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A number of imaqge processing techniques have been
proposed in thé paét for various applications. a
poieﬁtiallv aéﬁractive technigque is that of Pseudo Colour
Procesfﬁhq This the515 discusses th; .advantages and
1imitations of this technique.It also deals with different
transformation functioné“to converé an achromatic image into
a'chromatic iﬁ?ye.The subjective nature of this process is
made evident fronm thé regulté presented.

This thesis also describes the interface of 'a
Colorplot colour printer to the host computer SE; 32/27,as a
part of an image processing system.i brﬁad disc&ssion on the

capabllities of the softuare~péckaqe supplied by.Cerritos

Computer Services Inc., is also providéd.

<
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Chapter I

INTRODUCTION T

Inage Processing haé found a vwide range of
appllcatlons and acceptdnce in the fields of quality control
of manuractured parts, gomputer aided desiqn,enhancement of
satelllte plctures,forensic science“to name a few.In the
field of medicinme,it has revolutionised the diagnosis of

human body by computer tomography also khoun as CATSCAN.

. The increase in the use of image processing is maiﬁly
.attributed to the decreasing cost of processing

elements,hardvare display devices, and the increase in the
speed and si;g of memory systems.In the last decade khe use
of colour information to enﬁance visual perception has
ﬁrouqht about changes in the analysis of digital imagqes.This
thesis addresses .- the concepts involved in Pseudo Cclour
processing of digital imaqges and its implementation related

to a hard copy display unit. ' .




1.1 NMAGE PROCEBSSING T C.

—— e

Iméqe-processinq deals' with techniques tﬁat are
implemented an an input image to produce an outpuﬁ inaqe
with visu;llv pPleasing attributes [ 1 J.For example an
underexposed pictnré can he improved by ephancidq the
confrast, qr an imaqge with different levels of iliumiﬁation
can be converted into a binarv'imaqe with only two levels of
illupination. However the conversion of a monochrome imaqé

into a colour image through pseudo colour techniques offers

better 'viewing' as compared to a normal black and white

image.

‘Any image proceésinq technigque cah only be initiated
after obtaining a digitized image and ve often use a two
dimensional picture to represent any three dimensional
object. The process of digitization involves two other  °
subprocesses which are Sampling and Quqntization.mhe former
relates to the selection of a set of points over the field
of observation.The latter relates to the'&umber of bits that
can be used ﬁo represent the resolution.

A video camera is a qood tool to scan the imaqe and
generate an electrical signal.This signal can then be

sanpled and Quantized by an A/D converter.The speed of the

A/D conversion is determined by the nature of the
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"application and the rate of flow of the pictorial data.These

factors are critical for real time applications and less

critical for other purposes.

The digitized image is stored in the computer as a
Square matrix the row and the column point to a pa;ticular
picture elemen£ or pixel and the intensity at a point is
represented by tﬁe gray level value at that point .It is
thus possible to state mathematically that the function.
qg{x,v) represehts the intensity of light at a point whose

co-ordinates are (x,\? in the two dimensional array.

1.2  DISPLAY DEVICES

-

It is often necessary to view the result after
subjecting an input image to image processing technighes.

In the case of hardcopy devices such as a printer the input

‘must be sorted to generate the approprlate commangs in the

proper order for the motion of the 'Pen'.In.the case of
modern CRT devices the input image data from the host
computer is ioaded into the buffer apd is displayed on the .
screen as often as is necessary to create a visual

impression [ 2 1.

3 momochrome display may need three D/A

converters,one each for the coordinates of the position
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{(x,y) and one for the brightness or qfav level
information.In the case of a colour display unit atleast
five D/A converters are required,one each for the co-
ordinates of the position {x,y) and one gach for briqhtness

information of each of the three primary colours.

1.3 PSEUDO COLOUR PROCESSING

A potentially attractive area in ghe.field of image
processing is Pseudo Colour Procegsinq.fhe necessity
basically arises dune to-the fact that a normal human eye can-
distinquish mbre shades af colour than shades of grav.It is
partic@larly important in detecting a small faﬁlt in a |
manutactured part or growth of cancer in a tisghe.The
technique of Pseudo Colour processing allows the user to
assign different colours for each shade of gray,this enables
the viewer to easily notice the variations of thé shades in

any image and analyse accordingly.

The colour we percei&e in an object is basically the
nature of light reflected by it or it is the ability £o
reflect liqh£ of a certain wavelength while absorbinq the
enerqy of other wavelengths.Kiver [ 13 1] discovered that a
variety of colours cam be generated by the combination of
the tgp%e primary colours (or secondary colours).This

principle is exploited in all display devices to generate

—
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the various colour taones as a combination of each colour

component mixed in different proportions.
1.4  IMAGE PROCBSSING STATION o -

A general purpose imaqe processing station though’
quite sophisticated may be made more attractive by allouihq
easier operator control.This can be made possible by a Touch

)
Screen which éan incorporate a menu-pad for initiating any
processing.The touch screen can also be héed for controlling
the display units by displaying the intermediate and final
resu1£5 eithef on a monitor or on a printer.It can also be

used to initiate the digitizer and if any preproc9551nq is

requlred the digitized image can be passed throuqh a Digital

Filter.

'He can thus conceive of an image processing station
to consist of a video camera with a digitizer,a filter 
unit,a display monitor and/or a printer,an operator's
consocle withla touch screen.All these peripheral devices are
linked to a computer system with adequate memorf
capacity.Fig. 1.1 represents fhe constituent units of én

image processing station.
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1.5 OBJECTIVES OF RESRARCH

L]

The objectives of this thesis can bhe set forth as

. Lollows :

1.) Development of interface with the image processing.
. Executive.
2;)'Development of diiver routines for displaying an
inage on the printer in cclour.

3.} Modify and inplement the Triloq‘software library.

In terms of software requiremeats these objectives

4

can be interpreted as rollows :

i.) Software for interacﬁinq,uith the commands from
the touch screen.

ii.) Software for printing a pseudo colour image on
'the printer.

iii.) Software tor generating lookup table for

pseudo colour processiqq.

iv.) Software to obtain a hardcopy of an image

from the Aydin éclour displav‘unit.

v.) Modification of the Trilog software liprary. .




1.6 THESXS ORGANIZATION

v Chapter II gives an outline  of the image processing
sysﬁem implemented in the Department of Electrical
Engineering and a brief description on:each of the

periﬁheral devices.The printer,ité moﬁkinq and its interface
to thg computer: are also described in:this chapter.In
chapter III the Trilog software packaqé is describeﬁ and the
. routines developed based on éhis package are also
explained.In chapter IV some of the fundamentals of pseudo
colou;“proéessinq Sre illustﬁated and an algorithm for

displaving an image on the printer is explained.In the last

chapter a summary of the work done is presented.




Chapter II

ISAGE PROCESSING SYSTEM AND INTERFACE WITH
COLORPLOT

2.1 INTRODUCTION

In this chapter we endeavogr»tq discuss the various
peripherals attached to‘the host qpmputer~SEL 32727 ,vhich is
dedicated for image processing applications.A brief note on
the interface between the Colorplct printer and the host
computer is also given. This image processing station with
a touch screen mounted on the Aydin colour monitor is aimed
to provide touch switch control for the operator.

/

2.2 INAGE gaocsg\ |SIN.G SYSTEN

‘The image processing system which is being developed
is centered around the host computer SEL 32/27 manufactured
by the Systems Enqineeriﬁq Laboratories[ 3 J.The image is
input to the computer through a Hamamatsu vidicon camera and
a digitizer connected to the SEL Bus through the High Speed
Data (HSD) interface.Preprocessing of the image is performed

by means of the hardware convolver,which is also interfaped

to the SEL Bus throuqgh the HSD interface,as a peripheral.
: |

¥
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. . o | T
The processed Lmaqe‘canrbe dxsplayed on the Aydin
colour Monitor uhlch is interfaced to the I/O Processor

" through the Multi Purpose Custom Interface (MPCI).The.
hardcopy of the processed image or the interhediate résults
can be dg;aiﬁed on the Trilog colour printer uhicﬁ is
connected to the I/0 processor tﬂxouqh ﬁhe Liﬂe‘Printer/

-

Floppy disk (LP/FD) interface and Nultipurpose Bus {MPB) .
The oper&£or can control the proéess from the system coasole
connected £o the I,/0 processor and also from the Touch
Screen,mounted on the Aydin colour monitor.This systep is
aiso connected t6 the NOVA 840 through the Asynchronous

Communications Bus to facilitate data transfer between the

tw0o computers.

2.3 HOST CONPUTRR-SEL 32/27

The SEL computer is a 32 Bit Mini computer‘andfhas
512 Kbytes of MOS menory,32 betes of Hard Disk pack and 1.2
Mbytes Floppy Diskette Drive.It also has an Input/Qutput
Processor,a High Speed Data Interface and a General Purpose
Commumication Multiplexer.The -hard disk pack,HSD and the CPU
conmunicate with the SEL Bus.The I/0 processor commuhicates
between the SEL Bus and the HP'Qus.To facilitate the
developmnent of different processing algqorithns a Multi
Téskinq Executive (MPX-32), FORTRAN 77 compiler and an

Assembler have also been incorporated into the system.
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The’SEL ?us is a hiqh speed 32 bit synchronous Bus
éapable of transferring data at the rate of 56.67 Mbytes pe}‘
second and each mogule connected to the SEL Bus is assigned
a unique priority.The ﬁultipurpose Bus on the other hand is
a medium speed 16 bit asynchronous Bus capable of

transferring data at the rate of 1.5 N bytes per second.

The video digitizer is used to convert aniimaqe into
‘a discrete array of numbers or a digitized image.The signal
-from the Hamamatsu vidicon camera is sampled and converted
into an 8 bit diqgital data by the A/D converter within thé
video digitizer.The sampling rate is limited to the rate at
“which data can be stored in the memory of the SEL
computer.The video camera can gather a complete 256 X 256

image in 2 vidicon scans.

The video digitizer is alsc interfaced to the host
computer through thé HSD interface -along with the
'cdnvolutional'filter.To achieve higher computational speed
the filtering and diqitizinqlof thé input imaqge can be

nultiplexed.
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2.5 HIGH SPEED CONVOLYVER

A dedicated hardware unit for fllterlnq an image
v 2 results jg faster proce551nq and can be used for real
time image processing applications.The high speed convolver
uniﬁ installed can be used for filtering imaqges and for
templape matchinq.Thig filter is based on Number Theoretic
hardware techniqueé and is implemented as a 2-D,radix-2 NTT
computational element.The filtering is performed by taking

the NTT of the image,multiplying this by the filter impulse

response and then ﬁakinq the inverse NTT of the product.

The filter uses mainly EPRCMS, adders,reqisters and
memory buffers, thg hardware is érqanised to compute
circularc convolution of an 128 X 128 image gith 128 X 128-
spatial filter kernei.The linear convolulion of different
sizes of the images and the filter kernels have been
implemented via.softuare by using overlap save technique of
sectioned convolut%ons. ‘

The convolutional filter has been interfaced to the
.SEL 32727 throuqh the High Speed Data interface.The -
implementation of the convelution filter via the indirect

transform resulted in a low cost,high speed Systen.

-
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2.6  DISPLAY UNIT - AYDIN 5216
. "4

The ‘Aydin 5216 [ 4 H 1s quite sophisticated and is
built around the INTEL 8086 (16 Lit) Yicroprocessor.The
firnvare- provided has an instruction set of alphanumeric and
qraphic instructions and it does not prov1de its own
operating svstem The standard firmware for avdln is pfov1ded
on one card and by including another card for the operating
system the Aydin 5216 can be used as a ;tand alone
computer.As an alternative to this,the second card may be
replaced by the operating system supplied by a host
computer.In this configquration the .host communicates with
the display unit as 1f it were a periphefal device.of tﬁe

host.

The Aydin 5216 display is interfaced to the SEL 32,27
through a nultipurpose custonm inte;face.The standard
firmuare‘provided accepts ccmmands rfrom the SEL conputer and
executes the necessary'codes_to generate alphanumeric og
gqraphic data.The 5216 Eas a resolution of 5i2:x 512 pixels

\and upto 256 colours can be displayed on the ménitor
sSimultaneously.Apart from accepting comwmands from the SEL

computer, the Aydin mcnitor is also capable of ‘executing

conmands entered through its keyboard.

"
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The serial interface for the monitor enables data

/

transfer for loading the pixels in the refresh_memoiy of the
processor. Individ:;§ Red,Gréen and Blue composite outputs
having 8 level intensity provide a total of 256& unique
_colour'combinations.THe pseudo:eolour capability and gray

-

level translation is Jgde possikle by a RAMN lookup table.

The Aydin colour mcnitor utilizes .the basic
television‘principles to produce a raster scan dispiav}The
alphanumeric and qrabhiqs daia qene;atedzis converted into
the three colout siénals. Synchronisation or symnc .signals
are included with_the'qfeen,siqnal or as an external
sync.The digital data is translated by the display ccoputer -
into a dot matrix field pattérn which in turn is converted

into composite video sigpals for the three calours.

2.7 COLOUR PRINTER

The Trilog Colarplot is a unique colour printer
capable bf plotting in multicofsur or.Black & Wwhite gn a
plain paper without any toners [ 5 1.It uses a colour ribbon
prade up of three colour zones Yagenta,Cyan and Yéllou.The'
various colours are achieved by interspersing the cclou:
dots and controlling the dot density by software.A typical

example would be the the interspering of the yellow and cyan

dots to produce a green tdne.The shade of green({liqht or
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v

dark) that can be produced depends on the dot density of the -

‘two primary colours.

_The Trilog Colorplot is phdgrammed to piot all the
yelloﬁ dots first followed by magenta and'cyan-rhe form is
reversed after piotting all the yellow dots énd again after
plotting all the magehta dots.This arrangemen£ is quite
practical and it avoids contémination-pf colours, especially

yellpu.

Printing *‘is done by a bank of haumers mounted cn a

moving shuttle. ASs the shuttle SWeeps across, the hampers
are activated electromagnetically at each position at which

a dot is to be printed. The shuttle slows doﬁn towards the .

1 [

end of the line and accelerates in the reverse airection, the

paper feed moves the. paper by one vertical dot row.

2-T-1 Character Printing

The upper case characters are printed by the
Colorplot as a 7X9 dot matrix.It is possible to plot upto .
132 characters per inch. A gtqndatd set of 96 ASCIIX
characters is stored in a PHOM,and is accessedrby the

received character codes. The table (2:Tr\shous the character

Set. .
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17 N
 BITS w5
‘ i B
BITS 4-1) 000 001 1 010 | o11f100 | 101] 110 | 111 3
. v =~y ™ T - A%
Colour Zone 1 | Space 0 @ P P . i
0000 Yellow B . j
0001 Colour Zone 2 A 1 & Q a 9 : lwﬁ
. Re_q_ : ) {;
0010 Colour Zone;}ll " 2 o R b r .
Blue i
_A . . ) .. .‘ .ll‘i:,
0011 # 3 |c s e |y B
: . : 4
0100 ) S '§ 4 ) T d £ i
. _ e Q
0101 | PLOT - , % 5 E U | e u )
o110 ' | 8 LPI | & 6 F | v £ v '
0111 B | Reverse . - ' 7 G W g W ) -lﬂ
1000 elong. ' ( 8 H | X h x
: char.
1001 comp. ) 9 I Y 5 ¥ ’
' prt. -
line _ N . . J 4 .
1010 feed . : J
1011 o RN B ELT k { ‘
1100 form . B ) L \ 1 /
feed - S
| earr. |. - - = I m
1107 rtn. : . 1 }
1110 shift out . . b N A n ~
1111 shift In / ? o | _ o delete

Table 2.1 STalLaRD 96 CHARACTLR 4501l SusT
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2.7.2 Plotting

The plot mode is selected by the PLOT command aﬁd by

omitting this the printer will continue to be in PRINT

mode.in the Plot mode bits 1 through 6 of each data bvie are

interpreted as six contiquous dot positions in a dot row.The
7th bit is always programmed as '1' to iﬁentify the hyte as
printable data and it is rossible to print-upto 100

. dotsysinch.It should be notéd here that it is not possible to
mix character and plot data,except by reversan,the fcrm to

perform the becond operation.

2-.7.3 Colour Plotting

The Colorplot is capable of producing attractive
plots in colour.The cclours can be progqrammed by the user
.Before beqginning to plot in colour the ribbon drive system
initializes by movinq the riﬁbon through a colour boundary
créssinq.The drive then reverses the direction and during
the second‘pass of the ritkcn boundary, the colourrgode is
‘read' and the colour zone in front of the print station is
determined.The drive then searches for the colour to he

printed as specified by the user's program.

L]

-~

s When the required colour zomne is in front of the

print station, pranting proceeds according to the programmed
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dot density.In the_case of multi colour plotting the form is
reversed to Top of Foru after completely plotting one
colour.The three prawary colours can be specified hy the

program by their Hex codes.

YELLOW 10H
MAGENTA 11H

CYAN 124

The colour selection is programmed as a éingle kyte
line immediahely preceediﬁq the plot data ftor the first line
to be prianted in that colouf.since the colours printed are
opaque the various colours cah only be geﬁerated by
interspersing the dots of the three primary-colours.The
shades that can be obtained can be controlled by the dot

~density.

2-8 TOUCH SCREEN

[

The Touch Screen 15 a unigque system providing an easy

interaction between an untrained person and a sophisticated
computer System.Access to different commands and data files
is possible by merely touching the corrosponding position on

the screen.
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The digitizer of the touch screen measures the touch
position by measuring the voltage distribution across the
conductinq'fiim.Tuo thin transparent‘ﬁilms are mounted in
front of the CRT but are kebt separated.by an.insulatinq
lave; at the edqges.When the screen is touched,one conducting
layer is forced into the other yvielding an output voltage
proportional to tne touch pdsitionJThe voltage is then
converted to a binary number,combined with sigilar data from
étherraxis,filtered and fcrmatted iﬁto AéCII characters.
and is then transmitted serially.

v .

The touch screen when operating in the continuous
‘-mode outputs position data continuocusly is long as the
screen 1is touched;The outpui is”updated.appréxima£elv 60
times per second.ln the initial touch mode the screen
outputs data only on the initial touch.The screeﬂ must be
released before any other output is produced.This feature‘is
exploited for MENU selection as continuous mode is likely to
trénsmit useless data to the host computer.The touch screen
can also be used to operate in a fixed array of touch
pads.The message rformat of the data is sent to the host is

dependent on the mode selected by the user.

In the existing configuration the touch screen plays
a very -important rfle by providing access to the various
peripherals.The touch screen here 1is trained to simulate the

executive for the image rrocessing work station.



2.9 LINE PRINTER/FLOPPY DISK CONTBOLLER

The Trilog Colorplot is.interfacéd to the host

computer through the I/0 Processor [ 6 ).The control is

provided by the Liné Printer/Floppy Disk (LP/FD)

controller,vhich operates at a moderate speed.The LP/FD

circuit board is phy51cally plugqed into the I/O backpane of

the SEL computer.In qeneral the features of the LP/FD

controller can bhe listed as follows :-

1. All control functions are handled by a 280
Microprocessor.
2. All data transfers are accomplished using

pirect Memory Access (DMA) control.

3. It is interfaced to the dultipurpose Bus {MPB)

through a General Purpose Instrument Bus {GPIB)

' Inteqrated Circuit {IC).

4. Interface to the lipe printer is through SSI

and MSI coamponents,vwhereas the interface to the

Floppy Disk Drive is through a Floppy Disk

Contréllet IC.

Apart from the above mentioned features the
controller board has Parity Generator/Checker

circuits, Tranceiver circuits for InputsOutput (1/0) of

1
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data,Programmable BRead Only Memories (PROM's) to store

control programs and Random Access Memories (RAM's) for data

and parameter storage.

The elecﬁrical connections to the line printer.are
via standard line printer cable.The printer uses a
DAT APRODUCTS interface cahle.and the wmaxinum length of such
a cable should not exceed 30 feet.all data transfers Letween
the IOP and LP/FD controller are on the MPB lines 0 through
7.The IOP MPB is a médium speed asynchponous Bus shich uses
a subset of IEEE 488 protocol.It must bé noted at this point

that no data conversion is performed by the LP/FD

controller.

2.9.1 Initialization
]

The LP/FD controller is initialized during the
computer System power ON sequence.During the initialization
tue LP/FD controller receives an Interface Clear {IFC)
signal from the IOP and this causes the MPU to start the

program execution from location zero.
2.9.2 Lipe Printer / Floppy pisk Controller Address

The Line Printer / Floppy pisk controller address is

established by means of 1umpers,accordinq to the address




Jumper Table shown in table (2.2).The lower the LP/FD

controller's address is,the higher is its priority;The

priority of the controller becomes important when the

, .

computer is executing a priority polling sequence.In the

- - - - 4 :
pcesent confiquration in this department, the line printer

address is set as '7EFB' and that of the floppy disk

controller is set as ‘Y7EFQY.
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Jumper Pin Number _;
Addréss - 5-12 6-11 7-10 8-9 i
0 Out out Out Out v
1 Qut Out Qut In 5
2 Out - Qut In’ Out TR
3 Out - Out In In | )
L Outs In : Out Out s
5 Out In Out In : ro
6 Cut In - In Out ROk
Vi out In In in L

8 In Cut Cut , Out i
9 In Cut Out In . 1 §

A In Qut Qut out b

B In Out In ~ In \ i
C In In Out ' Out \ L
D In In Qut In E-i
B In ' In In Out v
F In In i In In A :
Table 2.2 -
LP/FD Controller Address Jumper Table. L 5




2.9.3 Line Printer Commands

lThe line printer ccmmands are divided into ghree
cateqorieé viz.,Control,¥rite and Sense.After receiving the
start I/0 (SIO) command the IOP fétcheé these commands and
sends them to the LP/FD controller.The byte trénsfer
count,address and flags remain‘with IOP,uhile-the‘LP)ED'r
controller receives the subchéﬂnel address from the SIC
instruction constant.A brief description of each of the

conmands is given in the following pages.

" 2.9.3.1 Control

The line printer control cocomands ailoU‘paper moves
te occur without a data transfer instructionfThe MPB kits
format for line printer control.command requires that gits 6
& 7 be set to 1 ﬁo defihe the byte as a control’
command.?iqure (2.2) illustrates the line prianter ccantrol

conmand format.

.~

' M PB . i

et ot Dl Dot el ot el latoded

10/110/150/140711 0 40711 1 4 1 |

e et Bl et Bl Bl Bty bt

0 1 2 3 4 5 6. 7

Fig.2.2 Line Printer Control Command Formatf

1.
i
!
1




Bit 5 - Paper Control,wvhen equal to 0,bit 5 indicates

that bits 2 & 3 should not be interpreted.
Bit 4 - This.bit is always set to 0 ‘
Bit 3 & 2 - Skip Count Line Advance.They specify the
number of lines that should be skipped,as

illpstrated in the table below.

— ——— e i e b e

1 Bit 3 | Bit 2 | Command
R B B
i 0 i 0 | Skip no line {CR)

; i |

i

| 1 | 0 I Skip 1 line )

| | l .

l 0 | 1 | Skip 2 lines - -
| ) |

i 1 | 1 } Skip 3 l;nes

Table 2.3 Skip Line Format. ’ RS
Bit 1 - TOF.When equal to 1,indicates that the device
has advanced to Torp of Feorm.

Bit 0 - Clear line printer buffer.wWhen equal to 1 it

indicates that the line printer buffer has

been cleared.

The order of the line printer data and conmand Stream
cnbedded in the IOP MPB data stream is unrestricted.The
control characters embedded in the data stream are executed
by the printer without entering its data buffer.Data ]
products line printer héve a maximum data buffer length of
136 bytes,hence the IOP NMPB data strgams can have.a raximum

lenqth of 136 bytes between the control characters. These
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emhedded control characters must be the standard ASCII Codes
which are recoqnized by the printef, €d.,Line Feed-(LP)=OA.

H, Form Feed (FF)=0C H and Carriage Return (CR)=0D H.

2.9.3.2 Srite

The line printer write command transfers data to ﬁhe
lipe printer buffer.The MPB Bits format for the write
cormmand requires that bits 6 & 7 £o be set to 0 & 1
respectively.Figure (2.3) illustrates the format for a line

-

printer write command.

l—— e b T ————

| T M P B . {
-l |- ==
10/110/110/110/1I0/1l0/1l 04 1
I-—— ===l
0 1 2 3 4 5 6 7
Fig.2.3 Line Printer Write Command Format.
Bit 5 - Paper Control,.When equal to 0,bit 5 does not
' allow any automatic insertion of control characters
into the data.Instead all control commands must
be insertad by the user.When egqual to 1 bit 5
allows CR's,LF's and TOF commands to be

antomatically inserted by the controller as they

are defined in the instruction.
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Bit 4 - Pre/Post Print.When eqyal to 0,bit # indicates
that the line printer is to print.data then
perform a carriage coﬁtrol operation.The control
charactecrs as defined in the instruction are sent
to the line printer after the data is sent to the
line printert's data buéfer.when equal tO'H,bit 4

. indicates that the lipe printer is to perform a

| carriaqe control operation before it prints the

data.The control characters.are sent to the
printer before the data is sent to the printer's
data buffer.In addition a CR command is sent to

"the line printer after its data buffer is loaded

This action causes the data to be printed.

Bits 3 § 2 - Skip Count.These bité specify the number of
lines thqf should be skipped.Table (2.3)
specifies the format for this conmand.

Bit 1 - When equal to 1 indicates Top Qf‘Form operation.

Bit 0 -~ Clear line printer buffer.

S 2.9.3.3 Sense

The sense command allows the LP/FD controller to
determine the status of the printer.There are 8 device
status bits viz.,Busy, Status Modifier,Controller
End, Attention,Channel End,Device End, Onit check andenit

.

Exception.The MPB bits format for a line printer sense
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command requires that bits 0 thru 3 be set to'o;és these

bits are not used by the LP/FD_controller.Thq_definifion of

each of

the remaining bits is)discussed below.

i . 4e s [
el Et Bl S e B e el
101 0 0§ 0 j0/1021101)0/1)
B el el e B B Bt Bl

0 1 2 .3 4 5 6 7

Fiq-2.4 Line Printer Sense Data Pormat.

Bit 4 - Channel End (CE) .The channel end condition is

Bit 3 -

Bit 2 -

Bit 1 -

caused by the completion of the I/O operation
involving data transfers or control information
between the device and the IOP.This indicates
that the subchannel:has become available for
use -in another operation.

Device End jDE).The devicé end condition is

caused by the conmpletion of I/0 operation at

the device.This condition also indicates that

the device has bécome available for another
operation.Note that the CE & DE conditions

occur simultanecusly.

‘Unit Ccheck.This condition indicates that an

unusual condition was detected,éense data.is
available and/or the commagd was terminated.
IUnit Exception.This condition indicates that
a Bottom of Form (BOF) conditiom exists ig a

vertical Feed Unit (VFU) line printer.

ey A R




2.10 . PUNCTIONAL DESCRIPTION OF THE LP/FD-CONTROLLER

The entire operation'oﬁ the LP/FD controller is
controlled by the ﬁso—hicro Probessoi Unit tﬁPU),figdre
(2.5j‘qives a functioﬁal déscfiptioﬁ of the controllér.The
address decode circuits for the I/0 devices uses internal
addfess.siqnals to set or reset interrupts snd to. éet\up
some special conditions required by the LP/FD controller for
proper operation.The otﬂé:lsiqhals associated uith-the'
address,decode circuit address of the-othér internal
" functions of the LP/FD controller.An 8 MHz interhgl clock
circuit qeLerates all the necessary timing signalé for the
controller.A brief deécription of.the isportant blocks shown

in fig (2.5) is given im the following sections.

. \ 30 -
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2.10.1 General Purpose Ingtrumept Bus (GRIB)

-

The GPIB is used as an interface circuit that
gonnects the LP/FPD controller to the Multi Purﬁose Bus
l_(ﬂPB).The GPIB is controlled by ;he zaolupu and contains the
necesgéry logic to allow information transfers between the
MPB .and the interface-and between the memory and the
interface.Data and parity ipformation is also transferred

hetween the MPB and the interface.

The GPIB checks for odd parity duripg inforwmation
transfers from the HMPB ahd for generated odd paritv‘durinq
information transfers to the MPB.Bidirectional handshake
signals control all the GPIB information transfers.The MPB
uses the héﬁdshake signals to initiate and effect
information traﬁsrers.The GPIB initiates information
transfers requesting service from the HPﬁ.The HPB then goes
through a polling sequence for the service request.The '
information is then transferred to the MPB using handshake

control lines.

2.10.2 Drivers / Receiyers

The input driver sends information to thg I0P.The
input receiver obtains information from the IOP and sends it

to the GPIB,EOI logic and paritf~qenerate / check
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circuits,uhere it is procescsed and eventually sent to the

proper line printer or floppy disk.The output driver sends

o

information to the floppy disk and the output receiver
obtains information from the floppy disk and then applies it

to the appropriate circuitry within the LB/FD controller for

processing.

L)

2.10.3 ' Intergupt Logic

. The interrupt logqic generates the interrupt signal
and ultimately the vectored ihte:rupt address. The MPU uses
the vector interrupt address to locate an interrupt handler

to process that particular interrupt.

2.10.4 Parity Generate / Check

The parity generate / check circuit lcoks for and
generates odd parity.The circuit looks at the parity of the
data at the trailing edge of the data available line.

2.10.5 pirect Memory Access (DHNA) Contraller

The DMA controller simqltaneously performs either a
memory write / port read or a port read /mem OLY write.The
DMA interrupt channels are as follows : channel 0,Flopry
Disk Cantroller (FDC); channpel 1,6PIB;channel 2,Line Erintef

“1—{LP1) ;:channel 3, Line Printer 2 (LP2).

Feot .

:
84
v

o

2

‘i

3




2.10.6  Hemory

.The memory functional blocks comprise five (1k by 8)
PEOM's and three {1k by 8) RAM chips.The PROM's contain the
firmwvare that controls the operation of the LP/FD

controller,the RAM's provide tne temporary information S

storage. . : o

R

2.10.7 Ploppy Disk Controller (FDC)

The FDC supporté and is corpletly compatible with .
double density and siagle density fofmats.;t contains 2 . | 'H%
reqisters,status‘and Data, wvhich may be accessed by the Z80
'HPU:The 8 bit main status register contains informatian for
the Floppy Disk Drive (FDD).Data are only read from the

status register and then used to facilitate the transfer of

data between the #PU and the FDC through status reqister.

2.10.8 End or ldentify (BOI) Logic

The IOP interface logic enables and disables the
receipt and ‘'generation of the EOIL to the MPB.The purpase of
the EOI logic circuit is to handle burst termination.This
circuit is the only area where the IOP deviates froﬁ the i
TEEE-488 specifications.The IEEE-u488 states that only the

talker (sender of data) can terminaté the burst,uith'the BOI

' . X
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lOQ%C circuit,both the talker and the listener (ceceiver of

data). can terminate the burst.
2.10.9 Line Printer Copntroller (LEC)

The LPC can execute formatted and unformatted write
opefations When performing a fcrmatted uriteboperation the
control characters,Carriage R;turn (CRI;Line Feed (LF) and
the Form Feed (FF) are included in the data stream as
discussed in the previous sectiohs.ln‘gn unformatted write

y
operation thercontrol characters are inserted by the line
printer on a line by line basis.Details reqacdihd the
specific congrol signals afe discu;sed in length in the
section on 'Line Printer Interface'.

v

2.10.10 Micro Processer Upit (MPU)

The 280 MPU controls the operation of the LP/FD
controller.It accesses the EROM where the firmware pragrams
are stored,using read (BD) signal.It accesses the RAHN for

tempordry = Storage uging both BD apd the write (WB) signals.

The iBO MPU data ;ines (MDAT) provide 8 bit
bidirectional information transfers between the Z80,menory
and the Floppy Disk/Line Printegs.The address lines access

nemory locations for memory read/write operations.The MPU

"_'_._ e gt e e
bl . .

e
T

AL R
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i
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L

also reads information from or writes information to the

internal registers.The interrupt (INT) input informs the H¥PU
that an interrupt has occurred and the inteérrupt vector
addcess is on the MDAT lines.The MPU uses the vector address

to locate the interrupt handler,in memory,that will process

the particular intérrupt that occurred.
2.11 LINE PRINTER INIRREACR | . -

The line printer intertace uses two asynchronous
handshake lines for proper operation.The Timing diagran 1*?
shown in fig. (2.6) for a Data ProductSipterface describes the Q?i

sequence of data transfer. 5

)

“undl
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The Data Demand . (HECATADEMAND) line comes from the

printer,indicating that it is ready for data.If the
HDATADEMAND  line is high and the HDATASTROBE line is not

set,a DMA request (HDMAREQ) signal is generated [ 8 J.

fhe Data Requeét }IDR) is sent every 2 micrcseconds
by the printer to synchronize with the HDATADEMAND and will
remaiﬁ hiqh until a Data Strobe is received.The Data Request
line then goes low within 100 nsec.The Data Strobe
(HDATASTROBE) line goes to the line printer indicating that
the data is there on its data inputs.This should remain high
until IDR qoes low.The Data lines must be stable ror atleast

50 nsec before Data S5Strobe is sent.

The Ready (LRDY) signal is sent to the host cowmputer
'by the line printer to indicate that it is ready to accept
data.This signal reﬁains high until a-CHECK condition
occurs.The Online (IONL) signal goes hiqgh,when the OKLINE
button is depressed by the operator.The tabhle (;.u) gives
the various interface line functions'and the corresponﬁinq
signals for the SEL coamputer LP/FD controller and the Triloq

Colorﬁlot.

i
|

b

|
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o e ek

| SIGNAL | DESCRIPTION

SEL {COLCRELOT |

|
{
l,
bata ] Sent by the printer |
Request|to synchronize data |
|
}
|

i i I
i l |
I e i |
| jtransmission. Rhen HCATADEMARD] IDR i
i jtrue,requests a char- ) i |
| jacter.Remains true i l
1 funtil Data Strobe is | | |
i jreceived,then qoes i i i
| Jfalse witnin 100 nsec) i | .
| S i | i
| Data | Sent by user systen | l : o
| Strobe |to cause priunter to | i i 3
- | Jaccept information onj i i 5
| |data lines.Should | HDATASTROBE| IDSTB |
| jremain true until | ' l 5
I jprinter drops Data | i i o
I | Request line.Data i | | '
| {lines must stabilize | i l v
i jfor atleast 50 nsec | i i i
| |before Data Strobe isj| I | !
i | sent. 1. | | .
{ : l [ i |
- {Data Bit1} | HLPDO1 i IDB1 i
|Data Bit2l | HLPDO2 | inB2 - |
jData Bit3| Bit 8 ccntrcls i HLPDO3 l IDRBR3 B |
| Data Bit4joptional character | HLPDO4 i IDB4Y ]
| Pata Bit5|set. ’ { HLPDOS | 1IDES |
jData Bito] | HLPDOS i IDES |
|Data Bit7] i HLBDO7 | IDB7 |
| Data Bit8| | HLPDOSB | IDES |
i | | i }
| Ready | Sent to user systenm | | |
] |by printer.True when | HLPREADY | IRDY I
| |no Check condition | | |
] lexists. l | |
J i o~ | | |
{ On Line| Sent &o user systenm | | i
i |by printer.True when | i l
| | Ready line is true i HONLINE | IONL i
| land operator has act-l| { |
i jivated ON LINE push-— | i | .
| {button. Enables inter-| | | |
i | face activity. I I i
| | i I 1 ;
i Interface| Jumper in printer i | | ;
| Verify lconnector.Continuity { i i _
| |informs user system | - I l :
i jthat connector is j LLPCONECTED] ILFCCN | !
) i l '

|properly seated. | ‘ ‘ l %
| === —=m—mmmmm——mmmo—— o smsoSsosSosooTmmmmSTmmETmTTTTT
. v

Table 2.k

Datéproducts‘lnterface Line functions. !



Chapter I1III

SOFTWARR PACKRAGE — TRILOG LIBRARY

3.1 INTRODUCTION

The software package ;qpplied'h? ﬁerritos Computer
Services Inc., allous thé-cényenient use of thercolorplot
printer as though it were an X-Y plotter.Iit also enables the
user to produce plots in cclour or in black and
white,Attractive plot% and graphics can be generated based
on thﬁs softwvare package which has been 1ncorporated into
the SEL system as Trilog litrary.It is also possible tao vary
the size of the plots and tte thickness of the ‘pen':

The software packaqge was originally written in
FORTRAN IV for a 16 bit machine and this was modified to
suit the FOBTRAH‘?T conpiler of the 32 bit SEL
machine,existing at this department.In this chapter ve will
illustrate some of the capakilities of the triloq library

while elaboratlnq on each of the routines.The modifications

requlred for lmplementlnq this library are also discussed.
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3.2  IBSTALLATION OF TRIJOG LIBRARY | )

[N
v .

The software packaqe supplied by Cerritos Computer

Services Inc., was on a 1600 BPI tape.As this thpe cannot be

read directly by’the magtare unit in the department,it wvas
copied on to a 800 BPI tape;Ihe tape ias unlabelled and
contained blocked ASCII records.The files cmn the tape vere
then read into the NOVA coﬁpﬁter and g ySsequently | |
transEerred via the asynchronous communication Bus of the
SEL 'to the hard disk unit or the SEL Bus. The package has

three files as given helow.

L}

File 1 : Plot Subroutinélhib:atv.

"File 2 : Baster Scan Conversion Proqran.

File 3 : Demcnstration Proqram.

These source files which were meant for a 16 Bit

machine were modified to suit the SEL computer (32 Bit).

3.3 CAPABILITIES OF TRILOG LIBEBARY

As stated earlier a variety of glots and graphics can

be produced based ‘on the software package.This packaqe
alious the user to generate the rollowing .in different

combinations to suit his needs [ 9 1.

e e e 2



~1.) Labelled and annotated axes.

2.) Textual or character string data.
g 3.) GrqphS'from data arrays of X and Y coordinates.
4.) Individual points and vectors.

5.) Shaded or filled peclygonal areas.

It should be noted here that the physical X axis runs o
Avérticgllv down and the ¥ axis runs horizdntallv across the
page.All angles are measured counter clockwise from the
physical plbtter k axié.The user can alsp exercise ccntrol Y

over the following to produce attractive plots.

1.) ‘Pen' nmotion,width and colour.
2.) oriqin of the plots.. _ | v

3.) Independent offset and scale for the data arrays.

4.) Rotation and size of text anq axes.

5.) Density and pattern for shaded-areas.

3.4 LOGIC FLOW FOR PRODUCING PLOTS

The user can pfoduce any plot by coapiling and
executing the program which has calls to the plot
subroutines.The output of the Lser's progranm is a file of
intermediate pen motion commands This file of pen motion

conmands is linked to the raster scan conversion program to

produce a file of.raster_data.Thehraster data also includes

v
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the paper motion control information,colour change
information and 'pen' width information:The file containing
the raster data is then ljinked to the driver routine which

transters the data to the printer buffer and which in turn

activates the ]pen' to produce the desired plot.

In the case of multicolour plots the data for yellow

colour is transferred first and after the plot for yellow is
produced the form is reversed and the data for magenfa is
sent to.the printer buffer.nfte:’piotting the magenta colour
the form is reversed again and the data for cyan colour is
transferred from the host computer to the printer buffer.The

tlow chart illustrated in fiq 3.1 shows the logic flow.

Figures 3.2 and 3.3 illustrate a l;ne plot and a
multihle plot that was produced by utilizing the
-capabilities of the Trilog library.The software developed
fer producinq such plots can be programmed by the user for

single or nultiple plots.
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User. prepares progranm
with calls to
‘the PLOT subroutines

|

User conpiles and links

program with the PLOT.

subroutine library

i
User executes progran

[}
User program creates

internediate pen motion

commands file

User executes RSC to
convert Lntermedlate
pen motion commands

Eile to iaster data

Plot is prodpced on printer

qu. 3.1 LOGIC FLOW TO PRODOCE PLOTS
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Fig. 3.2 Line plot produced by the printer.
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Fig. 3.3 Multiple plot produced by'the printer.
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3.9 SUBRODTINE LIBRARY

This was created by compiling the subroutineé of file | ﬁ

1 to forp object files.The library is-linked.uith the user

program to form an executable'proqram.ﬂhen the user proaram
is executed it creates a file of intermediate pen wmotion : ;é
commands.Labelleﬁ COHMON §tateqents in FORTRAN are ﬁsed to _ f
pass all t he internalldata between tﬁe various plot

routines.

3.6 COMPOMENTS OF TRILOG LIBRARY : i

In this section we ﬁill be describing each of the
components df the subroutine library briefly[107.Al11l kthe
.leanhs,heiqhts and.sizes are in plotter units and the
défault value is 1 plotter unit equal to 1'inch.The plotter
resolution is ofcour#e limited to the size of the dot.The
physical plotter origimn 1s initially at the top left of the
printer page.The calling sequeance for each of the routines
is given in the Apbegdix.

3.6.1 Subrouotine PLOTS

This is a very important routine as it initializes
all the other routines in the library to begin any plot.It

also sets the scale factor to 1its dgfault value (1 inch = 1
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plotter unit) and this can ke changed by the_uger
program.The initial 'pen' location or origin is set to
(0.0,0.0).It should also be noted thaq_thié is to be calléd
once and only once by the user proqram.subgéquent calls to.
reinifiali;e will result in error.

/

3.6.2 Subgouytine PLOT

it is often required by the user to beqin.khe Flots

at an origin away from (x,y)=(0.0,0.0).To facilitate the
.plottinq at a desired origin the calls to the.subroutine
'PLOT; will result in the shifting of origin as given by the
user's programn.This routine-ié also capéble of draving a
vector from current 'pen' position to a new f'pen'
position.Pagination ccntrcl can also be exercised by the
user .The PLOT routine can operate in any of the follcwing 3

nodes - .

da) Thé Draw node causés a line to be plotted from
current 'pen' position to new 'pen! position.

b.) The Move mode causes the.'ren' to move from
current position to new position without
plotting” a line. |

¢.) The Erase mode .is rather unique and it causes
the 'peﬁ‘ to nmove from a current position to a

neu‘position erasing any line already plotted.
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Once the oriqin of the plot is set all the *pen' )

i

motions are calculated with respect to this origin.It is
also very important to terminate all plot p:oqramé rroperly

to avoid erraneous data to te written into the pen motion

conmands file. ' ‘ ‘ By,

LTI RIS TR

3.6.3  Subpoutipe FACTOR

FACTOER allows altering the scale factor for flot size
trom the default value of 1 plotter unit equal to 1 inch
.Multiple calls to this routine are cunulative and a factor : -

of 1.0 resets the scalg to the default value.
3.6.4 subroutine WHERR

. This routine can be used by the user to determine the
current *‘pen' position and the scale factor.A call to this
routine returns the coordinates (x,y; and the scale factor
to the user's program.This allows the user to proqran the

plots not to exceed set limits.

3.6.5 Subroutine SYNBOL:

SYMBOL plots character or textual'data at a desired
position and angle.The apfearance of the symbol is degpendent

on the resolution of the printer.
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3.6.6 Subroutjine NUMBER |

This routine ﬁlots f;oatinq poin£ data as a numeric
chaéacter'st;inq in a format similar to FORTRAN F
format.This routine also allows user control over height,pen
uid;h,pen position and the angle desired.The numbers plotted

are truncated and not rounded off.
3.6.7 Sybrougtine SCALE

It is quite necessary to calculate the scaling- offset
and scaling increment to plot any data, the routine SCALE
serves this purpose quite efficiently.This routine is also
called by two other routines in the library,aXIS and
LINE,and returns the scaling offset and scaling increment to
the user's program.SCALE does no plotting of its own and
does not modify the data in the array.Two extra locations
should be provided in each of the data arrays before calling
this routine to accomodate the valués for scaling offset and

scal%pq increment.

3.6.8 Sub;oﬁtine AXIS

This routine produces an axis With labelled tic marks
which are one plotter unit apart.It is also possible to plot

a title centered on the axis.The gnqle,lenqth and position
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of‘the axis éan.be‘controlled by the user.The annotation
values plotted for the tic marks depend on the scaling
ofiset and scaling increment and not on the coordinate
systeﬁ or overall scale factor.Tbhe coordinate of.the ﬁiotted
point may be coméletely independent of thé annotaticn systen

used with an axis.
3.6.9 Subroytine LINE

LINE combines pairs of dgta points in two arrays and
plots the points sequentially to form a line -according to
user specified parameters.?oints can be plotted with an
optional special symbcl and an opticnal connecting line
between points.The oifset and scalinq of the points to fit
the line are calculated automatically by the routine
SCALE.The values returned by the SCALE are used to calculate

" the x and Y coordinatés as given by the equation below.

»
[}

(xﬂxoffset/xincrement)

.
]

(y-yoffset/yincrement)

=

The user must provide at least two extra locations in

each array for the scaling offset and scaling increment.




52
3.6.10 Subroutine NEWEREN

NEWPEN is very useful in setting the *pen’ width
and/or 'pen' colour, in the case of multicolcur plots.It can
be called any number of-times and the thickness and cclour

. can be changed for each call.
3.6.11 Sub;ggtige NEWNMSK

It is useful ih providing control over the dot patern

used to generate lines .The mask control word - given as an

s el e A B A T i SE St S e

integer is converted into a 16 bit binary number by the - “

it

&

program and plots the dots corresponding to the 1 bits of
the word.For example a wo:j/9£\257 results in every eigth
dot being plotted.The defdult value is set to -1 to allow

every dot to be plotted.
3.6.12 subroutine SHADR

This routine allows any area to be shaded uith
equally spaced lines at any given angle. If the area 1is not
closed, then the first and last points are ﬁoiued,to form a
closed area.The mask contrcl word supplied by the user
affects only the lines shading the area and not the
outline.The scaling otfset and scaling increment are

]
returned by the routine SCALE.
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3.7 DEVICE DRIVERS

A device driver is the operating systen interface
befueén the user proqram, the operating system and the
hardware that controls the deﬁice.The‘Colcrplot printer can
operate with a line printer driver. The only restriction is
thatlthe dev ice driver and operating systez nust pass the

plot mode control characters and raster characters without

conversion.

.

3.8 RASTER SCAHN CONVERTER

-

The intermediate file of the pen motion commands

contains important information which has to be converted

into Raster dafa to produce plots omn the printer.The raster

‘data has the 'pen’ width,cclour change and paper motion

control. information.

The raster scan conversion progqram initializes the

values for,fggpgth\heiqht,Hidth,dots)inch,resolution and

other parameters.lit then opens the intermediate pen motion .

commands file and also the device.h new page is forced

pefore producing any plot and the input from the

internediate file 1is converted into an output scratch file

by the program.The output scratch file is then used by

another subroutine which is converted into file of raster
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data.This file of raster data has all the control

information required to produce a plot as desired by the

user,

The raster data is finally linked with the.d:iver
subroutine which tcansfers the raster data as a sznqle byte
to the_printer butter.The software driver also sets the 7th
pit as a *1' 1in plot data to identify the byte as b

contiguous discrete dot positions to be printed.

3.9 . BODIPIGATIONS 1O IRILGG LIBRARY .

The softuare packaqe supplied bv‘Cerritos Computer

services Inc. was wtxtten for a 16 bit machine and necessarv

chanqes had to be made to implement it on a 32 bit machine [

7 1.0ne of the major changes vas restricting the yidth of

all the integer values to 2 bytes. The statement IMPLICIT

INTEGER®*2 (I-N) defines all the integer values as 2 bytes

vide.The Logic Unit (LU) is 4 bytes wide and hence has to be

defined separately as INTEGER*4 LU.

The raster scan conversion proqraf was developed for

a Printrbnix printer and some of the variables have to be

changed to suit the Trilog Colqrplot.The band width was

cpanged from 64 to 110, the band length from 4096 to 7040,th

homher of dotssiach in X direction fromn 60 to 100 and the

e

" ‘;‘g&ﬁ!"é\g*v;:‘ L L'.-
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number of dots in Y direction_ from 60 to 100 doﬁs/inch.The.
printronix printer is not capible of plotting in
colour,whereas the Colorﬁlot can be programmed to produce
attractive plots in colour.Hence the colour enable was set
to ope in the routine which initializes the régter scan

progranm.

A subroutine to extract characters from an arrcay
containing chdracter data was devel&ped.as a part of the
frilog library. The characters are extracted frém a
standard Ascfi look up table and returned to the user's
proﬁram.n deviceAdriver 5qutine was also developed to-
transfer the raster data to the prlnter buffer- The
subroutine PLOTLINE is capakle of: transferclnq the ccntrol
signals like reversg form feed,change color etc., it is also
capable of transferring upto 132 bytes of character data per

line.The seventh bit in each data-bvte is set as 1 by the

subroutine to identify the byte as printable data.

The raster scan conve:ter‘uas also modified to imsert
the control characters into the data stream to perform
operatlons like torm feed,reverse feed etc-.It uasaar/
found that when a text string of ASCII characters wvas
specified directly the compllet failed to recognise then.To
overcome this problem the text string vas stored in a real

arraye.
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Por example the string 'X-AXIS? can be stored as
BDATA(1)='X~AK' and RDATA{2)='1IS ',vhere RDATA is declared
as BEAL RDATA(2). The demcnstration program is catable of

plotting a sbiral or a polygon,no siqnificant chanqes were

.required in this program to produce the desired plot.
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Chapter IV

PSEUDO COLOUB PROCESSING

4.1 INTRODUCTION & /

U

The displav of &a monochrome or black and white image

e L P LD oL e,

N e

may not convey the entire 1nformat10n Hlth regard to a

particular scene under observation. It is due to the fact

o
o

that the human visual system is not sensxtlve to changes in i
~the shades of qgay levels. It is for this reaSon,pseudo
colour techniques are utilized to display monochrome imaqe

to enhance the visual pecrception of the displayed image.

In this chapter a brief ﬂ15005510n onlthe
psychophysics of human vision, hlstoqram modlflcatlon and
image enhancement is presented. These discussions are
followed by an introducticn to pseudo colout fundamentals as
well as an alqorlthm for prlntlnq pseudo coloug
imaqes.?inally a description of some of the tEChRLQUeS

adapted to generate colour lookup table is provided. "

- 57 - ®
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4.2 PSICOPHYSICS OF HUNAN VISION

A ptiméry characteristic of human vision is its
ab111ty to adapt to a Hlde varlety of amblent scene
condltlons In addltlon to visual sen51t1v1ty in the
;etina,the_coded visual information uhlchllg‘transmltted
alonq the optic nerve to the bnain,adapts to'certain'scene

—'d ~ . .
characteristics which remain stable over time so that

stipulus variations are primarily transmitted [ 14 1. This

PRSI -

adaptive behaviour preseants a fundamental difficulty in the

~ analysis and-modellinq of vision.

e

Indeed a model for. the human eye could be used to.

develop a channel betueen the computer image and the human L

Tatn e g

-

vision systemn. Thus a symhlotlc relationship can be developed

hetueen the two ,that holds promise of advancement of bath

areas.ﬂo;k is limited in this area but through a number of . ' v
experiments it was established [ 12 T that a colour imaqe ‘

seemed to provide a pleasing ‘viewing'.In the caée of

nonochrome images it was prooned [ 1 ] that as many shades

of gray as 1is possible shcu;d be used to display an inage to

achieve bigh fidelity.
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4.3 IBAGE ENHANCEMNENT

The computer can be used to 'improve' the quality of
an image without recourse to knquledqe—of déqradiﬂ;
phenomenon,resultinq in the concept of imaqé enhancement
[11).Both mathematical and heuristic techniques are utilized
in this /process for extractlon of lnformatlon that zay not

be qp/feadlly appatant in the preenhanced OILanal imagea

A histoqram_of'qra; level contenf prpvides a qiobal
description of the appearance of the image [ 1 l.Let the
variable r represent the gray lével of the pixéls and lies
in the ramge 0 £ T L1,vhere 0 and‘1 represen£ black and
white respectLVelv 1n the normallzed ranqe of pixel
values.Then the transformation s = T(r) Hlll produce a level
s for everv pixel value & in the or1q1nal 1maqe. Hosever
the transfagmation s = T{r) has to satisfy the folloulnq

cdonditions :

a.} T(r) is single valued and sonotonpically increasing
in the interval 0-6':.&1.
b.) 0% T(r) <1 for 0 £ £ 1.
Here the first condition preserves the order fromf'
black to white in the gray scale and the second condition

ensures a mapping that is ccnsistant with the allowed range

of pixel values.
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A relatively recent development in digital image

processznq is the use of pseudo colour for lmaqe

£
enhancenent, The basic pr1nc1ple involved in pseudo colour

techniques is assiqgning a colour to a pixel based on its
intensity.In other vords “the histogram of the original image
is modified in such a way that each level in the moditied

histogram represents a particular cclour.BY changing the

"transformation function a vide variety of pseudo cclour

images can be produced.
4.4  PSEUDO COLOUR PROCESSING

Virtualiy all rcesearch iﬁ d@qital image processing

has involved only mohoéhrcme images.The human eye

houever perceives colour as wll as brightness infﬁrmation
and it is evident tha{-proces51nq techniques should include
colou:-imaqes as well.smith [ 12 ] concluded from his
éxperiments that an object which seened relatively
inconspicuous in a groumn ,‘on a mcnochrome display'becamg
more apparent when all the objects were colour coded and
displayed on a colour monitor.As an extension to this

observation,we can state that_pseudo‘colou: techniques can

increase the discriminability among items or areas in an

inage.
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Basicallv the colour we pe:ceive in an obiject are - |
determlned by the nature -0of 1ljght reflected from the
obiect It has been suggested by Kiver [13] that a u;&e-ranqe
of colours‘can be hroduced'as combipation of the three
pclmarv colouts However 1t is lmportant to dlffe:entlaté
between the prlmarv colours of light and the prxmary calours

of piqments.In the case of piqments the primary colours are

subtractive that is,one primary colour is absorbed and ) ‘ -

reflects the other twe, the primary colours are additive in

the case of lights.

‘In the area of pseudo Eclour pfoceSsinq the rahqe of
colours that can‘ﬁe‘qeneratéd depénd larqely on the nature
of the display systenm. 'Thé Colorplo£ printer can be o
proqrammed to produce 64 different shades.for a pixel
represented as a 6 X 6 dot matrlx on the ‘other hand the

Aydin display systen is capable of generating 256 shades of .

colours.

Pseudo cdlour techniques are initiated by taking an
achromatic image and mapping it into a tristimulus colour-
space in which different pixels have diffecent colours upon

display.The utility of such a mapping varies in an adhoc

pmanner with the appllcatlon For example,if a thermal scan

of a person is dlsplaved with the uarmer IEQLODS depicted in

shades of red and cooler regions in shades of blue ,there

[ERAC T
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will be compatability betyeen the disp1§ved image and our
psychological potion regarding ‘varnm' and;cool' cclours.thg‘
donveréion_of an achromatic image into a chromatic iméqe can

kY

- be doﬁe in two possible ways.
- and

1) Iﬁtensitv slicing.

~

2.} Gray level to colour transformation. o

“4.4.1 Intensity slicing

I 4 . R
This technique of generating pseudo colour images is

ratherlsimple and is seldon implemented in praqtice.Ih this
technique a tplanet' is chosen'and all the levels above'this
threshold are assidned a partigular colour and those below
are assiqned ; different cclour. The -selection of the . ' ? 
threshold may be'arbitrary and.the resul£ of this scheme 1is i

a two colour image whose relative appearance can be . ;If

controlled by moving the plane.

Figure (4.2) represents the mapping function for this g
technigque. A w©OCE qeneraliseﬁ approach is discussed in the

next section.




Colour

6l

—
11 . 1

Gray levels

Fig.4.2 Representation of intensity slicing method.
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4.8.2 Gray Level to Colour Trapsformation
This technique is pore general and is capable of
producing a gidet range of pseugo colour enhancedent
results. Fron our knowledge that any colour can be proddced

as a comrbination of the three primary colours ,¥e can

_ represent an image by 3 colcur matrices diven as It(I-V)-I;

(x,y) and Ig(x,Y).The subscripts 1,2 and 3 represent the
three primpary colours,based on the nature of the display
systen, thq variables x and y represent the'coordinates of

the pixel.

£ |

The input image_is .subjected to three transforrations
for each of the primary cclours and.the results are then
combined to produce a cémposite imagqe whose ‘colour centent
is modulated by the nature cf the transformation function.It
must be noted that these transformaéions areqbased on the
qraylevel values of an image and Are position invariant.A

functional block diagram to illustrate this technique is

given in fig. (4.3).

PR e
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’4,.:5' AN ALGORITHA FOR DISPLAYING AN IMAGE ON COLORPLOT

This algorithm is based on the gray level to colour

transformation technique and it caa be stated as follous :

'1.) Read the input image.

2.) dap the gray ieve}s of7thé_oriqinal.imaqe
into o4 levels.

3.) Link a lookup table tor each of the
three priqa#y_golours.

4.) Force a new page Lefore proceeding to plot.

5.) ‘Print the yellow colour folloue@ by magenta
and cyad colours.deverse the form after each

colour is plotted conpletely.

in theAimplémentation of the second step of this
algorithno,the l;mitation inposed is due to the fact that the
priuter~can'only produce 64 Jirferent shades.The generation
of loékup ﬁahle is gquite vital in terms of fyiewing' the
‘processed image.The transformation for each of the primary
colours is implemented in ai adhoc manner and the rgsults
obtained are inﬁerbreted and spitable changes are
inqorporated;This-proceSs even théuqh appears to be
arbitrary,is perhaps the only simple guideline since visual
interpretation of image qualigy 1S5 a highly subjective

process.

ﬁ;ﬂ&.‘
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4.521 1gor1tgn for Lntlng a 256 .X 256 Inage
The printer is capable of printing images of size 128
X 128,this is due to the physical limitation imposed by the

device.However images with a larger size can be printed as

nultiple blocks of 128 X 128 pels.An algorithm for printing

a 256 X 256  image is illustrated in the following steps.

1.) Read the input image
2.) Select the first block of 128 X 128 pixels.
3.) Hap the gray levels out; a scale of 6k levels.
4.) Link a lookup taple ror generating pseudo colour.
5.) Force a new page betore proceeding to print.
6.) Print yellow coloﬁ£ first ,followed bf magenta
and cyan colours.Reverse the form after
printing each colour.
Te) Traver51ng the image clockwise select the next

block of 128 X 128'pels.

8.) Repeat steps 3 through 7 until the entire

ipage is printed.

GENERATION OF LOOKUP TABLE

—

The Colorpldt éan_be.programmed to print six discrete

dots tor each data byte provided tpe 7th bit is set to

I‘ll

_Thus it is possible to achieve 2%¥%*6 or bl combinations
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“of dots ana nodots.In the case of pulticolour plotting this

can be interpreted as-ﬁg different shades of colours.

-

,4:.6-1 Transformation ﬁn,_&:-e_d on Integer Yalue

one of the sxmplest techniques that could be

ipplemented for generating a ‘lookup table is as:;glng two .
pits in a data byte for each of the three primary colours.in
order to distribute the dots unito:ml} the colour-bitg are
shifted by two pit positions after every‘tuo dots rows.An
alqgorithm for this technique is'illusﬁratgd‘in the following

steps.

1.} Read pixel value or gray level intensity.

2.) Assign least alqnlflcant 2 bits to cyan ceclour.
3.) Assign bits 2 & 3 to yellow colour. | -

4.) Assign bits & & 5 to magenta colour.

5.) shift the 2 X 2 colour pmatrix to the right

in a cyclic order.

6.) Repeat steps 1 through 5 for the entxre image.

Fiquée {4.4) shows a sanple matrix for a gray level
iptensity of 63.It can pe seen that all the three colours

are distributed uniformly-
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C ¢ X Y M M
c ¢ Y Y M E “
M M c c ¥ Y
M M c c X Y
Y X M M C v
Y ' s b c c
Fig; 4,4 Colour pixel representation for a gray
jevel value of 63 by Bit Assignment method.
" Y - Yellow

¢ - Cyan
M - Magenta

——




¥ig. 4.5 Pseudo Colour by sit issignment Hethod.
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4.6.2 Trianqular Transformation _ ) : ‘ -
m J:' 3 . : " Y )
i ' . \\ - v,
The technlque discussed in the preV1ous section - E '

cannot be used to prlnt a “pixel .in any of the three pure

primary colours.la this sectlon a llnear transforqgt1on for

each of the three prim;ry colours is considefed.The pure
ptlmdrles occur at the end and at the center. The loue;:p
half in tgg gray scale has an lncreaSLDg yellow content and

a decfeasihq cyan content,the magenta colour being absent. In
the upper half the cyah colour is eLiminated and the yelloq.
colour is‘qradually decfeased a;hthe red colour " is L -
1ncteased This technique has pfoduced,bétter‘results than

the prev1ous technique, but only a few shadgé could be
distinduished.Fiq.(ﬂ.?) represen£s the dot matrix for a . B
pixel value of 21.The following steps lllust\rate the :
implémentatiog of this technique. . , -

. 3

=

1. Eead the pixel value from ah input image.

)
*2.) 1t qreater than 32 qo-to step 5.
3.) Determine the values for cyan and yellow hased

on the'transfofmdt%on shown in fig.}u-ﬁ).
4.) Go to step.6- .
S:fn Determl e the, values for magenta and yellcu colour‘
?'based onéihe trdnstormatlon shoun ln fig. (4-96)-

' 6.7) .Bepeat steps { through’ 5 for the eutlre ipage.
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Fig.

4.6 Representation of Triangular T
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Y Cc b C c’ Y :
R c ¥ c c Y -
Y C X c C X
Y C X C G Y
Y“_ o Y c C Y
Fig. 4.7 Colour pixel representation for & gray

level value of 21 by Triangular Pransformation.

‘Y - xellow'
B - Blue
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4..6.3 . Trapezoidal Iransformation
This transtotmation'has produce& the best reéults-as
gompared to the previous two techniques.The triangular ' “H\}

transformation failed to produce any magehta contént among’
the lower gray level values, and any cyah cclour among the
higher intensities. ‘In this ;echnique the lower levels on

the gray scale are composed of increasing yellow and

- decreasing cyan.éontent [ 11 ].The middle range has a

judicious proportion of the three primary colours and the
higher levels have a decreasing yellbu colour and an

v

increasing magenta content.

A very homogegeous distribu£ion  of the colour dots
within -the matrix has further improved the visual
perception.The lookup table generated by this technigque hadJ
to be subjected to gquite a fgu.trials and modifications to
produce a ngood" image .AS this technique does not lend
itéelf to prograaning easily,the lookup table ués generated

by hand computations-?igure {4.10) illustrates a matrix for

‘a piiel value pf 21.

RN



MHagenta

Yellow

Gray level

r&pezoidal Transformation.

Fige 1.9 Representation of T
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C Y c Y M C
Y M C Y N
{ - - o
B M Y c Ia
1 ) c ol ¥ G
4. [}
3
* Y Y ! ¢ Y
& C
3
&
N
C Y C Y C

Fig; 4.10 Colour pixel representation for a gray level

value of 21 by Trapezoidal Transformaticn.

Y- Yellow

C - Cyan :
1

M - Magenta
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4.7 IBTERFACE TO THE EXBRCUTIVE

The printer can be activated by a touch switch in the

executlve to prlnt a multicolour Lmage.The software

‘developed accepts the name of the image file,and 1n1t1ates

--4+he prinoting after the data is fetched from the main

_memorv.Images of thersize 256 X 256 can also be produced in

a Similar manner.

An operator can print an image by initiating the Plot

',suhmenu, followed by the selection of 'PLOT' and the name of

the -image touch pads.a cholce of the réquired lookup table

can also be made before plotting the image.
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' Chapter V

- SUMMARY AND CONCLUSIONS

. The primary‘objective oL tois thesis is to inteface
the Colorplot printer to the imoqe processing execotivé and
to provide softuare for obtaxnlng a hardcopy ot pseudo
colour.imaqes.Looxup tables for qeneratlng pseudo colgur.

have peen designed and thelr effectivenesé in relaticn to

-

)

The nest results in tecras oI fldelity ¥as obtained by

the trapezoidal transformation tecnnlque of mappinyg qray

levels into three colour matrices for each of the primacy

colourS.Tuls technique 1s ulxrloult to iwmplement On the

compu ter, hence all the values could only be obtained by .

peans of simple hand computdtions.This is primarily due to

t he subjectlve nature of pseudo colour ptOCESSlnq.R uniform

distribution of the colour dots in a pixel can also be

acnieved by this technigue-

Tﬁe o;eodo colour images arLe printed as a aixture of
yellow, magenta and cyab dots in three passes, the form teing

reveraed after eacn colour is plotted completely.The size of

any limage qreater than 128 X 128 can only be plottedjas
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ﬁultiple‘blockS'of 128 X 128. SOftuare'fot printing '

dlqltlzed images of dltfetent sizes has been developed.The

olorplot prlnter vas {nterfaced to the SEL 32/21 throuqh the-

I/O processor.

The plotting capabilities of the prin£er is
-supplemented by the software lihtarv prqvided Qy Cerritos
COmputer servxces IDC..Thls package was nodified to suit the
current env1ronmen§ and the dltferent nodules Ln thxs
library vere tested.The Colorplot prlnter 1s hiqhly
versatile and can be used for plotting the data as an K-Y
plotter.This'feature has heen extended to produce gultiple
plots with different coiours'dn the sane axie.A software
drciver routine to transfer plot da;a to the printer Wwas also

-

deveioped.

~
) 1




Appendix A

CALLIHG SEQUBNCE FCR ‘CONPOBENTS OF TRILOG
. LIBRARY

A.1 SUBBOUTINE PLOTS

CALLING SEQUENCE :
CALL PLOTS (R,L)

ARGUMENTS :
R plotter Resolution

L Logical unit‘number for intermediate gen

motions file.

For L=0 Unit=1IBN?
L>0 Unit=L

L

A.2 SUBROUTINE FACTOR

CALLING SEQUENCE 3
CALL FACTOR (Z)

ARGUMENTS =2 o

'z Ratio of .desired plot size to current

plot size.

- 83 —.
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2.3 SUBBOUTINE PLOT '

CALLING SEQUENCE :

| ‘CALL PLOT(X,Y,T)

ARGUNENTS 3, '
X X-coordinate of new position of 'pen'.
Y  Y-coordinate of new position of ‘pen'

I ~ Pen contrel value.
-”F\+;—9 Brase to (X,Y) and set newu origin to (X,Y)
‘ =-=3 Move to (X,Y) and set new origin to (X,Y)
A =-2 Draw to (¥,Y) and set pewv originm to. (X,Y)
- =+2 Draw to (X,Y) '
=+3 Move to (X, Y)
=+9 BErase to (X,Y)
=+10 Terminate current plot and eject page
=+11 Terminate all plots.
=+999 Terminate all plots
{included for compatability).

A.4 SUBBOUTINE WHERE

CALLING SEQUERCE :
CALL WHERE(X,Y¥,2)
(ARGDHENTS :
X, X*c00tﬁinate of current position of ‘pen'

¥ y-cocordinate of cutrent'positiontyf ‘pen!

Z current overall scale factor
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A-S '.sgagougggg SYABOL _ .

CALLING SEQUENCE :

ARGUMENTS

Y

p

CALL SYMBOL (X,Y,H,T,A,N)

x—cootdinate_of symbol or text string
Y-coordinate of svmﬁol or text string . . F*}
Height of symbol in éiotter units

Text string or falué of single symbol

Anqgle of text stfinq or symbol from x-aiis
Number of characters in text stfind

=-?2 Draw line from current (X,Y) to new (X,Y)
and then draw single ‘symbol with value T.

=-1 Move fron cur:eu£ {£,¥) to nev (X,Y) and
. then draw single symbol with value T.

=0 No action.

>0 Draw synbols defined by text string
contained in array T. .

A.6 SUBROUTIEE SCALE

'+ CALLING SEQUENCE :

" ARGUMENTS

A

S

CALL SCALE(A,S,N,I)

Array containing data to be scaled.

Length of axis that "will be used with the array.’

Number of data values in array to be considered.

Increment betveen data values in array.
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A.7 SUBROUTINE NUMBER |

'CALLING'SEQUENCE :

CALL NUHQER(I,Y,H,V,A,N)

. ABGUMENTS.: '
X x—coordinaté of start of numeric character string.

Y Y-coordinate of start of numeric character string.

e}

Height of ‘numeric character striang.

<

Value to be plotted as numeric character string.
A . Angle of numeric strinq fronm physical X-axis.

N Fbrmat control value.

* =N V is truncated‘n—1 diqits left of decimal point
=-1 V is truncated and plotted as an integer
. = v is truncated and plotted with decimal point
=+N V

is plotted with N digits right of decimal point.

A.8 SUBROUTINE NEWPEN

CALLING SEQUENCE =°

CALL NEWEERN (1)

~

ARGUMENTS :
I . pPen type value of the forn 10*J+K.

J=0 no change in pen wid th
J=1-7 change pen width to J. .
no change in pen calour.
change pen colour to.Yellovw.
change pen colour to Rede.
change pen colour to Blue.
-8 DONOT USE. '
change pen colour to Black. .
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A.9  SUDROUIINE AXIS

»

CALLING SEQUENCE :

CALL AXIS(X,Y,T,%,5,A,F,D)
Aachugurs : "
X Y-coordinate of the start o£ the axis.
¥ choordinate of the. start of the axis.
Title text stringq (Must be stored in a real array)-.
Number of characters in the text string.
<0, Plot title on clockuwise side of axis.
=0, Plot no title. ‘
>0, Plot title on ant@-qlockuise side of axis.
S Length of axis in plottef units.
A An&le of axis from pﬁYsicai X-axis.
F Scaling offset for f}rst tic mark on aiis.
D Scaling increment hetween tic marks.

A-10 SUBROUTINE NEEBSK

CALLING SEQUENCE :

CALL KEWMSK (M)
ARGUMENTS : N\

. 8

%4 Dot mask contrcl word-

e e = e i St e e

e b e il
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A.11  SUBROUTINE SHADE

88

CALLIRG SEQUENCE :

CALL SHADE(A,B,N,I,L,D,T,N,VW)

ARGUMENTS :

A

B

Array containing X-coordinates defining the area.
Array containing Y-coo:dinates defining the areae.
ﬁumber of points defininq'the areaa.

Increment between the points in arravs.

Format control.

=-3 Outline and aréa erase.

==2 oOutline erase only.
=-1 . Area erase only.

=+1 .oOutline only,no area shade.

=+2 Area shade only,no outline.
=+3 Outline and area shadg.'

Distance between lines used to shade area.
Anqle‘of shading lines from physical X—axis.
Dot mask control word.

working storaqe array leagth J*N.
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1522 SUBROUTINE LINE ,

v

CALLING SEQUENCE :

CALL LINE{A,B,N,I,L,d) 1' !

ARGUMENTS & o - %
A Name of array containing 'ata-fdf.fhe abscissa. i
B Name of array éontaininq,data for- the ordinate. }
N HNumber of pairs'cf points to be plotted. ™ ' \
I Igprement control between points in a;rays; | |
L Format:conttol. W
’ >0 Connect points by line'with special syﬁbol at point. ? \
=0 Connect points by line with no special symbol. :

<0 Plot symbol at point with no commecting line. = . . w

J Value of special syrbcl to be plotted.
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