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ABSTRACT:

A method for high speed digital image processing, using incremental plotters

is described. This proiect involves the use of computer graphics to

electronically scan a picture and convert the resultant analogue signals to

digital signals, subsequently to be processed on a high resolution TV

monitor. The picture scanning attachment consists of a high resolution

optical reflective sensor and associated amplification stages. This is in

the form of a small probe which replaces the pen and the pen holder in an

incremental plotter, and thus allows pictures to be scanned and stored as

digital output for subsequent processing by a digital computer. The

processing of this digital output could be on a high resol~tion TV monitor

or a printer, using the Grey Scale contrast technique. Relativ~ merits of

this scanning technique are discussed. A special mention is made of a

possible interface with the Hewlett-Packard Laser Printer software, where

the digiti sing process could be speeded up many fold.
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INTRODUCTION:

Digital image processing technology has reached a stage in its development

where a considerable impact has been made in most technological

fields. In addition to commercial and military applications, it's impact

on the medical technology has been far reaching e.g. its use in brain and

body scanners, where the resultant digital images are processed on a high

resolution TV monitor.

A digital image memory and processor offers a wide range of capabilities.

It can digitise and store image data provide scan conversion, improve

signal-to-noise ratio (SNR) via frame integration or averaging, detect

and accumulate image differences, enhance very low contrast images and

provide an interface between video and digital technologies. A well

designed system will also have the flexibility to be interfaced with a

variety of image sensors, computers, displays and recording devices as

well as provide for software expansion for image analysis applications.

Cigure 1 is a block diagram showing a state-of-art digital image memory

~nd processor with such a range of capabilities.

As it can be envlsaged from above, there are various techniques one can

employfordigital image processing. This paper examines a very simple

and inexpensive picture scanning device in conjunction with an incremental

plotter to digitise a picture and process the image on a high resolution

TV monitor. The study was a direct result of a requirement for an

inexpensive method for inputting shaded images to a digital computer. One

of the projects involved the use of these shaded images in comparing the

relative merits of Fourier, Walsh and Haar transforms in data compression

and noise reduction of images. The mathematics involved is rather complex

and beyond the scope of this paper and hence has been omitted for simplicity.
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The entire study was carried out in the department of Computer Science at

Brunel University.

The outcome of this study offers a good, inexpensive practical avenue for

digital image processing, and a possible application with the Hewlett

Packard laser printer is mentioned.

THE SENSOR AND PLOTTER:

The picture scanning device, assembled at the Computer Science laboratory

of Brunel University, consisted of the HEDS-1000 high resolution optical

reflective sensor (Hewlett Packard 1979), mounted at the end of a small

plastic tube which replaced the pen and the pen holder on the plotter.

Mounted within the tube was the associated circuitary (see figure 2)

comprising a current feedback amplifier utilising the sensor's internal

transistor, thus providing current gain and bias point stability. Further

gain was provided by an operational amplifier with adjustable output

voltage level, which allowed for optimum contrast to be selected for any

given shaded picture. The output from the sensor was converted by an ADC

(Computer Technology OOOOa) which \'.:as connected to a Modular One computer

for storage as a data file.

The incremental plotter used (Computer Technology, OOOOb) was a small

roller type, rather than the drum or flat-bed construction which was the

only one available at the time of this study.

Apart from the low cost aspect of this simple design approach, another

favourable feature was that it enabled the employment of standard Calcomp

digital plotter software in driving the modified pen carriage during

picture scanning.
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DIGITISED OUTPUT:

After image processing, the output can be programmatically presented to a

line printer or a matrix printer using overprinting techniques, (See

figure 3) with an output voltage swing from the sensor of 8v for a high

contrast picture, and a noise level of less than 20mv peak-to-peak, a

considerable number of grey levels can be achieved. In order to test

the sensor, the digital output was initially processed on a matrix

printer (Centronix 702) for which sixteen levels of grey were chosen.

This produced a rather poor quality of overprinted images but proved to

be sufficient to test the senso~. The subsequent image processing was

carried out on a high resolution TV monitor.

PROBLEMS ENCOUNTERED:

Apart from the poor quality of overprinted images obtained from the matrix

printer, a major problem area was due to picture wrinkling. As the plotter

was a roller type, and the pictures were fastened on the plotter paper,

there was a tendency for wrinkling to occur which caused image defocusing.

A 0.5mm high ridge caused a 50% drop in reflected photo current. This was

overcome, for test purposes by using small mint postage stamps (figure 4).
(The problem would be non-existant on Hewlett-Packard flat-bed plotter

series where the paper is electrostatically held absoutely flat on the

plotter.)

CONCLUSION:

The sensor is sUfficiently sensitive to detect variations in whiteness

(or blackness) quite unnoticed by the naked eye. A high resolution is

achievable which also enables line following and other complex scanning

routines to be programmed.
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APPLICATIONS AND FURTHER WORK:

This technique provides a relatively inexpensive method for digital image

processing. As a result of a matrix availability on' the Hewlett Packard

laser printer - 2680 software, a special character set with varying levels

of darkness can be generated. Using IDSCHAR, a character designing program

provided with the 2680 software, a special set of characters, with each

character cell showing a varying shade ranging from total white to total

black can be generated. As there are numerous levels of grey achievable

by the sensor, these can be associated with the special character set on

the laser printer and a TV monitor like resolution is achievable, although

further work in this area is necessary.

Similarly, the sensor can be used using the primary colour filters and

data stored for each colour, which can be subsequently integrated on a

colour monitor. It is also possible to transmit these digital data

files across a communications network and process the image remotely.
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Figure 1.
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A block diagram shows relationship of elements comprising digital image

memory/processor with random access memory.
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:I:GF~EYl ex:>
'IGI:~EY2 (I)
CONT]:i~UE::

Lt~:;;:7a

L.E:::::6<i
C••••• READ SINGLE CI-IAH FROi'1 DATAFILE
10 READ (3,1010)ICH
lOlO FOF~MAT(A1>
C••••• l~ft 1 & ~i9ht 9 to convert to 7 bit YQlu~

! LOA :[CH
! SFT "1'7
! SFT .ttl.
! ~rrA ICH

C ••••• CHECI< F()F~ N OH F
IF ( ]:CH • EC~ • LE: ) GOTD 999<7
IF (l£H.ETI.LN) GOTO 20
GOlD 999:L

Z 0 c:ni\!TINlJE
C••••• READ SIZE.CW SQUARE ~;:OM DATAFILE

I:~E~',D (~) t' :l 020) ISCH,JI;:
IF (ISQ~;:.LE.O) GOTD 9995
IF (rBL~l.JF~.GT • :L ZB) GOTD 9995
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High resolution optical reflective
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c ••••• I="\EAD SCALING FACT()F~ FI;:()H TEF~I·t]:Nf~L

WFU:TE ( 2 , ~!~5 )
~~~:; F(U:~Mf~T (' TYPE: SCAI..ING FACTOF~~? • /)

READ(Z,10Z0) FA~rOR

DO ~!O 0 d::::l y IB(RJF~

1:~EI~-'lD ( ~~ , :L O~!. 0 ) (VALUES ( I) , I=1 , :X:SC~UF< )
1.020 ~-:'()r~MAT()

DO ], () 0 I:::::L, :I:SOUI:;:
lPICT (I):: VALUES (:x:) *FACTOR

<70 IF ( IP:I:CT ( :I:) • LT. 0) :I:PJ:CT ( 1: ) ::: 0
:I:F CI:I:'ICT<X> .GT.:L~j) IPICT<I)=l~;

IGF,:EY:::I:PICT (I) .•. 1.
I...Ij~E:l (I) :: :IGF~E,(:1. (IGF~EY)

100 LINE2 (I) = IGREY2 (IGREY)
WRITE (1,1050)(LTI~El(I),I:::1~ISQ~~)

C{~I...L CR
WI:;:ITE (1,:1. O~50 ) (L]:i"E~! CI:) ~ :1::::1" IS(~UI~)

:L O~:;() FDI;:i1AT (:I.H"', 1. ~!B(.l;!)
C..~·II...L CI:~

Cf~lLI.. LF
200 CONTINUE

WFU:TE ( At , 1 0 ~5~; )
1055 FtmMAT (1H!)

GC>TO 10
9991 WRITE (2,2010)
20 1 0 F()I:~11(4T (1. X, 'UN~{NOWN CHARAC,TE:R' I )

GOTD 9999
<J995 WfU:TE (Z,20Z0 >:I:SC1UF\
2020 F~RMAT (lX,,'MATRIX SIZE OF ',I6,' IS OUT OF RANGE I

/)

(J999 STOP
END

SUBf~()LJTrNE CI;:
NULL :: 0
]:CF~ :-.:: :1.3
WFU:TE ( .ct , 100 () ) :I:Cf~

DO J. 0 0 I:L ::: l , :L ~)

'I. 0 0 WI:U:TE (At,1. () 0 () ) NUl.l.
1000 FlmMAT (lK~,A2)

F~ETLJI:~N

END

SLJBF~OUTINE LF
NUL.L :: 0
:I:L.F ::. 10
WF~ITE (.q, :LOOO )l:l•.F
DO J () 0 12::::1." :L~J

:LOO WI:U:TE (.qy :lOOn ) NUl.L
loon FCffiMAT CIH+"A2)

HETl.JF~N

Ei~[)

.... /3
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16 Grey Scale values used for digital image numbers
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