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— The objec tive ot the effort described herein is to provide technical consultation, equip-
ment , and support ~ rvices to t he US Postal Service which will contribute to the development
of the s~sten1 defiuiitio,i of a new-concept processing system , the Electronic Message Service
(IMS) Included in the scope of effor t are investigations of high-speed image scanning tech-
nology. im age frame nien~ny storage , image enhancement , and t he fabrication of a scanner/
fra m e-store memory test assembly. The fourth annual report briefly describes the individual —
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ef forts of the re porting period in an executive summary and provides in-depth data in
four appendixes: App..~ds~e~~ Advanced Illumination Correction ; Appcnthx~~~—~
Document Data Base ; ~~~~~~~~~~~~~ Reflectance as a Function of Data Density
as Seen h’. a Uigh-Resolution Reflectometer ; and A~~enthx ~~ Image Capture and
Analys is System - System Operator ’s Manual.
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I
OBJ EC ~1VES

1. Provide the US Postal Service ~ite tec hnical consultation , equipment , and support
services which will contribute to the development of ’ the system definition of a new-concept
processing system, the Electronic Message Service (EMS). Include in this scope of’ effort
( I) investigations in scanner technology, image frame memory storage , and image enhance-
ment , and (2) the design and fabrication of a scanner/frame-store memory test assembly.

2. Contribute to the selection of the most optimum imaging devices and techniques
for high-speed image acquisition. Provide reliable designs of high-speed image processing
logic which wi ll preserve the quality -of the image while reducing the image storage and trans-
mission requirements and m inimizing vulnerability of the image information to noise during
processing, transmission , and reproduction.

3. Act as technical consultants to the USPS Office of Advanced Mail Systems Devel-
opment in preparing technical requirements and statements of work and evaluating technical
proposals and contractor performance; and perform technical evaluation of contractor-
produced developmental eq uipment.

RESULTS
The principal progra m goals during this reporting period were threefold.

I. The first was to define and begin investigations on a document data base contain-
ing categories of docu mente d images which customers on the USPS may wish to transmit.
Data base categories were selected and initial , promising investigations were completed and
are reported here.

. The second goa l ~ as to accelerate the completion of the ICAS equipment upgrade
So that not on ty could the data base test run-times be reduced . but the system will be ready
to interface with the high-speed Fairchild scanner due in April 1Q79 . At the time of this
report , it appears that the ICAS will he completely ready to acce pt full-capacity ( 20.8896
megabit). full—speed (133.5 m egabit per second ) data from the Fairc hild 10—docu ment—per—
secon d scanner .

3. The third ~oal was to provide continuing support to the USPS iii all areas of image
acquisition . ~ 

ocesstng . storage . enhancement. compression, and display. The tasks accom- -

plished to p o ~idt’ t his sk# ppo rt are described in the executive summary and appendixes
which follow .

FUTURE NO SC PLANS
I Expand and continue data base acquisition and analysis.
2. Complete 25- m egabit memory , color recorder , and co lor display interface.
3. Consummate contract (s) on time de lay and integration (TDI) imagers .
4. F valuate Fairchild FDM scanner.

*

5. Evaluate performance of ’ high-speed imaging devices and t he Im age Capture and
Analysis System ( ICAS) at highest possible scan speeds.

6. Capture and anal yte full co lor images.
7. Apply advanced techniques to improve image quality, classification accuracy, and

compressibility.
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GLOSSARY
ac Alternating current
A/D Analog to digital
address Peripheral device selection or memory location specification
ALU Arithmetic/ logic unit
AMSD Office of Advanced Mail Systems Development
ASCII American Standard Code for Information Interchange

baud Effective hit rate in bits per second
hit The smallest piece of digital information - -  either 0 or I
bit serial The bits of a character are transmitted serially
bootstra p A built-in funct ion which eases system start-up
byte A logical group of bits (8 is standard )

CCD Charge-coupled device
CCPD Charge-coupled photodiode
CPE Central processing element
CPU Central processing unit
(‘TF Contrast transfe r function

D/A Digital to analog
dc Direct current

I - DIA Digital Image Analyzer
DIP Dual In-line Package
DMA Direct memory access
DPCM Differential pulse code modulation

EAROM Electrically alterable read-only memory
ECL Emitter-coupled logic
EDM Engineering development model
EMSS Electronic Message Service System

FCU Format Control Unit
FDS First-difference statistics
FET Field effect transistor
Fetch Microroutine which retrieves MCU instructions from program

memory
file On magnetic tape , a grouping of logical records
tile mark A logical gap between tape files
firmware System control by use of ROMs and a microprogram

sequencer
ç fpf bit Front-panel fetch hit : indicates that MCU instruction is from

front panel
FSM Frame-Store Memory

GFE Government furnished equipment
• GOMAC Government Microcircuits Applications

Conference
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GP I B IEEE STD 488-1975 General-Purpose Interface Bus for
asynchronous data communications

Gray code A binary code in which only one bit changes at each
increment

HCU Hard-copy unit
HIC Hardware Illumination Corrector
Hz Hertz: cycles per second

ICAS Image Capture and Analysis System
IEEE Institute of Electrical amid Electronics Engineers
interrecord gap Physical space between magnetic tape logical records
1 0 Input/output

k 10 24
kW Kilowatts

LDTB Large Drum Test Bed
LED Light-emitting diode
LFPM Linear feet per minute
LIES Laboratory Image Exploitation System - 

-

listener A device which may receive data on the GPIB -:

logical record A logical grouping of data on magnetic tape. In an image, a
video line is treated as a logical record

LSI Large—scale integration

M Mega-: million
machine language Operation instructions interpretable by the machine being

operated
macroinstruction A machine language instruction which initiates a sequence of

basic machine operations
macrolevel A level at which an operator may directly communicate with

a machine ; ic . machine language level
macroprogram A logical sequence of macroinstructions
NIA RB Memory Address Register Bus
MCU Memory Control Unit
message On the GPIB, a sequence of data amid/or contro l operations

transmitted
MIC Memory Interface Card
MICC Memory Interface Control Card
microaddress Micromemory address
tn icrocode Bit-by-bit implementation of microinstructions
microcontrol Control of individual hardware resources by use of a micro-

program structure
microinstruction A basic machine operation instruction containing control for

all hardware resources (eg, data paths , registers , A LUs)
• micro level Hardware direct-control level

micromemory Memory (usually ROM) which comitains microinstructiom is
micromemory address Spec ification of locatiomi within a micromemory
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microprogram A logical sequence of microinstructions ‘ 
-

microroutine A microprogram or part thereof
MIU Memory Interface Unit
MOS Metal oxide semiconductor
MSB Most significant bit
MTBF Mean time between failures
MTF Modulation transfer function

n Multiplex ratio
NELC Naval Electronics Laboratory Center
nm Nanometre
NOSC Naval Ocean Systems Center
ns Nanosecond
NTC National Telecommunications Conference

OCR Optical Character Recognition

page An 8’/2-by-l 1-inch acquired image or original copy
PBS Pel brightness statistics
PC Personality chassis
PCR Print contrast ratio = (rmax — rmin)/rmax
pet Picture element
pixel Picture element
PPHE Printer and paper-handling equipment
PPHE/IU Printer and paper-handling equipment/input unit
PPE Printer/plotter equipment
program Sequence of machine instructions
PROM Programmable read-only memory

r Reflectivity
RAC Relative address coding
RALU Register arithmetic logic unit
RAM Random-access (read/write) memory
record Logical record
RLC Run length coding
RLS Run length statistics
ROM Read-only memory

s Second
SDC System Development Corporation
SDTB Small Drum Test Bed
SF! Spatial Frequency Identification
SID Silicon imaging device
SPADE Storage , Processing, and Display Equipment
SPIE Society of Photo-Optical Instrumentation Engineers

~mac Memory access time
O t mcy Memory cycle time

ta lker A device which may transmit asynchronous data on the GP1B
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TDI Time delay and integration

TDMA Time—division mnult iple access
three-wire handsita ke The Hewlett-Packar d patented m e t  hod of guaranteeing asyn-

chronous communication capability on the GPI B

IlL Transistor—trans isto r logic

UDK User Definable Key
uses United States Postal Service
UV Ultraviolet

~‘TS Video t ra f l sm f l i s s t l) l )  sVSI CIfl I Nav\ I

word A grouping of 1 or more I)\ tes t in the MCU. a word comit ains
(~ bytes , or 4~ hits)
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RELEVANCE TO I)oI) MISSION
The concept def initiomi phase of the Flectrom iic Message Service S~, stem (I’MSS) is

nearing completion , and selected alternatives w ill sooii be forthcoming, which the USPS will
evaluate to select a proposed sstem approac h. If instrumented , it will become the second
largest communication and informnation exchange sys tem in the US. Participation on the
imagimig imiterface aspects of the system provides intimate fam iliarity for the Navy, which will
be able to ass ist in utilization of the network for military purposes in a time of national need .

The act ua l imaging investigation is relevant to recent and current NOSC programs
involving facsimile and subniarj ne se risors . One of ’ the requirements of’ the Tactical Flag
Command Center program is image transmissiomi . Other requirenients for image acquisition,
process ing, storage , and transmission are implicated imi work for the Naval Intelligence Sup—
port (‘enter. The USPS Image (‘apture and Analysis System ( ICAS) has beemi designed to
interc hange data wi th the NOS(’ vmdeo t est  bed in the 1)ispiay Equipment Development
Branch , Code S14’ . l)mgi lal im age tapes can be generated by scanning or by converting tapes
from other sources to a to rm uat compatible with the Laser Recordin g System located in the
Marine ( ‘orps and Spec ial Systems Branch , Code 81 2 5.

One ot the programli procurements is a large , high—speed imaging, charge—coupled
device (CCI)) w hich can operate imi the time delay and integration (T[) l I mode. This single
device is capab le of acquiring full-page data at a rate of 20 pages per second . The high per-
formance of the device makes it applicable for telereconnaissance , teleguidance , battlefield
surveillance , and intrusion detection as well as document imaging. Successful operation of
the device has been witnessed at the contractor ’s facility. and negotiations are being consid-
ered for refi’ ienient and advancement of this importami t work.

The experi ence gained with microprocessor architecture , image processing, high-speed
~~lr~ge and retrieval , display, and hard—copy generation is also valuable to t he Navy. Very
litt le i’ l he wor k ~ u In in the Dol) and academic coinmunittes in volves h igh —speed - re a l—time
harj ss ire and algorithm deve lopm ents which will support military applicat ions such as:

• ocean surveillance
• I c 1 ci econnaissa ‘cc

• tc lcguidance

• battlefield surveillance

• intrus ion U~.t cc t i o f l

• i m age transmission systems

• pattern character recognition

• word processing
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INTRODUCTION
The overall activities within the total Scanner Technology program are intended to

identify the problems associated with scanning highly variable hard-copy documents at very
high speed and defining solutions or approaches to solutions to these problems. The major
problems are associated with variation in data structure (ie, typewr itten or handwritten text
to continuous-tone pictorials), full color or black and white , contrasts that vary to as low as
30’ differential between data amid substrate , and variation in resolut ion needs. Some of the
more signit’icant problem areas investigated to date include illumination requirements,
thresholding or data decis ion logic , enhancement , prescanning, and the e ffects of advanced
technology .

This report is the fourth in a series of annual summary reports and covers work during
the period ot’ October 1977 through September 1978. During this period the primary hard-
ware effort was directed toward system improvement with the addition of multiport input
capability, progress toward t’ull 25-megabit memory, and more expedient processing. Con-
siderable effort was applied to software support. Acquisitio n routines, analysis programs,
and operational capability in general were improved.

The following sections of this executive summary contain brief summations of the
individually identifiable efforts. Further detail is available in the appendixes to this report .
Parenthetical alphahetics in the paragraph headings refe r to the appendixes which provide
additional in-depth data. A sh ort history concludes t he executive sumnmary.

19Th TASKS

For the year ending 9 October l9 78 the services performed can be divided into four
categories. The categories amid the tasks within each are described in the following paragraphs.

HARDWARE DELIVERABLES

FOU R A H CONVERTE RS ADDED TO ICAS

To acco mmodate the receipt of ’ image data from imaging devices having four data
ports , it was necessary to integrate four A/ D converters into the ICAS. The converters were
acquired , tested , and mounted in the ICAS system during this year ’s program. The converters
provide 60-megape l-per-second capability on three input channels and 100-megapel-per-
second capability on the fourt h input channel, Analog data are converted to 6-bit binary
form, providing a range of ’ 64 l)ossihle brightness levels for each pel.

GAIN/LEVEL CONTROL ADDED TO A/D CONVERTER CHASSIS
Remotely controllable gain and level circuits were added to the A/D Converter Chassis

in order to provide contro l of dynamic range and threshold level of incoming analog signals
before digitizat ion. The circuits can be controlled remotely from the memory control unit
via the IEEE-488 interface bus. The bandwidth of these 20-dB amplifiers is approximately
30 MI -li .

I

II
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CAUBRATION MONITORS ADDEI) TO A/I) CONVERTER CHASSIS
Calibration monitors added during the reporting period obviate the connection of a

very expensive logic analyzer instrument to the A/ D converter outputs during the setup of
image illumination parameters. Light emitting diodes (LEDs) are available on the front
panels of both All) converter chassis so that an operator can detect the max imum and mini-
mum response of’ the system input without special external instrumentation.

PERSONALITY CHASSIS (PC) COMPLETED
The Personality Chassis was completed during this reporting period . Personality

modules have been designed and installed which allow the single-ported Fairchild (‘(‘I) 12 111
data to he acquired . Modules were also developed to provide an input capability f’or the
RCA imaging device. This RCA Time l)elay and Integration TDl) imager operates in two
possible modes . In one mode data can be obtained in four hit streams which contain data
from each of t he four adjacent pels. In the other mode , two pairs of bit streams are available
fro m each end of the imaging device which provide concurrent analog brightness signals
fro m two spatially total ly isolated image areas fro m the document. Both of these operating
modes of the imager can he accommodated by the personality modules and the per~~nality
chassis. The latter mode is applicable to the USPS/Fairchild hilevel scanner and will he used
to interface this scanner to ICAS during the coming year.

MEMORY INTERFACE UNIT (MIU BASEPLANE COMPLETEI)
Because ot’ the expansio n of memory capacity it was necessary to develop and imistall

an MIt! in order to distribute the 4S-bd data  words to one or all of the eight memory mod-
ules. The MIU has been designed and the haseplane wiring is complete. A mi~odificat iomn to
the MIV is discussed in the future plam is section , because of some redesign required to
improve the noise inimunity of the signal paths.

MEMORY INTERFACE CONTROL CARDS (MICCs) COMPLETED
The two MICCs have been designed and operate successfully within the MIU. One or

bot h of these will he modified to provide new pin outs for improvement of noise immunity.
This is discussed in the future plans section.

MEMORY INTERFACE CARDS (MICs ) COMPLETED
Wire-wra p Ml(’s were completed during the performance period, followed by the lay-

out of printed circuit MIC cards. Eight such cards are now in operation in the MIU.

MEMORY CONTROL UNIT (MCU) MODIFIED FOR 25-MEGABIT ADDRESS
The MCU was designed to accommodate 64k words of 48 bits each. The addition of

the seven new memory modules required the address to expand by a factor of eight. This
resulted in the requirement for a three-wire addition to the address bus. It also entailed some
minor changes in the configuration of an instruction word in order to provide the address
field (19 bits) required to designate a specific address in the 25-megabit memory.

12
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NEW IMAC IER l)RIVER MODU LES DESIGNED/INSTALLED FOR 121H IMAGER
The Fairchild type 1.2111 imilager req uires different driving signals than its predecesso r,

the old model 1 2 1  - It also provides a higher output level . Thus, the video amplifier for the
image signal also required modification to operate with the new higher-performance device.

HARDWARE DISPLAY MOI)ULE I)ESIGNED/INSTALLE I) FOR MIU
A ne~ hardware display mmxl ule was desigmied and t’abricated for use with the MIU.

rhis module oilers the advantage of accepting ~Iata fro m any of tine memory modules and
formatting the information b r  transmi ssion to the display digital—to—analog ~I) A) converter.
This de~ ice divides a 4$—hit word into i ts  eight respective (

~—hit pcI brightness word s and
tra nsmits them seqt ieml t ially to the d ispla~ for prcs&’ntat mo r n on the cathode ray tube (CRT).

JOYSTICK CONTROL OF I)ISPLAYEI) IM AG E COORDINATES PROVIDED
-\ j ovsi cL ha’s been added to the Operator statio n of the Tektron ix 405 I terminal.

It prov ides for operator ‘sc le~ t ion of ’ .t desired subsectio n of the main 8’ ~— hy —1 I—inch image
wh ic Ii has bee 11 capt tired - I’he di inc in smo ii’s of tIne em it ire image are 1 700 pels by 2200 pels.
[he display (‘RT of t he I(~.\S om i ly presents an image area of 4% (wide ) by 48 2 (high ) dc—
inents . The ~OV s t cL feature a llows the Operator to manipulate the coordinates of ’ the start —
im ig .itft lress for the ~t i’spl. i~ ed ‘siihs ’ c t  ion and in essence allow s scroll ing in both the X and I
dimensions ~‘ ‘sci the ent ire imniage .iie, i.

SOF1WAR I’ . SUPPORT I)ELIVERABLES

RESOLUTION TEST OF NIKON VS (‘ANON LENSES
The l(’ \S no’s~ use s the Nikomi ~~—mni Micro Nikkor lens in the Large Drum Test Bed

l.DTB Ihe purpose ~t lii’s t e s t  ~~as to eva luate the relative resolution performam ice of this
lens and t he C.iiion -5~ -nimii 11.2 SSC .-\sp hermc al lens used in the Fairchild scaiiner system.
See Support -\et i~ i t  es . I Spe~ r:i I s o f tw a re st as prepared l.a provide analysis of the smaller for—

i i  . . i i  ~~~~~~~~ 
~~~ ‘s m mn ches [he sof t  ware wi l l  now support any program med image format.

IMPROVEI) RESOLUTION TEST CALCULATION
In the setup procedure for the LDTB it is necessary to determine the relative posi-

t ions of. the imager and lens ~ith respect to the target document. The unproved software
provides decima l salt ies I’or both horizontal and vertical resolution of the scan density.

ILLUMINATION (‘ORRECl’ION STUDY ROUTINES
The entire process of illumination correct ion was studied during the past year. Most

of the data concerning this stud y are contained in appendix A. Considerable software sup-
• port was required in order t i ’ investigate new st rategies for accomplishing the process of ’ illu-

mination correction without decreasing t he apparent signal-to-noise ratio.

. 13
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SYSTEM NOISE/SPURIOUS SIGNAL ANALYSIS TEST ROUTINE
In the study of ’ illumination correction pert’ormance , a numher of ’ important observa-

tions were made concerning the small signal variations before and after illumination correc-
tion which would seriously constrain the use of’ run length type compression algorithms on
the data for tram ismission. Omie ot’ these was the odd even pcI brightmless response diffe rence
which is discussed in appendix A. System noise also st e mnn s from the high—resolution scanning
of ordinary bond paper which contains sma ll-amplitude but high-spatial-frequency variations
in ref lection dens ity. These two sources of variation contribute greatly to the reduction in
compressibility of an image and detract from the cosmetic appearance to some extent , par-
ticularly when viewing soft—copy images. This noise analysis test routine was instrumental in
localizing the sources of these two detrimental comitributors to the image acqu isition amid data
compression processes.

IMPROVLI) WHITE STANDARD ACQUISITION ROUTINE
Stud ies of the consequences of illuininatiomi correction showed that although illumi-

nation correctio n provided an excelle nt first-order im provement in the uniformity of
response of the captured document , it also increased the noise levels of ’ the less significant
hit lila iCs . St ud~ routines we re wr i t ten to provide a miumber of strategies by which the
p roc ess of white stam idard acquisit ion amid subsequent illumination correction was performed.

PROG RAMMABLE NOISE FILTER ALGORITHM
In exam ining the detailed data obtained d tiring illumination correction studies and

system noise perto rmamice evaluation , it was noticed that there was a high incidence of
‘s~~ltiences in w hich the value of succeeding picture element brightness varied by only one of’
t h e  c 4  brightness leve ls In a large major ity of these case s the brightness level would m ere—
meri t h~ one and ret t trm i to i t s  original level on the second succeeding pcI. Such mninor excur-
‘siOfls (if the dat.i . w lnr~ Ii could be att rihti ted to odd- even effects (a characteristic of the imag-
ing device itse lf ~ hmch is explained imi appendix A ) . greatly reduce the compressibility of the
acquired mniage. The program m able noise filter algorithm provides the capability to smooth
t his otherwise smniall — signnal . high-frequency variation from the acquired image data , thus
great ly im~)nr.i:~e t he compressibilit y of the imriage data.

SPATIAL FREQUENCY II)ENTIFICATION PROGRAM S (B )

One of the most prom sing methods for classification of documents by major
category (su. h as typed page and continuous-to.ie image) is the use of spatial frequency iden-
tificatior n. It wa s postulated that typed pages would have quite regular row and column
featur es which would be identit ’iable by provid iiig sums of brightness levels in the vertical
and hori,.annt .il page diiniensions. Sof’tware was formulated for this data acquisition , and a

- 
- numuher of ’ sam ples of the results of this test are included in appendix B of ’ this report .

IMPROVEE) IMAGE ANA LY SIS PROGR AM

• The presemit program for the acquisition ot’ image data for data base characteriza t ion
includes PcI Brightness Stat ist ic s l’BS). F irst-Diffe rence Statistics (EDS), horizontal Spat ial
frequency Identification (SF! 11 ). and vertical Spatial Frequency Identification (SFI

~
). In view
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of t he fact that it is contemplated that tip to a thousand pages may he acquired for the data
base, it is important that the program for analysis and preparation of ’ stat istics including the
generation of hard copies be minimized to the greatest exte n t possible. The software for this
function has been streamlined to provide higher throughput and better output format. The
new program will accommodate data from either tape or the solid-state memory and has the
ability to perform the analysis on selected portions of an image area.

IMPROVED MEANDER ANALYSIS PROGRAM
Meander ana lysis is a generalized form of run length analysis which may include pels

t’rom more than one line in a single run. When executed in software , this procedure is time
consuming. A previous meander analysis program was modified to utilize the increased size
of fast-access storage and realize a savings in execution time of about 30~ .

4
IMP ROVE D COMP RESSION R AT IO CAL CULATION

At the end of the generation of stat istics related to the various run lengths during a
compressibility analysis , it is desirable to perform the compression ratio calculation and
present the resulting statistics in meaningful and concise form. This modification to the
software greatly improved both the calculations arid the presentation of results.

BRIGHTNESS TRANSFER FUNCTION TABLE ROUTINE
A software routine was written to enable an operator to define a nonlinear brightness

transfe r function which couk~ he applied to stored image data. This tramisf e r function can he
used to emphasize or attenuate various features of ’ an image. For example , it is possible to
provide a very insensitive response region at the approximate brightness range of the docu-
ment substrate. Such an unresponsive zone ten 1s to mask blemishes within the paper, arti-
facts , or pemicil notes on otherwise cosmet ically acceptable image documents.

REAL-TIME KEYBOARD/JOYSTICK CONTROL OF DISPLAY HARDWARE
.~ssociated with the electrical and mechanical interface of the joystick accessory ,

there Wj s a requirement for software interaction with the joystick output to modify the
address structure for the displayed image. The software was modified to provide this feature.

IMPROVED STATISTICS MANIPULATION ROUTINE
— This improvem ent consists of upgrading the software to allow more useful operator

interaction and also provide better display of the resulting statistics.

SELECtIVE ThRESHOLD VERSATEC PRINTING
A software routine was written to provide a selectable threshold level for operating

upon a stored image to produce a single bilevel (black/white) image which could be presented
• to the Versatec pr inter for the generation of a hard-copy output. The operator has the pre-

rogative of selecting any one of the ô3 levels to define the threshold between the black and
w hite levels.
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DATA BASE IMAGE/STATISTICS CATALOG

Because of the size of the forthcoming data base, software was needed in order to
organize files, records , and tapes and for the storage of image and stat istical data for easy
retr ieval and characterization after acquisition. The data base has been set up to accommo-
date expansion of a number of documents in each of the 21 or more categories which we
expect to character ize.

NUMEROUS ICAS DIAGNOSTIC ROUTINES
The I(’AS system is going through a significant upgrading of hardware capability. For

this reason, as new entities are interfaced with the current equipment , a series of diagnostic
routines is usually necessary in order to absolutely confir m that the equipment is operating
as intended with the parent equipment. We also occasionally experience failures (mostly in
(lie memory modules) which cause errors in the cosmetic appearance of an image or result
in the failure of the software to perform its function. These quickly written diagnostic rou-
tines save many man-hours in localizing the fau lts,

EROS IMAG E DATA REFORM ATt ING ROUTINE
A request was recei~ed from another department w ithin NOSC to extract a portion

of an imnage from .i tape for f’uture analysis. A software program was written to accommo-
date this tas k . The image has been stored for further operation by the requesting department.

DOCUMENTATION PREPARED

THIRL) ANNUAL FORMAL REPORT
For the third year forma l anuiual re p()rt was prepared , covering the progress of the

program Lliiring f i sca l sea r  l9~
’7 . This 02’page document was approved by USPS and NOSC

for ptmhlic re lease . t o p i c s  s~en nailed to approximately 40 interested government agencies
amid r i d  ustr ies m m t he United State s . ( .unad a . and F.ngland

A DVANCED ILLUMINATION CORRECTION REPORT (A )

\ m m advanced ilhtimni nat ion correction report was generated to describe studies under-
t ,tkeii dur ing tIsL .I l sea r ‘S on the subject of illumination correction and system noise.
It i~ c.a iitai mmcd i i i  this report as appendix A -

DOCUMENT DATA BASE INITIATED
One of the most important events of this reporting period was the formulation of a

data base hiera rchy and classification system for the tJSPS imaging stud y. The data base has
been divided into 2 1 categories and efforts are underway to accumulate at least 10 typical
image documents in each of ’ them. Seventy-seven documents in 13 categories have been

• accumulated , and digitized images of them have been stored on tapes. A subset of 20 such
doeuments has been analy7cd for pel brightness statistics and horizontal and vertical spatial
frequency characteristics.

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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NOSC responded to this request with a list of ’ test equipment adequate to support the USPS
program act ivities at NOSC without the use of NOSC test equipment. USPS accepted the
reconimendat ion and procured the test equipment , which is now at NOSC.

PROPOSAL EVALUATION
During the reporting period the USPS requested engimiecring assistance , at Rockville

headquarters , for the evaluation of proposals received on the Laboratory Image Exploitation
System. This support service was furnished by NOSC.

FAIRCHILD DESIGN REVIEW TECHNICAL ASSISTANCE
During the reporting period Fairchild was completing the fabrication and test of the

USPS scanner equipment at Syosset , NY. The NOSC engineering team participated in a
number of design reviews and performance evaluation and acceptance test demonstrations
throughout the year.

SHORT HISTORY
In October 1q74 the USPS amid NOSC (t hen NELC) enter ed an agreement in which

NFLC , primarily the Display Division (Code 3100), agreed to l)rovide technical support for
one year for t he development of scanning technology for the very advanced EMS system.
Because of mutual coincidence of goals in image acquisition , processing, storage display,
and compression , the LISPS and NOSC have continued with imiteragency agreememits to the
present.

During the first year endimig October l~
)7

~ a survey amid characterization of imaging
devices , off-the-shelf lenses, and available illuniination sources was completed. A small drum
test bed (SDTD) was designed arid fabricated .

A transistor-transistor-logic (TTL) 4~-bit mimlicommiputer using Intel 3000 series two-
hit-slice devices was designed and fabricated . This was given time name Memory Control Unit
(MCU) because its principal funct ion was formatting and imm t e rf ~iciiig data between a ( FF
tape deck , a Tektronix terminal , a 65 536-word (4S-hit words ) mnenmory unit (MU). amid the
input scanners tinder test.

A 24-bit emitter-coup led-logic (ECL) equipment was also designed and fabricated .
This unit contains 64 each 24-hit word s of ECL random-access memory (RAM) amid an FCL
adder for A plus B (or mmiemory contents ) sums. Time general purpose format of the unit has
not yet been exploited , since it was used initially for time accumulation of pcI brightness sta-
tistics (PBS) histograms at a 21-megape l-per-secomid rate. Some simple experiments in edge
enhancement and nonlinear video amplitude partitioning were completed during this first-
year period.

During the second year ending October 1976 a large drum test bed ( LDTB) was tabr i-
cated. The new drum has a circumference of 40.96 inches , which is compatible with the
819 2-count shaft encoder and dimensionally identical to the liSPS paper-handling equip-
niemit designed by Pitney Bowes. The illumination source for the miew test bed uses Sylvania
slit-aperture tluorescent lamps rather than the I 500-W quartz iodide incandescent source.
The lamps were procured with phosphors having special spectral emissions which compen-

• sated t’or the low responsivity of the CCD in time blue region. Test and evaluation of candi-
date imagers was continued. By the end of the 1976 progra m ti me following imaging devices
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had been evaluated : Reticon R L-512B. Fairchild CCD- IOO and CCD-121, RCA S1D 5 1232 ,
and GE 244X L88 SID. A software program was written for the MCU which provided a first-
order illumination correction procedure for the digitized scanner video. Second-generation
CCD driver hoards were designed and installed. The ECL microprocesso r capability was
expanded not only to include PBS but to add first-d iff’erence statistics (FDS) and run length
statistics (RLS). The equipment now has the nomenclature of Digital Image Analyzer (DIA).
Numerous runs of statistics were made and the results included in the annual report .

During this year a contract was awarded to RCA Princeton Laboratories for the
design of a prototype time delay arid integra t ion (TDI) iniager.

‘Fhe year ending October 1977 encompassed considerable activity in upgrading the
1(’AS. Planning was initiated for arm increase in memory capacity from one memory niodule
of 64k words by 48 hits to a total of eight such m odules. This capacity is sufficient to con-
tain a digitized version of a full 1 700 -by-2200-pel (8½-by-I I-inch) document page quan-
tized at ~ hits per pci. The seven additional memory modules were ordered and the design
of new electronic circuitry was started. This equipment is the Memory Interface Unit (MIU),
which controls .ICecss to from memory and its high-speed users such as the display, the MCU,
and the Personality Uhassis. The P(’ was developed also during this time frame. its func-
tion is to accept data from scantier systems at high speed in a wide variety of formats , pack
the 6-bit pci data into 48-hit word s, and formulate sequential (and special) address locations
for storage of time digitized video data streams. The niaximum accommodated speed planned
to date is four parallel ports , each providing 6-hit digitized pci data at a 21-megapei-per-
second data rate ( 504 megabits per second total).

Remotely controllable gain and level circuits were added to the four channels of ICAS
input . These are controllable through an IEEE-488 interface bus.

The GEF Bright tape transport was replaced wit h two Kenmiedy tape transports.
A ~-e rsaIee I 200,% primiter/ p lotter was added to the ICAS for hard copy. The GFE Tektronix
4023 terminal was rep laced b a nmodel 405 1 version.

The syste m so ftware was greatly improved during this period. Programs were devel-
ope d to generate nmeander compression analysis routines , digital adaptive th reshold verifica-
tions of time Fairchild arma -g equivalent algorithm, and numerous tape format convers ions
affordinr compatibility w ith time Image Processing Institute at USC and terminals at RCA
Camden . —
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APPENDIX A: ADVANCED ILLUMINATION CORRECTION

Background — Sources of Nonuniform~_~y.~
Several sources of nonuniformity of response are inherent in the

conventiona l image acquisition process. Three are considered in this
report.

1. The geometry of the optical scanning system generates an illumin a-
tion error proportional to the fourth power of the lens acceptance angle 0.
(See fig Al and refer to First Annual Report Advanced Mail Systems Scan-
ner Technology , NELC TR 1965, 22 October 1975.) The effects of the
cosine-fourth error can be calculated and plotted as shown in curve A of
figure A2.

91N 
~ 

CoSO LENS

-.~~—-— copy
j ,)

Figure Al. Cosine-fourth geometry.
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Figure A2. Intensity profile.
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The cosine-fourth error causes a loss of illumination level proportional
to the di stance from the cen ter of the op t i cal ax i s .

2. There are differences in sensitivity of imager photosites and
CCD charge transport ineff ic iencies. The fine structure in curves B and
C of figure A2 i s at tr ibute d to th i s class of nonuni form i ty plus  no i se .

3. An additional droop in illumination intensity is caused by the
l ig ht source it self .

An i l l u m i n a ti on correct i on al gorithm has been developed which
attempts to correct all these adverse effects and pro duce a more fa i t h-
ful reproduction of the original document. A calibration measurement is
made of the to tal system t ransfer  f unc ti on by use of the mos t un i form
w h i t e  ma teri al ava i la b le . The al gor ith m uses th i s measurement  to eff ect
the best possible correction of image data .

The Correction Al gor i thm

The illumination correction algorithm operates in machine -level
software and can be appl i ed to images stored in a solid-state frame-store
memory or on magnetic tape. The fi rst step i n t he correct i on process is
to capture the white standard , generate the set of calibration values ,
and store the values in a table. The second step is to correct each image
pel by extrac t in g the ca l i bra t i on va l ue corres pon d in g to it s pos iti on on
the scan l i n e  an d per formin g a mul t ip l i ca ti on . S i nce the al gor i thm i s
inten ded to operate in hardwa re at real-time video rates , a table lookup
is substituted for the ..ulculations.

Figure ~43 describes the correction algorithm schematically as simu-
late d on the Image -Capture & Analysis System (ICAS ) developed at NOSC for
the USPS . (Refer to Rea l Time Digita l Correction of Acquisition Errors
Appl i ed to Solid State Scanners , by TR Little , Proceedings of the SPIE ,

— vol 119 , 25, 26 August 1977.) First, table I is filled in the process
of capturing the white standard and table II is computed or loaded into
memo ry froti magnetic tape. During a correction , a l i ne pos i t ion in dex
counter runs in sync with the incoming video . A calibration value is
read from table 1 at each pel time , concatenated with the video sample
and used as air addrt~ss for access to table II. In the ICAS , each 48-bit
nemory word is used to store eight corrected pel va l ues . The upper bits
of the address (variable; ie , the bit precision of table I) select a
memory word containing eight corrected pel values and the l ower three bits
select the appropriate mask. Table II contains the complete multiplica-
tion table for all possible combinations of input video and calibration
value.
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TABLE II

IMAGE VIDEO PEL IN = 66 k 48 BIT MEMORY WORD

WORD

TABLE I ADDRESS 7 0

CALIBRATION VALUE MSB 
LSB

LINE 1 Ii 7 2 O I6 I6J ADDRE SS
POSITION 2 __________ R EGISTER ‘

COUNTER 
10 1 — I—

~~~~ 
48B ITREG ISTER 1I BITS 0 0 0 0 0 0 0 0 0 U 0 0 0 0 7 7

0 0 0 0 0 0 0 0 0 0 0 0 7 7 0 0
0 0 0 0 0 0 0 0 0 0 7 7 0 0 0 0

1726 0 0 0 0 0 0 0 0 7 7 0 0 0 0 0 0
1727 _ MASK 

0 0 0 0 0 0 7 7 0 0 0 0 0 0 0 0

SE ECT 0 0 0 0 7 7 0 0 0 0 0 0 0 0 0 0L 
~ o o f~~J o o o o o o o o o o o o

7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0

CORRECTED PEL OUT

Fi gure A3. Correction algorithm.

Accomplishments Within Reporting Period

Al though the al gor ithm works well to first order , deta i le d i nvesti-
gations in the reporting period uncovered a number of areas in which
second-order improvements can be made . These problem areas are discussed
below and some tentative methods for dealing with them are presented .

Problem Area 1—Average Background Level

An observe d cha rac ter i stic of the correct ion a lgor i thm is that the
overall back ground level is increased a small amount after correction. If
i t is determined that true grey scale images must be reproduced accurately
wi th a m u l t i l evel out put pr i nter , then a modification to the algorithm
w i l l  be necessar y.

The avera ge background l evel , before and after correction , has been
examine d to determine the extent of the error. Preliminary data have
shown that the background l evel can be increased by several levels , and
that the amount of the increase is not constant. These data were obtained
by capturing and correcting three images categorized by low , medium , and
high contrast.* Table Al summiarizes the results ,

*Contrast is also referred to as hig h (black/white), medium (black/
grey), and low (grey/grey).
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Table Al , Effect of correction on background level .

Backgroun d Level

Contrast Uncorrected Corrected

hi gh 46 50 4

med i um 37 39 2

low 18 19 1

A modification to the algorithm is suggested which would add a
subtractive term to the equation as a function of input pel value . This
could be accomp lished in one of two ways : (1) include a separate subtract
function in the data path; or (2) include the effect in the generation of
the entries in table II (fig A3).

An anal ytical calculation was performed and a different cause of the
problem was identified . The equation which is solved for each input
image pel value can be expressed by

P = -
~~
-
~
-

~~~~
- p . (Al)

ou t . in ,

where

= corrected pel out

= input pel

I = line position index

PW = whi te  st andar d pel va lue

= number of white standard lines summed

In the simplest case , in which =1 , th i s  reduces to

~out .~ 
= . (A2 )

Clearly, if PW = 63 (the maximum value) , the in put value is not changed
by the correction . This is the desired condition in the center of the
image where none of the errors previo usly described should be significant.
If , however , the center portion of the wh i te standard curve does not

• approach the maximum value , then the average background l evel of the image
will be increased by the correction . In order to test this hypothesis ,
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three similar typed pages were scanned which had different contrast
ratios . An illumination profile was plotted in an area of each image
which was all background . Each plot represents a 16-line summation
through that area . These plots are reproduced in figure A4 (A - C) for
high- , medium- , and low-contrast images . Intensity values picked off
these curves at three different pel positions are summarized in table
A2. The relative brightness values read from the curves have beer. con-
verted to absolute bri ghtness values in table A3 . The fourth entry in
tables A2 and A3 is the white standard value at the same pel positions
(fig A5).

Table A2. Relative intensity from illumi nation profile curves.

Pel __________ 

Contrast 
___________ White

Position Low Medium High Standard

216 0.25 0.51 0.63 0.79

648 0.28 0.58 0.75 0.92 
—

1080 0.30 0.60 0.80 0.96

The absolu te intensity values of table A3 are calculated by multi-
plying the relative intensity values (table A2) by 63 (the maximum
va l ue) -

Table A3. Absolute intensity values — uncorrected .

Pel __________ 

Contrast 
___________ White

Posi ti on 
— 

Low Me di um High Stan dar d

216 16 32 40 50

648 18 37 47 58

1080 19 38 50 60

Inc effects of the correction algorithm may be calculated by
solv ing equation (A2) for the corrected pels from the values of table
A3. The results of this operation are listed in table A4 along with the
differences between the corrected and uncorrected pel va l ues.
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Table A4. Corrected pel values — calculated.

Pel 
— 

Contrast 
_______ _____ White

Position Low A Medium A High ~ Standard

2 16 10 4 40 8 50 10 50

648 20 2 40 3 51 4 58

1080 
- 

20 1 40 2 53 3 60

Two features of these results are of interest: (1) The correction
process does f l a t t en  the back groun d bri ghtness level across the scan l i n e ;
an d (2) in all cases, the maximum background level is increased , This
agrees closel y wi th previous data shown i n tab le  Al .

If  i t  i s det erm ine d tha t  the avera ge back groun d level must not be
i ncrease d by the correc tion al go r i t h m , then a mod i fi ca t ion  to the har d-
ware or procedure is required. From equation (A2), if the white pel (PW)
va l ue near the peak of the whi te stan dar d curve is force d to be equal to
the maximum va l ue (63), then the equa tion reduces to the t ri v i a l  but de-
sired case of rout = p in ’

This could be accomplished in one of two ways . The easiest is to
assure that the acquisition system is set up to just saturate the scanner
an d AID dynam i c ran ge dur i ng ca pture of t he wh i te stan dar d. This  may be
un desirable, howeve r , since the f ine  struc ture i n the i l l u m i na ti on curve
woul d be lost.

An al ternative is to capture the white standa rd slightly below the
max i mum va lue  an d a dd a l i nea r offse t  to a pp roach the des i re d level . This
a pp roa ch was tes ted on the previous  da ta by modif yi ng t he correc tion
equation to include a linear offset of +3 levels. The equation becomes

rout 
= 

PW+ 3 ~in

The p rev i ous correct ion ca l cu l a ti ons were repeate d w i t h  equat ion
(A3) and resulted in table A5 .

Ta b le A5. Correcte d pel values  — modif ied .

Pel Contras t 
______ — White

Position Low A Med i um A High A Standard

216 19 3 38 6 48 8 53

648 19 1 38 1 49 2 61

1080 19 0 38 0 50 0 63
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It is clear that at pel position 1080, where the illumination peak
occurs , no background level change occurs . Also , the unifo rmi ty of the
corrected background level is maintained and may be even better than
befo re

In a realized EMS image acquisition system this calculation could
easily be performed by the control computer as part of the calibration
and setup procedure .

Problem Area 2—O dd/Even Response Considerations and
Correction Effects

a. Problem Discussion. A great deal of interest has been ex-
pressed in a certain characteristic of imaging devices which use more
than one output CCD shift register. A potential problem exists when
the charge transfer efficiencies of the different output paths are not
equal. This is especially true in a device like the Fairchild CCD121H ,
in which the two output registers are multipl exed to a single output
pin. In this case , provision is not made to adequately trim the dri ve
voltages and clocks to balance the outputs.

In order to gain increased understanding of the odd/even problem ,
a new technique has been devised and programed on the ICAS . For a
selected scan line in a white standard image , the difference between
each odd numbered pel and its previous even neighbor was plotted . These
data clearly show that the odd pel outputs are slightly below the even
pel out puts . The difference plots are shown in figure A6. The RMS value
of the differences was calculated to be

/ 2 2 1/2
( ( 2)( +1) 2 + (150 )( - i )  + ( 4 ) ( - 2 )  

= 1 037752 + 1 5 0 + 4

an d the mean va lue  is

(~ft~j j +  ( 150)(- l)  + (4 ) ( -2 )  
= 
-156 

= -1 02 + 1 5 0 + 4  156

Since this method removes most of the illumi nation effects from the
data , the errors represented are due to time-dependent white noise and
nonuniformi ties in imager response.

I
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b. Correction Effects. The odd/even test was repeated an addi-
tiona l five times on corricted images to determi ne the effects on
corr ec ti on bit precision (f ig A? - A l l ) .  The occurrence of odd /even
differences is listed in table A6 along with the uncorrected data .
The mean and RMS values are summarized in table A7.

Table A6. Occurrence of odd/even pel differences .

Corrected

Uncorrected 6-bi t 7-bit 8-bit 9-bit 10-bit

+3 0 1 1 0 0 0

+2 0 54 22 6 4 1

+1 2 24 115 116 121 115

0 708 736 658 669 661 668

— l 150 1 39 56 65 71
_ 2 r 

4 48 29 17 13 9

Table A 7. Odd/ even difference summa ry .

Odd/ Even _______ 

Corrected 
________

Error Uncorrected 6-bit 7-bit r8_ bit 9-bit 10—bit

Mean -1.0 0.297 0.316 0.195 0.187 0.143
~~~~~~~~~~~~~~~~~~~~~~~

4--.- -—
~~~~~~~

-----_ -
~~~~~~~~~~~~~~~~ 

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

RMS
J 

1.038 1.858 1.335 { 1..164 1:119 1.074

These data i nd i ca te that increasing the bit precision of the correction
defini tely decreases the noise l evel in the image data . At this time ,
however , there is no way to determine whether the odd/even noise or the
time-dependent white noise is being affected. Furthe r tests must be done
to separate these two phenomena .

.
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Problem Area 3 -- - Whi te Standard Uniformity

In previous work the acqu isit ion of the wh ite standa rd calibration
curve was accomplished by scanning a target coated with barium sulfate
(BaSO4). This material was chosen because it has higher refl ectance
than any paper product and therefore could be used to estab l ish maximum
brightness level . It was also a convenient source for the whi te standard
ca librdtion curve used by the il lumination correction algorithm. Un-
fortunately , however , all that the BaSO 4 target is suitable for is
establishing a max i mum white level . Ano ther ma ter ial w it h more un iform
re f le ctance mus t be foun d to esta b l i sh a standard refe rence for the
i l lumination correction algorithm. A better material has been shown to
be an unexposed sheet of glossy photographic paper. Although not so
ref lect ive as BaSO 4 ,  photographic pa per is superior to BaSO4 wi th  respect
to s u r f a c e  u n i f o r m i t y .

P roblem Area 4 - 
- ~etu~~Pr oce du res

In order to take advantage of the uniformity of an improved white
standa rd , a new calibration and setup procedure must be devised. At
least two candidates are under consideration and one of these is currently
being used . T he required character is t ics  of both include establ ishing a
maximum white level which is whiter than any possible input document ,
and qrne ru ting the most accurate calibration curve possible to be used
by the il~ ~ inat iOn cor rec t ion  a lgor i thm.

a. I w -Tar9et  ‘lethod. In the two-target method , th e BaS O4 standard
is u~ed tu establis n the maximum white level as previously implemented .
In ger -~~ti r i~: the calibration curve, however , white photographic paper
is sub~tit t~~i f~~- th e BaSQ 4 . In this step,  a cleaner whi te  standard
L i rv r  is pro I-iced but at l ower amp litude. This problem can be overcome
eiteer by addin q an ap rop late linear offset to the calibration curve or
by tempo r -~r i l v  incredsir l j  the light i n t e n s i t y  during the acquisi t ion of
the ca l i br i t i on  curve .

b. Neutra l Filter Method. In the neutra l fi lter method , the white
photographic paper is used for both setup steps . The maximum wh ite level
is ‘- -i rst established and then the calibration curve is acquired . All
subsequent captures of image data are performed wi th a neutral density
filter such that no image pel can exceed the value of the white calibra-
tion curve . T h is assures  tha t a l l  i ma ges are ca p ture d at a l ower b r ig h t-
ness than the white standard and thereby eliminates illegal corrected
pel values . This method is currently being used for ICAS image data base
acquisition and is operating satisfactorily.

I
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F u t u r e_ P l a n s

Five modifications can be made to the equipmen t which w i l l  improve
the performance of the il lumination correction process. These modi-
fications may not all be necessary to achieve a satisfactory degree of
correction of the acquired image for display , da ta com pression , and
printing. These are di scusse d i n the fo l low i n g para gra phs more or less
in order of decreasing priority .

Wh ite Standar~~~~ fp1mi t

No co rrec t ion can be ma de to the image res ponse p ro fi le  unless
performance of the system with a target of known reflectance character-
istics can be repeatably measured. For ease in calculating sys tem
response, this standard should also have extremely good unifor iiiity and
efficiency of reflectance wnen scanned at high resolution wit h incident
illumination having spectral content lying anywhere in the visib le color
spectrum. Tue Eastman type 6080 White Reflectance Coating (BaSO4) has
about 99.1~ to 99. 4 reflectance across the v is ib le  spectrum .

Al though considerdb le care was taken in depositing the white stand-
ard ~ate rial on the ta rget platc as directed , some nonuniformi ty was
no tiLe~ . The major cause was cratering of the ~aS04 :-~su lting in
shadows noticeable at high resolution.

The photographic paper substitute now used has excellent uni formi ty
but has the disadvantage that its reflectance is lower than that of
BaSO4. This is now overcome by use of the neutra l density filters but
requires a higher illumination source or slower scanning speed . An
effort will be made to obtain a higher reflectance material with good
uniformity or to refine the process of applying the Eastma n BaSO4.

Pm~p1if ie r  Ir±~~c~
~oise and gain fluctuations in the video amplifier can cause serious

errors in the captured and digitized values of pel b r ig h tness Some
t.t~stS riavt: been run toat show reasonabl y good agreement betwe n two sets
of ig itized values of a line of captured image with the drum of the
LDTB l - ki i at rest. When the video amplifiers used in the Fairchild

Ld OI I t ~r (d~v~lopr J under (JSPS contract no. l04230-77-D-0463) are reduced
t~ . etc Iri ci r Lul t boards , versions of these circuits will be substituted
into the LDTB. Tests w i l l  be made to characterize the performance of severa l
amplifier configurations.

C l ock Dri ver Contro l

Ev ide nce o f the odd/ even pro b lem has been wel l  documente d i n the
preceding discussion. Bias voltages could be synchronously appl i ed to
the odd and/or even pulses to compensate for the differences , but this

• wou ld be difficult to regulate over the wide dynami c range of imager
response. The better way to control this problem is to sepa rate the
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d r i v i n g clock an d b ias vo l ta ges a pp l ied to the odd an d even channel s.
This a l lows  in d i v i dual a djus tmen t of amp l itud e an d level  of the two
sets of si gna ls  to pro duce uni form res ponse over a wid e ran ge of vi deo
outputs. New cloc k dri ver circuits , u s i n g t he bet ter techni ques of the
Fa i r c h i l d scanner , the RCA TOl clock driver, and p resen t N O SC clock
generator , wi l l  be used in the design of an improved c lock source wi th
separately controllable levels for odd and even transport registers .

Illumination _ F i l ter

At present , the reflected light received by the scanner from the
white standard image has approximatel y 30 droop at the edges of a docu-
ment page width. This is due to the finite length of the illumi nation
source an d dr um , the cosine-fourth geometry of the optical system (and
perhaps vignetting), and the decrease of light output from the slit-
aperture fl uorescent tubes in the vicinity of each end.

By experiment , a simple filter will be designed to attenuate the
light output of the center areas of the tubes until a reasonably flat
system response is obtained for the brightness values of the scanned
white standard . Care will be taken not to reduce the light output at
the tube ends so that the overall illumination efficiency will not be
l owered.

~jg~—Resol ution A ID Converter

The present i l luminat ion algorith m can u t i l i z e  a 10-bit  ( averaged)
value of a pel briqhtness in computing a correction value. However it
can only obtain a 6-bit value of the pel brightness uf the scanned test
uI~ge. It can be shown that a 6-b i t  number d iv ided by a 10-bit number
ha~ little if any ore signif fta nt certainty than the ori g inal 6—bit
number. If . f u r  instance , the odd/ even problem amp l i tude value is
approximatel y 0.5 l r -ve l  at 64 levels (which is the case), then a 7- or
8-bit A/D converter would show the variation as one or two levels. In
other words , an 8-bit test image value divided by an 8-bit standard
value can produce a correction of more significant accuracy than the
‘ six divided by ten version. Since the memory is designed to acquire
only 6-b i t  pels,  the 7- or 8-bit values would be rounded to 6 during
correction by the use of appropriate values in table II of the correction
algorithm.

The need for his modification is not conclusively known at this
time . Correction of the odd/even problem with the new driver and am-
plifier electronics may preclude the need for incorporation. Also , the
use of ~~:1oI th i ng  and/o r fi 1 ter algori thms may remove the objections
to odd/even pro blrII ~ as they affect comp ressibility.
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INTRODUCT ION
One of the main goals of the current NOSC/USPS program is the development of an

algorithm which will classify images into two or more types , such as typewritten/handwritten
and continuous tone. As part of this task , a data base will be generated consisting of approxi-
mately 200 images which will be digitized and stored on magnetic tape for analysis. This
report describes the procedure for acquiring the data base and the different categories of
images which will comprise it.

PURPOSE
It is the purpose of this task to develop an aigorithm which will allow the automatic

classification of images into two or more categories. To do this, a set of representative char-
acteristics will be obtained from image samples which are pregrouped into about 20 arbitrarily
chosen categories or types. These characteristics will be examined in order to find the ones
that differ sufficiently from one image type to another. Another part of the problem is to
determine how many distinct image types exist into which these images may be grouped.

DATA BASE DESCRIPTION
The data base (thus far ) is organized as approximately 20 classes of documents , eac h

class containing pos~ib1v 10 documents . The class descriptions are as follows:

01 Signed typed pages , no logo

02 Unsigned typed pages, no logo
03 Typed pages. black/white logo
04 Typed pages. color logo

05 Short typed pages . no logo
06 Handwritten pages

07 Carbon copies of typed pages

08 Onionskin original typed pages

09 Onionskin carbon co pies

10 I Ialftone reproductions
II I3Iack whit e photographs

1 2 Color photographs
13 Image standards
14 Forms - blank

I S Forms filled out
16 Engineering drawings

I 7 Multilevel/multicolor circulars
I 8 Typed envelopes
l~

) Handwritten envelopes
20 Typed window envelopes
2 1 Address markup envelopes
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As image samp les are added to each document class , they are given a class number
followed by a sequence number; eg. 01-03 would be assigned to the third document in class
I, which is signed typed pages, with no logo. A set of about 200 documents from a test deck
prepared by Fairchild Imaging Systems has been added to this data base . .Some of the test
results from the zinal’,-s is of these are shown in this append ix .

PRELIMINARY EVA LUATION CHARACTERISTICS

Ilie ultimate number of image c l iaracie r is t  ic’s e\a lnine d will he de terniined by the inter-
mediate iesu t is  of this investi gat ion. Fhat Is . a f ter  a set of s i . i i l s t ics  or c } ia rac ie i i s t i c s  has

been examined , it iua becom e apparent that still different characteristics need to be inves-
tigated. If this is the case , the images in the data base will be analyzed again with respect to
the new characte ristiet st Af ter  a miumber of i terations , it is planned that an algorithm can be
forim~ ited to determine b’. use of ,i minimal set of eva luat ion characteristic s which of at

least two di f f e rent categori es the images tall into.
\s an examp le of this procedure. the t is t se t of s ta t i s t i c s  that will be examined is the

pcI brightness ‘a,i 1st cs PBS lhe PBS should contain certa in identilv ing features that xviIi
help in separa m lug pm man ly bilevel images from eomit imit io t is— t on e photographs . Examples o1
ideal PBS h st ~~‘; .i ins r bilevel and cont inuous—t me i mu , t ge s are shown in figures III and B2.

FiguR~ Ill eoiitaiils a m odel PBS lustugi .ini for a t ypew mm t ten page 1 lere. curv e A
represents the st a t 1st cs of pels occurring at m ore or less random brightness le s e ls due to the
na ture of pels fal l ing on el i i r , ic ic i  edges ( iirvc B is a measure t but li the average reflectance
cve l of the ink om i the page amid the to ta l  inca ot  the paper cos e m cd 1w ink . (‘ tm rv e ( is the

aver age ~s hit c level of the paper back groiiiid -

Figure 132 shows a p ~s~ible continuous—tone PBS histogram. It the im age is composed
ut \e r\  many edges a curve \ will be generate d like that  i i i  figure Ri - ‘ts compared to ~i
typewr i t ten p igc. ,i pht tugraph s expected to coiii.iin mostly inte rmediate grey or dark area s .

resu lting in a li st gr.lln of the same ge ic~ .il shape as curse I).
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The statistics obtained t’rom the first pass through the image data base will be
analyzed in an attempt to exploit the ditTerences in the PBS in order to establish at least
the two classes of images: bilevel versus continuous tone.

Another set of statistics will be obtained by use of a spatial feature identification
algorithm. This algorithm computes the cumulative brightness of each line in an image by
summing the individual pci brightness values across the line. An example of this is shown in
figure B3. Each of the six characters in this figure was divided into a matrix of areas corre-
sponding to 5-mu spot sizes on actual typewritten material scanned at 200 pels per inch.

Assuming that this image is black and white only (I hit per pcI). the pels are counted
across each line and the sum is plotted on the right side of the figure. expressed as a per-
centage of the total number of ’ pels per line. If this array of ’ sums is then examined by spec-
truni analysis techniques . two predominant spatial frequency components will be seen. One
is related to t he spacing of the typewritten lines tF 1 I and the other to the horizontal line
structure spacing within the characters on a line (F2

Figure 134 is the result of applying this algorithm to an actual digitized image. l’his
image was digitized to 6 bits per pci and the 6-bit numbers were summed across each line to
obtain the relative brightness slims. The result is clearly consistent with the model shown in
figure B3.

It is t’elt t hat the relative brightness sums for non—typewritten images will he sut’t’i—
ciently different from t hose t’or typewritten images t hat , by looking f’or a Iew key spatial
frequencies in the data , a determination can he made as to the category of an image . ty pe-
wr itten versus non-typewritten.

PROCEDURE
The document data base may be considered to be a three-dimensional matrix , the

t hree axes being document class , document sample . and evaluation characteristic. A lso , eac h
point within this matrix is a set of numbers comprising one particular evaluation characteris-
tic or image statistic. Thus, wit h 20 classes . 10 documents per class , and five or six evaluation
characteristic s , the document data base will become rather large in terms of the volume of
data to be stored for analysis.

It is not practical to consider storing each and every image that is digitized in both
raw (uncorrected ) and illumination-corrected form. However , for the first several images
analyzed, the raw image has been stored on tape.

As images are scanned and analyzed , the statistics are stored on magnetic tape in the
order in which they are acquired wit hout regard to special ordering. A separate off-line data
base catalog program is used to keep track of the location of the statistics. This catalog may
then be searched automatica lly in any of a number of different ways. For example , the cata-
log may be searched for all statistics gat hered on one particular image. The program then out-
puts t he evaluation characteristics , tape number , and file number for all statistics gathered for
that image .

To begin acquiring the data base , preliminary evaluation characterist ics were chosen
and all t he images currently in the data base were scanned and analyzed with respect to the
selected characteristics. This process will he repeated with new test image characteristics.
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Figure B7 i5 almost identical to f igure 136 except f’or the muc h darker impression of
the typewriter keystrokes. The differen ces between figures (36 and (47 are only evident in
the amplitude of the horitontal and vertical SF1 wavet’orms, By the criteria that components
of SFIh and SFl

~ 
which represent columns and rows of’ typed characters and the representa-

tive PBS bilevel histograms are present , this image also would he classil’ied f’or thresholding
and as a candidate f o r  OCR processing.

It should be noted here that the amplitude of the vertical and horizontal spatial
resolution responses can be aff’ected by skewing ot’ the paper. Horizontal and vert ical spatial
frequency characteristics will be much less pronounced when skewed lines of typing are en-
countered. Deskewing algorithms are often used to prepare digiti zed typed pages l’on optical
character recognition (OCR). The use of such an algorithm would also improve the SF1
responses at the same time.

Figures B8 and Bt) are representatis c of ’ another class of image documents , typed
pages with signature and black and white logo. Throughout the typing portion. the same
charact e ristics apply which were seen in figures (36 amid B7: however . the logo does present
some modif ’ication to the characteristics of the image.

Since both these figures support the criteria of a pronounced SFl~. SFIh. and hilevel
PBS histograms . botn documents would he submitted for threshold scannmm ig at the maim i
scanner station and for OCR processing.

Figures 1310 and ( 3 1 1  are from another class of documents having color logos. In the
case ot’ figure B 10. this logo is in the form of flags surrounding the perimeter of the docu-
ment In t he areas of typing the vertical spatial frequency response is quite pronoumiced . prob-
ably because of the excellent alignment of ’ the image document on the scanning drum. The
SF111 response is noi near ly as pn’nounced and probahl~ would miot pass .iii automatic tes t
for 1: ped page Sl

~
’lh c haracterist ics .

1hc PBS histogram contains grey scale information f’rom the var ious reflection den—
s i t  L’S of the colored flags around the border and theret’ore tends to mask the characteristic
hilevel to rm of the histogram which accompanies a normal typed page Failing to pass two
ot ’ the t hree required parameters l’or O(’R submission . figure (310 would riot be accepted .
Figure 131 I , however , appears to have all the necessary characteristics and undoubtedl y would
be submitted for O( R processing.

I- igure ill 2 is a l.. idwn itten letter wri t ten with ball—point pen. It has some of the
elem ents  of S f l ~ amid PBS histogram of the proper t’ormat but lack s Sl:Ih and would h o t  he
subm it ted for OCR proce~sing.

f igure (31 3 i s  a black and white photograph of a large circuit ho.ird - ‘(‘his image does
not p.uss an’. of t he crite ria ton hileve1 or OCR rccogn mtiom i c lassi f icat ion. It does . hosves’e r .
show that somule fi ne det a i l  in photographs of man—made objects of this type may produce
the proper c h,irac tcnisl ies ~I SF1 and even PBS which would allow the document to he sub-
milled Ii In hu es ci i i i i eu m ig  and even OCR processing.

f igure 1414 eon) uris t he Il-FE facsimile test chart , which combines bilevel amid
continuous -tone im igt’r\ - The PBS histogram meets some of ’ the characteristics of ’ a bilevel
image Ihe d.tl ,u also indic .ute the presence of lines ut information in certa in areas of the
SI- I,~ - hi ‘we t er. the amount of irregularity in the document would undoubtedly cause it to
he retec ted from hilcs’ t’l scanning and heimig tested for OCR readability.

I- ig lurc H IS is an uncom pleted form printed omu dark green paper with black ink. Row
and co lumn lines iii the It  nm produce sery strong perturbations in the SF1 plots but do not
have t h e  spat i i i  ch.iracteristics of tv p im ig The (hark green substrate causes the PBS histogram
lii exhibit .i peak a I , i t i  i i i level 25 and to contain a peak of the ink response at around level 8
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This image ~s a good candidate for thresholding since there is no evidence of continuous-
tone imagery due to the regularity of the SF! responses. A document of this type would not
be a candidate for OCR scanning. The same comments m a y  be applied to figure B16.

Figure B17 is an image made on the Versatec Electrostatic Plotter. This form shows
a goad deal of regularity in the SF! but does not provide the usual typed page profile in the
PBS histogram because of the fine resolution of the imagery , Therefore, this document
would be classified to be scanned at full PBS amplitude resolution.

Figure BI 8 is a full-page Newsweek advertisement which contains black , yellow , and
red ink on white paper. This image passes essentially none of tile t hree criteria f’or threshold-
ing or subm ission t’or OCR and therefore would he scanned at t’ulI resolution,

Figures Bl9 t hrough B26 contain a series of interesting results obtained from a set of
test documents prepared by Fairchild Imaging Systems in Syosset, New York. One of the
objectives in preparing the test document set was to produce a wide range of samples having
varying print contrast ratios (PCRs). This entailed having a series of white bond pages on
which the reflection density of ’ the ink gradually increased , thus reducing the PCR. This
portion of the document set was ~roduced b~’ a printing company which prepared an ol’fset
master and ran a series of pages with a gradually decreasing ink supply so tilat the typed data
became increasingly fainter. The pages were identified by a sequence nu mber , and the ret’Iec-
tion density of the ink and bond paper at intervals throughout the deck was determined.
Four hundred equa lly spaced samples in the range from maximum to 0.3 PCR were selected ,
The document number appears at the bottom left corner of each document, Documents
shown in this series arc numbers 0(148). 0(456). 0(820). and 0( 1 208). The PCRs of these
images are 0.788. 0.674. 0.514, 0.152, respective ly.

Two sets of data are shown for each of these four images. Each of the four images
was acquired only once. One of the sets of SF1 data and PBS represents data from the un-
corrected imace, ‘ftc second version of eac h of the l’our images relates to data which have
been through the i roce~ of ilIum inatiomi correction.

Figures BI~
) and 1320 represent t h e  uncorrected and corrected data , respectively , for

image number 0( 1451. This is the page which has the darkest ink impression and there fore
the highest response in vertical and horizontal SFls of the document series shown here , These
two k’j tures may  he observed to decrease measurably througil tIle set of four samples sllown.
The PBS histogram c~ tends down to approximately level 8 because of the adequate supply of
ink , and the SI] curves s h o w  much activity and contrast. The dit ’t’erences between figures
Bl~

) and 1320 insofar as S1. l
~ 

is concerned are almost negligible. The SFlh curv e shows that
tile hright mi css res pomlsc acr oss the page has indeed flattened. The PBS histograms . however ,
appear quitc dift~’rent. 1herc is a rather jagged appearance to the histograms for the uncor-
rected image. Fi~~t i r~’ B20 , however , shows an almost classical PBS response for a typed page,
The brightness of tile substrate is grouped very concisely around level 5 1 . and the saddle of
the curv e leading to the major response of the ink at level I 2 is quite uniform.

Much lf the dispersion of the PBS in figure B 19 is due to the distribution of bright-
ness response across both the ink and the substrate with non-illumination-corrected images.

The pairs of mma~ics figures B2 I and 822 ) wIlicll pertain to image 0(456) still pro-
duce vert ical and horizontal SF1 and PBS histograms which would cause acceptance for bilevel
scanning and presentation to OCR equipment.

Figures 823 and B24 are the pair of results for image 0(820). In observing the PBS in
figure B24. it ms of ’ interest to note that the reflectance of the ink is now clustered around
level 23 . ‘File other response shown at around levels 9 and lO is  tile result of ’ the document

• numbering s$s t e m l) which is shown at the lower left portion of the original image. In the four
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characters (50(820)” t here is enough ink at high absorption blackness (since this was put on
with a fully inked stamp) to cause response shown at the lower brightness levels in the PBS.

The last pair of ’ figures. B25 and B26 . arc t’or document O( I 208). In figure B25 there
still exists suff icient component of ’ SFl

~ 
to allow c lassit ’ication of ’ the document as probably

typing. The SF111, however . does not contain a significant amount of’ evidence that the page
contains tYping. Also , t h e  PBS histogram shows a confusing bias which might be mistakenly
interpreted as the substrate background ( levels 32 to 51 ) and the ink at ground level 8 or 9.

By looking at figure B26 . the PBS can be correctly interpreted. The ink reflectance
level is approximately 37 and the substratc brightness level is approximately 49 . The peak
at approximately level 9 is due to the overimpresSion of the serial number of ’ the document
0( 1 208).

It can be seen that illumination correction appreciably improves the chances of prop-
erly interpreting the PBS by providing more uniform response from the substrate and the ink.
Because of the lack of an SF1 component of ’ adequate amplitude and the confusing double
hump in the pet brightness histogram, this image would probably not he detected as a hilev~l
image (‘or presentation to the OCR equipment .

The results of’ the preceding discussion indicate that there is a good possibility that
certain classification features already included in the analysis are strong candidates to provide
a decision process as to the nature of the document under consideration. SF1 in the horizon-
tal direction (across a page) ind icates typing when there are 10 or 12 characters per inch,
which results in 20 or 16.67 pels per character. At 21 n~egapcls per second per channel, the
horizontal spatial frequency component lies between 4.2 X IO~ and 5.04 X 106 characters
per second . A simple filter identif ’ying the presence of SFl1~ at or approximately around
these t’requencics should indicate that the document is a strong candidate for hilevel acquisi-
tion and a candidate (‘or potential OCR character recognition.

i’he spatial trequemic v idcntit ’ication in the vertical direction can be detected by
examining sums of rows of data. The approximately six lines per inch in an IBM Selectric
l’ypcwriter equates to approximat e ly 33.3 lines per charac te r~ or . at a max imum rate of 20
pages per second, the rate of ’ tile SF!,,, signal is approximately 1 .44 X iO~ characters per
second,

The third parameter (‘or attempting to categorize typed pages is the PBS histogram.
There arc a considerable number of characteristics pertaining to the PBS histogram which
provide the necessary clues indicating the presence of bilevel information. The very nature
of hilevel information indicates that the data in the histogram should lie primarily in two
brightness zones . These brightness 7,ones on the histogram will he more pronounced it ’ the
data are illumination corrected or essential ly flat field illumination is provided as the docu-
ment is originally scanned. Also , in the absence of large logos t he brightest of ’ tile two peaks
of ’ hilevcl data will normal ly he the substrate (unless white ink is used on a dark substrate ) .
One would expect the ratio of substrate to ink to he roughly 25 to I . since the ink on image
numbers 024) 1 and 02-0 2 constitutes 4~ of the total page area.

Third. the pci brightness histogram should include a saddle point between tile two
sta tist ical entities representing the substrate and the ink. The depth of’ the excursion below
a tangent drawn across ti le two peaks to the saddle point is an indication of the cumulative
linear quantity of edges shown in tile image. In other words, this represents pels which in-
cluded both portions of ’ typing as we ll as substrate, providing a total integrated value lying
somewhere between the two hilevel brightness levels.

• Some thought has been given to an automatic algorithm I’or t he classification of the
pci brightness histogram into a go/no-go indicator for bilevel imagery . As yet this algorithm
has not been reduced to practice , but it soon wi ll he tested against images in the data base .
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Given that the two SFls and the PBS t’orni a subset of ’ c Iassif ~cat ion parameters , it is
of interest to tabulate the results of the data analysis thus far. Table BI represents the 21
images included in this appendix and the results which would be achieved if these three fea-
tures alone were used as classificatio n criteria for each document . The first column contains
the document number and the next column indicates tile class and type of image. This is
followed by the three columns 01’ pa ramet e rs . SFl~. SF111. and PBS . representing tile three
parameters voting toward a decision. In the PBS column , the indications are either BL for
bilevel or ML for multilevel , indicating which type of image is indicated by tile resulting

Table B I . Imagery analysis summary .

~~)c uit1ent No ( ) ass & lype SF ~ SF1 11 PBS t )ec isio ii Correct

02.01 
- 

I\ ped l’ae~’ , t isi~ued. NT 1 . O~~1T \‘es Yes Ut . , T II R (OC R’?) Yes
02-02 1~ ped f ’aei’ t usIC! IT.~d, N Logo - ‘t ’ I,’ s ‘i .‘~ UI . T}IR (OCR’? ( Yes

03~0l I vpcd P - I nsi~ued, B ~V I (I~~T I  St i’s Ste’1 BL THR (0(’R”) Yes
03.02 Is ) ) CUI  P, te~

’ , t iisu~ned , B W l.oeo St i’s ‘i i ’ s  RI.. TIIR (OCR’? ) Yes

04~0 I I peil I’,lci’ , I IlsiOled , ( ‘T U I o I I T I C T I  St i’!T \o \1 I Cnnl i ‘l one Yes
04-U . l’\ ped I’.~ci’ . I II’lIL ali’ It , (‘ollO I.OI~T T  St i’s St i’s RL 1’IIR I ()( R’? ) St i’s

06-0 1 IIaiid~ I i tcu ( ink)  St i’s No RI - (‘out lone St es

11— 0 1 U ~~ P i l l ! .  - ( Ii III Board \U  1 0 
\ I L I- \I) (ul It lone Yes

13—0 1 lInac .’ ~ tCIIIdaTds , l a s  (‘harl \o~ “Il U U~~ - \ l1 (‘out ‘I (liii’ St i’s

l4~I,) 1 1 1 0 1 1 . BLink I( ,Ii’i’II No \UU 13l_ (‘ (lilt [one St

I 54)) - ( -m l  (‘ Tlul pIeled ( Red Sta mp) N I  N T ?  B1’ (‘out Tone I St i’s

I (‘.0 1 - I ‘~~: I ) ?  .151 I l Ls , Ci  i t i ’~ Plot NI - N I ?  131. * (‘0111 Tone St i’s

“4 ) 1 I ! L I J I , j . ~~ 
( \ ‘~ (Ilk ‘ \ I J ) MIJ) IICOIII I St~’c No I ~~~~ - (‘out lot te I Yes

0( l4X ) 
- I ii’ - I - .1 I ‘I i’  St’ i” St I.’s BL TEIR (OCR’? ) Yes

04 14- ” I I . I I k I I I . 11  h i l L !  , (‘ UIrrCctc d St i’s - St ~‘s RI., TEIR (OCR? ) Yes

( N 4~~~iI I , i i ic ) i th )  l e t t e r  Yes St ‘~ BL THR (OCR?) Yes
0(456) I .iu~ 1 1 1 1 1 )  I c l i ’! . Corrected Ye ’1 Yes RI TIIR (OCR?) Yes

04 .5.?) ) I I , t I r e l i I l d  I i’iii’ ?  ‘ i i ’ s  St i ’s Bt. * TIIR (OCR’?) Yes
04 52 (11 Fairchild l.i’ t ict . (‘orr ec ted ‘ii ” St ’ i’s RI. T llR (OCR’? ) St ’ es

04 1 21) 5 I f ai rchild I C u d  Yes NIT RL (‘ont Tone No
( W I  ~O5 I I ,iirchild Letter . Correcte d Yi’~ N I  RI * Cmii Tone No
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histogranl. Asterisks are s ilosI n on the three columns of the chart w h it e  margina l decisions
could be ulisinterpreted )‘~ an algorithm, A t t  image such as a black and white photograph
havi ng ilO rit Ol1t ~ul and ve rt ical S F 1  par .unieters m uch like those i f vp iug and being generally
bitevel in nature Illighit he nlis iulterl) reted as a ty ped page . hv having eit ller the proper
spatial I’requeulcy content or aild PBS illS t OgI’ 1utll . It IS recognized t h at for alnlost ati~ cr i—
ten on we estab lishì it will be possible to Postulate an inlage which would def ’e1it t )FOPCF i’ la ss l—
t icat i o n. The colu m n Si’i’OIlil to the right in table B I i t i d ic a t e s  tile decisions as a result of
having used Ot lIV these three par 1ulneters I’or c lasst t ’ti ,it ion. Titi’ nile itis’ oked was the t’ollow—
ing: if  S1”I5, alld SF111 are present and PBS indicates hi leve ) . the decision is made to threshold
t he data and subunit as a ~‘aiiiiidate for OCR, l’he ahset ii’e of ’ any one of the tilree paranleterS
causes a vot e to  exploit the (‘till (‘1 hits of resolution and t rea t  the image as it it wer e  a

contiuluous-tone image . The last column on the right of ’ ta ble B I shows tile correctness of
the decision using only these three p ar am e t e rs . It indicates that in all eases e\cept in the
Faircilild letter image 0( I .2()S 1. both corrected and uncorrected . the decision was a proper
one. Image 0( 1 205 I SVTI5 a hili’ve l image and as such should has i’ been class i( ’ied (‘or thresh—
oldiil~ and canditiac~ (or O(’R scanninc.  However , because of the poor print contrast ratio

- (  
(0.1 ~ 2) .  the sFI 1~ antp litude wa s practically negligible and it ss as judged that an autolllat ic

detector to t ’ this (‘ea t  w e  migli t t i& ) t  reach i t s  threshold ,
i lowevet ’ . il l ~\atuIning I t t l a!1 ’ number 0 ( 1 208), it is ~x tremely douhttu l t hat a suc—

ccsst ’ul threshold operation could have been achieved on this image in the first place . and
per haps it wa s  a corre ct decision on the part of ’ t ile three—parameter algorithm to submit this
to (t i ll cont I t u l i o l l s—t I lI l i’  p1 ocess lng .11 the of (set.

‘The results of the t e s t s  so (a u’ indicate that theu’e ts  a great deal I ll  promise ill c lass if ’i—

cat Ion ol intact ’s w hich need o t t )~ to be thi’csholded and wh lcl’i may be caild idates (‘or further
com pression through Ot.’ R I uu’t h e r  stu dies on t his subjec t will he undertaken during t h e
cotutug sear ,

SLLI-(’T IVI- i’ILTLRING
.\ s ho t )  d isk Uss iot i  ‘t a~ LOS en on pace -\ -7  ( appenitix A I of t h i s  report regardmg tile

oilil L ’S ’!! ri’SI?IlIlsi ’ ul the F.iiri’ htld ititac ung device. ‘I’he ti ’sn lt ot ’ t hat tnvestigation showed
in I IgIIT ’i’ ,-\IT that the odd pi’! output is t.’ons ist e nt lv  less than the eve il pel output given the
s,iltli’ s t i t t i t t lus . I ‘111, 5 \“ . \-~, \~~I , - \ I0 . and ,.\1 I all of ’ appen dtx A slio’~’, t he results of
IlIiil1’uil1~it it )t l  i U Ii t L’ i t I U l T !  l it !  t lte ((lii esen response s shown in f igure ,.\( i. It can he seen in
I (lese lIeu Fi’’ that there are .1 number Ill excursions ol one or tw o li’s cis ill amplitude followed
hr a ri’tti l ’f l III t h e  III d u a l  l e sU ,’ h ,  Such i l t ,t l tu,w s in amplitude of one pc I brightness leve l ca use
a sL~ rt~- i i t tug I r t runcat ion T I )  rIot let i g t l ts which de i tea ses the cof l lpress t ht l i t \  of t lte image .

One III t he potent ial  tui eth ods of minimi, ing the e) le~ t s of ’ t hese I — u s e )  brightness
amp litude i’\ c ursII) Ils is t h e  use of a se lec t  is e filter. The seli ’ it  us e f’ilter can be progr~unlme d
( T I  ,Ic Idoll l l i i I l( i, if i ’ e’. i ! l tS I  i l ls I~ pci brightness h.) ste i n slici’iT s” I s i’ p~ls of inte ger va lues fOlk’,
t ss o , tllree. ~‘tc( and t o p s  he )lTTlgl.Iinm ed to  accoilllliOdate pci ) s i t g t i t t i e s s  change durations
of one or more spat t , i) incremen ts.

I he top ur s e . f i g u re B 27  I a I , shows greatly magnified port ions of a I ~ pical bright—
ness )) r I)t  Ic. lii tits ’ It’ll si de 1 1 1  figure B27 (a )  the data .Iri’ seen to i’s st aI level 4.~ - For one
pci t tme (s patia l sample). they rise to 44 and agaull return to level 43. ss here t he~ exi s t I or
at least tss n c lock perio ds Then it rises to level 44 , 4 ~ , and so forth, The numbers which
appear beneath the curv e across tile page indicate tile n u m b e r ot times that the run length
of the )i ’ , is t  s Ign I t  u~’a nt hit plane stUØll ld he aborted and a new ru n Iengt It code would he re—

• qutred to deline the L i d ) . !  shown in the figure ,
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With se lect ive  fi lter tiig it is Possible to apply a sim p le rule such as the (‘ollowing: if
the pci brightness amplitude increases by one hric,iit iicss level , ex ist s at the higher brightness
level t’or a duration of ’ one l)el Period . and then returns to t h e  original brightness level or .
conversely, if ’ it exists at a brightness level . falls hr one brightlless level , ex ists at the lower
brightness level t’or one pcI Period . and then returns to the original level then this excursion
shall be considered as an invalid or noise amplitude excursion and shall he filtered out. An
exanlple of su cil an excursion is shown immediately at the lef t  of f ’igur e B27 (a ). ‘Fhie data
begin at level 43 . increment to hi’si ’) 44 . last for one pcI period . aild r e t u r n  to level 43. By
invoking our filter rule on such data. it is possible to remove this exc u rsio n from the digital
data as shown in t is~uire B2 7 ( h ) intnle diate l y below. I lere the data remain at level 43 t hrough—
out the short Increnient of t i t h e wh ieb would otherwise have had the small excursion and
return.

Invoking this rule on this entire line shown in cu rv e (a ) . it is possible to remove almost
:~t)~

’; of liii ’ changes in brightness levels . Th is will greatly increase the colupressibility of the
image. The pcI at t t p litude differences which were removed from the image upon t ransmis—
stout are s) lo\s 0 in l’igure 1327 (C ).  This dif(~ rence curve s lioss’~ t hat eight pairs of excursions
were remove d front t ite s iitt ple curs e shown above.

Figure 1328 sltosv s 0th’ cont ’iguration of t he spatial l’ilter eharaeteri st~cs, The small
s( luare shown at  the upper let ’t of t he curv e N the ot tl~ feature ari a of info rm ation removed
I’roni the ent i re passband of the svs t i ’nt h~ t h e f ’ ilter , This is labeled in the f igure as thtt ’ filterstop hand - This area st - ut t in (lie f ’ih ter stop band can he made pi’ograntmahle to encompass
more t han one di ft e rence levi ’ ) and more than one spatial frequenc y - The sing le square shown
in the figure is set at t he ?\s I)UIst limit ( maxim unt spatial f’re quenc v I. encompass es unIv one
brightt iess dif fere nce level , and is equivalent to the example previousI~ descri bed. All other
conditions 1. 11 brightness excursio n and spat ial  frequencies are allowed to pa - s by the particu-
lar ~‘ I1r1 I ‘II!,!) T i l l  of t he spatial f i l ter shown , In other words , it ’ t he resolution of a pic ket
f ’et ice being scanne d ss as cxi i i  )~ at  the ntaxlnlum spatia l seaii f requ e n c y  of the s y s te m  but
tite brightness d~t ~ ri’nce be tween  the pic ke ts and the bac k groun d W a s  two brightness levels .
t he image would hi transmitted. Or. if ’ the spat al f’requenev of the picket t’ence was su ch
tha t  two  pcI ” ~‘ , ie ot i t  p issed each picket and t sso u pick et s enconipassed the interspace between
~li ket s  hut the brightness level d i f ference tt’ as as loss ’ as one level . th is image would also he
passed on ,u s true i n f o r ma t i o n  rather than tiu1is i’ -

On the l ’ ?  side III t t g u i i i ’s B2 ‘~ ( a )  and ( h ) are shown so nte typical values of pcI
brightness ss Ii 1:11 Ill I’ll) he cocoon I L ’rei) in scann ing a ty p ical ty pe d page, These include
hr I’ll t i i e s s  levels bet s ’, dil l 42 and ~0. The binary numbers (‘or 47 , 48 , and 4~ are shown hit—
mediatel y to thi’ right o)’ t hese bright ness numbers. These binary numbers are presented
1111 ) 5) s t O O l  t cant hit t l r s t  - It t i n  he sei’t i  that an exc ursi on (‘row level 47 to 48 i’atisds 5 of
rh. 6 hi ts  ill tliIU hinarv number to change. i\ii ~~ ex e t t rs i l ’ln hack and t’ort h between the brigh t—
Iii ’ s” k’s ~‘ls Of 4 arid 48 cause s run lengths in five of the six hit Phal li’s to he interrupted .
L’ic ,i t \ - T,’ . I u i~~ tn i~ t he contpressibiiit~ of ili lage data. Figutre B2 7 b) s l lows t h e  appreciable
smoothi ng e-a pa l’ i l t tv of t i l t ’ t’u lt c r and the actual count ( If  the number of brightne ss level
changes. whi~It has l’ i’elt reduced from a total  of 33 to ii total of 1 7 . The di f ference curv e
shown hr suiht ract ~t ig the t i ltered profile (‘roth tile unfiltered profile is shosvri in figure B27
(CI I Ilese I ‘level di ) t ’eri’ tuc ~’s do suN )~ modut t he actual image but are generally inipercep—
tib le to the vie ss er

I’ s’ure B2~
) represeut Is til t ’ res ult s of the app lication of tite programmable f ’ilter on a

portion Ii )  a ty ped pugt ’ h u t s  page has been th luni i nat ion co rrected. Figu re’ 1329 Itas been
• divided into t h r ee  columns . [ he left column shoss - s t he “ m ary data in each of the sus , hit

planes (or t he sTone port ion of t lte Image - Bit plane I is dT ’ fined ,is the least signit’icant bit.
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l ilt’ texture of  t h e  less s o il ) ie.!Iu t bit ‘Il~itles in figure 1329 shio’,s s a tendency toward
vertI ca l stri pe s ,us a re su l t  of no nuunit or tni t ~- of ’ tile ’ unager r.’spoilsc - Sonic of this tna~ he
.u) Ir ihI . te ’d to optical sa r i a (io i h  itt the geometr~ or si ’ I t s I t l s  iv of the ele s ’ ice . but the remainder
can be attr ibuted to the ode ! cc cii I L’s~~ Ii l1s~ ’ probk’nt d si’ussed in appendix A. Br comparison.
the center co lumn 5 ) 1 155 5 t to t t e i ’ahle ii tlpr ovenlent (tou t  using (lie progranintable spati a l f ’ i ltcr.

I h~ L 1L ) i s shown in t h e  right colIPilin ui~lic, tt e t he loca t io t t s  of ’ ot herwise truncated run
lengths which noss are eo l i t tgu o us  runs u t t e r  l’i lter ing .

I gone i1~ I s Ii~~ ’ , ss  t he resui l t s  ol using t hit , s uite type ot
’ f i l t e r  in the rec uirsive mode,

\SlCie h ii - o l iOl l i  I L L I I 1’ s ‘LI .! C’ ,  CII O i ) L l/  5 L’qul ’IIi’eS so l i l e ” ,’ , hat d i f ferent l y .  The recui’s lve
mode u”es the il , I 1 1 1 e - il I .~ilier tI t an t h e  orIg Inal d at , i  string as captured , to look ahead and
ope ra t e  oil pcI sequence s . I lie ’ recul’sis’ e s e rs lo ui  reduces I ~I d i’5 en odd - sequet ice s to
sing le linglit ness sam e runs ,I t either the upper ill loss i F  of the tss -o brightness levels . Since
t he pre sent Im,uc ’e’t l o s  .‘r ele-:tron,cs cannot coIl1pens~itc (‘or t he Oil !)  eser t wager dift ’erences .
t i l t ’ ret h is !’ i Ill i l tie sh i1 l L I  Id provide t he be t te r  eut t t i pre s s lh i l i t \  improveme nt fo r present lv
act ’ uircd ni,iges -

- I i.: 132 I ,i I g I s t ’s t he s t j t I s ) l t s  obtained is using  a 3—bit variable—length code a lg o—
r i th ; ’ i  for th e e T i l l l p r i ’ s s t h i h i t \  of the unfiltered image sv l t ie ’it 11,15 )i!i’s i I)us )\ been illumination

ted I able 132 I l it  slI I )\S ’ s t h e’ cIs t u pt - i’ ss l b l l i  s ot the saInt ’ image after nonrecursive
ti l t e r i n ’  and indieat~’~ an improvement i l l the i’ont prt ’s sl b i h t \  of t h e  image of approximatel y
“ Table 132 i. ( silost s t iii ~ it t~~t’t of ’ t he rt ’ c t u r s t s  e mode as oppose d to the nonrecursive

versIon, I ~~ l ec uu r s I se S c ’ rs io Il , ! f fo rl i s  a 53  : Im proset nent tn t h e  coit t pressib t l i lv of the image
I t s i i i ’ ,’ the 3-hit v, I ru, l h le ’ - - l e l lg t Ii code . -\ l l  s alues shown Ill t ,ihle 132 are (‘or (‘till-page i m ages ,
not l is t  t i le’ siii,ill ,Ili ’ ,is 5 111 ) 5511 in t ig t i re ’s B,?~

) ant i 1331 )
‘ I  - i t l c i ’ s i l g : I t I L O I  Oil t i l ls  sIl bIe ’c t  Is planned to Ittiprove the compressibility of images

a id the ci s rt t e t ti a p pearance i t t he irn,i ge’ when prin te d or ii spla yed -
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Table 1 3 .  (‘ompression ratio ana l\’ sis .

Bits To Be ‘I’ransut it heel
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I I. 1 [RI- \OS( Pt . ~~~
lins t1 ,it ,i l’ ,Isi’ stnd~ i t . i s  produced s l i l i l e ’ encour.uu ill g i ’ s u i l t s  particularly leading t o

t h e  pote ntia l al’li l it \  to  ,.‘ ) , j s s l t \  t \  c’ s) l a t e ’s ss h ie ’h in,i~ he thresholdee l mto hj le’vel images at

a s.I\ iiit!s of s~ s — t I ) — I I I 1 C  Ill !IIl,Ige ’ st il ,ii’e’ requirement and or t r a t l s n i l s s t l i n  bane lwtti th. It also
pros ~lcs a ‘rt it ot \ ‘c s t r a t e e v  to , I e i l t i ) \  ~‘ ,utu hRla t e  ulocu rne’nts for OCR eqmmi pme’nf and for

tur th~’r ha ndsv u5l t bi compre ss ion sI t~ p e \vr ltte ’Tl t \  pe ’ mail. Planned tut u i re ~‘sOS( ’ a c t I V I t i e s

are listed beloss Ui ilp~~tO\ ‘ 11.1 Ic 1 lcr 0) Importance.

1. ( ot i t i u i W ’  .tcquuil log images II) I ,e d ata )iase ’ and e’\ ,tIllinine candidate characteri stics
ss ) t ic h ss ill he’lp class i l  \ uli,iee’s into It l , i I Iu r e’aL’gorle’s .

2. Improve ti le uinit ’ornit t~ of i’ e’ \poI lss ’ of the ih lut n t in ati o n. Opt i c’s. and se t i so r  cliai ’ac—
t i t  1,hi’ i ) I t , l t I ’  t i t i . autonia ti ot ’t Il l the’ PBS ltt st oe r ,itn and the SF1 proce ss. It is (‘cIt that

t hts c’, ill ,ils.’ reduce ’ t i le ’ odd ev e n  re sponse ’ problem at and near lilt’ c d i ’s o f l!tl;t i’s’s w bi e ’ri’
errors are ’ d oss’ ntagnit ’ice l b~ t i le’ illumin ation t’orre’et iot i  p r o c e s s

~~. l)e ’ve ’lop and l s t  a number ‘‘I automat ic  ~, Ile ’oI ’ r\  \i’ ) c ’ e lo i n algorithms ss’itl’t empha—
sis on tIt liS t ’ which, with high probabilit y call ds ’ t e ’ e h ‘e’Ss r u ften t \  pe iuia tl ,
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THE PROBLEM
It has been obse’n’ed in the scanning of many different materials and sty le’s of ’ print-

ing over the course of ’ the USPSINOSC program and the subsequent review of ’ the recorded
data t hat the re flectance of paper appears to be less in the vicinit y of ’ high-density printing
than it is (‘or the base unprinted paper. In order to better substantiat e this phenomenon.
some experiments were devised and performed to demonstrate the degree of t he pro blem
amid evaluate the ncce’ssi ty t’or (‘urther , more detailed , e xperimentation ,

,‘\ f t t ’m t its ’ initial experiments were started . the question of t u e  measuring s~ ste m I:

spatial and temporal response arose . In order to ascertain th ese parameters , three d iff erent
test targets with var\ i t l g degrees of edge sharpness were scann ed. In order t h at no doubts
would arise later as to s\ steI n res ponse . different ligh t  sources and ohjec t tv e ’ lenses were also
used in the scanning for t h e  evaluation of the test equ ipmen t .

OBJECT I VES

The t ’ h )e c t i v t ’s ot ’ t it is s t u idv ss’ e’re ’ :

I . To look at the reflectance characteristics of sa r io u ts  suibstrates (papers ) as a tune-
tioii of ’ spatial d ensity of high—contrast data.

2. To se r if ’
~’ that the s patial  or temporal re’s pOlise ’ of ’ tlii.’ nieasuri ng s’. s te ’m was ilot

degrading r ite data of objective 1 ,

APPROACH
The approach used to meet object i t t ’ I was to sean with a Ii ighi—resolut ion scanning

rc f ’lcctometcr various ,ire ’as of a page’ t~ ped full with tile Postal bar code, See figure (‘ I - In
order to h ave a broader base front which to evaluate the pro b lem . I WI i  t~ pe’s of paper were
use d : I I I a Iiigh—ra g~conte nt white ‘‘bond’’ paper and 2) a smooth whi te  paper , R ot hi pa—
pe ’rs were appro’dinu.I Ie h\ 1,1 004 inch thick , \‘artous areas of each test sample with va r~ ing
data dens ities ss tie sc,ui tie d w i t h  the rcf ’Icctom etcr and scan record ings were made. Tests
1—3 add ress this oh)e ’c I iVe ’ ,

Titi’ ~i’i’I’ilI,l object itt ’ w as accomplished b~ scanning small areas on Iwo ty pes  of
resolu t io n— ntcasuring t,t rgt ’ 1s I he lI~ I- I t acs imnil e test chart and an ~~ Force resolution test
slide, ‘l’hiesc t a r g e ts  w ere scanned with the same setup used for object Re I amid wit It dif ’t’er—
ent light sou irces and ob)e ’ct ive le nses lot t h e  rcf lcctomete r , ‘rests 4— o address this objective.
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determined h~ h i s ’ power I inagiliI’i~’ation ) of the objective leit s , I’ iv e ’ - and I 0—poss ’cr objec-
t ives were ’ used. The el’t’ec t t s e  magni fications were 3.(i and 8.7. which prol.huced actual scan—
ning windows of 0.8 b~ 28 mils (22.4 mml s2 I and 0.34 by II mils (4, 1 mniis I. respective l~
The narrovv dimension was aligned with t u e  direction of scan. ‘[lie ~-po’.vt’r ohjt’ct ive was
used e’~~c Iuis iv t ’i~ in performing t e s t s  (‘or objective’ I, w hiem’ e’as both objectives were used in
performit tg t e s t s  tot i’blec )Ive’ 2. AIso . the re(lecton7cter s ligh t source svas used exclusivel y
for t h e  ohiecti s e’ I l i s t  110 svhercas two light sources were used (or objective 2 testing. The~’
included t lie ret’lectonicter li ght source and a hall—milliwatt helium—neon laser.

TEST DESCRIPTIONS ANt ) DISCUSSION

TEST I 
-

‘rest samp le’ I ( f ig  (‘I I, a ss lute bond paper . was  scanned in se ’s i’ra i areas . ‘I’iie results
are s li t 1 , 5 1 1  Ill f 10111 cs ( ‘24 6. liii’ act ua l bar code scanned (‘or eac h sca n is reproduced on the
rt’spe . lit c te s t  t’Iiarrs , J’ itc long recta ngular  hosi’s super imposed on t u e  bar e’ode s h ow the
actua l ari’.l St anlied - In order to prove that (lie very erratic trace ’s st-c rc ’ due to the test sam—
~lU and not thi s ’ re ’(li’t’ to i t iu ’tc r ’s phot oniultip lier . st’\- i’ral scans we’re m a de’ in both (iiii’ t ’ I i I ” i t S .

Scans I—b ( f i g  (‘2441 we’re s~’.it ’i i t ~’d .It a chart resolut ion of ’ II) mils (0.010 inch I of test
s ,it t uplc per t emi t imetre i1  e )i, irt t rasi ’l , which show s t h e ’ bond paper noise s’ e’r\ clearl . Ilo ss --
e sc ’ m . th is reso luittoti did not s ’ t e ’l 5e ’R I lta l l\  bars , 5 1 1  all s uub s e ’s iuit ’nt s c an s  (‘or si b le ’t’ t i s t ’ I
sve ’rC done It  40 mils c l i i  Scan I I  \s-as a rt’pe’at o f s c a t  10 ( fig ( u). It st -as re peated so t h at
si ’ ,i 115 ~ aitli I t,) t’~ tild be ’ su ’ h ) aT , I t e ’(I mor e e’as ik -

I l ie ’ IiiI’lSt  s t r t kt i t ~ j ) . ’ i : i t  ahoul liii ’ data siathered in this test s tas t h e  appa m’ et t t t i I ’ tse ’
e ’ ’ l l l i ’ i l t  in t h e rt’i’tilefYil 51011 .1 )5 Itt s ese ra )  ins t , i l ice ’s t lis’ peak—to—; e’ak ul ,i ise ’ wa s at  least 40’
I’)  t i le’ ,i5’e’ I  .It!t’ signa l e’ \ e ’ul sion. It w.Is s I t  It ’d above that the ’ test samples were scan t Ied in
ht~tii ,Ill.’~ t t ons to els’t e r mine wh ct l ie’r t i l t S lillisi’ was duit’ t ’’ t h e  bond paper or phioton ’iu i l t ip l i—
er 1 ’ lIst ’ (f i g ( ‘2—4’4 ) . It can he’ said uttcq umvucal l ~ that  the noise’ is due’ to t h e bond paper as
e.ic hi t e l l  a t e ’ ~i gi c e ’s c \ ,(c  55 111 1 t i lt ’ origt n~iI in shape ’ , ‘rIte’ d isp lace’ntcnt errors are due to
s a nal i , ’ f l s  iii sc ’a nile’i’ niot u i’ll

r ite a,ls sse’I t~ t he tn t po rta nt t l i c s t t o i t  of hli lst n t t t c ) i . it a mly. cliii’s paper  rcf ’let’tance
a luimcti o i i  0 spaha l dc uis i t ,  , it’. objec l ivt ’ I , i~ not so ohs b u s  or dramatic. From

( lie dal.i col lected . uu i’,ses. ’r . t t  can he said sv i lli cert a im i t \ (hat t i t e ’ phe’nome’iton clot’s ex Is t ,
Vs it h ‘hl ~’ li ’scd dei i s ut ~ of t i t e ’ !‘ , ‘s t . uh ba i code’ and the’ bond paper used (‘or tes t  sam ple 1 , the
drop ‘it r.per Ii ’ Ilectance hctss t i l l  aeli ace ’t it bars ranges fron t it loss’ oh ID’  to a high ot ’ at
lea’ .40’ b - S c , it is  (‘, arid I (‘ii! (‘4 and ( ‘5 )  s h o w  the ’ drop most conspicuous ly , but it can he
measured on ,iIl sca l? s . It shoti ld be’ noted that , ( ‘or t his report , t his ’ scanning window had a
h i g h .isl’ e’ c I ratio , Ic . apptox~ma le f t  I b~ 23 mils . w hereas t u e  operational requirement is S
h~ 5 mils , It is t h e  judgm ent of t h e  writer that the reduction (it rc f ’lcctancc could he more
s ignifican t ss ’t tI m (lie 5’ )  11 ,1 !  e’ svI t td oW - A sq uare—ape rtur e e~ e’p lece for the scailning reflecto me—
ter  ss’as not asailahle .

TEST 2
For t hIs l i s t , t i le ’ Postal bar cod e w as  typed ont o a s mooth wh ite’ paper, test sample

2 , and only l w ’  sca l ls  were itij e lt ’. The scans , 12 and 1 .4 , are ri’prod need in f i g u r e  (‘7 a long
sv it h I lie superimposed bar code,

( ‘ -‘3
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A comparison of the scans in figure C7 with those in figures CS and C6 shows that
there was marked reduction in paper noise. The reduction in paper reflectance was, never-
theless, still present and was on the order of 12% , which compares with the 10— 30% for the
bond pape r used in test I .

TEST 3
This test consisted of scanning letters typed on the same kind of paper as test sample

2 and letters printed on a telephone call memo slip. A reproduction of the test samples is
shown in figu re C8. Scans 14 and 15 ( fig C9) are the results of scanning the alphabetic
characters.

Again it can be determined that the papers are relatively smooth from the low level
of noise in the back ground reflectance. The reduction in reflectance due to spatial density is
not so pronounced , however. In scan 14 it appeare d to be about 7%, whereas in scan 15 it
may have been as much as 20~~.

TEST 4
In order to show that the instrumentation was not the cause of the reduced reflect-

ance noted in the pre vious tests , thi s test and those following were conducted . For this
test , patterns 3—5 and 9 of the IEEE facsimile test chart , STD 167A- 1975 (fig C10 and Cl i) ,
were scanned one or mor e times and the results are reproduced in figure Cl2. Test scans 17
and 22 are of the same IEEE chart pattern. The difference is that scan 22 was made with
the noise filter removed from the recorder ’s vertical input.  There appears to be no improve-
ment in the squareness of the recording. Scan 23 is of the same areas as scan 22. The differ-
ence is that X gain of the recorder was increased by a factor of 4 to give 10-mu /cm resolu-
tion instead of the 40-mil1/ cm resolution used for scans 1 6—22. The most prominent point
about these data is that  the sharpness of the IEEE chart appears to the eye to be much bet-
ter than the recordings in figure C l 2  show.

Scans 19— 2 1 and 24 arc all of pattern 9. the variable-resolution bars. Some improve-
ment in pattern sharpness is noticeable in scan 21 over scan 20 , which is the result of remov-
ing the filter.

TEST S
The scans recorded in fi gure C 11 all seem to indicate lack of sharpness of the IEEE

te st  chart. In an e ffort to be certain the instrumentation was not at fault , an Air Force
resolution test slide was scanned with projected ligh t used in lieu of reflected light. The Air
Force test slide is a metal film slide with very low diffuse reflection ; therefo re , projected
ligh t had to be used in lieu of reflccted light. Figure C 13 shows the results of this series of
scans. Onl y scan 25 was made with the noise filter connected. The difference between
scans 25 and 26 is appa rent , but it is not sufficient to change the results of previous tests.
All the data taken so far were taken with a 5-power objective from Gamma Scientific. An-
other 5-power objective lens (about twice as expensive) was used for scan 28, which was the
same area as scan 27. This objective appears to give a sharper pattern than the Gamma
Scientifi c lens. The same area was scanned again with a 10-power lens. The results are
shown by scan 29.
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Figure CI I.  IEEE facsimile test chart pattern identification.

The conclusion to be drawn from this test is that the instrumentation rise time is not
t he limiting factor for the tests conducted prior to test 5 even with the recorder input filter
in place. This is shown in a comparison of scan 25 of figure (‘13 with scan 23 of figure (‘12.
The rise-time performance in figure (‘13 with the filter is about three times better than in
figure Cl 2 without the filter. A comparison of scan 26 in figu re (‘13. which is without the
filter, with scan 2t, in figure (‘12 shows a response that is 5 or 6 times better.
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TEST 6
In a continuing effort to remove doubt as to whether the instrumentation was thecause of the apparent poor sharpness of the scans made of the IEEE test chart , pattern 5 (96

bars/inch) was scanned again with the 10-power objective lens used for scan 29 of figure
Cl 3. The results of this test , shown on scans 30 and 31 (fig Cl 4), are with incandescent
illumination , whereas scan 32 was made with helium-neon laser illumination. These changes
in instrumentation produced no significant improvement in the sharpness of the scan over
what was produced in scan 23 of figure C12.

From the results of this test and tests 4 and 5 , it can be conclusively stated that the
instrumentation was not causing the drop in reflectance of the paper as the spatial density
of the imprinting increased. The filter used could have caused a problem had the test sam-
pies been scanned at a faster rate, but at the rate used it was not a significant factor.

CONCLUSION
From the data collected on this task it can be concluded that:
I. Bond paper is considerably more noisy, on the basis of high-resolution reflect-

ance, than the other paper samples.
2. The printing on bond paper may also be more noisy.
3. High-spatial-den~j ty printing causes the reflectance of the paper to be lower than

reflectance measured from the blank page.
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INTROD UCTION
This manual was prepared as a system operator ’s manuitl for the USPS/NOSC Image

Capture and Analysis System (1CAS) ( fig Dl , 02 1.
The manua l includes procedures for preparation for ICAS and scanner Operation :

loading of software~ and capture , dispIa~ - and p r i n t i n g  of test images , correction tables , and
statistics. Also included are sections describing the large drum test bed ( LDTB) function
control, 4051 terminal s’~ ste in commands , and common error recovery.

POWER UP
The mem ory interlace u n i t  (MW I and memory control unit ( MCU ) contain lever

switches on their trout panels which must be set at appropriate positions before the ICAS is
powered up.

M IU SW ITCHES
Top left swi t  CII hank 30 000

2. (‘enter ~witchi banks 00
3. [op right sw it c h 2
4 . Hot turn right ~W It cli 2

MCU SWI TCHES

Posit ion le~ ci s wi t chi set 0 I I (~ zeros )

The outside po~vc r source and the following eq uipment must be turned on bel’ore the ICAS
sy stem in \OS(’ b u i l d i n g  33 will operate correctly :*

- Three lower I 1 0—volt circuit breakers located on the east wall of ’ room 3306.
2.  ~1(’t power supp ly
3. \1 I ( j 10V c I supply

4. I L~kt runix 405 I t em miii.il
5. Kennedy Inaglietic tape system

BOOTSTRAP
In order to load programs in the ICAS . two load operations m ust be performed , one

On the Tektron ix 405 1 terminal and the other on the MCU.

I - [ ocatc the cartridge tape labeled “Terminal I xecutive.” Insert this tape into the
405 I tape drive. \V~iit for all indicators , except power , to go of f  and press AUTO LOAD.
Answer any questions prompted oil the 405 1 screen followed h~ RETURN. (At the present
time two memoiy modules are in operation.

One or more memory modules are assumed to he connected arid powered up when the main power is
turned on.
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2. Locate the desired Kennedy nine-track tape containing the appropriate MCU
software . (Usually the highest-numbered image tape or a tape labeled “Program Tape.”)
Load the magnetic tape on tape drive I, the left-hand unit , following the instructions print-
ed inside the tape drive cover.

3. Press the LOAD button on tire tape drive. The tape should run forward to its
load point and stop. If, during the loading procedure , the tape is moved past the load point ,
it will continue to move forward indefinitely. If this occurs , press REWIND and the tape
unit will return the tape to its load point arid stop. At this point press the ON—LINE button
and verify that the Load Point and On-Line lights , located oil tire tape drive test panel, are
on.

4. To load the MCU executive software , press the front-panel control on the MCU
labeled LAMP TEST. The tape unit should read forward one record , pause , rew ind, and
read forward a second time before stopp ing.

5. To verify the proper software loading, press STEP MACRO to halt machine
operation. Ver ify the program counter by setting the lever switch in tile upper right-hand
corner o1 the MCU to 9 and press R11 .  ‘Fire display should indicate octal 40 or 42 and
should indicate 40 or 42 as you alternately press STEP MACRO and R9=. After verification
press RUN. At this point the ICAS is initialized and ready to accept system commands
from the 405 1 terminal.

SCANNER EQUIPMENT POWER UP
The three major components of the scanning equipment which must be powered-up

are the LDTB . the A/D converter , and the perso nality chassis (PC).

LARGE DRUM TEST BED
I. Make sure both FAST and SLOW drum switches are in t u e  oft position.
2. Turn on the ~~WE R switch.
3. Turn on both the SV and ISV power supp ly switches.
4. Turn the intensity contro l to something greater than 50 percent.
5. Switch the POLARITY switch (done once a day only).
6. Turn on the LIGHT (Filament) switch.
7. After a few seconds push the START button (possibly severa l times until both

lamps arc lit).
8. Turn off the LIGHT (Filament) switch.

A/D CONVERTER
I. Turn on the single front-panel power switch.
2. Transmit the gain and level command to the chassis by pressing the two pushbut-

ton switches mounted on t he LDTB card , in card slot six.
I
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PERSONALITY CHASSIS
I. Turn on the single front-panel switch of’ the lower power supp ly located in the

lower portion of rack 3 of’ the ICAS.

Once these procedures have been completed along with the power-up procedure
described earlier, the ICAS is ready for image capture and analysis .

IMAGE CAPTURE AND RECORD
Before any images are captured and stored on magnetic tape , it w ill be assumed that .

at t he beginning of each day, a white sta ndard illumination curve will be capture d from the
LDTB via the white standard . The following procedures explain the capturing of the white
standard (along w ith the generation of correction tables) and of t est images.

WHITE STANDARD
To set up the light intensity for scanning the white standard , place the wh ite stand-

ard material, which is currently a sheet of’ 8 X 10 glossy photographic paper . on the drum
and secure it wit h tape. Rotate the drum so a portion of tile photographic paper is directly
in front of tile scanner. Next , set LDTB function contro l switches I and 4 to CONTINU-
OUS CAPTURE and ENCODER CLOCK DISABLE, respective ly. This silould provide
continuous scan information to the A D converters . See LDTB Function Control below for
an explanation of these contro l switches.

There are two A/ D converters in each chassis. On each A/ D converter there is a
group of LEDs. The re is a row of six LEI)s on top which merely reflect the status of each of
the six bits output from the converter. The bottom row contains two sets of four LEDs.
The four LEDs on the right decode the lowest four brightness levels out of the A/ D con-
verter. They are levels 0. 1 , 2 . and 3. with leve l 0 being the rightmost LED. The next four
LEDs for ti rat channel decode tile tour brigil test states : that is, 60, 61 , 62, and 63 ( left-
most .). 63 ~5 the brightest possible output from t he  con verter. By placing a lens cover over
the lens to block out ligirt. the electronics should be set so that level I or 2 is very brightly
lit ; le~el 0 or 3 may flic ker .

Wit h the lens uncovered and tire white standard mounted , the illumination intensity
control should he adjusted so that the four high-order states are illuminated, wit il state 63
flickering. That is . state 63 should be output from the converter only occasionally. While
this procedure is being followed , it silould be noted that the eight LEDs decoding brightness
levels on the A/I ) converter sllouId be flashing on and off , not staying on continuously. A
reset command initiated interna lly resets the LEDs and turns them off after every 16 lines
scanned by tire imager. lf these lights are not flashing or being reset , chances are that the
scanner control ilas riot been set properly. If this is tile case, the appropriate controls should
be rec hecked.

After the illumination Ilas been properly set , turn function control switches I and 4
off arid switch 2 on so that the DRUM SYNC input is disabled. Next, press the MASTER
CLEAR button on the LDTB to stop the scanning function. Also, make sure that the slow
drum motor is not running. Manually position the portion of the white standard to be
captured in front of the scanner. Assuming tile software has been loaded into the MCU
memory and into the 405 I terminal , press User Definable Key (UDK) 2 to load the image
processor functions into tile terminal f’or execution.
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To capture the white standard and generate illumination correction tables, enter
TAB followed by a RETURN on the terminal. The first response requested is th e correc tion
bit precision. Unless otherwise instructed , the response will always be 10. For the source of
w hite sums, enter 2 (captured from white standard). The next question asks the number of
lines to be skipped between lint’s taken for the white standard . This is normally about 25
lines for the current system configuration. The scanner should now be set up for scanning,
after which press RETURN on the terminal. Next , press the CAPTURE button on the
LDTB , then turn on the slow drum motor. If the capture proceeds properly, the Capture
light Ofl tile MIU (the center LED) will light momentarily, after which the MCU light (t he
right LED) will come on. This indicates that the scanning of the white standard has been
completed. Allow about 90 seconds for the MCU to complete the generation of’ the correc-
tion tables.

When table generation lras been completed, the terminal will respond by displaying
IP followed by a prompt , waiting t’or tile next commnand to he entered. The illumination
curve may now be verified by plotting it on the terminal. To do this , type “I” followed by
a RETURN to exit from the Image Processing file. Then depress UDK 4 to load the Statis-
tics Output program into the terminal. Once the programs are loaded, select Option 3
Illumination Curve Plotting routine, and answer the appropriate questions. Tile terminal
will plot the illumination curve on the CR1. After verification, if desired, the w hite stand-
ard informat ion may be written onto magnetic tape . To do this, press UDK 1 for the Moni-
tor Command file. Next , position the magnetic tape to the desired file for writing the white
standard. Use the WRI command to write to the desired transport from location 

~~~~~~ 
to

locat ion 
~~~~~~ 

followed by a File mark. The information should be recorded in the oper-
ations book for the particu lar tape on which that white standard has been written.

TEST IMAGE
To capture a test image , place tile image omi the drum so that the top of the image is

aligned with tile fiducial mark on the left end of’ the drum. Care fully center the image on
the drum and secure it with tape, putting as little tape as possible on the image itself. The
LDTB function switches silould all be set to the off position. The MASTER CLEAR button
sh ould be pushed to stop any scan ning operation , t u e  slow drum motor should be turned
off, and the illumination intensity should be adjusted if desired. Rotate the drum so that
the top of the image is just ahead (be low) of the scanning station so that a delay of an entire
drum revo lution is riot encountered wilen the CAPTURE button is pressed. Once the scan-
ner is set up, load the Image Processing file into the terminal and initiate the CAPTURE
COMMAND. Answer all questions as to which transport and file number the image is to be
stored on and the number of line s to be captured, which is normally 2200 for an 8½-by-I I-
inc h image scanned at 200 pels per inch. Then press RETURN omi the terminal to start the
capture process . turn on the slow drum motor , and press the CAPTURE button. Do not
reverse the order of the last two operations because a transient pulse will be generated caus-
ing a false Drum Sync signal to be generated , which will start the capture at the wrong place
on the drum.

• DISPLAY
The ICA S CR1 displays 482 lines by 480 pels. At this time . w ith two memory mod-

ules functioning, display can move left or right a total of 1728 pels. (Presently only X axis
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movement exists. With four or eight memory modules iunctioiiing, X and Y axis movement
will be possible.) This process is accomnplished with the joystick at the right of the 4051
terminal.

To initiate a display, press the IMAG E PROCESSING button (UDK 2) . Type DIS,
press RETURN. and answer all questions. Wii~n t he scale has been printed on the 405 1
CR1. press RETURN, thus displaying tire image on the ICAS CR1.

Once tile image is displayed, six dit’f’erent bit precisions and six different bit planes
may be viewed. This process is accomplished by positioning tire two white thumbwheeI
switc hes on the front panel of’ the MIU. Tile rigilt switch , f’or bit precision control, displays
six levels of precision ( 1-6 ) and a grey scale test pattern (7), and enables tile left switch (0).
The left switch , for hit plane control , displays six bit planes ( I -6) and two test patterns — all
zeros (0) or all ones (7 ) .

HARD COPY
Presently the ICAS includes a Versat ec electrostatic printer/plotter for hard-copy

output. Any information displayed on the 405 1 terminal can be copied along with bilevel
images from either magnetic tape or t’rame-store memory .

To execute copying from the 405 I terminal , the Versatec unit must be turned on.
Next , press t he COPY button on the upper rigllt corner of the 4051 terminal. After each
printing, press FORM FEED Ofl the Versatec . thus advancing the paper one page.

To execute full-page printing, press the Image Processing button (UDK 2). Type
PRI, press RETURN, arid answer all questions (presently choose only bit planes 1—6 and use
no function tab le).

STAT1STICAL ANALYSIS
There exist two files of statistical programs in tile ICAS. These files are Statistics

Analysis and Statistics Output. The Analysis t’ile is used for gathering and storing statistical
information. The Output file is used for formatting and printing image statistics .

ANALYSIS
I. Serpentine Analysis: Execution of this program requires approximately 1.5

hours for standard image si/ es and generates tile following statistics:
a. Pel brightness statistics ( PBS)
b. First difference statistics (FDS)
c. Run length statistics (RLS)

2. Brightness Analysis: Execution of this program requires approximately 10 mm-
utes for standard image sizes.

a. PBS
b. FDS

I
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OUTPUT
I. Serpentine analysis statist ics
2. Compression ratios from serpentinie analysis
3. Illumination curv e plotter

4. PBS-FDS statistics

LDTB FUNCTION CONTROL

LD TB F U N C T I ON A L  CONTR OL

OFF ON

r i ~ DISABLE RESET/CAPTURE

2 1 I 4 

DISABLE DRUM SVNC

3 L_1_4 D I S A B L E  37ms H OLDOFF

DISABLE ENCODER CLOCK4_I~~~51 1 ’l
6[ j . ]
it 1 .1

LDTB FUNCTION CONTROL SWITCH

Located at tile rear of thc card in slot 10 of tile LDTB is a seven-pole dual in-line
package (DIP) switch . Tire top four switches are used to control the scanner functions.

The top swItch, switch I . is used to allow continuous scanning. With switch I in the
Oil pcsitiol r . tire scanner continuous l~ outputs data. In tire off ’ position, the scanner does
not begin outputting data until tire CA PTURE switch is depressed.

The second switch is the I)RUM SYNC DISABLE switch, With switch 2 in the off
position, data output  fro m t !i~ l.IYI B does not occur until the drum has been turned on and
the drum rotates through i t s initial position , w hich is marked on the left end, or the encoder
end, of tile drum. When this mark passes the scan station , a single pulse is generated from
the shaft encoder initiating tire start of ’ a scan. With this switch in the on position, this pulse
ou tpu t  t’rom tile encoder is not needed to start a scan. The scan is started immediately after
the ICAS CAPTURE button , located below the card cage . is pushed.

The third switch is used to inhibit a timing function when data are captured into
memory ratiler than magnetic tape. Presently all data captured are stored on magnetic tape.
There fore. le;n~e switch 3 in the off position.

Switc h 4 is used to iniribit encoder clock pulses t’rom controlling the scanning rate of
the LDTB. Wit il switch 4 in the off position, and during image capture , a line of data is
output to the A/ D converter each time a positional clock pulse is received from the shaft
encoder. With sw itch 4 in the on position, the scanner output is continuous and is not -

controlled by the shaft encoder clock.
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ICAS SYSTEM CONTROL COMMANDS

To utilize ICAS s~ stein contro l commands , first press tile appropriate UDK, wait for
the prompt symbol, type mr tire Uiree-letter command mnemonic , press RETURN, and
answer all questions.

MONITOR COMMANDSUJDK I )

RET Retrieve data
Recovers 48-bit words from the MCU to the 405 1

510 Store data
Stores 48-bit words from the 405 1 to the MCU

JSR Jump to subroutine
Transf~rs prograni control to address the specit ’ied subroutine

GOT -  Go to
Transfers program to any specified address

WRI — Write to tape
Writes oii tape from memory to specit’ied transport at specit ’ied beginning!
ending addresses

REA Read from tape
Reads fronl specified transport to the specified address

REW Rewind tape
POS - Posi tion ta pe

Positions tape to specified t’iie and record
F 1L File mark on tape

Writes a File mark on tile specified tape unit
SBK Skip block on tape

Skips the next record on specified transport
BBK - Back block on tape

Reverses one record on specified transport
SFK Skip file on tape

Skips tire following file on specified transport
BFF — Back file on tape

Reverses one file on specified transport
MOV - Move contents of memory

T r ansf ’ers a block of niemory f’rom one address to another in the MCU
me ory

CON - Fill memory with constant
Fills a specified portion of memory with a constant

TEX - - Text entry
Store s canned messages in MCU memory

• DEN -- Set density on tape
Establishes either 800 or 1600 cpi on tape
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INS Inspect and change
Examines or modifies words in MCU memory

SEA — Search memory
Allows selective examinat ion and modification of a portion of memory
based on a specified bit pattern

MEN — Monitor comm and menu
Displays the full set of ’ monitor commands on the 405 I terminal

IMAGE PROCESSING COMMANDS ( UDK 2)
DIS Display image

Displays a 482-line by 480-pci image from either tape or memory. Also, a
“sp iit-scr eeii option is available for any combination of two images

SAV — Save display on tape
Writes a display size image from memory to tape

COP — ( opr image from tape to tape
(0 pe s one record at a time with many optional transformations

RE W — Rewind tape
TAB — (‘orrection table generation

Generates two correction tables: calibration value table and trarrsforma-
tion table

SUM Image summation
Sums the brightness levels for a specified number of lines

RE S Resolution t est

CAP — Capture image
(nitrates the Image capturing process

( i)N (‘onvert statu s
Allows ~onvcrsioir of d m1 terent image tape formats into ICAS format

SI-I l Shift
Also c ii v ~~rts diffe rent image tape f’ormats into ICAS format. Used in
conjunctiomr with (‘ON

(‘NS — Constant
Fills a specified portion of memory with a constant

GOT — (~~&) to

Iranstcrs program to specified address
PRI — Print image

Prints entire 8.5-by- I I-inch inlage from tape or nremory on the Versatec
hard-copy unit in a hilevel format

MEN — image processing menu
l) isplavs full list of image processing commands on 405 I

•
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COMMON ERROR RECOVERY
Many errors may occur in operating the ICAS which will “tie up” the MCU and the

405 1 terminal; ie, processing will be halted. Recovery from most common errors is accom-
plished by the following procedure :

1. Press BREAK key on 405 1 terminal twice
2. Press SYSTEM RESET on MCU front panel
3. Position the MCU lever switches to 1000
4. Set register select switch to 9 (upper right corner)

5. Press “Rn=”
6. Press SET DAT A (se ts 1000 into register 9)
7. Press RUN
8. Press appropriate UDK on 405 1 terminal to restart program
9. If the error still exists , contact the programmer

POWER DOWN

The following procedure must be followed to correctly turn off the ICAS system.

I. Rewind magnetic tapes omi Kennedy transports I and 2. Rewind the Terminal
Executive tape cartridge in the 405 1 terminal.

2. Press PAGE, on the 4051 terminal, approximate ly eight times to clear the CR1.
Eject the Terminal Executive tape cartridge from the 405 1 terminal.

3. The following equipments must be turned off :
a. Tektronix 4051 terminal

b. LDTB
c. A/ D converter
d. Power supply to personality chassis

4. Turn off tile three lower 110-volt circuit breakers located on the east wall of
room 3306.
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