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1.  INTRODUCTION 

This document summarizes work performed by Delta Information Systems, 

Inc. (DIS) for the National Communications System (NCS), Office of Technology 

and Standards. This office is responsible for the management of the Federal 
Telecommunications Standards Program, which develops telecommunications 
standards, whose use is mandatory for all Federal departments and agencies. The 

"purpose of this project, pe*fc^§iisdaMä®rcur^ 
was to scan the "eight CCITT test documents" at pel densities of 200, 300, 400 

and 600 pels per inch, and store them on DOS diskettes. 
^Compress %^dcAo} 

"Pie eight documents were originally digitized by the French Administration, 

and were used in the Group 3 Facsimile algorithm selection process, completed in 
1980.  These images are often referred to as the "CCITT standard images". 
Although they were never an official standard, they have been used extensively by 
experimenters over the years. They were scanned at roughly 200 pels per inch, 

consistent with the capabilities of facsimile machines at that time. 

Recently there has been renewed interest in these images, including a 
proposal in the CCITT that they be made an official standard (recommendation). 

Many of the inquiries for these images have been for digitized images on DOS 
diskette media at pel densities higher than 200 pels per inch.  Current Group 3 and 
Group 4 facsimile machines have up to 400 pel per inch capability, and the next 

step could easily be 600 pels per inch. 

The NCS has been a leader in the development and promulgation of 

standardized imagery for facsimile.  The NCS has sponsored the digitizing of 
documents at resolutions of 200, 240, 300, 400, and 480 lines per inch.  This 

data has been used by many experimenters in the development of standard 
compression algorithms for digital facsimile, and has contributed significantly to 
the development of facsimile recommendations which will be of considerable value 

to the U.S. Government.   In addition, the NCS sponsored the preparation of 
standard gray scale images, representative of continuous tone pictures to be 

transmitted through facsimile systems. 
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The purpose of this project was to scan the "eight CCITT test documents" 
at pel densities of 200, 300, 400 and 600 pels per inch, compress the data, and 

store it on DOS diskettes. 

This report is comprised of three sections. Section 1 provides a brief 

description of the objectives of the study and an outline of the contents of this 

report. Section 2 discusses the steps taken to scan the images. Section 3 is a 

guide to expanding the images to their original size. 



NCS TECHNICAL INFORMATION BULLETIN 92-16 

"CCITT TEST DOCUMENTS" DIGITIZATION 

JUNE 1993 

PROJECT OFFICER 

s4J Uf-Ju/rj /x^^Ljia 
STEPHEN PERSCHAU 
Computer Scientist 
Office of Technology 
and Standards 

APPROVED FOR PUBLICATION: 

fcaM ■9tPn 

DENNIS BODSON 
Assistant Manager 
Office of Technology 
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 International Organization for Standardization, and the 
International Telegraph and Telephone Consultative Committee of the 
International Telecommunication Union. This Technical Information Bulletin 
presents and overview of an effort which is contributing to the development of 
compatible Federal, national, and international standards in the area of 
facsimile. 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: NT 
701 S. Court House Road 
Arlington, VA 22204-2198 
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1.   INTRODUCTION 

This document summarizes work performed by Delta Information Systems, 

Inc. (DIS) for the National Communications System (NCS), Office of Technology 

and Standards. This office is responsible for the management of the Federal 
Telecommunications Standards Program, which develops telecommunications 

standards, whose use is mandatory for all Federal departments and agencies. The 

purpose of this project, performed under contract number DCA100-91-C-0031, 

was to scan the "eight CCITT test documents" at pel densities of 200, 300, 400 

and 600 pels per inch, and store them on DOS diskettes. 

The eight documents were originally digitized by the French Administration, 

and were used in the Group 3 Facsimile algorithm selection process, completed in 
1980.  These images are often referred to as the "CCITT standard images". 

Although they were never an official standard, they have been used extensively by 
experimenters over the years.  They were scanned at roughly 200 pels per inch, 

consistent with the capabilities of facsimile machines at that time. 

Recently there has been renewed interest in these images, including a 

proposal in the CCITT that they be made an official standard (recommendation). 
Many of the inquiries for these images have been for digitized images on DOS 
diskette media at pel densities higher than 200 pels per inch.  Current Group 3 and 
Group 4 facsimile machines have up to 400 pel per inch capability, and the next 

step could easily be 600 pels per inch. 

The NCS has been a leader in the development and promulgation of 

standardized imagery for facsimile.  The NCS has sponsored the digitizing of 
documents at resolutions of 200, 240, 300, 400, and 480 lines per inch. This 

data has been used by many experimenters in the development of standard 
compression algorithms for digital facsimile, and has contributed significantly to 
the development of facsimile recommendations which will be of considerable value 
to the U.S. Government.   In addition, the NCS sponsored the preparation of 

standard gray scale images, representative of continuous tone pictures to be 

transmitted through facsimile systems. 



The purpose of this project was to scan the "eight CCITT test documents" 
at pel densities of 200, 300, 400 and 600 pels per inch, compress the data, and 

store it on DOS diskettes. 

This report is comprised of three sections. Section 1 provides a brief 

description of the objectives of the study and an outline of the contents of this 

report. Section 2 discusses the steps taken to scan the images.  Section 3 is a 

guide to expanding the images to their original size. 



2. TECHNICAL DISCUSSION 

Figure 1 through Figure 8 illustrate the test documents that were scanned. 

The images used in the scanning process were obtained from SEPT1. They are 

from a set of original-quality copies made at the time that the Group 3 compression 

algorithm studies were being conducted. All of the images are A4 size, that is 210 

mm wide by 297 mm long. 

The resolutions selected for the scanning process (200, 300, 400, and 600 
pels per 25.4 mm) were based on those specified in the Group 3 and Group 4 
recommendations (200, 300, and 400 pels per 25.4 mm) plus 600 pels per 25.4 
mm.  The additional higher resolution anticipates the advancing laser printing 

technology. 

Having selected the resolutions and given the width of the image, the 

number of pels per line can be determined.  For the A4 page width of 210 mm, a 
200 pels per 25.4 mm scan gives 1654 pels per line.  The 1654 pel width is not a 
convenient number for computers (not divisible by 8).  One way to correct this 
condition is to extend the right margin to make an even number of bytes, as the 
French PTT did when they originally scanned the images.   A better approach would 
be to produce a digital image that closely approximates the image produced by a 
Group 3 or Group 4 facsimile scanner. The latter approach was chosen for this 

project; that is, the charts were scanned to produce the nominal pels per line and 
lines per image shown in the Group 3 and Group 4 Recommendations. This means 
that the documents were centered and overscanned.  (The chart itself is 210 mm 
wide, but the scan line is 219.46 mm wide.)  Figure 9 illustrates the scanning 
geometry for the four sampling densities.  A reference point is defined that is just 

inside the top left corner of the image, 0.5 pels from the corner. The coordinates 

of the reference point, shown in pels, define the position of the A4-size image 
within the total digitized image.  The blanking margin is white. 

The images are scanned left-to-right and top-to-bottom, just as in facsimile. 

1 Mr. Grimault of Service d'Etudes communes de La Poste et de France Telecom 
graciously provided the images. 



The scanning process was performed by the Image Electronics Center of Eastman 
Kodak on a microdensitometer. The microdensitometer samples each pel at 12 

bits. The data is processed to produce one bit per pel, stored in the following way. 

The left-most (first) pel of the first scan line is stored in the most significant bit of 

the first byte.  Proceeding from left to right, pels are stored in successive bytes, 8 
pels to a byte, from most significant to least significant. A black pel is a "1" and a 

white pel is a "0". 



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

TELEPHONE BOOLE (945 13) 51617 - TELEX 123456 

Our Ref. 350/PJC/EAC 13th January, 1972. 

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

Dear Pece, 

Permit me to introduce you to the facility of facsimile 

transmission. 

In facsimile a phococell is caused to perform a raster scan over 
ehe 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. 

Ac ehe remoce cerminal, 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, 

fJui. 
P.J.   CROSS 
Group  Leader -  Facsimile Research 
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L'ordrede lancement et de realisation des applications fait l'objet de decisions au plus; haut 
niveau de la Direction Generale des Telecommunications. II n'est erf. pas juesuon de 
construJece Systeme integre "en bloc" mais bien au contraire^de^roceder par^up... par 

IT^sjTs!« au" taTde"Sexploitation, six autres se sont vu donner la priorite pour 

leur realisation. „.„w    resDonsable successivement de sa mmmmmm re^foT^^ 
rbS^rx" fuis i: " 's^aÄ^Ä ,ui sont adresses pour avts 
f ors les se" ic« utüisateurs potentiell et aux chefs de projet des autres application. 
*     groupe de'onception comprend 6 a 10 personnes W'"«™*»!«;™^ \S ^ 

!rs concernes par le project comporte obligatoirement un bon analyste attache a 1 ap- Le 
dive 
plication. 

II   . L'IMPLANTATION GEOCRAPHIQUE D'UN RESEAU INFORMATIQUE PERFORMANT 

L'orzanisation de l'entreprise francaise des telecommunications repose sur l'existence de 
M r$£ D.. calculated, ont ete implantes dans le passe au moins dans.tout..1«, pus 
importantes. Ontrouve ainsi des machines Bull Gamma 30 a Lyon et Marseille, des GE 425 
ä Lille Bordeaux, Toulouse et Montpellier, un GE 437 ä Massy, emin quelques machines 
Bull 300 TI ä programmes cables etaient recemment ou sont encore en service dans les 
regions de Nancy, Nantes,  Limoges,  Poitiers et Rouen ; ce pare est essentiellement utilise 

^^^"Z^^^ers n*cessaires aux applications d.crites plus baut peuvent 
etre geres en temps differe, un certain nombre d'entre eux devront necessairement etre ac- 
cessfbles. voire mis a jour en temps reel : parmi ces derniers le fichier commercial des 
•abonnes, le fichier des reirseignemems, le fichier des circuits, le tichier technique des 
abonnes contiendront des quantites considerables d'mformations. 
Le volume total de caracter'es ä gerer en phase finale sur un ordmateur ayant en charge 
quelques 500 000 abonnes a ete esüme ä un milliard de caracteres au moins. Au moins le 
tiers des donnees seront concernees par des traitemems en temps reel. 
Aucun des calculateurs enumeres plus haut ne permettait d'envisager de tels traitemems. 
L'integration progressive de toutes les applications suppose la creation d'un support commun 
pour toutes les informations, une veritable "Banque de donnees ', repartie sur des moyens 
detraitement nationaux et regionaux, et qui devra rester alimentee, mise a jour en perma- 
nence, ä partir de la base de l'entreprise, e'est-a-dire les chamiers, les magasins, les 
guichets des services d'abonnement,  les services de personnel etc. 
L'etude des differents fichiers ä consumer a done permis de definir les prmcipalescarac- 
teristioues du reseau d'ordinateurs nouveaux ä mettre en place pour aborder la realisation 
dusvstemeinformatif. L'obligation de faire appel ä des ordinateurs de troisieme generation, 
trespuissantsetdotesdevolumineuses memoires de masse,   a conduit ä en reduire substan- 
tiellement le nombre. 
L'imDlantation de  sept centres  de  calcul interrügionaux constituera un comprorms entre : 
d'unepartle desir de reduire le cout econonuque de l'ensemble,  de faciliter la coordination 
des  equioes d'informaticiens;  et d'autre part le refus de eröer des centres crop importants 
difficiles  ä gerer et  a diriger.et posant des problemes delicats de securito.  Le regroupe- 
ment des traitemems relatifs a plusieurs regions sur chaeun de ces sept centres nermettra 
de  leur donner  une  :aille relativement homogene.  Chaque centre   V"'?ra    environ un :m:, 
lion d'abonnes a la :'in au Vlime Plan. 
La mise en olace de ces centres a   icbute au   lebut de i'aruwe  : !T ;     un oruinaieur ;RIb   >0 de 
la ComDagnie  Internationale   pour  l'lniormaticiue  a  etc  -.nstaik-  a T julouse  en it-vner . la 
meme   machine  vient d'etre mise en service au centre de caicul .nterregionai ae Bordeaux. 

FIGURE   4 

Photo n° 1   -  Documem tr-s dense iettre L,5mm de    haut - 
Restitution photo n° 0 



Ce!a est d'autant plus valable que TA/est plus 
grand. A cet 6gard la figure 2 represente la vraie courbc 
donnant \<t>(J)\ en fonction de/pour les valeurs numi- 
riques indiquees page precedente. 

Fie. 2 

Dans ce cas, Ie filtre adapte pourra etre constitue, 
conformement ä la figure 3, par la cascade : 

— d'un filtre passe-bande de transfert unite pour 
< f < /"„-A/" et   de   transfert  quasi   nul  pour 

— d un nitre passe-oanae uc iransicji 
, ^ / $ /„ - A f et de transfert quas 
< /„ et / > fo - A /; filtre ne modirtant i 
ss composants  Ie iraversant ; 

/o 
/     -- 
des composa 

pas la phase 

FIG. 3 

— filtre suivi d'une ligne ä retard (LAR) disper- 
sive ayant un temps de propagation de groupe TR 
decroissant lineairement avec la frequence / suivant 
1'expression : 

7> = T0+(/„-/) —    (avec T0 > T) 
A/ 

(voir  fig. 41. 

J» 

T,„- "^N\ 
T.-r — _i_\^ 

t,                                                   '..HI                       ' 

Fie. * 

teile ligne ä retard est donnee par : 

9. -lit I    T»d/ 

Et cette phase est bien l'oppose de /#/). 

ä un dephasage constant pres (sans importance) 
et ä un retard T0 pres (inevitable). 
Un signal utiie S(t) traversant un tel filtre adapte" 

donne ä la sortie (ä un retard T0 pres et ä un depha- 
sage pres de la porteuse) un signal dont la transformee 
de Fourier est reelle, constante entre f0 et /0 + AA 
et nulle de part et d'autre de/0 et de /0 + A/, c'est- 
ä-dire un signal de frequence porteuse /„ + 4/72 et 
dont Penveloppe a la forme indiquee a la figure: 5, 
oil Ton a represente simultanement le signal S{t) 
et le signal S,(/) correspondant obtenu ä la sortie 
du filtre adapte. On comprend le nom de recepteur 
ä compression d'impulsion donne ä ce genre de 
filtre adapte : la « largeur » (i 3 dB) du signal corn- 
prime etant egale ä 1/Af, le rapport de compression 

est de -JL = TA/ 
1/A/ 
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FIGURE   5 

On saisit physiquement Ie phenomene de com- 
pression en realisant que lorsque le signal S(t) entre 
dans la ligne a retard (LAR) la frequence qui entre 
la premiere a I'instant 0 est la frequence basse /0, 
qui met un temps T„ pour traverser. La frequence/ 

T 
entre ä I'instant t = (/ -/«) — « eile met un temPs 

A/ 

\ __ pour traverser. ce qui la fait ressortir 
A/ 

7*- effalcmenr    Ainsi done,  le signal  S(t\ 
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_ ji_.Cn (essais subjectifs) pour Courbes adaptees Q       _    Qa _ 3JdB    Ca _ ^g 

[10] -—-— x 

Points calcules D (ß. </.) pour 
C. = -    G. - 25    G. = 35 dB 

- dans la panie moncante 
- dans la partie descendante 

Courbes —— D (Q, C.) 

FlGUXE 3 

TOME V — Question 18/XII, Annexe 6 
FIGURE   6 
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NOTES: 

R = Sampling density (pels per 25.4 mm) 
P = Total scan line length (pels) = 219.46 mm 
W = A4 paper width (pels) =210 mm 
B = Blanking margin (pels) 
L = Nominal number of scan lines 

Ä P .<».'•• • 8 : '••L ';";,.. IWfewnc* 
• Point   •. 

200 1728 1654 37 2339 (38,1) 

300 2592 2480 56 3508 (57.1) 

400 3456 3308 74 4677 (75,1) 

600 5184 4960 112 7016 (113,1) 

Figure 9.  Scanning geometry 
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3. IMAGE STORAGE AND RETRIEVAL 

The total number of bytes required to store each of the images, as a 
function of resolution (or sampling density), is shown in Table 1.  Note that at 200 
pels per 25.4 mm about 0.5 megabytes are required, while at 600 pels per 25.4 
mm about 4.5 megabytes are needed. In order to reduce the storage requirements 

and make DOS diskettes a practical storage media, the data must be compressed. 

Table 2 is a list of the 32 compressed files produced by scanning 8 
documents at 4 resolutions. The files are stored on 8 DOS diskettes, one 
document per diskette, with a decompression program stored on each of the 

diskettes.  To retrieve an image from a compressed file, first copy the compressed 

file to a hard disk and type: 

pkunzip < filename > [enter] 

The compressed file will be expanded and the result written to the hard disk. 
Make sure that the hard disk has enough space to contain the expanded image. 
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Table 1. Image storage requirements 

pel density 
(pels per 25.4mm) 

pels per line     scan lines pels per 
page 

bytes per 
page 

200 1728 2339 4041792 505224 

300 2592 3508 9092736 1136592 

400 3456 4677 16163712 2020464 

600 5184 7016 36370944 4546368 
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Table 2. Compressed files 

DOCUMENT PEL DENSITY FILE NAME UNCOMPRESSED 
BYTES 

COMPRESSED 

BYTES 

Document #1 200 DOC1_200.ZIP 505224 33981 
300 DOC1_300.ZIP 1136592 61770 
400 DOC1_400.ZIP 2020464 96736 
600 DOC1_600.ZIP 4546368 193956 

Document #2 200 DOC2_200.ZIP 505224 31166 
300 DOC2_300.ZIP 1136592 53431 
400 DOC2_400.ZIP 2020464 82740 
600 DOC2_600.ZIP 4546368 150728 

Document #3 200 DOC3_200.ZIP 505224 48828 
300 DOC3_300.ZIP 1136592 87117 
400 DOC3_400.ZIP 2020464 134523 
600 DOC3_600.ZIP 4546368 254890 

Document #4 200 DOC4_200.ZIP 505224 105163 
300 DOC4_300.ZIP 1136592 186133 
400 DOC4_400.ZIP 2020464 283570 

• 600 DOC4_600.ZIP 4546368 541148 

Document #5 200 DOC5_200.ZIP 505224 57283 
300 DOC5_300.ZIP 1136592 100292 
400 DOC5_400.ZIP 2020464 153352 
600 DOC5_600.ZIP 4546368 288427 

Document #6 200 DOC6_200.ZIP 505224 35213 
300 DOC6_300.ZIP 1136592 62364 
400 DOC6_400.ZIP 2020464 99982 
600 DOC6_600.ZIP 4546368 197443 

Document #7 200 DOC7_200.ZIP 505224 119462 
300 DOC7_300.ZIP 1136592 209547 
400 DOC7_400.ZIP 2020464 316710 
600 DOC7_600.ZIP 4546368 242113 

Document #8 200 DOC8_200.ZIP 505224 47752 
300 DOC8_300.ZIP 1136592 83438 
400 DOC8_400.ZIP 2020464 126685 
600 DOC8_600.ZIP 4546368 234532 
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