual picture element on the reference
line.

U

4.2.2 Line Synchronization Code Word

To the end of every coded line the end-of-line (EOL) code word '000000000001'
is added. 7he EOL codeword is followed by a single tag bit which indicates whether one- or
two-dimentional coding is used for the next line. In addition, EOL plus the tag bit "1" signal
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

B-12
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4.2.3 FILL

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 then the minimum
transmission time of the total coded scan line.

Format : variable length string of O's.

4.2.4 Return 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 DATA
+ "1" (one-dimensional) + 'lot' (tvo- FILL + "1" (one-dimensional)dimensi-

onal)

I >T <T

i1 T

T: minimum transmit time of a total coded scan line

FIGURE 7 - Message transmission (first part of page)
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4.2.5 Coding Examples

Figure 10 shows coding examples of the first part* of scanning lines and
Figure 11 coding examples of the last part, while Figure 12 shows other coding

.A examples. The notations P, H and V in the figures are, as shown in Table 3, the
symbols for Paw mode, Horizontal mode and Vertical mode respectively. The picture
elements marked with black spots indicate the changing picture elements to be coded.

v(o) VT' (1

,

0 VR(2)

eo G

I 10

11(0,3) V1 (l)

FIGURE 10 - Coding examples: first part of scan line
g
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1728 1728 1728

(D v(o), v(o) (D vo), v.(2) ( V(o), VL(2), V(o)

1728 1728 1'r28

0 () VL2,VO () R ()P 1 V(o) a6

1728 1728

FIGURE I I - Coding examples: lost part of scon line

111 I --lIN
(0 Vq(3), VL(2), V(0)

fI Ifl/O I L I

00

l' H(7,2)

*

mode p V L(1) V(o) H(3,h)

code: a I i 0 0 1 0 0 1 1 0 0001 0 001

r0

FIGURE 12 - Coding examples
B-17
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C. PROCEDURE FOR EXTENDED RUN LENGTHS

Run Lengths up to and including 2560 peis are coded

as described in EZA RS-465. if the run length is greater

than 2560r the M1ake 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 by a Make Up Code in the

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

the range 0-63# all in the same color.
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LIST CODELN.FOET
DSNAME='DO031.CODELN.FORT
00010 -60-R8UTINE CODELN(LENGTH,POLARCDELCTCDDATA,CODE
000020 C
000030 C <2/14/80 ADDED PASSING PARAMETER - CODE::

-000040 C <./14/80 ADDED INTEGER CODE(3,92,2)>
000050 C <2/14/80 DELETED COMMON/HUFF/CODE(3,92,2),CODE(3-11'.
000060 C <2/14/80 DELETED COMMON/ERAY/ERRORS(10001)':
000070 C
000080 IMPLICIT INTEGER(A-Z)
000090 INTEGER CODE(3,105,2)
000100 COMMON/iwFF/FELBUF(1302&)CDUF(50)cTBLFi'1L, ;K.
000110 * STFBUF(520)tSTAT(6000)
000120 C
0000C -BEGN -P.ROGRAM
000140 C
000150 C

-- 0- 016 -- -G E&K4 4---NP TS ....................
000170 C
000180 IF(POLAR.LT.IOR.POLARoGT.2) CALL EXIT
0- -90 I-FLENGTHL-T.O-.OR.LENGTHGT,4160) CALL EXIT

- 000200 C
000210 IF(LENGTH.LE.63) GO TO 40

....2.0-CZ
000230 C CALCULATE MAKE UP CODE INDEX
000240 C
04250 .... 4.NDF.X iL.E.TH/64+64
000260 20 IF(INDEX.LE.104) 0 TO 30
000270 INDEX=INDEX-40-" -000280-...DEX1O................ 0 ...--

000290 ASSIGN 20 TO CODESW
000300 GO TO 1000
00030 30 DEX=INDEX.
000320 ASSIGN 40 TO CODESW
000330 .GO TO 1000

-* -.00,303 - Q . ... ....

* 000350 C CALCULATE TERMINATING CODE INDEX
000360 C

--00070.. 40--DEX-n0 4LE..TH, 64) +.I.
000380 ASSIGN 60 TO CODESW
000390 00 TO 1000

-: -- 00400--- 60-RETURN
000410 C
000420 C CODE LOOK-UP AND INSERTION ROUTINE
000430 C
000440 1000 TCODE=CODE(3,piEX, POLARJ
000450 TLENG=CODE(1,DEXPOLAR)
000-460 CALL M12B(TCODE,CDBUF,CrELCT+ITLENGI
000470 CDELCT=CDELCT+TLENG
000480 CDDATA-CDDATA+TLENG

.. .- 0004;0 C
000500 GO TO CODESWt(20,40960)
00051Q E N D
END OF DATA
READY
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SCAN LINE STATISTICS FOR MODIFIED READ CODE DATA

Page

CCITT No. 1 1-4

Legibility Teut Chart 5-8

CCITT No* 5 9-13

CCITT NO* 7 14-17
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APPENDIX F

CODE LISTING FOR THE INTERPOLATION PROGRAM
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LIST BIGTERP.FORT
DSNAME='D0031 .BIGTERP.FORT'
000010 C PROGRAM TERPOL

000030 COMMON/G32BrT/MASK(32),COMASK(32),-LI4IT(32),LzprT(32)
000040 COMMON/FILES/TERMLPFILPELFILDTFILERFIL

-- QQ05 . D I MESS I ON- UN Qi ' 1.____
,7 000060 DIMENSION INTERM(4081)

000070 LOGICAL DIAG
__ ~DATA NN_____ _______ _____-

000090 TERM=5
000100 LPFIL=6

000120 OTFIL-2
000130 DIAG=.FALSE.
00 0 1 Q~.~W 3 2 -_

000150 C
000160 C READ INPUT PARAMETERS

000190 C READ DIAGNOSTIC SWITCH
000190 C
000200 114 WRIE(LPF____
000210 115 FORMAT( $DIAGNOSTIC PRINTOUT? (Y OR N)+'
000220 READ(TERMP110) INSW

1Q30 110 FORMAT(A1)______

000240 IF(INSW.IEQ.YY) GO TO 116
000250 IF(INSW*EQ.NN) GO TO 20
0100260 __ 0_GOTO 114 ________ ______

000270 116 CONTINUE
000280 DIAG.#TRUE#
000290 C_______________
000300 c READ INPUT RECORD SIZE
000310 C
000320 20 WRITE(6t30) _____ ---

000330 30 FORMAT('$ENTER INPUT RECORD SIZE:
000340 READ(3?1409ERR=20) BUFDIM
000_ 3 .1F30 ~ ~ ± GO T-20- -

-s 000360 WRITE(6P150) BUFDIM

000370 GO TO 20

000390 C READ MAXIMUM NUMBER OF PELS PER LINE
000400 C

-QA - -a&-QN-T.U.UF.-____ ____ .

000420 WRITE(LPFILP130)
*000430 130 FORMAT('$ENTER MAXIMUM NUMBER OF PELS PER LINE: '

000~q44 Q __PJt'J0 R~L0) PLA
* 000450 140 FORMAT(I4)

000460 IF(PELMAX.GE.1.AND.PELMAX.LE.4160) GO TO 160
-- 000470 WRITE (6PF'Ijt5qLP ELM 'AX______ ___-

000480 150 FORMAT('ONUMBER OUT OFF RANGE (a''16,',)
*000490 GO TO 120

000510 C READ VERTICAL SAMPLING
000520 C

000540 WRITE(LPFIL,170)
S000550 170 FORMAT('SENTER VERTICAL SAMPLING$ '

0 0 13F,6 RFATFRMqlRQ.LR=1AQ) VRFR
000570 180 FORMAT(12)
000580 IF(VRES.GE.1.AND.YRES.LE*10) GO TO 350
000590 URITE(LPFIL,15Q) VRES_
000600 GO TO 160-

00061 *%



000830 C
000640 C WRITE INP~UT PARAMETERS
000650 C
000A60 WRF!-PLETL .0Q r.41FflIMv PP1 MAX YiREE
000670 400 FDRJIAT('1INPUT PARAMETERS:-/
000675 *'ORECORD SIZE -'P16/
000680 *'OMAXIMUM NUMBER OF PELS PER LINE='rI6/
000690 *'OVERTICAL SAMPLING:' N='P*14)
000700 C* ********BEGIN PROGRAM ***********

K 000710 C
000720 C INITIALIZE
000730 C
000-740 ERRCNT=O

*000750 INLNCT=O
000760 INREF=l

I 000770 INCOD=2
-. 000780 OTREF=l

000790 OTCOD=2
Da 2 _ Q 8 0 I l B HF IM ___________________

0005810 OTBUF(OTREF)=0
* 000820 OTBUF(OTCOD)=0

000830 iELBU.EiIpINREF)=Q
* _ 000840 FELBUF(IPINCOD)=0

0008T50 850 CONTINUE
000860-C _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ __.__ _ _ _ _

*000870 C READrWRITEY UNPACK FIRST LINE
000880 C

-- 000890 READ(PELFILY-END=3000,pERR=4000) ___________

000900 *INLNNOINELCT,<PELI4UF(IYINREF),I=lBUFDIM)
_ 000910 IF(INELCT.NE.PELMAX)CALL EXIT

000920 INLNCT=l .-

C-00930 WRITE(OTFIL)INLNCTYFELMAX(PELBUF(IINREF)TI=17BUF'IM-
000940 INLNCT=INLNCT+l
000950 DO 900 ImlPELMAX
000960 UNPK(IINREF)s14B(PELBUF(1,INREF) ,I,1)
000970 900 CONTINUE

* 000980 1000 CONTINUE
000990 C
001000 C READ BOTTOM LINE MODULO VRES AND UNPACK
001010 C
001020 READ(PELFILEND=3000ERR=50OO)
001030 *INLNNOINELCT,(PELBUF(IrINCOD)PI=1BUFDIM)

* 001040 IF(MOD(INLNNO-1PYRES).NE.0)G0 TO 1000 _ _

_ 001050 IF(INELCT.NE.ELMAX)CALL EXIT
001060 DO 1100 lalPELMAX
001070 UNPK(IpINCOD)814B(PELBUF(lI'NCgD )YIY1) _________

001080 1100 CONTINUE--_ _________

-. 001090 C
00.1100 C g.SQISTRUCT INTERMEDIATE LINE
001110 C
001120 DO 1200 I=1,PELMAX

*001130 IFUP(PNE)N.NKlICr)6 1O 1160
* 001140 IF(UNPK(IpINREF).EO.10%GO Ta 1150

001150 INTERMI=0
001160 GO TO 1200

* . 001170 1150 INTERM(IVu1
001190 GO TO 1200
001190 1160 !NTERM(I)=2

_ 001200 1200 CONTINUE'
-~001210 INTERM(PELMAX+1)=0

001230 C INTERPOLATE F-2
001240 C

*0012,50 LEFT-0



001260 RIGHT1l
001270 DO 1300 IslPBUFDIM
001280 OTBUF(I)=0
An I1qn 17AA rflMTTMiIIF ____

- 001300 DO 2000 X=19PELMAX
001310 IF(RIGHT*GT*X)GO TO 1500

7- 001330 .IF(INTERM(RIGHT).EQ.2)GO TO 1400
001340 1500 CONTINUE
001350 TF(INTERM(X).Efl.2)ao Tfl t~nQ

001360 LEFT-X
001370 IF(INTERM(X).EQ*O)GO TO 2000
t0lR- -CALL MI-22IMTERMX)OTR1E,,Jr
001390 GO TO 2000
001400 1600 CONTINUE
001410 DfL-LF.FT
001420 DR=RI6KT-X
001430 IFCDR-DL)1700pl800P1900
00..Q13A.0 1700 CONTINUF
001450 C
001460 C SAME COLORS CLOSER TO RIGHT
00Q1470 C
001480 CALL M12B(INTERM(RIGHT)POTBUFPXP1)
001490 GO TO 2000
001500 1900 CONTINUE
001310 C
001520 C SAME COLOR CLOSER TO LEFT

001540 CALL MI2B(INTERtI(LEFT)POTBUPXvl)
001550 60 TO 2000

Q~1800 ONINkUE-
001370 C
001580 C SAME COLORS EQUIDISTANT
001g C
001600 IF(INTERM(LEFT).NE.INTERMCRIGHT))6O TO 2000
001610 60 TO 1900
001620 2000 CGNTINUE
001630 C

- 001640 C WRITE INTERPOLATED LINE
-'001650 C

001660 WIRTE(OTFIL)INLNCTPPELMAX,(0TDIJF(I)PI-lPBUFDIM)
001670 INLNCT=INLNCT+l

001690 C WRITE BOTTOM LINE
001700 C

...Q.7.OJg WR~I.TL.DFIL.INLNCTPLAX. CPELBUF( T INCOTri) lU1~j~ftlIml
001720 INLNCT=INLNCT+1
001730 C
001740 C SWITCH TOP ANn BC1TTOM LINES
001750 C
001760 TEMP-INREF
001770 INREF=INCgD
001780 INCODwTEMP
001790 GO TO 1000

8 0 0 32000 CONTINUE _____

001810 C
001820 C WRAP UPO SET OUTPUT-WHITE AND WRITE
00120 C
001840 DO 3100 In1,DUFDIM

*001150 OTBUF(I)a0
2018A6 2100 CONTINUE
001670 WfITE(OTFIL)INLNCTPPELMAX,(OTIUF(I)tIn1pBUFDIM)
001860 WRITE(LPFZLP3200)INLNCT IP-3

-4* ^ VIA IMU 4PP



001900 VRES=l
00191.0 CALL ERR*MES(PELBUFOTBUFFELMAXVPES.ERRCNTEIIAG UFKIM)
o0i920 STOP

00i9~0 000 STOP 4000 ____

001940 5000 STOP 5000
001950 E N Bl
END OF DATA
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APPENDIX G

CODE LISTING FOR THE CONVERT PROGRAM



LIST 10 99
00010 C FROGIAM CVRTjH3
00020 C
00030 IMPLICIT INTEGER(A-Z)
00040 INTEGER INBUF(405)
00050 INTEGER OUTBUF(81,5)
00060 LOGICAL DIAG
00070 EQUIVALENCE (INBUF1),OUTBUF(1,1).
00080 C
00090 LZERO-6
00100 RZERO=6
00110 OUTLIN=3500
00120 OTLNNO=1
00130 INPEL=81
00140 OUTPEL=80
00150 DIAG=.TRUE.
00165 TOP=30
00170 BOTTOM=3400
00180 C
00190 C READ INPUT BLOCK
00200 C
00210 100 READ(1,END=230,ERR=220) INBUF
00220 C
00230 DO 200 J=l,5
00231 C
00232 C CHAN3E LINES AT TOP TO WHITE IF SPECIFIED
00233 C
00234 IF(OTLNNO.GT°TOP) GO TO 110
00235 DO 115 I=1,OUTPEL
00236 I15 OUTBUF(IJ)=O
00231 1-10 CONTINUE
00240"C

00250 C ZERO LEFT PELS
00260 C
00270 DO 120 IuIvLZERO
00280 120 OUTBUF(IvJ)w0
00290 C
00300 C ZERO RIGHT PELS
00310 C
00320 RIGHT=INPEL-RZERO+I
00330 DO 130 I=RIGHTINPEL
00340 130 OUTBUF(IJ)0O
00350 C
00360 C WRITE OUTPUT LINE
00370 C
00380 WRITE(2) OTLNl6,PELMAX,(OUTBUF(IJ),I=IOUTPEL)
00390 IF(.NOT.DIAG) GO TO 160
00400 C
00410 C PFRINT EVERY 100TH"LINE
00420 C

r G- 1
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00430 IF.M.OD(OTLNNO,100).NE.0) GO TO 160
00440 WFITE(6,140) OTLNNO
00450 C WRITE(6,150) (OUTBUF(IJ),I=IOUTFEL
00460 140 FORMAT(I8)
00470 150 FORMAT(8Z9)
00480 160 OTLNNO=OTLNNO+1
00490 IF(OTLNNO.GT.BOTTOM) GO TO 230
00500 IF(OTLNNO.GT.OUTLIN) GO TO 210
00510 200 CONTINUE
00520 00 TO 100
00530 210 STOP 210
00540" 220 STOP 220
00550 C
00560 C FILL WITH WHITE LINES AT BOTTOM IF NECESSARY
00570 C
00580 230 CONTINUE
00590 DO 240 1z=,OUTPEL
00600 240 OUTBUF(I,1)=O
00610 C
00620 250 IF(OTLNNO.GT.OUTLIN) STOP 240
00630 WRITE(2) OTLNNOiPELMAX,(OUTBUF(I,1),I=1,OUTPEL)
00640 OTLNNO=OTLNNO+1

' .- 00650 GO TO 250

00660 E N D
END OF DATA
END
READY

G-2

U



APPENDIX R

LEGIBILITY TEST DATA
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