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1.0 Objective: Testing and evaluation of the Logoscan
optical character reader recognition software. Government-
supplied Russian typeset text was used throughout.

2.0 Conclusion: A recognition accuracy of better than 98% at

a throughput rate of three characters per second was achieved
during this test using previous generation equipment. The
Logoscan software subsystem incorporated into current generation
equipment will have an estimated accuracy rate of from 99% to
99.9% with a throughput rate of from 30 to 50 characters per
second. These ranges depend upon the typeset text to be scanned,
viz., the better the input quality, the higher the rates.

3.0 Technical Problems: All technical problems encountered
during this test period were hardware related, viz., low reso-
lution of the read head, paper skewing in the paper transport,
and slow response time of the read head electronics as alter-
nating black and white sections of the page being scanned move
by the read head.

4.0 General Methodology: The tests were conducted in as

nearly an operational environment as possible, consistent with
hardware limitations. Numeric signatures of the test font were
acquired as defined in Appendix B of the final report., These
signatures were refined by analysis of closely matching char-
acters, and the text re-scanned to determine improvements in
recognition accuracy. It was necessary to slow the paper trans-
port feed rollers to a minimum speed in order to overcome the
slow response time of read head electronics.

A general survey of available optical scanners was conducted,
using the following criteria:

l) cost

2) resolution

3) method of paper transport
4) availability

5) maintenance

5.0 Technical Results: The test confirmed the operational
capability of Logoscan recognition algorithms, even in this
non-optimum hardware environment. A system called Logoscan II,
incorporating an ECRM/4400 (ECRM, Inc., Bedford, Mass.) as a
raw video source and paper transport, with a Data General S130
(Data General, Southboro, Mass.) for execution of both normal
and micro-code instructions, can be configured, thus increasing
recognition accuracy to between 99.0 and 99.9%. Throughput
rates would be from 30 to 50 characters per second. These
figures are dependent upon the input text quality.
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EVALUATION

The objective of this two-month testing effort consisted in
establishing the applicability of LOGOSCAN System as an OCR
device for conversion of Russian typeset text to computer
processable format. The test was undertaken in semi-operational
environment to verify the follow1ng performance characteristics:
scanning speeds; output quality in terms of error/re]ectlon
rates; font acqulsltlon as a by- product of a normal scanning
operation; recognition and separation of touching characters,
and acceptance of original test as well as reproductions for
direct scanning.

The System is now implemented in its prototype version on
COMPUSCAN 170 and NOVA 1200 with 12K memory and magnetic tape
output. To meet the design objectives of the System, the
designers have bypassed the original vendor-supplied logic

and introduced the company's own recognition logic based on
auto-correlation techniques. Instead of comparing the scanned
character against a reference alphabet, using the traditional
cross-correlation techniques, the System generates a numeric
signature expressing the shape of the character, Consequently,
matching of the input character against a reference alphabet
is based on its numeric signature. The reference alphabet is
independent of point size befause recognitiocn is based on
shape analysis.

The test has confirmed the capabilities of the System, as
indicated above, under constraints imposed by the present
hardware configuration. OCR problems encountered during the
test have been traced almost exclusively to hardware limita-
tions. Problems of this nature can be easily eliminated by
implementing the LOGOSCAN recognition logic as firmware in a
microprogrammed mini- or, alternatively, microprocessor,
compatible with the laser scanner componentry within the current
state-of-the-art.

M\‘\QN L. @c« e =

ZBIGNIEW L. PANKOWICZ
Project Engineer
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A. LOGOSCAN PERFORMANCE DURING TEST PERIOD *
1. The Russian text: I ‘

| {/ YA L Y Cgr,ES
ABTOMATU3UPOBAHHHIE ’ SPCIAL ]
CHUCTEMH YIIPABJIEHUA f e
IWITABOB U BOEHHBIX ’
YYPEXIEHHUA l

e |

has been used throughout this feasibility test, including the  —
demonstration to government personnel on 30 August 1977. The
Appendix contains illustrations of text scanned at that demon-

stration.

2. As presently configured, the Logoscan S8ystem correctly
recognizes characters in the above font with better than 98%
accuracy at a rate of three characters per second. Figure A-4
illustrates the distribution of unrecognized characters on page
101 of the above text. These errors are primarily attributable
to hardware limitations, viz., low resolution of the read head
and dynamic skewing of the text page due to variable roller
pressure in the paper transport.

It is significant that a group of two characters, viz.,
H H

of the 33 characters in this font account for a third of all
recognition errors. Figure A-5 defines the effect of higher
resolution on these two characters. It is the thin center bar
connecting the vertical side of these characters which at low
resolution sometimes causes the recognition system to break
them. Special test can be introduced when the resulting narrow
characters are encountered. However, capturing that thin bar
via finer resolution is the better way.

Overall cost/effectiveness of the present level of performance
cannot be considered due to the age of the system's components.
Most are no longer manufactured and cannot be maintained.

The software subsystem, which gives Logoscan its unique capa-
bility, is directly transferable to present generation equipment.

2, New font acquisition, as demonstrated at the 30 August
meeting, is normally a twe man-day, machine-assisted operation.
Figures B-1 through B-7 are examples of the system/operator
exchange required.

4, The above Russian text was photographically enlarged, thus
increasing the point size from 5 to 6, and scanned using the
same reference alphabet.
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5. Touching characters in a printed text are normally the
result of wear, chips, or hairlines on the original type (see
Figure A-6). The Logoscan system had no difficulty separating
such characters in this font; for example, see Figure A-~7,

6. Xerox copies of the original text page have proven to be the
normal form of input to the scanner. Such copies have two advan-
tages over the original page: 1) there is a sharper contrast
between light and dark areas, and 2) the reflective character-
istic of OCR bond paper used in the copies is superior to paper
of the above Russian text.

7. The first-generation copy used during this feasibility test
has proven adequate in maintaining an error rate of less than
2%. The new hardware configuration defined in the following
will enable Logoscan II to reduce this rate to between .l% and
1.0%, depending on the quality of the original page.

8. As noted above, on 30 August 1977 a demonstration involving
all of these seven points was conducted at the Logos offices in
Middletown, New York. Government-selected test material was
used throughout.

B. OPTIMIZATION OF LOGOSCAN II
l. Hardware:

There are two primary hardware considerations in an OCR system
which is to do direct print reading, viz,.,

a) What the read head "sees":

Obviously it is expected to see the characters on the printed
page, but how it sees them both in terms of clarity and detail
will determine the quality of data presented to the software
Subsystem, Clarity is a function of both focus and signal-to-
noise ratio at the read head, while detail is a function of its
resolution capability.

Our recent demonstration was conducted using equipment in which
the light source is a standard projector lamp of 150W with
optic fibers delivering light to the page being scanned. This
is inherently a low signal-to-noise subsystem. The effective
rg:olution capability of its 60 fiber optic read head is 6.5
mils,

The equipment to be used in Logoscan II, as detailed in Section
3, improves the data quality in both of the above categories.
Its light source is a laser, and its effective resolution is 4
mils, This figure can be reduced to 3 mils via relatively
simple lens and gear chain modifications.
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b) How the page to be read is presented to the read head:

Although a purely mechanical operation, the manner in which a
page is presented to the read head is of considerable signifi-
cance to a direct print reading OCR system. This is due to a
characteristic of printed text, viz., ascenders and descenders
such as the Russian B and I, plus a density of seven or more
lines to the inch. Any initial paper skew or dynamic skew, as
the page moves through the transport, compounds the line
separation problem,

Logoscan II hardware will hold both the read head and the page
stationary during a single scan. Subsequent movement of the
page along its axis does not introduce dynamic skewing.

Appendix C contains examples of certain technical problems,
and character variations encountered during this test period.

2. Software:

The basic recognition power of the Logoscan software subsystem
has been proven during this feasibility test in an area where
neither masking technique nor feature extraction has proven
adequate. These latter two techniques, although highly success-
ful when used on controlled fonts such as that produced by mono=
spaced typewriters, cannot perform in the presence of touching
or broken characters, missing or weak strokes, hairlines,
ascenders, descenders, or varying line thickness, all of which
can occur within the same font, often within the same printed
book. This is especially true when scanning Cyrillic font with
its fine tails and curls.

Sections of Logoscan II logic will be implemented in micro-code.
3. Configuration of Logoscan II:

Logoscan II will be implemented on the following equipment
configuration:

Unit Function

ECRM/4400 read head, paper transport

DG/8611H character recognition

DG/8615 character reccgnition

DG/6021 magnetic tape, output

DG/6045 magnetic disk, reference alphabet store

DG/6041 printer, reference alphabet acquisition

DG/6052 CRT terminal, reference alphabet acquisition,
file editing

DG/6042 terminal, Logoscan control, file editing

DG/6013 & DG/4012A reader/punch, program and data I/0




4., Logoscan II Performance Characteristics:
Logoscan II will have the following performance characteristics:

a) A recognition rate of 30 to 50 characters per second. This
rate is font dependent and is related to the quality of the
input text, viz., the better the quality, the higher the rate.

b) An error rate of .1% to 1%. As above, this rate is also
related to the quality of the input text.

c) It will accept Xerox copies of the original text.

d) Output will be on industrial standard 800 bpi magnetic
tape in any format required.

e) A new font can be acquired and stored on disk for later
recall. This man/machine operation requires approximately

two man-days to acquire an accurate font. It is then usable
for any book printed in that font, independent of type size.

f) The system will be capable (in its non-scan mode) of
editing English language text files, and outputting corrected
text via its printer or its magnetic tape unit.




APPENDIX

A



RUSSIAN INPUT DICTIONARY

(Lower Case)

a - A K - K X = X
G - B n-=L B - Q
B =V M- M > S T
r = G H - N m - W
n-2D o-20 m -5
e - E n-"Pp b - 7
e - 8 P = R B = H
x - j e~ 8 Bl =%
3 - 2 TR ® - 3
-1 y - U o~ H
n -1 ¢ - F A - 4
SPECIAL SYMBOLS FOR CAPITALS AND NUMBERS
Russian English Special DG ASC II Codes
B \Y% #
(6] (0] @
H N *
A A 0
¥ U %
w W 4
& S P
E E <
188 Q =
1 1 +
3 3 !
5 5 $

FIGURE A-1




aBa 0Gopyiopaiiisi, coBepuieHcTBoOBalile MareMarHye-
0 obecnicuciis,

HCOY (pic. 29) pralouaet oz 0CHOBION KOMaHAHbI
Tp BC n 31ammne munncreperna o6opolnl, ofMil 3anac-
(noasemiintil) Komamuibil uentp 86ausn Bawunurrona
( HECKOJIbKO BO3JIVIIIBIX KOMaHAHLIX nyilkTos (obopynoBa-
HO maTh caxoactop EC-135, oaitn 113 KOTOPLIX NOCTOAHHO
[ONTCSE B 1 5-MulyTHOI FOTOBHOCTH K BLITETY).
auponasiniias cucrema oncpatusioro ynpasaenus BC
IA naxonuitcst B BeaenHH MHICTEPCTBA 0GOPOHLI H BO
MOACIICTBHII ¢ APYriMH CHCTEMAaMIl NO3BOJSICT Npe3u-
, MUBECTDY 00OpONLI H KOMHTETy Ha4yaJbHHKOB WTab0B
BJASATL BOODYIKEHHDLIMII CHIAMH B JIOOLIX yCJOBHAX Mifp-
It BOCIHIIOTO BpPeMEIliL.

CucteMa nacT BO3IMOXKIOCTL € 1IOMOULLIO  Pa3auylibiX
B CHSI3il Il BLIMHCAHTCALION TEXIHIKI OCYWECTBJASITh
, Hakonselie u 00jioBJACHHC NOJITHUCCKO H BOCHHOI
OPMaLLiii, HHPOPMalliin 0 COCTORIIIN BOOPYACHIbIX Cial
, COIOBHIIKOB 1f BCPOSITHLIX NPOTHBIIIKOB, BKJIOYas JaH-
0 PAaCHOJOKCIiIH BOICK, CTCHCHsIX HX FOTOBHOCTH, Goe-
BO3MOXKHOCTHX, YS3BHMOCTH # T. /., NOCTynaiowei or
anbIOro Pas3pe/biBaTeiLlioro ynpanJaenis, rocaenap-

Opranos MiHucTe)CTBA 060POIibl, 0GBEHICHILIX H Cre-
bHBIX KoMaHnosannit BC.

2 KOHKPCTHLIX HCHTPAX M HyHKTaX HallHOHaJdLHO CH-
ONCPAaTHBHOrO YNPABJACHHS TCKYLLast 06CTAlOBKA M
BXOAMMDIC /151 JIOJIZKIOCTHLIX JUIL CIPAaBKH i JIOHCCeHHsI
PaX<aloTcsi 1a PasaHulbLIX 3KPaliax, 3JCKTPOHIO-Jyve-
Tpy6Kax, JIOMIICCUCHTIILIX Ta0J0, BLIZAIOTCS 1ia me-
peMsi C MOMeliTa 3a1poca AanibiX 10 HX oTobpaxe-
(1@ OCHOBIIOM KOMAalJIHOM LCHTDE) COCTABJsIET 0KOJO

CXHHYCCKHC CPCACTBA KOMAlJUILIX [CHTPOB I NYHKTOD
DY noapoasnior NpoN3BOJANTL 1HeoOX0ABMbIC pacucertol jst
CHMS ONTHMAJIbLILIX BapianTon 6oeBbIX ACHCTBHH
CHNLIX CitJI, 1f B MCPBYIO OYCPEAL YAAPHDLIX SICPHLIX
ROBOAHTL iipHiATLIC pewletins 10 wtabon BHAOD BOOPY-
X i, 00 LC/UINCHILIX 1 CRCILNAJBILIX KOMaAOBaluil,
HEeHHLIX YIPaBJACHili MUIIICTEPCTBA 06OPONDI H ArenT-
Hauponaavnoft  Gesonacnocti, Bpems npoxoxwacuun
aua n pacnopsukeiiinil ot koManmioro uentpa HCOY no
YMCHHBIX NYHKTOB COCTABAACT 5—7 Muk.
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a, arcuTCTBa Haunoiajabioil 6C30MacuoCcTH, pPasiny-:
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DSTAVA OBORUDOVANIA, SOVERWENSTVOVANIE MATEMATICE-
KOGOOBESPECENI 4.

*+02 C(RISe 9) VKLHCAET ODIN OSNOWO1 KOMANDNY 1
(ENTR #« V ZDANII MINISTERSTVA OBORONY, ODIN ZANAS-
NY1 C(PODZEMNY1) KOMANDNY1 GENTR VBLIZI #AWINGTONA
I NESKOL 6KO VOZDUWNYX KOMANDNYX PUNKTOV C¢OBORUDOVA-
NO P4T6 SAMOLETOV <+e=+33%, ODIN IZ KOTOKYX POSTO4NNO
[AXODI'TS4 V +5=MINUTIO1 GOTOWOSTI K WLETW .

*AWI OIALGNAA SISTEMA OPERATI WOGO UPRW.ENI 4 #+
() NAXODITS4 V VEDENII MIIISTERSTVA OBORONY I VO
VGAIODELISTVIT S DRUGIMI SISTENAMI FPOZVOL4ET PIKEZIL-
i ls MINTSTRUODORONY I KOMITETULAAL SNIKOVWTABOV
Lo VL ATOVOORUI ENNYMI SILAMI VLHBYXUSLOVI 4X MI R=
oG UL VOIWOGOVRENMENT

«ISTEMA DAET VOZMOINOST6 S POMOS6E{ RAELICNYX
ShiDSTV SV4ZEI I WCISLITLONOD TEXNIKI OSUSESTW 476
S30Kk= NAKOPLENIE I OBNOWENIE POLITICESKP1 I VOENNO1
INFOIMAQII- INFORMAGII O SOSTO4NII VOORUJENNYX SIL
F=SOHENIKOAVERO4ATNY XPROTI WIKOV- VKLHCA4 DAN-

N'E O RASPOLOJENII VO1SK, STEPEN4X IX GOTOWOSTI, BOE-
WX VOAMOJNOST4Xs U4ZVIMOSTI I Te Des POSTUPAHSEL OT
=EI TRAL 6NOGO RAZVEDY VATEL6NOGO UPRAWENI 4, §OSDEPAR
TAMENTA» AINTSTVA NAGIONAL6NO1 BEZOPASNOSTI, RAZLIC-
NYX ORGANOV MINISTERSTVA OBORONY», OB7EDINENNYX I SPE-
&I AL GNYXKOMANDOVANI 1 #«.

*+A KONKRETNYX GENTRAX I PUNKTAX NAQGI ONAAGNO1 SI
STEMY OPERATI WOGO UPRAWM.ENI 4 TEKUSA4 OBSTANOWA 1
NEOBXODIMYE DL4 DOLJIOSTIYX LIO© SPRAWKI 1 DONESENI4
OTOBRAJAHTS4 NA RAZLICNYX 3KRANAX, 3LEK TRONNO-LUCE=-
WX TRUBKAX, LOMINESGENTNYX TABLO» WDAHTS4 NA PE-
CAT6e #REM4 S MOMENTA ZAPROSA DANIYX DO IX OTOBRAJE
NI4 (NA OSNOWOM KOMANDNOM GQENTREY SOSTAW.4ET OKOLO
+5)(Ze

"EXNICESKIE SREDSTVA KOMAIDNYX QENTROV I PUNKTOV
*+@Z POZVOL4HTe PROIZVODI T6 NEODXODIMYE RASCETY DL 4
OPREDELENI4 OPTIMAL&NYX VARIANTOV BOEWX DE1STVI1
VOORUJENNYX SIL, I V PERVUH OCEREL6 UDARNYX 4DERNYX
SIL-DOVODIT6PRIN4TYE RENENI4 DO WTABOV VI DOV VOORU=-
JENNYXSIL, OB7TEDINENNYXI SPEQIAL 6NYXKOM*=NDOVAN V1,
(B7EDINENNYXUPRAVLEKI 1 MINISTERSTVA OBORONYI AGENT
SIVA NAGIONAL6NO1 BEZOPASNOSTIe #REM4 PROXOJDENI 4
KOMANDI KASPORAJENI 1 TKOMANDNOGO QENTRV %++@% DO
KONECIYX PUNKTOV SOSTAW.4==33Z.

BEST AVAILA31E (OPY

FIGURE A-3




CHARACTER

(lower case) No. of errors
n 1
H 10
A 3
y 1
E 3
(¢} 2

oo}
[

=
N

n 1

a 1

i} 1

P 1
(upper case)

i} 1

A 1

Unrecognized characters on page 101,

FIGURE A-4

A-4
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EFFECT OF INCREASED
VERTICAL RESOLUTION
ON WEAK STROKES

RUSSIAN CHARACTER H
WITH WEAK CENTER STROKE
AS SEEN WITH 6.5 MIL
VERTICAL RESOLUTION

SAME CHARACTER
WHEN SEEN WITH
4 MIL RESOLUTION

FIGURE A-5B
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FIGURE A-6

Portion of text enlarged to show wear chips
and holes in strokes. Note particularly the
hairline to the left of the character "e".
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ALIGN FiHb51 CHARACTER UNDER THIS ARROW

Jeasiercs Hashavennem TpyGkit. [TaalipoBanoch yBeaHuHTh
anamerp 1pybok ¢ 48 no 75 cm. Tlepsuie TpyOkin THna «Xa-
PAKTPOHS LIHPOKO HPIUMENNAINCL B AMEPHKAHCKON cHCTeMe
1TBO «Ceiukr. TpyOkit HCHOB30BAICL B KaYeCcTBE HHAM-
KATopoB BO3AYu oIl 00CTanoBKil B OnpeieseniioM paiole.
Ha sikpanax 1py6ok 0106parcatitCb BCe UEAN | IIX XapakTe-
pPHCTHKH B BHAE TAK HA3LBaeMoro «QopMmyanpa uedit», co-
CTOHULCIO 13 JACHHTH PAa3zJauMiLiX 3HaKOB, lleurp rpynnis
3iaKoB (JOpPMYJsipa 3anitMaJ Ha sKpaiie nojomele, coot-
BETCTBYIOLULEE NOJIOMEHHIO Uedil B Nailiibii MOMENT, il nepe-
MCULAACH B COOTBETCTBIlIl € ABHXNelHeM CaMoJsieTa, Hanpas-
Jeiite 10JeTa KOToporo onpefedsioch pexkropom. B nedatu
c00011as10Ch, YTO 3Kpail TpyOKil nosposisier otobpaxars M-
QOPMALf0 0 HECKOJALKIX COTHRX BO3AYUNIbIX ueneit®,

B nocaeanune roaw aurauiickas ¢pupma HKIJI paapabo-
Tana ycrTpoiicTso 0ToOpareisi HaCToNbHOro Tiila Ha SJeK-
TPOHNHO-AY4eBOi  TPyOKE HHAHBIIAYANbHOrO 110/1b30BaHiA
(tun 7181). Ilpuiuin paboTel $TOr0 yCTpoiCTBA AHAJAOTH-
qen npuiunny gefictsitst «Xapaktponas, oAHAKO 3HAKH hHa
skpane TpyOKH (JOPMHPYIOTCH [yTeM [POEKTHpOBaliHg OT-
JeAblbiX TOYEK, 13 KOTOPLIX COCTABASCTCA HYXHLIA 3HaK.
IT0 OCYIECTBANECTCS € [OMOULLIO ABYX MaTPHIL OANOf
10X7 ToueK — aast (QOPMHPOBANMS NPOHKCHBIX 31AKOB H
apyroit 14 X5 Touek — aas PopMUPOBANNA CTPOUHBLIX 3Ha-
KoB. Pasmep oTBepCcTHsi AAN TONKH Ha MmaTpHue pasen 0,3 su.
[Tpn mnanKaunu cocesliite TOMKH 1ia BEPTHKAJNbHBIX JAHHHAX
COeANNSIOTCS B OANO lesoe. Pasmep 3nakoB Ha sKkpale co-
crapasier 3,4 Mm no puicote i 2,3 ma no unipunHe. IKpan
3TOI0 ycTpoicTsa iMeer pa3mep 264X 175 mm,

Ha skpane moxer oto6paxatbes 96 pasnnuibix 3HAKOB.
EmkocTb skpana coctabaser okoso 2000 snakos (25 cTpox
no 80 3makoB B CTpOKe).

Kpome otobpaxkenus nudopMauny, BbIAaBaeMOR U3
3BM, 570 YCTPOICTBO HCNO/AbL3YETCSi KAK HACTOAbILIA NYJALT
ANS BBOAA AalHumx B Mawnny. B/ sToM cayvae ycTpoicTno
OCHAWAETCR Cleulanpioil XAaBiaTypOR, NO3BONAIOWER la-
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"DEVELOPING" A KEFERENCE ALPHABET

The system

d rescans

TTY output corresponds to the image seen by the read head.

looks for a line, tests the first character for pos

the line as necessary.

ioning, an

it

Each character is processed to form a numeric

ture, and the systemallows the operator to identify it.

The number

At the operator's

of occurrences of each character are recorded.

signa

Note the

option, a particular eharacter may be stored or ignored.

number of variations (circled).
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