16 / A44 NCI Program

Scanning and Compression Project
Working Paper No. 4

September 18, 1973

EVALUATION OF
IMAGE COMPRESSION FOR
INSURANCE INDUSTRY DOCUMENTS

-
HUIBMI:

F. B. Wood
SDD Los Gatos
622-5265

i

R. B. Arps
SDD Los Gatos
622-56687

Confidential

tntil December 31, 1978
For I1BM Internal Use thereafter



TEM CONFIDFNTIZL until December 31, 1978 Working Paper No, &
thereafter TB¥ TINTERNRL USE ONLY

Evaluation of Tmage Conmpression for
Tnsurance Industry Documents

2BSTEACT

E "representative set" and a "additional set" of
insurance irdustry documents were scanned and digitized
in Fochester with a nominal 120 ¥ 120 pel/inch
resolution with 64 levels of grav scale, Their digital

tape records were thresholded to black/white in Llos
Gatos,

The documents were then run through a series of black
prel counting, prediction, run-length counting, and
analysis programs to obtain statistics on:

(1Y Compressed page distributions and docuﬁent
- percent tlack vs., compressed record size (for
market planners)

(2Y Compressed scan line distributions and the
ratio between low and high resolution storage
requirements {for system architects)

{3 The imrpact on compression performance of

changing dual base counters (for image product
developers).

T, B. Wood
F, B. RIps
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SUMMAEY

The basic NCT algorithm used in the NCT Prototype
compresses representative 180 kilo-byte documents to a
range of @ to 62 kilo-bytes with an average of around
30 kxilo-bytes. ! "pathologic" document that doesn't
compress was found to reguire 181 Xilo-hytes of
compressed storade, Tt has been examined and was found
to he a copy on heat sensitive copier paper that had
darkened with age.

The percent blackness for all the documents were
plotted against their respective compressed record
size. The points clustered into groups of documents of
the same class, such as "applications", "claim
reports", "change memos", etc, Turther the clusters
fell clese to a slope line of kilo-bytes per percent
black. This rule of thumb of kilo-bvytes for each
percent of blackness appears to hold for documents up
to 15% blackness,

AR

The compressed scan line analysis including both
representative and additional documents shows that
1056-pel scan lines average to 176-hits per compressed
line. 27.7% compress to 4-bits, 70.9% compress to
values in the range 8 +to 1056 bits, and 1,4% expand +o
the range 1CeC to 2004 bits,

A suhset of these documents was scanned at both 127 ¥
120 pel/inch and 240 x 240 pel/inch resolutions and
analvzed. For eguivalent threshold conditions, a
document scanned at 240 ¥ 240 pel/inch reguires 2.6
times the compressed storage needed when it is scannegd
at 120 ¥ 120 pel/inch.

Testing different dual-lase counters with the 3-pel NCT
predictor shows that programming different run length
counters for separate classes of documents can give 7%
more compression over using a fixed (10,6Y counter,
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"ipplication for State Farm Tnsurance",

Doc. #1,03

“"Change of 2ddress", Doc, #7.17R

"Irivers License File" (printout), Doc, #432,0R

"Auto Undervriters Memo", (faded copy), Doc. #7,7R
Sample Distributien of Compressed Document siza

for Representative Set using NCTI Algorithm

(2 kilo-bvte intervals)

Sample distribution of Compressed Document size

for Fepresentative plus 2dditional Set

using NCTI Algerithm. (2 Kilo-byte intervals)

"Per cent Black vs. Compressed Image Size"

Sample Distribution for 92752 Compressed Scan lines
(68 documents) Full Scale to Show WMaximum

Data for Fig., 8 at larger scale,

L=I peint is truncated.

Curve from geometric model is also included,
Expanded scale to show the few lines that expanded.
Relationship between Compressed Record Size for
High and Low Fesolution Scarned Tmages of the
Representative Set,

Compressed Nocumsnt Size vs., Dual PBase Code for
Gepresentative Set with NCI Predictor for all 2-hit,
3-bit, 4-hit, and 5-bit Dual Base Counters
Predictor Tahle and Pun Lenath Counter Coding

for NCI Rlgorithm
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OF DOCUMENTS

A, flassificat;on

Sixty-reight documents were scanned at nominal(t? 120 hy
120 pels/inch resolution., The documents were numbered
indicate the class of document as shown below:

t

F N VI NN

O 0 3 Y N

1

B, Examples of

o}

0.

Applications

Tnspection Peports

Motor Vehicle Reports (MVP!'s)

Renewal Yotices which contain some form of
correspondence from the policyvholder
Policvholder correspondance

Change PRPequests

Correspondance from Agents

Automokile Claim FPeports

Copies of Claims Drafts pald by Field Claims
representatives

Polaroid pictures of damaged cars

The complete list of documents and copies of a few
samples are included in Working Paper No. 2(2) , Three
of the 21 representative documents are reproduced here,
and the '"pathologic" one from the set of 47 additional
documents 1s reproduced here,

"Pepresentatve Set" Documents

Figure 1:

The "Application for State Farm Automobile Insurance"
represents the greatest detail and lowest compression
ratic for a full page in the set of representative
documents.

"Application For..." #1,02 (48)
Compregssion Ratio = 3.02 to 1.

Compressed from 1,440,384 to 876,972 hits
(59,622 bytes)

Figure 2:

The "Change of Address" form, when compressed
individually comes close to having the average
compression ratio as determined collectively for the

£
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NCI Algorithm in the representative set of documents
(B=-1/72" x 11" field

"Change of Address" #7,712(61)

Compression FPatio = 6,92 to 1.
Compressed from 1,440,384 +o 208,EULR hits
(26,081 bytes)

Figure 3:

The computer printout (5" x 3-1/2" data in an 8-1,2" x
11" £ield) of drivers license file data represents the
document with the largest compression ratio within the

representative set,

HE3L310T 13 v neneneMueanad #3,72 (52)

Compressiocn Fatio = 20,42 o 1,
Comprecsed €from 1,440,388 hits to 77,541 bits
{8,818 bytes)

C. "Pathologic Case" Fxamnpla:

Figure 4;

The "Auto Underwriting Memo" which was scanned from a
heat sensitive thermofax copy had sufficient dark
background that it can be considered a pathologic cass,
This document had 21,5% black, while other
"application" forms had between 11% and 15% black., The
background of the faded thermofax paner added
sufficient noise o that the document failed +to
compress, It toock 1% more bits than the original to
store the "compressed" output,

"auto Underwriting Memo™ #7.,7B (43

Compression Ratio - C.99 to 1.
The compression algdorithm expanded +this dozument
from 1,840,384 hits to 1,452,3C0 bhits.

D. Typical Compressed Size for Different Insurance Forms

The "representative set" of documents, together with
their insurance form numbers, are listed in ™able T,
The compressed sizes obtained with the ¥CT alaorithm
are includ=d in the last column. The compressed size
ranges between £,9 kilo-bytes and f7,0 kilo-hvtes for

this set,



A 08912 APPLICATION FOR STATE FARM AUTOMOBILE INSURANCE oFFicE coPY

Apr, Iy

VEH. 1

VEH. 2

HATING

COVERAGES

REMARKS
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)VEH ! d 74 Use
L i 743 £P5- E2/-9¢6 D.
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th
l'qi’f e Madess |, STATE 1 vEaR?

HEEN

OURING THE PAST & YEARS, HAS THE APPLICANT OR Al
HOUSEHOLD MEMBER HAD AUTO INSURANCE CANCELLED,
FUSED ISSUANCE OR RENEWAL, OR

». Hed licanse to deiva o

C LOCATION
, i
e 0 ,f},z @KLWMM By m IP+ 26
‘ORMER ADDRESS R

W in community
isss than & months

DURING T'HE 'AST E ¥EARS, HAS THE APP‘LICANT ANY HOUSEHOLD
MEMBER, OR ANY REGULAR DRIVER:
b. Begn the driur in

|C°UNW .ﬁ §5NSHIP
- ILE TH OF RESIDENCY

I

DOES THE AFPLECANT OR ANY

REGULAFI DRIVER E ANY
HYS CAL LlMlTATIONS OR

ET 169 8823

€. Boan convicted ler

HE
Intratiol ded tamab.l {orteitad bail)
AECEIVEO NOTICE OF SUCH INTENT? .. ... Bl wo W | reaten e Agamr Sobl T vomongs .EYESE "EXRLAN N GEMARKS.
IF YES, WAS IT WITHIN THE PAST YEAR? .. .. ..., ves [J nel] | ve No You No ves[]  No l? vos L] KA
MOST RECENT COMPANY-EXPLAIN IF HONE POLICY NO. MONTH-DAY-YEAR MOMTH YEAR
- FROM 10

LIABILITY INSURER
YEAK H

47

ey

EFFECTIVE
DATE

BINDER

STATE FARM _MUTUAL

this bindgr
- f

AUTOMOBILE INSURANCE COMFPANY
ol Bloormington, lllines, heraby binds, as of the requested eftective date. the Insurance
applied for, subjact to_all of the terms and conditions of the automobile policy in current
9r a penod of 30 days from h gl wve date. Issuance of the

Cd-g-22 [T

STATE FARM

(1FIRE ANG CASUALTY COMPARY

/

1.
DoC .

(T

#1.0A

“ipplication for State Farnm

MO, AND vn.Pumcm%EgED g TOF HIGH FER UE"G“‘"“ VEN. ONLY COST NE
E-
9 2 | RI _ | Ralpre _-—_‘C\QJPOWER —
C e D — 1217 CODE_
. . ALY T
7 NLY Al . CD!
NaME HORSE-
ity K ISR $
\ \ N T Ti¥ CODE
NO. CARS N NG, INS. BY EXISTING DAMAGE VEH. i°| 2040 VEM. | VEETTIENIRY iGN >
HOUSEHOLD STATE FARM QR MODIFIED 1 i 2 t et ol
YEH. TERR IN BUSINESS| FARM [DRIVEN TOAND FROM WORK | ESTIMATED ANNUAL MILEAGE 2 CAR CRIVER GCOD CHILDREN ACC,
CITY USE RATE WLEzEN[ ::'E[[R:sz RULE TRAINING | STUDENT | AT SCHOOL | GROUP GRP.
! 2/0 pl— 11— 1 o =Y Seow —ypuppo|l— | — | —| - |71 /B0 -
2 [ ) : g
The insurance applied for is only for the coverages indicated by specific FULL NAME OF PERSONS S-PRINCIPAL SUM b4
premium antry. i premium cannot be entered. check boxes to indicate 5-2 TO BE INSURED AMOUNT FREM, PREMIUM
coverage rsquesled ERICLE 1 T W&E;é ] Okt PERSONS 1M APPLICANTS HOUSEHGLD ARE ELIGHBLE : ! T
LA MEME PREM\UM nﬂﬂlt. am‘uu - i l
X 4 a0l o8 ! |
25750115 6 Ji40/2 T 13440 LR ! |
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Lwis 15 M Eﬂ * 4140 - S 7 1
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3 i " M I I
| EH
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DEDUCTIALE | f G | B ] ! !
cousion | HC | X T | 321308 i L :
H 1 M ] 1 |
EMERGENCY ROAD SERVICE M] XX , : _} i : ! |
[} T R 3 R MPP ACCOUNT NO. AGENT'S CODE STAMP
RENTAL REIMBURSEMENT L_] . i E l :
T + 1 DATE AND TIME
w\gTNDSURED}ngn Limits 140720 Lt 0 i Voo i OF APPLICATION
Vol Rsmess n [T)seme st | X Sidpil ) ¢ Mo 1 GAY ¥R M Py
AUTO DEATH INDEMNITY 5 i A T2 T H LS 8728
SPECIFIC DISABILITY L | COMPLETE =i
z ! S & Z SECTION 3
LOSS OF EARNINGS XX i relid HU
L . T AGENT'S CHECK NSAKER 21
ENDORSEMENTS B | ) s )
I
==TOIM APPLICANT'S CHECK REMITTANCE TQ BE APPLIED TO, "[TOTAL BALANCE GUE
? ti ; — VEH.
OA C $ 1% — 3 $
| hereby apply for the Insurance indicaled and reprasent (1} | have read this application,

12} the statements hereon are correct and (3} | am the sole owner of the described auio-
mobilels) except as otherwise siated,

T 1S UNDERSTOOC AND AGREED THAT NO INSURANCE IS £FFECTIVE HEREUNDER
{A} UNLESS THE BINDER IS COMPLETED DESIGNATING THE COMPANY ACCEPTING
THIS APPLICATICN AND SIGNED BY AN AUTHORIZED AGENT OF SUCH COMPANY OR
(B) UNTIL THE DATE GF THE POLICY DR BINDER ISSUED BY THE COMPANY ACCEPTING
THIS APPLICATION,

“If a pahcy issssued to me by State Farm Mutual Autorobile Insurancs Company, sHective
as of the date such policy s 1ssued | hereby appoint the President of such Company, or
such persan s he may designate, 10 vote my proxy at any and all meetings of members
at which I am not prasam in person or by subsenuent proxy, this proxy to remain in force
until expressly revoked

(e £

<)

APPLICANT'S
SIGNATURE

Insurance",




;; CHANGE OF ADDRESS o ey s o |
NAME OF INSURED: _L(_;_Lﬂ_um i Cvrren T |
|

i NEW ADDRESS: E PERMANENT L] TEMPORARY, HOW LONG? " N !
“ :
' - . = - L ‘.
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! ‘ 46 |
© MAILING MUMBERSTREET ™ CITY —STATE™ ZIP CODE = D 0 8 1 |
EFFECTIVE DATE: _/ & — £ — 2 - MPP ACCOUNTIN [ )Z i
AUTO ' CLASS CHANGES ' |
© POLICY NUMBERS - ] © rROM o R NT) _,_ABM..BAIF_D ! TERR. ‘
. : re—= | NO
[~ P43 — . '
' .‘ |
‘ i | INSIDE CITY
I LLIMITS?
- |
. VES i ﬂ !
| oo
LIFE POLICY NUMBERS
T T
FIRE INSURED MOVED: D INTO D WITHIN D OUT OF MY TERRITORY |  REWRITE POLICY | ENDORSE REMOVAL
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POLICY NUMBERS CANCEL EFFECTIVE J :
I i
5 L+ O
1
i 1
5 [] L
1 1
O O
CONSTRUCTION YEAR BUILT TYPE OF ROOF OCCUPIED AS NUgER I | BOARDERS| !
E ]
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CLASS HYDRANT FEET| DEPT MILES DISTANCE FROM MILES| AT NEW LOCATION
CITY LIMITS FIRE EC
NAME OF SERVICING NAME OF FIRE DISTRICT
FIRE DEPARTMENT (WHERE APPLICABLE) I 4_
NUMBER TFIRST FLOOR Tsecomn FLOOR OCCUPIED TOWNERF TENANTIvACANTTIF VACANT, E)&PLAIN
50 FEET | | By | N !
|

1

L 13 11

{1) FOR NON-RESIDENTIAL CONTENTS REMOVAL, USE APPLICATION F7-865 (2} ATTACH SNAPSHOT [AS REQUIRED BY REGIONAL OFFICE}

HEALTH

POLICY NUMBERS

DATE#Z / 2 7 AGENT'S NAME AND CODM ? <5 ,{

Pig, 2. “Change of address®, Doc., %#7.12
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L2CG0-6521-2200 CO620
.A3C3161 13 M 72-12-C& 12-C1-72

THE FOLLCWING INFORMATICN IS FULRNISFEC FRCM THE CRIVERS
LICENSE FILE CF THE PERSCN IDENTIFIEEL ABCVE FURSUANT TC THE
PRCVISICNS CF THE ILLINCIS VEFRICLE CODE. i

CTIS L LiCY
"800 MARKLAND " L2CC=€£521-22CC )
SALEM ¢£2881 BIRTH CATE

| SEX FT. WT. HAIR EYES TYPE ISS DATE CLASS RESCRICT EXP CATE
M 68 205 BRWN ERWN 1 08 £S 71 A% 100 07 L4 T4

TYPE ©CATE CF CATE OF DESC CF ACC CR TERFM DATE STCP IN
ACTICN ARREST ACTICN  ACTICN DCCKET N, CF SLSP EFFECT

$9  0S2468 C(93)68 1C7C30C CG0L7Ce cCCoo ca |
| YRCW
' 89 041770  C41770C 1061000 O116$S4 Cecee cC
FTC

Pig., 3. "Drivers License File" (printout), Doc. #3.04

v



3 -~ AUTO UNDERWRIT'NG MEMO
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i fuﬂy conplqlod’ acd slgnad qpplucatlon ) dat= of birth for

- ."‘.,L,‘; ’ . 4 ;,;. : .
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. o . is incorrect. The Snmal\.g 7
" given. Ft:rwurd correct une,
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hcl‘ {uroﬂdm Mtbo peaperly review the
e, I Maﬂh a;modigal report be re-
’&Pntmnl. Please have
NAMES -

= MWII’ 7
Z_< %ﬂ’

24 P

Al 2 ALL A .9 ﬂLL

(prmiaf e LMol o

Yz Maze:e?m oz

DJ\H* NIGNAT R

Fig. 4. "Auto Underwriters Memo", ({faded copy), Doc. #7.7B
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TABLE T

State Tarm Insurance

Representative Set ¢f Documents
Compressed by NCI Algorithm
(120 ¥ 120 pel/inch Resolution)

Insirance
Form HNo.

o e s e e

AG 40b© IL,2

aG 4069 TIL.

6033

6033-F

G 5uB64.1
G S48e0,1

G SuBLb, 2

G w178, 2
AG 4709,12

MG 59u41

N 4371.4

Description

Page 11

Compressed

Application "Ruiz"
2 Bottom of Application "RPuiz"

Rutomobile Insurance
Report "Weil™"

FEackside of RZuto Tnsurance
Report "Weil™

Computer Printout from
MV License File

Renewal ¥otice "sSmith"

BRackside of Fenewal Notice
Follow-up Renewal Notice "Kroll“
Handwritten letter "Kroil"
Handwritten letter "Mathes"

Second page of handwritten
letter
"¥lahan"

Change Fequest

Change Memo "RBelz"

Change of Address "Current®

Policy holder Review "Burns"
Inter-Cffice Correspondence

"Keeran"

B0, 0

184 3
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Document Insurance Compre ss=213
Number Form No. Description _ e __ Bize (Kilo Bytes)
7,40 AG 4¢7Q Bindar for SF MVI "Dunes'" 28.4
7,5 A% MG 0517, 6a Agents MEMO (change) 32,4
"Pomack"
8,0a% G 468U4n Automohile Claim Peport "Clark® 55.7
G,0h% ‘ Claim Draft "Meshit" 18,n

* This document and others of the same type have heen plotted on
the sheet "Per Cent Rlack vs, Compressed Tmage Size" +to show
clustering. (Fig. 7)
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IZ. SAMPLE DISTRIBUTION FOR NCT ALGORITHM

Zach of the 2171 documents from the "representativae set®
and each of the 47 documents in the "additional set
were run throuah the compression calculating programs
for the NCI 2algorithm, The results are tabulated in
Table ITI and TTT, Those tables are for images ocbtained
by scanning on the PIDAS scanner in IRM Bochester and
computer threcsholding at Los Gatos. The document
numbers are the same as in Working Paper MNo. 3,

The second celumn in Tahle T is the compression
ratio obtained with the NCT algorithm. The "heundn
shown in parentheses is the theoretical limits of
compressicn for that document with the NCT predictor.
The fourth column "Efficiency™ gives the efficiency of
the (10,6) dual base run length codes when used@ with
the predictor output for the given document., The fifth
and sixth columns ("Compressor Kilo Bits/Kilo-h vtes)
give the conpressed image size in kilo-bits with the
size in kilo-bytes in parentheses,

The distribtution of conmnpressed documents sizes are
plotted in Fig., 5.

Gauesian curves for the same mean and variance are
also plotted for comparison,

The compressed image sizes are plo*ted in Tigure £
for the YWCT algorithm for hoth the "representative set!
and the "addition fet", 12 bar has been add=2d to show
the image size of the raw data. The '"pathologic case"
is also ircluded,
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Conpressed
Fff, % Kbits(Khytes)

Representative Set of 21 Documents

S50p51V

Doc.

Num. ____ _ com
1.08 4§ 2.0
1.0B 49 9.9
2.00 % 3.3
2.2B ¢} 6.3
3.8 s L 2C. 4
4,02 €% L8
1,0R S¢ 15.8
5,01 s 12,0
5,08 EE 10,3
5,12 3 5 2
S.1B €g e.3
B.O0R 24 u, 0
7.0 o 5.4
7.8 61 £.9
7.2 61 8.8
T.32 (3% 13. 4
742 fo 6.
7.55 LY TR
8,01 62 3.2

S Y 10.0

10.02 13. 6

Min. 3.0A
Max. 1.0A

71
u7r7

Kbhits

TABLE TI

1078

STATE FARM DOCUMENTS

1, 44ur, 384 kilo bits
(187 kilo-bytes)

NCT

AL GOR ITHM

85,6
au, 5
87,8
85,32
oC.1
89,6
89,2
TC0.7
85.3
£7.0
ge.8
gg.8
gg,t
84.9
85.5
86 .3
g0, 0

ur7
1u6
uaQ
230
71
o8
o1
110
139
276
156
3R7
266
2C%
162
18
227
314
44s
144
1¢7

(59.6)
(18.3)
(55.0)
(28,8}
{ 8.,9)
{12.2)
(11. 4%
(13.8)
(17.4)
(34.5)
(19.5)
(Lu,6)
(33.2)
(26.2)
(20.2)
(13.5)
(284 04)
(29.2)
(55.6)
(18.09
{(13.4)

8.88 Kbytes

59,7

Page

14
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: WO F
SAMPLE DISTRIBUTION FOR 20 COMPRESSED DOCUMENTS il
. STATE FARM DBOCUMENTS 125 PELS/IN .
&7 NCI ALGORITHM &
uwo
w ~
D — - o
W ~
¥
i S
o
>
e 6=
Z 8 B
(e
D
(-
D
- >—
< o
Li_ = ]
am e .
b
> a8
2 :
E__iun QE
JRD .
O —Xa
L
o
b RAW DATA
- \ Lf)
e — —
— ™
uo
[¥p] o~
=] X —2
S | -
, nﬂﬁ HM 0006 .
a. 4. 8. 12, ¢ 16. 20.
KBYTES( 2 KBYTE INTERVALS) (X101 ) o corimpmrin
Fig. 5. Sample Distribution of Compressed Document size

for Fepresentative Set using NCI 2lgorithn
{2 kilo-bvte intervals)
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Paga..16

GHMPL L DESTRIBOT G FOIC E5 LOMDRESAED UM T Gyrerera
. STATE FHRM DOCHMERTS 1% PELS/ZTN .
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Tig. €. Sample distribution of Compressed Document siza

for Fepresentative plus Additional Set
using N¥CT Rlgorithm. (2 Kilo-bvte intervals)
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TABLE TII

STATFEF FARM DOCUMENTS
Additicnal Set of 47 Documents

NCT AIGORITHM

Doc., Compressed
Num, Comp, (Bound) Eff. % K-Bits ___ . ___
1.2 3.2 ( 3.8 85,5 Lueg
1.18 11.6 (13.2) 87.9 124
1,24 3,2 ( 3.8 RS. U Lug
1.2B 13.3 (15.1) 87.7 e
1. 34 2.0 ( 3.5 BE .1 487
1,38 10.6 (12.1)Y 87.7 136
T.U2 3.0 ( 3.5 85,3 ugu
1. LR 1T1.0 (12.5) Bg, 0 131
1.52 2,2 (3,7 85,8 n5u
1.58 10.5 (11.8) gge, = 137
1. 64 3.0 ( 2.5 85,8 485
1.€8 T4 .6 (16.8) B7.0 SF
1.72 3.0 ( 3,5 85,5 LIe
1.78 9.2 (10.5) B7.5 187
1.83 3.2 0 3.9 g5.0 bun
1.82 27,1 (32.0) BU.6 53
1. 92 2.8 ( 3.2 85,2 R24
1.9B e.7 (11.1) 87.6 1u0
2. 1R 3. oa,.M 82.1 g29
2. 1B £.8 { 8.2) 83.7 211
2.23 2.1 € 3.8) B2, 3 ueEn
2.2B 51T { 5.9 86.0 Z2R2
2438 2.9 ( 2.5) A3.7 502
2. 3B 4,7 ( 5.4 86.0 3¢o
6.1 E.6 { 7.8) 85.1 218
£.1B .3 (11.9) 84,9 150
6.1C 11.3 (13.1) 86.2 128
8, 1A 3.3 ( 3.8) B6.0 438
8,20 3.8 ( 4.8) B3.9 377
2, 34 2.1 ( 3.8 84,9 473
8,08 .4 (¢ 4,0) 85.9 uz?2
8.5 3.0 ( 3.5 B6 .1 483
8. 6X 3,1 ( 32.8) B5,2 4o
5. 11 18.0 (21.3 g4.,5 an
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NCI ALGORITHM
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Doc. Comprecssed
Mum. Comp. (Bound) Eff, % K-Bits ____ ____
5, 18 10.0 (11,4 87,6 1ue

5, 23 £.0 ( 6.5) 91,6 241

5, 2B 8.2 ( 9.4 87.8 1785

£, 2C a0 (10.2)% g8.1 1RO

5, 2D 8,3 ( 8.8 g, 3 174

o, 1 11.3 (13,2) 85.3 128

a9, 2k 12,7 (15. 1 84,5 113

7., €7 6.1 ( 7.0) 86,9 238
7.68 16,0 (18,9 81,9 on
7.7 E.0 (T7.1) 83.5 2u2
7.78B k% 0,00( 1,40 70,7 1,452
7.8 4,6 { 5,4 86,0 313
7,8B u, 0 ( 4,6 86,1 365

bk Tmage that expanded
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IZT, RELATTION BETWEEN PEPCENT BLACK IN DOCUMENT AND THE
PESULTANT COMPRESSED TMAGE SIZE

The complete set of 68 documents were run through two
computer programs, oOne program counts the nunber of
Placks pels in the black/white source document, The
other uses the NWCI Algorithm predictor and dual hrase
(10,6) Tun length codes to calculate the conpresse3
image size,

The percent black was then plotted versus the
compressed image size in Figure 7. Only the documents
for which there were two or more of the same type are
included in the figure, T+ was apparent that documents
of similar tvpe clustered about particular regions on
the percent black vs, compressed 1mage size plot, n
figure 7 the clusters are labelled with *he class of
document and the insurance industry form numbers,

The dashed line represents a =slope of 5 kilo-bytas
of compressed image per 1% black in a 18C kilo-hytes
source document,
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IV. DISTRIEBUTION OF COMPRESSED SCAN LINE STZE F0OR NCT ALGORITHM

211 documents in the "representative set"™ znd the
"additional set", a total of 68 documen+ts, were
compressed using Frank Nemec's assembly languaaqge
implementation of the NCI algorithm. The distrihution
cf compressed scan line lengths for 68 ¥ 1368 = 92752
lines is plotted in Figure B, The fregquency
distribution for different compressed line lengths ran
hetween 1 and 25732, which is too large a range to show
in a linear =scale. Therefore, three different scales
are used in Figs. 8, 9, and 10. 27,77% of the scan lines
compress to U4-bits and 7(C.9% compress to values in the
range of 8 to 1056 bits., The remaining 1.4% expand to
the range 1060 o 2004 bits,

The scale resolution has been increased in Tig, 9@ to
show more detail of the distribution and to compare the
actual distribution with an enmpirically fitted
geometric mass distribution function, P (J):

P(I) £.277 for J=1

(J-2)
0,011¢0,986) fOr J=2,2uueenas, 301

where J 1s the number of compressed half-bvtes,
and L(bits) = 4(Jy (half-bytes)

The scale of Tig. 9§ is still too small to see the
detail of the few lines that expanded to almost twice
input size. The same data is plotted in Fia. 10 for a
finer scale to show the distribution of the 1,4% of +the
lines that expandad.

V., COMPARISON OF 1OW AND HIGF RESOLUTION DOCUMFNTS

The "representative set" of documents were rapidly
scanned by the los Gatos Raster Scanner at 120 ¥ 120
pel/inch and 240 ¥ 24C pel/inch resolution under
equivalent threshold conditions to guickly obtain a
comparison of the same documents for low and high
resolution.

L complete analysis of Table IV indicates that the
source black pels for high resclution is slightly
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higher than four times the black pels at low
resolution, This is reasonably close to the
theoretical factor of four that would be anticipated
from doublinag the resolution in both dimensions,

The compressed record sizes at high resclution are
plotted against the compressed record sizes at low
resolution in Fig. 11. 2 line indicating a 2.6¥ ratio
between low and high resolution compressed size has
been added as a rule of thumb, {Note that the
theoretical lower bound is a ratio of 2.3%).

This data is sliightly different than the PTDRS
scanned, dvnrnanic thresholdsd data used in the rest of
this report. ©However, the ratio should be very
indicative of the algorithm's resolution response.
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NCI OPTIMIZEP ALGORITHM

The 271 documents in the "representative set" were
concatenated as one large document of dimension 8 1/2"
X 231" in order to explore optimal dual base counting
schemes and obtain maximum coder efficiency. This
conca tenated document was run through the ¥NCT 3-bhit
predictor followed by a program which computed the
compressed document size for all possible deal hase ran
length coders having 2-bit, 3-bit, U-bit, or 5-hit
counters.

The dual trase counters follow the formula:

Count = Zq (pOnoy + aq (pIn0) + a, (pln?)
1H2Y 4 wwecme=a . 1nl-1
+ a3 {pin2y + + a; {pln )

For 2-bit counters p + n = 22 = H, giving 22-1=3

possible duval base counter systems:
{p,n) = (1,3}, (2,2), (3,7)

Por 3-bit counter p +# n =n3 =8 ; 23 -1 =7
and the possible dual base counting schemes are:

(e,ny = (0, 7Y, (2,6), (3,3, @G,4) (5,3, (6,2, (7.1

The results are plotted in Figure 12. The
compressicn bound for this concatenated data set for
the NCT predictor is 7.693, The largest compression
ratio was obtained for the (5,3) - code, giving a
conpressed image size of 4,251,882 hits with a
compression ratio of 7.7174, which is an efficiency of
92-5%.

2 number of other codes had fairly gcod efficiency,
They are listed in Table V.

26
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data is paddesd out to an integral byte boandarvy, if
necessary.

When using a variable word length, there must be a way
of separating the individual code words out of a data
stream. This is accomplished by restricting the low
order digit (4 bhits) of each code word to take on only
the values ¢ - ©, The high order digits (% bits each)
are restricted to the hex values B-F. The highest
order digit is prevented from taking on the hex value 2
(it is restricted to B-F) since a code word of a hex A
is given a different interpretation. \VNormally, the
code represents the length of a run of white pels (non-
errors in the error image). It is assumed that a hlack
pel (error) follows the run of white, Two black vels
in succession are represented by a white (non-error)
run of zero length.

No ordinary code word is permitted to begin with a hex
2. The code word for the last run in a scan line that
does not have a black pel (error) at its end uses the
hex 2. This cod=2 of 2 indicates that the rest of the
current scan line is all zeros (non~errors). Note that
a blank line generally produces a line of non-errors
and is indicated by a code of 2. The total cod2, along
with the run-lengths that ¢an be encoded by the code
words of various lengths are shown in Tiqure 13,

The compressol can be used with less than full pages
(fields of images)., A code word consisting of 4 hex
F'g is used to indicate the end of the partial image
field. 1If padding is reguired to end on an inteqgral
byte boundary, five F's are used.

Decompressicn starts by separating out each code word.
The encoded run length is used to construct a run of
the proper length of all white followed by a black pel.
This is repeat=2d scan line by scan line to reconstruct
the error image. The error image is then used to
correct outputs from the predictor,

Starting with the all white scan line assumed to
precede the first scan line, the first pel of the page
is of course predicted to be white, which is compared
with the first pel of the error image to reconstruct
the first pel of the original image. This pel is then
stored to be used for later predictions. The above
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process 1s repeated until the whole original image is
reconstructed, Poth the run length decoding and the
prediction proceed concurrently,

34
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APPENDTY P2 ~ NCI Algorithm

The NCT Algorithm used in the NCT prototvpe system at
Los Gatos handles tlack-white images using the
compression algorithm described as follows: The two
step compression process proceeds as the image is first
passed throuah a two-dimensional predictor. The output
of the predictor is then passed to the run length
encoder, Deconpression is simply the inverse of this
PLOCESS.

The value of the current picture element (pely is
predicted rased on the values of the immediately
preceeding pel in the current scan line, and the two
adjacent pels in the previous scan line. TFigure 13
shows the 8 predicted values for all possible
combinations of t+he predicting pels. The output of the
predictor is compared with the value of the current pel
in the original image. If they are the same, a 7 bit
is passed to the run length encoder. Tf they are
different, an error has been made, and a 1 bit is
passed to the run length encoder.

m"he result of this process can he thought of as a new
image where the 1 bhits represent black and the 2 bits
represent white, This is called the error image., VYo
compression has occurred up to this points the error
image has the same number of pels as were contained in
the original image, The error image is -Fust a
transformaticn of the original image into a2 form that
makes the run length encoder mere efficient. Cne
result of the prediction is that the error image has
less black in it than did the oriainal.

To start the prediction process, it is assumed +that
there is one scan line plus one pel which are all white
preceding the first pel in the original image.

The run length coder is designed to be as compatible as
possible with byte oriented IEBEM computers and still
maintain high efficiency., It uses a variable word
length, but the length can take on only the values 4,
8, 12, or 16 bits, At the end of a coded page, the
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Predictor Algorithm

09 09
B-F 09 10-59
B-F A-F 0.8 60-359
B-F A-F A-F 0-8 360-2159

Run Length Code

Fige. 13. Predictor Table and Run length Counter Coding
for WCT 2Algorithm



