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,ABSTHACT 

This thesis gives the design and hardware im~'e~entatiQn 

of a display syste~ for the synthetic,prese~tation of rea~ time 

radar signa~s: A color coding technique is applied in the sys-
'w 

tern,. \Jhere a color c?de of sixteen different "colors is employed 

to encode the signal amplitude, The system consists'of a ~olor 

te levision mont tor, a large 5 cale random' access memory 'and 
.' , 

digital ~nterfaces to buffer the real time', input to the displ,ay. 

A general study ,of 'the .'dlfferent .. types cf--display deviCes . ," 

.. .follmoJed by a r'eview of the common radar displays 1s .pre~ented, 
, 

Then, 'a detqi~e<:l inves tigati on, and- a presen tat ion of a co lor 

coding techni~ue and 'its appli~ati'on is given. 

The details of the. system design and operation are give~ 
• 

in.-addition to' ~he experimental work for testing the system per-

formance', The presentation of radar'signals by the color -coded 

display ,sy~tem ts dernonstr~ted. 

" 
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CHAPTER i 

INTRODUCTION 

The inte~face between hwnan observer 'and elect,;:'onic' 

equipment is' of' maJor importance, especially when a large . 
• 

quantity .of irrelevant infor,mation is being presented. Such 

is the case in radar where the op.e~ator has to be responsiy-e 

to target detection. In ~ase or air traffic'co~trol rada~, the 

targets of primary interest,are aircraft. However, radar 

echoes ar~ also received from a variety of othe~ objects with-
. ' 

in,the operat~ng environment of ~he radar. These inc~ude objects 

on the ~round such'as buildings, trees, hills; those in sea such' 
, , 

as waves, and floating objE;cts; birds and' weatt:ler condi tions 

such as rain, s~ow, clo~ds~ and air turbulence. 

·This means 'that air'craft are not. the only' obje cts to 
.f .. ' • • 

be displayed by the radar indicator. These extraneous echoes 
, , 

tend to mask the appe'arance of. the display. For example, birds 

during migration carl cover areas of the display, or, in'a s~a~l 

~roup can give an. indication simila~ to an aircraft. Air 

turbulenc,e also has a similar, effect on the in'dicator. Thus, it 

is extremely important to reduce the risk of aircraft disaster 

due to severe weather turbulence and the b~rd strike problem. 

There ~ave ~een many disast~ous -aircraft crashes due 

to problems caused by, st?rms. Recently) on April 4) 1977 a 

Douglas DC-9~ with its engines deadened due to hail stones in 

'1 

, I 



2. 

a severe thunder storm, crashed in' Georgia [ 1 J. Reuter news 
'. 

agency reported 72 deaths and 28 inJ uries J many .. cri ti cal) '.oJhen 

the plane attemr::ted to'land on a highw'ay but inste,Id'hit a 

pole, trees, cars, and grocery store before it explcied and 

burned. 

Birds have also caused' a number of commercial and mili-

tary aircraft crashes in various countries. The main proolem 
, \ 

'\ 
ocdurs ~hen birds get caught in aircraft engines since one pr 

two large' birds can destroy an e0gine. In the United States, 

, birds caused the engine of a' DC-IO to explode causing $25-

~illlon damage. In Canada, the average bill, for such damage I 

is n0W of, ,the 'order 6f $150,000 a year and in some years, runs 

as high as half a million dollars '[2), (The tot~l for New lork 

Kennedy Airport' in 1975 was about $40;-milllon). 

It has been reported that the avoidance of birds is . 

a major problem for'pi'lots [3'].' The Canadian Armed Forces lost 

a ,dozen GF-I04 Star. Fighters wo~th $1.5 million each in the last 

eight years. ,In West Germany> sixteen Luftwaffe planes have 

crashed since 1958, after striking birds [ 5]. In the latest 

" , 
accident on Ap~il l~, 1977 a Star-Fighter fell into the Baltic 

Sea afte r a sea-gull was sucked in to, the je t engine. The W,es t 

German airforce ihtended acti6n against birds and iss~e~ spec-

iC!-l warnings to its pi'lots. 

The bird hazard has been sufficient' to maintain a group 

in Ot,tawa called the National Research Council Associate Com ... 
• --<" • 

mittee on Bird Hazards, to Aircraft. The Obj~ctives of 'the group 

are to find 'means for e,xcludlng birds from airports and planes 
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' .... 
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in flight. , , 
Lat,ely ,. National Researc1 Council (NRC) has dis-

bird'committe~ bec~u~e~ id' 14'~ears, it has creat-banded its 

ed enough momentum for other Federal agencies to take ov.er ,[ 4 J. 

1~e committee contriouted greatly to 'people safe~y' in the 

air. It als 0 inspired inventors from far and \oJ ide to come 

for'.lard with ide as fo'r s 01 ving the cos tly and even potant,.i. ally 

dts as trou,s thre at· pose d b'y mid.-air. coI1"isions. be twe'?:1 birds 
, f'> 

and aircraft . A major problem is due to m~grati~g birds in 

the area· s urroundin.g alrp-orts and roetJ;lods for getting ri d' of 

them>~ave ranged from ultra-sonic sounds to blasts from shot-

gun. The 'bird hazard committee also·'pioneered the method of 

predicting migration patterns as an aid, to pilots, and its 

efforts over the, years led to the creation of the Bird Strike 

Committee (Eu~ope) .. 
, ' ' 

-
One of ~he main solutions;to,trye' ~robl~m' of detecting 

and identifying aircraft; in the presence of interferin~ objects, ' .. , ' 

1s ~o improve the capabilities of the radar eqUipment especially 
I 6" 

in the area of' display s'ystems. This can be aChieve)d by in'-
I 
I 

creasing the capacity for displaying large amounts' of data with 

easier'interpretation o.f the d,isplayetl information. A possible 

technique ,which can assist in ,this aspe,ct is the use of colo,r ( 6 J. 
, , 

The phenomenon of seeing light. and color. ,has ah/ays been flascinat-

. ing. 'rhrough the <ll)es, people learned th~ properties of colors 
, ' 

an9 the natural color ,mixing p08s:1,bi 11 ties [7 J, and the color 

has been, used in -many different f~7lcls to provid.e useful: dis­

,crimination pTopertles. 

In 'the area of info'~mation displays,. presentation of 

\ 
f, 
i 

, 

t 
! , 

! 
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da~a using only a monochrerne displ~Y conveys information in 

an incompiete form .. Strong signals and weak signals y~eld 

essen~ial1y the sam~ brigh~-up·spot. Th~'ey~ "accepts and inter-
. . 

prs=ts the information de.spi.te its limitations but the display 

has a mi~sing dim~nsion3 la~king all the varlabl~s provlq~d 

by that whi ch the· e'ye re cognl zes ~s color. As a mat te r of fact • 

scieriti~icallY controlled tests showed that color-coding at ' 

any level yielded an improvement in time scores [ g, 9 1. Color 

coding can furt,her enhance' the data presentation '-and make the 

int~rpretation easier.' Also, an exc~ll~nt selection of color 

devi.ces e xis ts (as' shown in C~ apte r 2) .. 

-4 

Scope of Thesis 

'the main object.ive of this thesis is th,e design and . , 

coo~truction of ~-~isplay system~ in w~ich a"color coding tech­
\ 

nique is implementeq. rhe d~splay system employs a color tele-

vision monitor and· a lapge scale random aCGess memory. The 

sy?tem function is to develop a synthetic pre~entation of real, 

time radar ~ignals, u~ing sixteen different colo~s to encode 

the signal- amplitude. 

A su1rvey o,f the different types of. dis/play devi,ces 1.s 

,presented in Chapter 2. The advantages, disadvantages and, the 

compat~bility of these devices with this' kind of application 
, . 

are ~lso piscussed. 

Chapter 3 is devoted to a theo.retical bac,kgrour)d review 

of the radar systems, and a de~cription 01 the common radar dis-
• > • • .' ' 

, 
plays. The las-t sectIon of the 'chapter discusses the' color-coding 

I 
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technique, and its application in the raster scan color 

te levision d~splay 

A presentation of the sys~em function a~d general 

description is given in ~hapter 4,~ fOllo~lect' by the details of 

the system 'design and operation. 

The experimental procedure for color-code s01ection) 

system testing and-color convergence adjusting are dEscribeq in 

Chapte r 5. 

Ch,,:pter 6 gives 'the significant results of uSfng the 

display system for the presentation of radar signals, together 

with a detailed discussion. 

Finally, Chapter 7 contains' the 'conclusions ()f this work 
" 

and recommendations for further investigations 

.., 

-

\ . 

"­\ 

~\ 
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CHAPTER 2 

SURVEY OF DISPLAY DEVICES 

2.1 tIGHT EMITTING DIODE DISPLAYS:, 

J . 
/. 

'rhe 'light,"emitting diode }(LED) is a'solid state. de~ice y 

. wh! ch is /pable of emitting ele ,ctromagneti c radii ati.ofl. in the 

visible{tl'ght region. Devices which ,emi·t in the ped region of 

the spectrum are now commercially. available and tne ability . , 

" I 
to produce ~i- or tri-'colors (r~d; green and yellow) nas been 

also shown Ill, 12 ~. 

Al'though ,LED dlvi ces have a roll,e ,as indi vi dual 'lamps 

10r lion-off Iflo'gi c· indicators', thei r us e in array s . of.fers a wider 
. . 

range of applIcation. An addressable matrix or a.series of . ~. 

addres sable e I.e men ts can b,e formed us Ing LED devi ces \'11oh each 
. 

diode representing a location (element). 'i'his. addressable 

nat ure and the high res 01 ut ion, whi Cil can be achieved by th,ese 
, " 

devlces,mCllJ,.e: it possible to construct qulte complc'x alpha-
) :- "t • ..' ~ 

"(,., ,..... . . 
l1umer·lc and graphic disp·lays. "l'he s~ml-conductor nature of . . ' 

th~ LED offers 've'ry 11igh r.eliability and the life of the dis-

play device is more ·tha~ 100,000 hours. Convers~iy, the LED 

type Qr d.1splay .rcq uires 01 gi tal ,3 ignal proces sing to 6b t ain 

the correct form of matrix ot' element address. 

A wi'dely-expressed 'QP.inion is that LED devices are un-

.likely to offer an ~conoml'c~1 large panel display. However, 

advances in LED dispJays are not so much related to semi-conductor 

6 
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tec~n01ogytas to the problems of connecting ·to the device and 

to: the heat di.s·sipation, \'1l)en operating in an "all un" mode. 

Whi Is t the heat prob 1em is sol vab Ie., the connection prob lem . 
, ',' 

. seems to dl ctate a practical' 'lim! t to the' complexi t,. of' L.c:D 

displays. 

A typical LED mat.r.ix could cot'loist of say, an array of 

lOOj by lO«) i,ndi vid ual d:L ode" controlled by 200 

representation of'characters by selecting from 

straight lines is illustrated by Fig. 2.1. The 

wires' Ill}. The ! 
, j 

an ,tIrray -.3.~y. 
characters can 

also be ~oris~ructed by selection of dots from a ~ot-matrix as 

shown'in Fig. i.2 and Fig., 2.3,whlch ~llustrates the alpha 

numeric LED displays. 

2.2 LIQUID CRYSTAL DISPLAYS 

, . 
There has b~en mu6h interest in the application df the 

. . 
~ight scatterl~g properties of liqu~d crystals to the displays 

.' required, 1n high ambient light conditions. This could be rele-
, 

vant to a numb~r of radar displ~y requirements. 

A liquid crystal display is a monochromatic type which 

1s viewed by scattering incident illumination when it Is 1n 

the ron' state (liq uid cry's tals do not emi t 11gh t ), and there 
-is no viewed light when' it is in tbe 'off' state. Construction 

1s <':l'chleved, quite simply by sandwicl11ng a layer of 6rganic. . . . 

liquid cr~stal, of approximately 15 ~ m thic~ness, between trans­

paren t conduc ting plate s typically glas:3. cqated on'. the 1nne r 
> " 

surface with tl:in.oxide. The liquid is nbrmal1y clear. but when a 

voltage is appli~d between the plate~, turbulence is induced in 
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figure 2.1 Sevon and nine segments light emitting 
diode displays. 

(a) Seven segment displ~. 
(b) Ni~e se9ment display. 
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the liquid, which thert appears milky white since it scatters 

,any incident illumirtat'lon. There are various .other' effects 

whi ch may be used, but they all' rely on ambient i17.umlrtation. 

The main advqn tages of a liquid. crys tal' di~ '")lay are 

that it operat~s on very low power, it can be viewed ~~der 

bright lighting,,' and it can be mad'e as a flat panel for use "­

as displ~y. The device life~ime is greater than 10,000 hours 

and although ten times less than that of an LED displa~, is 

still adequate. The size of the display is only,l~mited by 

the fabrication requirements of the glass sandwich construction. 

The liquid crystal display ,qevice 1s of a digital 

nature and a d:Lsplay panel c'an be addx:essed usi~g the matrix 

addressing techniq~e. The complexity of this addressing tech-

nlque limits the size of the display panel. How'ever new 
, ' , 

techniques and materials are emerging and within the character­

istics represented above, it is likely that liquid crystals may 

be in use for special radar displays in the near future [13] . 
. . 

The,use of liquid crystal displays to construct different charac-

ters 1s the same as LED displays (P~g. 2-1 t Fig. 2-2 and .FJ(;. '2-3) 

2.3 PLASMA DISPLAYS: .,.. 

The plasma display panel. is a two d~mensional array 

of bistable 11ght-~'!littlng 'gas-discharge elements,that exhibit 

inherent memory and are separated from the orthogonal exciting 

electrodes by thl,n transparent dielectric materials. This device 

is capa~le of receivi~, storin~, and displaying qigital inform-
, , 

ation in a random-access fashion and is one or the addressable 
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11 

display devices 1 14 L 
, 

At present, the plasma displ~y i$ available only in' " . ( 

one color'which is red. An example of a commercially avail-

able plasma display is an alpha/graphic plasma dis,rlay panel, 

which has been specially designed for computer-genera~Jd inf­
I' 

ormation. The plasma display" screen (a matri x pane 1) is 

act'uallY a thin glas s "s andw~ ch II' consis ting of' two glass shee ts, 

each Hit!) parallel conductive electrodes applied to their 1n-
\ , 

ner surface. The electrodes on the' two sheets, intersecting 
\ 

a~ right angles, form a matrix of' potentia] intersection. Small 

glass spacers separate the sheets of glass, and this narrow 
" 

intervening space is filled with a neon gas mixture.' When a 

voltage pulse 1s superlmpo~ed on any two intersecting ~lectrodes, 
, , 

a, gas discharge occurs, forming a spot light',' 'The ligllt dot 

remains until another, voltage signal is applied in a manner to 

produce cancellation. An additional AC voltage is continuously 

applied to all electrodes in the matrix panel, prov1d1~g the 

"flicker':'fr'ee'" display image \'11 th inherent memory. r 

The display matrix with a total depth of only 0.5 'inch 

is 'completely transparent, and therefore' can be used to display: 

-rear projection images. The Jctive di:3play area 1s 8.5 inches 

x 8.55 inches wi th maximum cl1aracter capacity of 11284 characters. 

The total number of in~lVlduiJ.lly addressable' points Is 26'2,144 

'and t11e ~ddress~ng rate 1s up to 833 characters per, second, The 

display panel 'is available 1n the form of 5 x 7 matrix; 7 0 x 9 

J1latrix; and,10 x 14 matrix. The light spectrum of the plasma 

display is neon orange, Fig. 2.4 illustrates an alpha/graphic 



~>/., 
'. 

Fiqu~e 2.4 A plasma display terminal for computer general 
info~mation and an e~a~le of the display capabilities. 

12 
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plasma display terminal and examples of the display capabilities 

[ 15 1 • 

2.4 MONOCHROMATIC CA!HODE RAY TUBE DISPLAYS 

The cathode ray tube (CRT) is, the mos t cor:lmon display 
- ... 

device used for radar indicators because of .its .fh.:<ioility, 

resolution, dynamic range, and simplicity of hardwarE relative 

to o£he~ display techniques. In particular, the CRT display 

lenc!s itself ide'ally to the display of large amounts of inforl'1-

atlon in general, and can be used for a wide nu~b~r of different 

types of radar information (3) 10, 11, 13, 16-23]. The dis­

play has large capacity and is commercially available at 

r~lati vely 10\'" cost. 
"-

The aRT consists of an electron-emitti~g element, 'or 
i 

cathode, .witH an electronlc beam-forming :lnd c'ontral structure. 

The electron beam is focus~d and positioned on a phosphor by 

either electrostatic or magnetic fields. The energy of the ele-

ctron excites the particles of a phosphor screen which reemits 

t.he energy as light. Tbe color of light and storage (or decay 
I 

rate of emission) depend on' the properties of the pho,sphor., , 

Bri~ltnc3~ of the spot may vary smoothly over the range from 

zero lif~ht output to the maximum available from the tub~, which 
'" 

means tha t t he CRT is wholly an 'analog' de vi ce [10 1. 

An eXJ.!tIple of. the monochromatic CRT display 1s the' plan 
",' 

posi tlCfn indicator (PPI), whi ch is the moot commonly use.d displuy 

in radar. Other examples of' the monochromatic CRT displays u5~d 

" 

... 
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~n radar are the A-scan, the B-scan raster s~an displays. 

Wne first two displays will be discu detail in Section 3.3. 

An example of the monochro tic CRT display.3is the 

raster scan black and white iBH television' disp·lay. , The pic­

ture is produGed b~' scanning thl face of the' CRT. The scanning 

procedure used employ horizonta~ linear scanning with the standard 

scan[ling patter'n incIUd'in'g ~ tOlbal of 525 hOriZqnt~l scanning 

lines in a rec~angu-lar frame having an aspect ratio Of 4 to 3. 

The frames are repeated at 'a rate usually 3.0 per second. Two 

fields are interlaced in each frame; tMe first containing all 
, . . 

th.e odd-number s c'annfng lines and the second containing all the 

even-number scanning line~. 

The geomet.ry of the standard odd-line interlaced s can-

ning pattern is il.1ustrated in Fig. 2.5. The scanning beam 

starts a,t the upp'er left corner of the frame and s\veeps across 

the frame with uniform velocity to cover all the picture ele­

ments in one ~orizontal line~ At the end'of each irace, the 

beam is rapidly returned to the left side of the frame as,shown 

by the dashed line. The horizontal lines slope downward in the 
• 0 

direction of scanning. The slope of the horizontal.line trace 

.from left to right ~s grepter than tQe slope of the'~etrace 

from right to left .. ThUS, the beam~is continuously deflect-ed 

downwards as the sc~nning proceeds,. At the bottom· of the r"ield,. 

the vertical ret':sace begins, and the beam returns, to' the,' top 
. 

. of' the frame to 'begin the ~ven-nu'mbered field. The vertical 

','fly-bacK"t,ime is very Ul~t comp.:lred tothc tl'sce,but s.low comparee 
, . 
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,. 
to the horizontal sCanning speed, therefo~~, some hor~zontal 

lines are produced during the vertJcal fly back: 

All odd-number fields begin at ~oiBt A and aXl even­

number fields begin at point C ~s shown irr Fig. 2.5. wiih 

a seoarat i Oil of one-h~lf lJne, and the slope of all lines 

being the same, tne even-number .lines in the even f.telds fall 

exactly ~tween the odd-nu~ber lines in the odd fielc (24 J. , 
" 

'e.5 COLOR TELEVISIO~ DISP4AYS: 

Visible light consists of a small interval in the 3pec­

trum'of electromagnetic radiation with all visible colors contain-

ed in a .spectl'um ranging in wavelength from 400 to 700 milli-

microns. Although we .name th,e colors of the rain~ow red) 

orange, yellow', 'gre'en, blue,. indigo, 'and .vi-olet, these are merely 

the most obviou~ h~es. Sever&l'hunCred variations in color can 

be dis tinguished, even by a compar~ti 'Ie ly unt rained obse rve r. 

A beam of white l~ght'b~ssed ~hrough a prism, splits 

up into a <;!olor spectrum .. Conversely, if a color spe.ctrum is 

pa3sec;l throutyl a prism, the, reverse prooess takes place and the 

spectral colors are recombined to form a beam. of whi te light. , . 
A beam ,of white light can' also be forl'ned by combining a 

minimum of three colored lights; which are ca~led additi~e ~rim-

aries. The most useful additive primar~es are red, greeh an~ 

blue, and these ar~ the primary h~es that are utilized in color 

television. These three primaries allow th~ formation bf the 

maximum r.ange of hues when blended in vari0u3 "proportions', 

itive pr~maries must not be confused with the subt~active . , 

Add-

! . 
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primaries used in printing processes and in paintings. Sub­

tractive primaries arci viewed.by reflected light, and the ~ost 

useful subtractive primaries are red). yellow, and blue colors. 

Technically, white is not a color, but rather is light· 

that is free cf color. Biack is d~fined as the a~s~nce of ligh~ 
J 

[25 ]. 

,The Color CRT used for the color televis'ion ;-: mi tor, 

emplo~s three in~ependerrt guns, called the 'red', 'green' arid 

'blue' guns~ Three input signals are applied to them and cDntrol­

led by the horizontal. and vertical deflection' systems.' All .of 

the guns pr'odu,ce an electron 1?eam,that is focused to the phosphQr' 

screen such thp.t each bea,m produces one of the three colors at 

certain poin t ,\Jhe're' the mi xin g of the three colors forms' other 

colors. 

Up to now, the color television monitor, is the only 
'J 

display device which can provide a large nUf!1ber, 6f' colors, a 

large ,capacity and a relatively low, cost. In'addition, the 

color te Ie v.is ion,' moni t or is re commenced, in mas t of the cases, 

for the p~esentatlon of large amQuntG of information in C910r 

( 3, 11, 12, 16)· 
I 
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CHAPTER 3' 

AIR TRAFFIC CONTROL RADAR 

AND RADAR DISPLAYS 

3 .1, FUNDAMENTALS OF PULSED RADAR 

'Ilad,ar lp .DJ1 e1ectromae;netic technique for detecting and 

locating objects. It operates by transmitting a particular type 

of electromagnetic waveform and d~,tecting the nature of the 

echo s~gnal. The word radar is a contractipn of the word'radio 

detection and ranging: 

A pulsed radar ( 19, 20, 26, 27 J transmits a relatively 

short burst of electromagnetic energy, after which the -receiver 
, , 

is turned on to listen for the ech~. The,eQho ~ot only ~ndi6ates 

'that a target' is presen't, but the, t'ime that elapse s b'etween the 
, " 

transrni~siOn of the pulse and 'tJ:le, reception of, .the echo is a 

meaSure of the distai1~'e :,~tween' ,th,e radar and t'he target .Which 

is caJ)ed the range (R)., Comparison between the returned signal 

and the transmdtted si~nal als6 yield~ information about the s1ze, 

and relative motion 0f the target with re~pect to the radar. 

The baslc pri~ciples or a pulsed radar system may ,be 

de ... '1n.p trated by describing the operat+on 'of a typical system, 

• shown by the blo~k diagram Fig. 3.1. The synchronizing, generator . -;. . .' 

generutes a series of narrow syn c 'Puls,es, or timing pulses, at 

a rate called the pulse repetition' rat~ (Fig. 3.2 a). The time 

interva,l, T'r" is call~d the pU'lse 'repet"ition ;tnterval (PRI.), and 

• 
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the'~orresponding frequency is ca~led'the pulse repetition 

freq uen cy (PRF). These sync pulses turn on the 'modu,lat or wh1 ch· 

pulses the trans/mit,ter· with a series ,of pulses with certain pulse 

,wid~h Tas shown in Fig. 3,2.b. For 'e'xa~ple, a ,Pulsed t'ada:' for 

a i rcraf,t s urve ill an ce may gene rate 'a re pe tl t~ ve t rain of short 
Itt 

p~l~es, each of approximately one ,m! c-rose cOhd durati on, a t a 
, . 

-PRF of several hUl1dred ,per second. If an accurate 'range me'asure-

ment is required, the transmitted Signal should occupy a :·ride 

spectral Dendi.;! dth, as does,' for example, a, short pulse. 

'rhe transmitter genel'atcs a modu],.ated RF pulse (?ig., 

~.2.c) and sends the pulses l>hruugh the transmit-receive switch 

to a narrow beam. antenna, where they are radiated. The narrow 

beam characteristic of t'he radar' antenna not only permi ts more 

energy to ,be corl<:~ent:r~ted on th,e target but also perm~'ts ·a m~asure­

ment of the target azimuth because of the localization of the 

energy in -space. , A common antenna 1s usua'lly'used for both trans­

mi t'ti,ng' and re cei ving., 

Reflecting objects, or' targets~ intercept and re~radiate 

a portion of ' the radar signal and 'a small amount returns '1n the, 

dlrec;!tion of radar. Some of the returned ,signal is, collected 

by th'e antenna: and detected by the' recei ve!". 

" .' If tl1e radar transmitted pOl-Jer 1s denoted 
, , 

antenna ha~ a tra~,smi ~t1ng gain 'equal to Gt , th~n 
. ' , 

at a range R f~o~ rada~ is equal,td (PtGt/4nR2). 

by p, , and the 
t. 

the power density 

Assuming that 

the target' cross section is ? ' then the power re:-radiated in 
, ' 2 

the dir~ctlon of ~he rad~r is (&Pt Gt /4wR). This means that the. 

I 
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reflected.power density at the radar antenna is ~CPtGt/(4~R2)2). 

Fi!1al1y, if the antenna has an effective aI?erture, ax'ea equal 

to Ar , then the repeived powerJPr ) ~en by the equatlo.n: 

P­
I' = 

P t Gt C1 Ar 
(3.1) 

This equation'is one form of what is called "radar eq\.{ation" 

" 
whic0 can take other different forms such as: 

= (3 .2) 

, 
where R is the maximum radar range and S i 'denotes the mini-

, max m n 

mum detectable signal power of the radar receiver. Rmax is defin-

ed as the distance beyond which a target cQn no longer be detect-

ed. 

An~ther fo~m of the radar equation can be obtained by 

relating Gt and Ar in the case of using a common antenna for'both 

transmitting and receiving. If A·1s the wave length of the trans­

mitted signal~ then Gt ~ 41[ Arl ;.2 , 3'ince the effective aperture 

area is the same for transmitting and rccei·ving. By introducing 

this ir.to equntlon (3.2) ~ another form of the radar 'eq~atiol? co.n 

be ODJd: 
;. P

t 
A2 0 

R r (3 d) max :: 

4 IT ,\ 2, S 
min 

. 

", 
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The above equatio'ns are actually sirr,plified forms for 

de'sc.,r:ibing· the ,range performance which do not Inqlucte the 

.v.arious 1 osses w~ich can occur in a radar. The mir imum detect­

able signal can be expressed in terms or' the' signal.-t:"l-noi,se 

ratio (SIr:) required tor reli,able detection and the ,receIver 

noises. If P is the power level ~f the noise 1n the receiving 
n 

system, then the signal~to-noise power ratio can be defined as: 

s 
N 

= 

which implies 

p . 
r 

-p-
n 

and the minimum value of P r that' can be detecte : is the ,value 

of Smin which means that Sml~ can be eXPfessed as'; 

s = S 
min (rr 

min 

A fast acting swi tcn called the tra.nsmit-re eei ve (TR) 
F' 

switch (Fig. 3.1) disc~nnects the receiver during trahsrnlssion. 
~"} ',' 

After the pa~~ ag~ rf/- the t r\:lnsml t ted 13 i gnGl ~ the TH SI.,.1 tch t'e-: 

conn.ects the recel\v,Jr to the antenna. Another switch called 
\.., 

anti-trnnsmit-receive (ATR) switch acts' on reception ~o channel 
, . 

the received signal pO\'Jer In to tho receiver. In the ab:.3cnce or 

the ATR, a portion ~f the received power wo~ld be d1s~ipated in 

the transm1 tter r~ther than, enter the 'receiyer. The TR and the 

ATR are together called 'the dt..plexer .. , If eJDpar.:lte .antennas are 

e~ployed' for t.ransrr.i tt'ing and re,cel \ling, a duplexe r may not be 

" ' 

" 

," " 
~ 

1 
" 'f , 
" ~! 
~~ t, 
f· .-; 
" ... 
'if 
~ 
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ne ces ~ ary if the is alation between the two separate 

suffiqiently larg~. 
~ 

The RF amplifier is tr.e first stage of the r'adar receive!". 

The-'m1xer and local oscillator (LO) convert the RF ~'~~nal to 

an intermediate frequency (IF) si~ce it is easier to build high 

gain narroW bar.d arr,plifiers at the lower fnequencies. A typical 
\ 

IF amplifier "migh't have a cen tre frequency of 30 or 60 MHZ and 

a ,bandwidth of one or two ivlH Z. , 

The re cei ved and IF signals are illustrated by Fig. 3.2 

(d, e, f); The RF pulse modulation is extracted by the detector 

and amplified by the video amplifier to a lev~l wher~ it can 

ope-rate the indicator. Sync pulses are also applied to the 

indicator. Target'positional information is ob~nined from.the 

direc'tion of. the antenna and is used to properly display the 
... 

co-ordinates of th.E' target loc~iE lori~'~~~o of the most common i'orms 
J) 

of indlcqtors ~ 1 C; , 20 ) \Asing the cnT are the A-s cope and the plan ,-
!, 

pOSition indicator (P PI) ) as described in Section 3.3. 

'. 
3.2 AIR TRAFFIC CONTROL RADAR: 

The all" traffic control fadar is a pulsed air search radar 

\'1hich 1s assigned to cover a given volume of space and Is ~xpect-

ed to.detect anJ locate aircraft within thl~ vclume and thoGe 

enter:ing 1 t [ 26 j. 

The airport and ai!ways surveillance rad~r (AASR) is 

one kInd of an'ai~ traffic control radar. A typicnl example of. 

AASR sy~tern is the R~ytheon Co'lnpany Airport an-d Air,Ways Surveil-

" lance Radar AASR-l' [ 28, 29 1 • :\ASR .. 1 system ·15 an air search radar 
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syst,em with a .maximum range of 150 miles ,:and a frequency I'ange 

of 1220-1350 MHZ. The pulse repet~ tion rate is ~QO' pulses per 
, ' 

I 

second with a:p~lse leng~b of a 2 micro seconds. 
• I 

T'le search fo'r 

returning echoes 1s ~ccomp1ished by continuous rotat:on.of the 

antenna at one of several speeds such as 6~ 9 and 12 rpm. The 

an tenna be.amwidth at hal f'-pawe 1" points is 1. 3 5 de grees h,ori­

zontal and 6.50 degrees ve~tical. 

A second example of air traffic control radar is the air­

port surveillance radar (ASR). Usually, ASR -has less range than 

AASR since ASR is assigned for the detection and location 0[,a1r-

craft arou.l1d the airport only, but t~e operating environment of 

AASR includes airways in addition- to the nirport. A typical ASR 

i~ th~ ASR-803 which is also a Raytheon Compary radar [29). Tne 

frequency range is 1250-1350 ~1HZ and'the I?ulse repetition freq-

uency 1B 800 HZ with a pulse length of '1.1 microsecond. The ant­

enna rotation speed 1s 12 rpm and the antenna beam width is 1.25 

degrees horizontal. The radar m.aximullI range for aircrafts is 80 

miles. 

" 

3.3 COM~ON DISPLAYS FOR RADAR: 

'rile purpose of a rnd.:u' dl::.;play '1:; to present the'infornlat-

ion contained in the raJar echo $i~Hal .1.n .:l forrr ~ultuble fa!' 

"lnt'erpretation by the operator. 'rIle display Ir.ay D'!'.' connected 

directly to the video output of the radGr receiver. However, if 

the informat ion' av al1ab 1e from the radar signal is obtainei:at' 4', .' , . . ,~, 

rate l'lhicl) -1s greater ,tllan the opera~or can asslm.l1ate, automat-fc 

data processors such 'as d:i,.gi tal computers may be ne~ded .to ' 
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interpret the radar data, and display only the condensed 
, 

information. This is what is called the synthetic display of 
. 

radar signal [10, 30] Sl'gnals which are dis'playf~d when thej 
, 

beccme available are called real time signals. 

The most common form of radar displ~y is usua~ly some 

form of CRT. There are two basic methods of displaylng inform­

ation on a CRT. The first method is the deflection modulated 

CRT such as the A-scope. In this t'y'~e ~'of display, targets .are 

indicated by the deflection of tfie electron beam. The second 0 

displQ:Y rr,ethod is the ir.tensitY-lT'odu.lated Cl1T. An example of 

tht:: s~,cond type' is the PPI scope which is normally darl< in the 

absence of a target, and th~ target is indicated by intensifying 
. 

the beam and presenting a luminoLAs spot on the face of the CRT., 

In general, deflection modulated scopes are better adapted to 

making range or angle measurements. On the ether hand, intensity~ 

rr.odulated displo.ys have thE; great o.dvantages of presenting data 

\ in 0. convenient and more e~sily interpreted form. 

The, variouc forws of displays v-Ihi ch a~e used in radar 

systems [10,13,19,20) are illustrated in Flb~ 3.3. The CC'IT.-

WOOl! dlsp12.ys ore the FrI', the A-s cope and the l3-s COpt. The 'fPI , 

which i,; the rao:Jt comJn0nly useci display in radar, rn.:lps the target 
, 

in ~gle .:lnd range on a polar display. 'l'he target echo ornpli-

tude 1s used to modulato the electron be\lJn intensity as the ele-

c,tron be,'-llll i3 maGe to :3weep Qut\'wrd from the centre with range. 

'rhe oean! r'otntes in angle lr. response to the ,mtenna position 

nnd to.rgets are indicated as briijlt spets (c~:llied blips). The 

A-scan .displcy is si~ilar in operation to the normally-used 

, 
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osci~loscope., It displays the target amp~itude, (y-axis) '1S-

t 

range (x-axiAs» as shown 11". Fi g. 3'.3, and r:o angle :'!l for:rrJat ion , 

is shmm.. Si gnals are applied' to the ve'rt i cal, de fl-:; ctiQn 'circui.t, 
, " 

so that rada'r targets appear as verti c'al spikes' alone..: ? hoX'·I-. 

zontal 'line., whi ch represents the range. The B-s can' display is 

an intensi ty -modulat ed disf)lay and it is sOIT.et imes ,used wi th . , . 
sector scanning 'radar. The vertical def.lection'is prop~rtional . 

to .the r~ge and the ·horizontal deflection ,is prcpcrtional to 

the azimuth. Targets are presented as b'right ~pcts (Fig. 3.3') 

3.4 COLbR-CODED TELEVISION CISPLAY FOR RADAR: 

3.4.1 Color-Coding Technigue: , 

A color-coding technique can be, deSigned to encode the 

signal amp!1 tude .t<;> a set 0f di f'fere-nt dis tinguishabl"e ecloT's', 
, , - ; 

Each color can represent"an interval on tr..e arPplit~de scale depend-

ing on the code size and the type of appli~ation, A possible 

technique is to divide the sign'al level between the zero "and the 

maximum possible amplittlde into equal 'int€:rvals, and to, assign 

a cclor for each ir.terval. This 1s the same as d1g1t-izing ,the 

signal amplitude with each color corresponding to a digit~l nUIT-

ber ~ and the nu~ber of bits beir,g determlneq ,by code size. For 

the binary number 'system, 2n. colors (code size) correspon'ds to n­

btt b.rnary numberS starting at zero and rangingupto(2~ - 1) as. 
! . 

the s'tgnal level increases fI:'om zero to th-e maximulT. value. 'I'he 

set, of Colors em~loyed in the color-coding techni~~e is called 

the "color- code ". 

} 
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3.~.2 Celor-Coded Display 

A display system which applies the previously described . " . , 

~olcr coding technique, us~ng 3 color television m~nitor, is 

pr~.sented·ln th.is thesIs. The .color-coded ci.isplay .·yst"em err.ploys 

sixteen different, colors as~t~e color code." 'The ,design and 

construction of the syste.m is described io Chapter 4, and the 
, ' " 

presentation of radar sign'als' by tbe, qi~play. system is demonst-· 
.. 

ra'ted in Chapter 6" Fig. 3.4'illustrates the ,color cO~lng 
.. \ 0- c 

technique a~p11ed to r~dar ~ignal and one selection ror the 

color code. 

The wide range· or colors provided by the color television 

~onitpr makes it easy to select the best sixteen distingulsh- , 

able 'colors avall'able. A unique color represents, every sample , 

~f the' irlp'0t 8i gnal (Fig. 3. '4) ," This proyides the ab i1i ty to 
, " 

,recognize the level interval in which the signal belongs at· 

ce.rt ain time cr range. This' ran,ge, ',in turn, corres per.ds to 
.' 

posItions, on the'raster sca,n of the color television monitor . 

. ' 
3.4.3 ~dvantages:'of' Col'0'r-;Coded Dis.play: 

. 'J!le color-code can b~ selected and .. arranged to sui~ the 

nature of the· displayed information', or' to ,reflect certain 
• • r • 

featureG ·to make the data interpretatipn easier. Th'is·. conoept 

. i~ illustrated by the example shown in Fig: 3.5 where the low 

'slgnal levels are repI'E'~en ted ty d Cl.I'k color's such as black, 
I ,. 

purple and blue:, while the high. levels are represented by the 

bright colors such as white, orang;e, red and y·ellow. ~rhis aids 
. ' 

in the discrimination between noise' and tar€;ets sincG noise will 

., 
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Figure 3.4 Color-coding technique for radar signal a,~d ~n 
. example at the color code 
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be I'epresented by a l<.ncwn set (range) of colors,' and signal 

due to target will ~all in a different ~ange of cc]o~s. 

This te chniq ue) with ,t~.e pr'€ vious ly menti 01.e<:1 advantages; 

can improve the pertorffia~c~ of rada~ systems especia21y air, 
. 

traffic centrol'radar. r.t. makes the detection and identification 
< 

of' aircratt, in t~e existence of 'noise, easier ::ince targets 
. "-

and r,oise are represented ty color's which belong to different 

color ranges. In: addition, t.he ,l-lse of 'color in the p,resentation 

of rad~r 'lnforrnat'ion a~sists in making data interpretation and. 

operator response faster which 1~ essential in air traffic ~ 

control radar. 

" 

" 
: 

" 



, 1 

CHAPTER 4 

THE DESIGN AND CONSTRUCTIO;; OF 

THE COLOR~CODED DISPLAY SYSTEM 

4.1 SYST'EM FUMcTION' .AND BASIC CC~CEPTS': 

The function of th~ ,display system (Pig. 4.1) is the 

· ,'" 

synthetic display of signals frQIT. sources such 1=lS ra,da:r;', sopal' and 
, , 

in real time, emplcying a color~ 

coding' technique. The' signa'l is encoded in ampli tud~. using 

si xteen <;Ufferent eclors to preser, t infcrrnation' on t,he' r~s ter 

scan of the' color television monitor. Featut'es &.re 'added to 

th; system to display th~ colors employe.o it; color cod~'ng in 
, . 

order to c.ompare the di~played data with the, color code. 

i'he interfacing function betweer1 the '-.l1put signal, 

1n real ~lme, and th? dl,sp1ay is performed oy five maJor sub-
I·· ., 

,systerr.s (Fig. 4.1). The,se subsystems are ,input-memory, inter~ace;' 
# .... 1: ... ~ 

adores slng 'and timing ci,rGl\.i t; random access, 'memory (RAM) sy.s-

t~m;' rr,err.crY-dlsplay interface and synp generator. Tbe lTiemor~ 
\ ' 

stores ·data. and· allows the interface 'between the rea] time pro-

cesses and the synt~jetlc displa.y of data. +he othel' mentioned 

5 llbsy.s tems per~'orm three duties: 1) it controls th'e flow of 

data from the input to the memory c;nd "from the me'mory to the out-: 

put,; 2) , 1,t provides th€1 ;1.nterfacing si~rla~s required 'between' 

the memory and the ,external cipcultry; and 3)' it 'coler encodes-

33 
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the input· s"ignal amplitude according to certain selectabl€': 

coding arrangeffient. 

Digital circuitry and digital random access 'memory 

are empl~yed in the system ~esign. The digital syst~m, in this 

type ,of appl;tcation, is capa.tle of prcv-ldlng a. picture of d,efin-
, " 

ab~~ quality anti w,~thin the constraints 'imposed t.y stora.ge 

capaci ty, theo~etica-rlY, any required res olution can be ach.ieved. 

The digi,tal. memury 1s pe,rfectly uniform and the stor~d signal 

can be read out at high ,s,ignal' to noise ratio. With all, these 

advantages, ~he digital sjstem provides a high qualit1 stored 
" 

display [22 J •. 

rhe flexibility of dIgital storage a 1:J.o.ws· the 

ory to be nlter'nately used' for .diff\re'nt '~~solut:!.on, 
~ "'. 

same Ir.em-

codes and 

different system modes. Also, a fastdigit9.l memory rr.akes· the . 
transTcrrnat'lcn of the 'inp'ut data form,at to the TV· raster scan 

, . 
fOl;'mat a straight forward' process. 

Digi~al signa'l processing can be achieved j.t a proce.ssor< 

can commun1.cate with the stored' data. This .can be attained. in ' 

the' disp lay' systerr: by in~ l:oducing a mi croC,ompute r which re eel v~s 
• , 4-

;lnstructions .by the ope:r;'ator. . " 
A selectable signal processing 

te chnlque can be app11ed by exe eu t ir~!S one ·of s.e.veral s to l'lF!> Q rou t:­

:Lnes .. The' mi(!rocomput,er can also cC'ntr~t?ute .by COf')tl'o:ll1ng tile 

5yst.errl a.n,d addin·s; .more flexlb1..Llty to thp. system function •. This 

is because the digital system is easy. to, expat:l'd 'and simpl~' to 

Integl~a.te with existin~ computer' installations [31). 

, , 
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4.2 SY~TEM DESCRIPTION AND OPERATION 

4.2.1 General Description 

A detailed blqck diagram cf' the color-coded di'splay 

~ystem'iS shown in Fig. 4.]. The system incorporates a coler 

television monitor as a display and a large scale RAFI! ~~Isf-em. , 

The input-memory .il)terface 18 diviaed into two bloc_<s) the analog 

to digital converter (ADC), and the ADC-memol'Y ir:terface. 'rhe 

color-encoder and the memory"",,~olor encoder interface perform 

the function 6f the memory-display' interi'a,ce. '[he addressing 

and timir.g circuit is interconnect,ed with the ether blouks to 

add~ess th~ stored data and control the systeffi operaticn. The 

sync genE:r<:'..tor su~plj es sync pU':'ses to the COl01' television moni­

tor, ~he 'memory-eoicr, encoder ,in ter'face, a~·d the' addressing and 

timing c1 r'cui t . 

The input j.eal· time signa:l c41n be eithe;r:' in analo,g or 
I 

digital format. In the first case; it is samp1e'<:I and di'gitized 

by ,t~e ADC ,at, ~ .se'le ~ tab Ie 5 amplin'g ra te . This sampling rate' 

is contr.olled by sampling clock pulses fed to U.e ADC. 'In the 

s~cond case,' digital data and its associated 58Qpling c~ock 

pulses are applied directly to the ADC-me~ory interface. . , 

The ADC-rr,emcry. inte rfaee faci 1i tates the :;:; torin.g cf 

data fed to 'the mem:ory wt't.h t.he help of. tl,\e addressing and ttrr.­

lng circt:.it. The latter performs th~ addres,stng function for 

toth wr~tir:.g data in., and reading data from the RAM'system. In 
- . 

addltion, tne addressing and timing c,ircuit ccr.trols the ewit,cry-'. . . . . 
ing ,between' dlffe'ren'e moctes of vperatiory and proviq~s the required 

\ 

lntcrf;aclng- ::.ignals, to trH~ me'mory. . " 
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The direct memory access '( DMA) technique, is. used 

to store the d~ta in the RAM system. The same techt:l.ique is 

used to ~ead th~ dat~ from the RAM· sy~tem through th~ fuemory-

color encoder interface. 
. . \ 

The data are then fed to the color­
'\ 

encoder which en~odes the d~ta into a set of colb~S, ca~led 

the color code, which represents informa·tion on the raster scan 

of th~ color television monitor. The output fprmat is describ­

ed,in details in the next section. 

A sync generator p~ovides :the required scanning 
! 

sync signals for the cplor teievision monitor, and clock P4lses 

7troll:1:ng reading the data from the' memory (system syn'c ) .. 

.',!t also co~tributes in generatil"!g general reset pulses for the 

display 'system. 

,4.2.2 System Capacity ang Samplin~ Area 
t 

The sy s tern. capac~ ty Is de'fined as the tot a1 numbe r of 
• 

ir;'lput samples, represented on the ra~ter scan of "the color tele-

vision monitor. In the case of displaying radar data, tbe 

oapacity is equal to the number of azim'uth segments multiplied 

by'tria number of range samples as sl10wn in Pis.- 4.2. The area . . . 
covered by these samples 1s called the sampling area, \vhich is 

bounoed by the ran.ge values Rl an<l R
2

; and azi mut h v alue ~ o l' 
a~d, 62 • This sampling area can be expandea and, prese,nted on 

the r~ster sdan of the color telev~31on monitor with the azimuth 

segments represented by horizontal data ,11nes (tl0rizontal data 

lines means the' heri zontal lines representing different 1nf­

orma tion on the, raster. scan of the colo"r te levis ion moni tor) _ 

. . " 
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The range saPlples (4-bit words) in each azimuth segment are 

represented by data points on the corr.espondtng cata line 

(Fig. 4.2). ThUS, the syatem capacity ~eteTmines the max-

imum memory capaci ty 'requi·rements and the display r',:<::olution. 

(The display resolution is derined as the number of data 

horizontal lines multiplied by the number of data poi~ts of 

every data line.) 

The maximum capacity of the display system described 

here is 512 x 512, but const~uction ~a$ based on capacity of 

'256 x 512 as determined by the available memory capaci ty. 'The. 

256 azimuth segments' are represented by 256 horiz,ontal data 

lines. Data represented by hoti zonta,l lines are repeated for 

t,he odd and even interlaced fields. Thus the two fields, are 

identical. . , 

Another input signal, whioh is called azimuth sa~pling 

pulses is applied to the system to control the sampling process. 

This signal ,is generated from 'radar system timing pulses il­

lustrated .by Fig. ~ ,-3, These pulses are the a~imuth reference 

puIs es (ARP) and the radar sync pulses (t ransmiS s l.on pulse s ) . 

The radar 'sync -pulses are fed to an external circuit { 29 } 

which can be used to reduce the frequency by any se.lee-table 

integer as described later. 
• rI 

~)is output, from t~e circuit, 
, , 

is referred to as the m5dlfied radar sync pulses. The external 

circuit is also u~ed to genera.te the azimuth sampling pulses, 

which sample the azimuth sector between the values 81 an~ 62 
into equiangular segmen'ts \ The number of azimuth ,segments in 

, -

, 

" Ii 

" L~ , 
• • , 
" 
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our case 1s 256). ,The azimu1;h·s ampling pulses are gener'ated 

'.such that th~y are synchronous with the modified radar sync 
. 

pulses- but delayed by the time corresponding to range'R . 
, 1 

The selectable integer mentioned above dep~'nds I'm 

the requi re'd ihcrelh~n t of angle between two conse cut! ve azi ..... 

muth segments:, and on the sp,eed of the rotation of tihe radar 

antenna. Als OJ the' antenna bearnwidth affe cts the' s'ele ction 

of the value of the' increment of an~le between the azimuth 

segments. 'As an illustrat~ve'example, let the radar PRF be 

1000 pulses/second' and the antenna be~rr.width be 2.~ degree!? 
, 

if the speed of r.ot'atio'n is 60 degree/se.cbnd,) then the antenna 
• ~ • t 

will'rotate an angle"of 60 = 0.06 'degrees, between any two 
1000 

sync pulses (two transm~ssion~). Thus, the beamwidth is 40 

times the increment 0.06 degrees. In other wordS, 40 trans-

missions wi 11 occur \'/hlle .the raclar, antenna. beam crosses certain 

pOint. If the ~ncrement bet''Ie,en azimuth segments is chosen 

to be: half that of the antenna beamwidth (i.e. the beam hits' 

each point twice) then the modified ra~ar'~ync p~lse frequenc¥ 
" 

must be 1 that of the: rada'r synp pulses. 'rhis corresponds 
20 

to diyiding the radar""PRF by the, ,integer n~mber '20. 

" Eor every azimuth segment, the range between the value 
, 

Rl and R2 is sa~pl'ed 512 ti,mes ~~ the ri~ing edges of' the' 

'sampling clock pulses. The relation between sampling clock 

pulsep and azimuth sampling pulses is illustrated in Fig. 4.4. 

The rate of the sampling clock pulsis is adJustable'accordlng 

to the band width of the input signal in order to satlsf'y the 

. . 

< . , 
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5 amp ling theorem [32 ]. 

, The sa!Jlpling area boundaries are' determined and 

&pecii'ied "to the qisplay system by the ARP, the 'azimuth sampl-' 

ing pul'ses, ,and the sampling 'clock pulses.. This is sif}Ce the 
, ..{ 

J'~ 

delay time between'the azimuth sampling pulses and the radar 

sync pu,lses, determines the ,value of R
l

. Als 0 ~ th() 'azimuth 

value at which the, azimuth, sampling pul;:1es starts "1.3 the 

value, of 61 . The ~n~le 62. is _, equal to the a~imuth value' 

ccirresp~nding to ,the l,ast pulse of' the azimuth sam'pling pulses. 

'The range R2 is determined by R1 and the ',time", req,u1red ~~ _ 

store 512 range samples 1n the system (th~s time corresponds 

to certain range value), \'lhich depends on the rate of" the , . 
sampli.~g cloc'k pulses, This means that. the sampling are,a' can 

" 

be. changed, by adJust~ng the delay 'and rate of the azimuth ,change 
, , 

pulses and the rate of the sampling clock pulses-; for th'e 

s arne 'system capaci ty . In ad~i ti?n, the sampling are a can be'.', 

moved in radi~l and angular dlrect~ons by changing Rl and 6 1 ,' 

This :ts poss-ib~e by ~?justing the external circuit \t{'hich gene­

rates the a?imuth,sampling.pu~pes, The tot~l area c9vered by 

the samples oan' be changed ,by changing range a,nd azimuth 

,s,ainpl:t:ng rates. 

~ ,'2.3 Timin'g; and Modes of Ope'ration' 

Syste~ t~ming and display sync pulses'ar~ controlled 

by a cry~'tal os cillato'r of frequency" 25 '1H Z " calle,d the- mas tel' 

clpek. It provides a highfy sta,ble ,frequenoy which ,i~ necessary 
" ... 
, .. 

,f'or this typ-e of sy~'tem, 'By using a master clO,ck,. tbe' te~e-
, , 
" . , , . 

.vision raster 59~ning pulses are frynchronize,d with data which-

,: 
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are read out of the memory to the color-television monitor 

input. This synchronization process is imp,ortant for a 

stable' and flicker free picture. ' 
I 

There are two modes of the' system op,eration, the first 
. , 

1s the writing mode- of operation 1n which fresh data are sto::"ed 
, . in the m~mory. Tlhe,operator starts ~his mode uslng a manual 

, 

operating, swi tch which has tw,o different posi tions. The fir~t 

pOSition is for starting the system operation, wh~ch automati-

cally 'st~rts the wr+ ting mode of operation. The second is for 

s topping the sys tern operation ,. The wri.ting mode of operat,ion 
, , 

ends automatically after the proper number of input samples 
, " 

·are stored in the 'memory which 1s 256 x 5l2? = l3107~ samples, . ' 

e 

in our case. The secol)d m'ode is the reading :-node. 'of' operation 

in which data, are displayed on the raster scan of the color 

te Ie vi;>'! on moni t or by re a'd~~g data out of the memory. 
. 

This' 
, .. 

mdde starts automatically at the end of the writing mode of , , 

'op~ration a~d continues until the operator swit~hes the, syste~ 
, ' 

to the writing mode of op~ration: 

,Fig. 4.5, il;Lustrat,e.s the.' tim-ing of the writ1l1:g~and 
re.adlng modes of operation, and' the relation b,etween the azi-' 

muth sampling pulses and the automatic switching from the .' , 

wrltl'ng mode to the readil!g,Jtlode of operation'. A general reset 

algnal is 8?en~rated, with the s\'li.tqhin'g betw'een the t,wo modes ' 

,of, operation" and durin~ the t;;~me of:fly~ack of ~he te;tevlsion 

r,aster s.canning be,am (called the ·vertical rese't) in the read­

'ing mode of operation. The vertical reset is necessary for 
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system synchronization and picture st~bility . 

. 
4.2.Il Hardwar·e Impl~ntation. of the Dis~~ste!!!..:.. 

. The sy5ten, is ·constructeci usi.ng w,ir-e wx:;,pping'tech-

nlque en circuit beards 4.5 inch x 6.5 inch with '.12 input/ 

output terminals) in add1 ticn to 'grounding 'and power supply, 

terMinals. Every b lock of. the b :;'E)~k dj agram . .Fig. 4.1, except 

the disp~2.Y and' RAN systerrl, 1s cons trL.ctc'd on a cj reui t boarc. .. 

The boo.r:ds ar€-, pJ ugged in to one cha~:sis which provides ccn-. ..,. . 
nectors for the interconnections 'between the ~oar6s inputs/ 

outpt..ts, and +5 ~vol t power, c upply wj. th external on/o f1' . sw,it ch . 
I 

'l'Wo exte r'nal pO\'1e l' s upp lies· (+ 11 and -6 volt) are uS'ed fc.:r 

'lhs Abc circuit. 

The chassis connectors are connected with the memory 

interfa9ing pins through twisted pai~ wires. Coaxial cables 
, ' 

carr~ the red, green and b.lue gun input signals to the color 

television monitor) in a'dd1tlon to' th.e composite synG' input. 
, ' , 

Two external 5wltches are used' i.,n, the system c'onstruction, one 

for starting the data refreshing'and the ot~er to switch bet-
" 

ween displaying the data Or the color code. 
\ 

The h~rd~are 'details 

can be found in Appendix 3. 

4.3 THE DISPbAY SET: 

11.3.1 T~Ee and ,Speci fi.cations ~ 
, ' 

, ' , 
The color t'eleviG'ion monl tor has been chosen for this 

application since'it provides a wide range of palors. This is 

necessary':for implementing 'a, color ',co'ding technique. The 
. \. ' .. 

display 'system employs a s~udio color t,e~eVision 'm6n~t,or wd.jh 
" . 

. the .s creen, dia'ga,nal ,Of. 5'1 'cm. Fig. 4,.6 is. a 'ph9to'graph of' the, 
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Front view 

Dack view 

Figure 4.6 Photographs of the front and bilck views o·f the 
co19r television monitor· 
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front and'back views of the color teievision monitor. Access 

to color ~lectron guns and external sync signal inpu~ are 
, " 

available in the back.1;;hrot{gh BNC jacks (Fig. 'Lb) .. Detailed, 

char'acteristids Gf the color television monitoT', aceord+ng ~") 

the op.er?tion and maintenance manual, can be found :.;-. :.ppemdlx', 

I
, . ' 

4.3.2' Sync Signals':for Color Television Monitor: 

The standard scanilUlg patter!le for' 'a '~elevisi0n sys-

tem ,{ 24 1 includes a tot',al, of 525 horizontal lines .. , The fram~s 
'" 

are r~peated at a rate bf 30 per second with two, fields inter­

laced in, each" frame. ' The fi'rs t field cons'is ts of all the odd 

number scanning lines and the second consi~ts of all even, 

number scanning lines .. This means that the field repetition 

rate 'is 60 per second which is the same as the ve~tical scan-

ning rate. 

The s¥nc pulses (Fig. ~.7) are timing pulses 'which 

contre1 the hor,1zontal and vertical ~canrting gener~tors. ' The 
" 

vertical sync~pu~ses have a frequency of 60 HZ tp pro~ide 60 

fields per sec'ond and 30 frames pe,r'second. 'rhe sync pulses 
- I 

are deoigned in this ~ystem 'to em~loy only 5l~ horiz6ntal 
I 

lines, of the 525' availab Ie lin~s which mal<:es 'each fie I,d 

consists of'256 horizontal lines. This means that 256 hori­

zontal syn'c p~'l~es mus t be 'app;t.ied to tile horizont.al s'cannlng 

There 1s . genepc;ttor between each 'two vertical sync pulses., 
• j • 

, '. 

a'5.5 113 duration horizontal pulse every 63.5 ~s. 'Six, pul'ses 

l!llinediately p.rec~de, al1d six {)ulses i!flmedia,t~ly f,9liow the 



48 

, , 

2f"I~LJUL_JL~LJLn.su-
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Figure. 4.7 sYnohronfzAti9n signals for the colQr television. 
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vertical sync pulses to compensate for half -11ne inter~als. 

They are called the equalizing pulses and t~eir' st~ndard 

frequency is double the hor~iontal sync pu'lse fr~\quen'cy 

with a.standard pul~e width half the, horizontal 8j'!'1C pulse 

width. The vertical sine pulses have & t9tal width of ap-

proximately 200 ~S and the complete pulses are divided in to 

·6 individual' pulses' tha t_pr~vide ,hori"zont al sync during the 

verti~al retrace time. The 1ndl~ldual pulse has a'pul~e 

width of approximately' 27 llS. 

Final'ly, the h'orizontal, equalizing and vertical sync /_ 

pulses are combined to f~rm the' comp~slte sync pulse train, ~ 
(Flg. 4. 7L Thls' composfte:'sync pulse t,raln 1'5 then fed to 

the color te levlsion' moni tor sync' input, where the horizontal 
'" ~ '- . 

I, , 

and vertical sync pulses are separated- internally and applied 
• . ' 

to the corresponding deflectio~ generator., 

4,. 3 . 3 . S y n c Sign a 1 G e n e r C:l tor: 

The sync slgna~ g~nerator contains the master clo~k 

used to gene:r:-ate all- of the sync pulses ,rci~ the\ color tele­

vlslon monitor as illuntrated by' F;l.g. LL7. 'rhess include the 

horizontal, the :equal.izing and the vertical sync pUlses. These ... . . . . 

p.l:llses are combined to form the standard Qomposi te sync pulse , ' , 

sif3nal whi-ch activates the scanning of the co.lor'televisi0':l 

monitor. 
-< 

'One of toe circui~ ~u~'puts is the vertical'reset' 

pulse signal shpwn in Fig. 4,.1; which is ,:!sed as a ger:era1' 

reset for tha ~1~~lay system ~uriog the tlm~ of the beam fl~­

back. Als·o. the c 10 ck P U~5 e i<,'ni'Ch control ;'e ad! ng the dat a 

." 
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from the memory (syste,m ~~ync puls~s )" are generated from 

the master'clock puls~s by dividing 25 f1HZ by three to meet 

the requ~red data rate. 
~ 

The sync' signal generator ·circui t 9,iagram is il-

lustrated by Fig. 4.8.a. The signal starts at the ~~~t~r clo~h 
. , 

output and goe's through series of frequency diviQ!::rs. The 

. frequency divide by 109 circuit is s,hown in Fig. 4.8.b. The 

different sync signals are generated by the circuit, then the 
• 

pulse' width of each signal is adjusted by means of'a mono-

stable mult~vibrator. Also, monostable multlvibrators are used 

to generate the pulses Band C from A (Fig. 4~8.a). 

4 .4 RANDOM ACCESS MEMORY S YSTEr~ 

Conside~ing the exi~ting commercial storage systems 

such as discs, shift registers and random access memory sys-.. 
tems, it was found,that .. the solid state RAM system 1::; c,ompat­

ible with the writing speed of the disp~ay. The access cycle 

time of the RAM systel!l Which is used 1n the 'display system 1s 

approxima~~ly 400 ns ~hl1e ~he acc~~s. cycle time of discs or 

shift registers are of the order of "several. milliseconds [16]. 
" 

The ~AM system als 0 has the advant age. of lnhe 1"en t addressing 
• • r • 

fle,xlbl11ty [3 11] and its ·non-s.equential dat'a a~e-ss capa-

bility t'edu'ces the required control circui try p3 J ;, From 

the economy polnt of' view) it would seem that since the computer 

industry 1s concerned almost ,exclusively with, RAM system f·or 

s~ratcb pad mc:mo1"ies, fur-ther developme'nt wi 11 concentrate, on 

these devices .. 

" 
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Two new memory technologies may alter the selection 

of RAM as the optimum memory 1n the near future. These are 

the bubble memories and 'charge coupled devices. 80th of these 

technologies promise high bit packages, high gensities and lew 

cost, b~t they a!e seria~ ae~ess memories. Therefore, more ., 
complex associate9 addres~ing circuitrYis requir~d for their 

operation in this type of application, offsetting ~,ome of their 

advant·ages [22 },' As well, bubble memories are slower tha'n se'mi­

cO~ductor memories 'In general; they bridge the gap between tau 

access time in electronic and e.lectromagnetic.storage systems 

(35]. The difference between the access time in electronic 

and e Ie ct romagne tic 5 tor-age sys tern is called the If access gap II • 
, ... . 

4.4.1 RAM System Specifications and Operation: , 

The ,memory system used is a self contained random 

aoces~ semiconductor ~emory) ihowri in Fig. 4.9, eMpl?ying the 

3400 N'type of RAM unit. The memory ~~stem consists of up to 

four Memo~$ Card Assemblies'with a maximum capacity of 32,768 

of 18 bit words. Onl.Y t,'I'O .cards are available. to O~:r' display 

system and each card can be accessed independently. 

The modes of operation for a card are Read, \~rlte; 

and'Re'ad/Modify!\vrite (Split-Cycle). Table 4.1 Is.'a list of 

'" 1 Ifi ti f tl frt.'e interface, ·circuitry ge"era spe·c ca' ons 0 1e memory. Il . 

is shown in Fig. 4.10. 

Fig. 4.11 is the timing d~agram of the. interface signals 

with times shown measured at the 5'0%. point o.f signal trans-' 
, " 

mission. Pi. list of inte'r.face s:l,.gnal functions and line 

'.' 
, 
" . . . 

.f 
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Table 4.1 Memory System 3400N Specifications 

, 

ITEr~ 

Typ.e . of j·lemc,ry 

.Card Configurations 

Modes of Operation 

,j-

Timing: 

Read Cycle 

Hrl te eye le 
, 

. Read/Modify/Writ~ 

Access 

Ir.terface Cireui try 

Logic Levels -; 

Logic zero 

Logic One 

" ... 

SPECIFICATIONS 

Ra~d6m access,NMOS Semiconductor . , 

32, 768'\>Jords by 18 bits 

Read 

Hrite 

Re ad/Modi fy /\vri te (Sp 11 t eyc Ie) 

450 ns 

450 ns 

900 ns 

275 ns max 

Open Ccllector~.Output-7 43 38TTL 
~j 

Input-75S XX Series "". . 

~ 2.5 to 5.0 volts 
, 

0.0 to 0.5 volts. 

.. 
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ioading characteris'tlcs is 'givel1 :in Table it .2. .The in'.;erf'ace 

signals are described ~n more'detail with the design of the 

qthe~ 'cireui ts: whi eh are int'ef'c'onnected with thE' memory. , Ap-

" . pe,ndix 2 contains the details of, the RAM speciflc1:tlo~s, and: 

the connection o~ the interface connecto~ ,pins ~ith the external 

pircuitl"Y. 

4.~.2 Memory Organization: 

The memory is organJzed qS a'matrix o~ 16 bit words 

.(two 'bits left 'for . 
~as'to include four 

/ 

other purp05e~) with each wor~ encoded so 
, • • I" 

adJ acent spots of a gi ven 'fV ras t'er 5 can 

, , 

channels of data ·word~ the .da:t~ ·rate :J,s 'incre,ased four times 

over ,that o,f, tne max:Lmum rat,e of, th~ memory·, The' location of 
, , , 

'the word t~ ~e a~6essetl is specified by the addre~s applied to 

the 'memory. address ~ines by the 'ex tern~l c1 rcul try,,, 

The requ.lred capaqity of the ~emory 1s 'qetermil'le,d 'by 
" #, • .' 

the a~Splay resolution in terms 0f the 'n,umber of samples d'is-
\ ' 

{ playe~ by the TV raste,r> scan .. 
, . , 

The display '~ystem' 1s ,des.ignBd , 

lor the capa'cl ty of 25,6 x 512 = 131072: s'amples ,W~l ch' requires 
, r • 

a ~torage of 37,768 of 16-b'it words. One memory card ~s used . 
, ~, ' 

by th~ ~ystem" an'd' the' other, ca:rd is lert··'for: future, extension 
, , 

. 
. such as' to. increase t,he system capaci ty or fo store processed' 

data. , . 
" 

. " 
" 

I, • I' 

. " ... 

" . 

, " 
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'rabJe 4.2 Descr1pt~.ons of tb'e RAE system interf'ace s.ignal 

Signed 
He Ti!e 

Ini t iate 

Write 
Pluze 

Split 
Cycl~ 

Byte 
Control 

Address 
r:n 

" 

ABBR 

pp 

HP 

sc 

(BeL 1, 
ECL2) 

" , 

A!OO­
AIl3"** 

, AI·IIt 

-

'rypel*per 
.. C:ard 

, , 

-}: u:'se / 
j" 'rlfL load 

-pu:. sel 
l 'tTL lo&d 

'Levell 1 
TTL load 

Le.vel/ 1 
. 'f'I'L :!. oad 
pe:r' lirie 

" Level/. 1 
'. ' TTL IOB'O 

, pel' line 

Le'vell I 
'TTL load 

Des <;:riptlvn 

StartD ~emcry cycle 
when memo~~ is avaii­
able. 

In corljunctlorl \>l~th 
Splic-Cy~le sig~al startt 
the vlI·i te pbc:u:e o,f a 
spIlt cycle. 

\tlhen low, enab les a . 
SpIlt-Cycle cp€ratjan;.'· 
\';ben high,. enables' 
Re ad or Wri teO operation. 

Dete!'l!!1n~s ,mode 'of op-.. 
€:ration of &pplicabl.e. 
byte. vJhen b.CL ie:.· lOW., 

" RP executes Wr1'tE: .cyc-
le . "'-'hen Be L :15 11 ign) . 
RP executes ~ Read cycle; 

Binary ceded signals 
,'thCit se.Ie ct m~'mor'y ad­
.dreas.*** These sign~~6 
J'!1uat b~ staBle at. t,he' . 
,start of a'.memory cyc).e •. . . 
Address 1:5 it L.Eed H i'th . 

'Address' Option· (ADOP) 
to change address 'con-
figureat:1on:' . ' 

ADOP ••. All11 ';., 16,K x 10 
or 3Z~~ x 10 

-. 
ADO;!?' , 

" 

NO':.'E:" . . " *' wtJe·n terrrinaticn resistors are. 'cenneoted (by externa: jwr.per~')~ 
ean~ source ~ust' be 'cipable of ~1nk1ng .17 ~a ~n add1ticn,to., 

, ' ' . , " 

'" 

( 90ntd)' 

". 
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Tab le 4. 2 C (rn tin ue d 

Signal, 
tJ a rw 

Lxte,nd-
eo Addrest: 
::::n 

Data IiI 

o 

Lata (Jut 

Data avai­
lab Ie ' 

Memory 
Busy 

G€np.x:'D~ 
F.eset 

. 
lis tl:'d, loa·d .... 

I~BEP . 

XA1.l , 
XP,12 
XA13 

( D100-, 
D119 ) 

( DoO'O 
Do19} 

rA 

fl:B 

GR 

'l'ype /* per 
Card 

Levell 
1 Trr:L load 
per' line 

, : 

Le,v:e 1/ 
1 'r,TI. 1 O[Ld 

per· l1ne 

Level 

-l€:ve.l 

-lEvel' 

-pulse! 
1 'IT L 1-0 b,d 

, " 
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Des criptlor. 

BinaroY er,ded ~+gna~s " 
that sel~c:t the Nem ... 
CIJ~' Cp.rd. 

Informat1tn ~ignals 
( inp ut ) . 

I'r.f ormat1on S igna.ls 
(output) . 

Ipdicotes·to CP~ th~t 
data is available on 
datec au t,pu t lines. 

~ 

Ind:'c~tes to Cp'U that. 
memory a.f: buo~' ar,o' can­
not ,accept ar. RP. 

Signal that resete all 
re g1s ter's and '1n1 tl& 1·· 
12:6S tini1ng c,+rcuits .. , 

CAUTION: Dc not Exe­
cute a gener&l reuet' 
whi:e a memory cycie 
is in 'prosres's, . L08 s. I 
of data 'could result. ,', 

" 

td13 Ir.unt be ,held low if> second array card (Extender' llCerr.ory Card) 
,.is not inf?Cl"te9.,: , 

t;r:us'ed addr.ess: lines al"~ open ~ (i.i gh) • " . ~, . 
\ ' , . 

\ . , . 
'.' .. 



4 .5 DlPUT-i<lEIV:ORY INTERFACE: 
~ 

4,5:.1 An'alog-to-DiGltal Converter (ADC): 

'6,1 

The ADC is '~ 4-uit bi~ary device with comparatively' 
. ' 

fast speed. The speed requirement 1s related to the rate, of 

sampl;ing clock p~lses, sucll t1?at the ~aximu~ti~ing speed 

determines the upper limit O'f the rate 9f the sampling, c16ck 

pulses. For example~ if the ACC digit~zing time is IdO ns, 

, then;) the maximum sampling frequency is 10 MHZ. 
, " 

, , 

No commercially available ADC has this fast speed with 

low price. For this reason an Ape \,!8.S const,ructed wi,th; a digi­

ti z,ing time les·s than 100 ns,' Fig, II ~ 12 illustrates ~he ADC 
, . . '. 

inputs and oufputs 'where the' binary word, X4X3X2Xl represents' ':" 
" ' 

~he digital value of the analog input at th~ ~ising edge of 
, I . , 

the s9-mpling c'lock pulse. T,his. value' remains' on t~e output. 
, , 

line,s IN.o to' IN3 until"the 'rJ.:sing edge of the ~e~t. sampling 

clock pulses, 

The' circuit diagram of the ADC iS'shown in Fig. 4.13 

and the ~mplementation of the ADC 'logic' ciz:'cui,t i,s shown ·in 

Fig. lLl14. E,ach of the fifteen' comparators h'a~ one input 

biased to, a, voltage level at whiC?h- the ,digital ~quivalent of 

:!.nput signal should cb.a.nge. Volta~es Al through A;+'5' along', 
" 

, , " 

resis tor chain R1 , to Rl5 are toe v~lues at which each 'comp~r~tor 
" 

" switches. The, 3-bit vershJn of tllis ci'r-cuit can be 'found in 

. {36) " , , 

" ~' 

The ADC digit1z~5' the input ~ccO~d~n, 't~ the levels Al~ 

. thr9ugh ~15, to', the "bi~a,ry n~be~f? represent~ng the de c.imal 
, . .. 

'~ , f ' 
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numbers from 0 ,to 15, as shown, in Table 4.3. The' truth table 

oJ' the logi~ cireui t' is gi ve'n in Tab Ie 4.4 and' the minim! zed 

'5~lutlons' of this 10g1c de~~gn ~roblem are ~he fpllowing 

eq uat'i ons : 
" '-

+ D13~\ 4 + D15 (LJ.l )" 

X2' :: D2D4' + D6 Da + DIOD12 -:' ~\4 (4.2)' 

X3::: D4 DS'+ ,Di2 ,(4.3)' 

" 
Xl! ;;: 

DB' ( 4 ~ 4 ) 

~ .5 .2 Interface Between, the ADC and the Memor,y ~ 

~he bqsic requirement of this interface circuit, is'the 
, " ' 

conversicin of 4-bit.data·wor~~ from the ADC, or through the 
, I 

syst~m' digital uata input, ,:t~ the form of a'16-bit RAM syste~' 

wOr'QS,' The c-ircuit receives and combines consecut;t1V'e 4-b:i.t" 

inpu't samples to produce 16-bi t word which a,~e then addressed . . ..... 

by, the addres's'lng, and' t'im'ing ,Circl.:l1 t~' and stor~d in 'the RAM 
. ' 

system usin~ the, direc~ memory access tec-hIjlque (DMA). 

At the sam~ time the cir9uit.generates some of th~ i'nter­

faein~ si~pals required ,for operating the memory ,in the writing 

mode of, ope:rat·iori •. ,These, 'tn,cl';lde. th~ addre~s counting pulses 
.. 

. ... '" , 

:~puls~s . (as des cribed" in Table', l4.~) 1~ the, writing, mode of '" :, 
'" 

opera~:!.on, ,(RPW) (F1.g.~, '4.15) .. Xhe 'addres's' :ooUnt1ng: pylses are 

fe~ 't.o the addx>essin.g and tillling, eir-cui ~ to ~nc'rement, .the address 
, . " '. 

0, 

. '. 
" 



Table 4.3, AOC Digi tiz0g levels and their binary, representations. 

Digitizing ,level .Binary Representation 

X4 X3 X2 Xl 

Max. level Al5 1 1 1· 1 

1\14 '1 1 1 0 

'Al3 1 1 0 ,. 1 

Al2 1 1 0 0 

All 1 '0 1 1 

AlO 1 '0 1 0 

A9 1 0 0 1 

A8 1 0 0 0 
, 

A7 0 1 1 1 

A6 . I a "1 1 0 

I , . 
AS 0 1 0 1 

1\4 ·0 1 o· 0 

A3 a 0 1 1 

A2 0, 0 1 0 

Al Q o· 0 ,1 

Zerq level: AO 0 Q 0 0 
.. d 

, , , ~. 

.. , 
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countc!'. , 

Tr1e c:'rcu~t dla[,ra:;. 1'01' the interface i:~ 0i1own 

in F1.~;. jL..~16 and j\ppenrHx 1 contains the harJware 
/' 

detal~6. 1~8 signals WI' w2 ' w
3

' w~, W
5

' we ) RPW and.sg~pling 

clock pu1se& are shbwn in Fig. 4.15. One of the circQit Input~ 

is the sampl~n6 clock puls~s from the sam~ling clock loca~ed in 

the addressing and timing circuit. Sampling clock pu13es are 

applied to the clock input or/B se;ial input/parall~l output 
, . 

~hift ~eeister (SR9) to gene~ate the pulses Wl through W4 and I 
I 

then W5 ' \vC and Rp as SI10\..,rn in t,~e circuit diagram. Input dat7 

'are applied to the input lines of the parallel input/parallel 

output shift registers SRI, SR2, SR3, and SR4 through a 4-l1n~ 
data bus. Data are transferred to the parallel input/parallel 

output s~ift registers SR5, SR6, SR7 and SRS'at the rising' 

/ 

edges of the pulses \~l' 1'1
2

, W3 and W4 re~pectively. Data trans~ 

fer occurs 5UC~ that four 4~bitconsecutive words are app!ied 

to the four shift registers inputs before the riSing edge of the 
• 

next pulse of w~. Data are then transferred to the 16~out­
) 

put lines of the four shift register"DJ-O through DI-15. The' 

output lines are connected directly 'to the data input connector 
" 

pins ,of the RAM. Data become available at the memory input at 

thp proper time according to the timing diagram Fig. 4.11. Also 

• the ~. ignals we and RP\i are generated accordingly, to the same 

timing diagram. 

~.6 ADDRESSING AND TIMING CIRCUIT 

The first requirement of the addressing and timing circuit 

is to address data coming in to the memory in the wriy1ng mode 

, 1 
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'of operation, and data from the memory in the reading mode of 

--'op,eration. ',The address lnfQrmation is ,applied to the address 

lines of the memory according to the MI'1 .sys tern interrace signals 

(fi~ . ~ " 11), . 
, ' --.. 

The second function of this clrcui t is to provide the 

memory cycle inlt:1:ating .pulses (RP) during'the t'wo modes of 

operation, and the signal BeL for switching the memory betwe~n '/ 

different modes of operation ( Fig. . ~ . 11 . an d Tab 1 e 4. 2,) . . ' It // 

also prov~des tpe'memory ge~eral reset as defined in Table q.2 

( G R M'. i I'l Fig. 4. 1 7) • 

The s'ampling clock is located il} this circui t ... ,here the 

azimuth sampling pulses control, its ON/OF! input as sho\P/D in 

Fig. 4.4 and explaj,ne~ in' section 4.2.2. As well, the circuit 
" C 

contrbls switc~ing the display system'betwe~n writing and 

reading modes -of ope~ation as explained in section 4.2.3 and 

illustrated by Fig~ 4.5. The general rei~t pulses (GRP J GRN) 

, " 

shown in Fig. 4.5 are generated b~ the addreSSing and timing' 

circuit and supplied t~·the ent~re sy?tem. 

The c;trcui t diagram for 'the a<;:ldres,sing and timl~g circuit 

is shown in ;Pig ~ 4.17 and the hardware detq.l1s are giv:en in :'~:' 

ApI.'E:ndix 3. A l6-bi t ad,dress cou.nter i.5 employed to ,pt-ovi'de 
, . 
'ad'dresses for every l6~b~t wor? store9,'int.o';or read-from the 
. 

memory. The count inFut of t~e counter,r.eceives clock pulses 

coming from the ADC~memory 'interfac~ 'circui,t' (\ole 'as $"hown.' i,n 

Fig. 4: 15') in' the .writing mode' of operation; 'and comif.lg' f'rom . ". 
the hiemo~y-encoder inter'face circuit" (RCas shown il1 f:tg-~ '4.18) .. 

#I.. ... . • I 

in the reading mode :of' op·erat~. Th~ s\1itching be~tw~ert th~' 

. , 
I 

" 



'. 

two ~i6nal~ is controlled by the signal BCL. Finally, the 

counter is 6leared ~Y the general r~se~ ~ulses (Fig. 4:5). 

72 

The memory cycle initiating pulses RP are a'ctually 

tne"puls,es HP\oJ (Fig., 4.15) in the writing mod'e ,of qpera1ilon' 
" 

~nd RPR (Fig~ 4.18) in the reading mode of operation. Th~ 

switching between the two ,signals is p~rformed by the aid of 

the s,ignal BeL. The pl;lls~ ".ildth 0'[ RP~ is adj usted by a mono":" 

stable multivibrator. The level,'BCL is generated by tne 
, , . 

,circuit according to the mode' of operation (Fig. 4.11). 

~ A two 'staye switch with high (H) and low (L) posi~ion, 
, , 

... . .. . . . 
;t.s ·used to' 'operate the system by ,starting the writir:lg mQde of 

6per~tion'when in -the low posibion. The automatic swltcnlng 
, , , 

,r~m writing to reading mode of operation occurs when the 25q 

counter counts 256' of azimuth sampling pulses ~ and the 512 . , 

counter counts ,512 of the sampling clock pulses. ,ThU's, a total 

pf '256, x, 512 samples are s't'orea and BC'L goes high. The 'BCL' 
, " 

l~ver is a1;so us.ed ,to gate the crzimuth sampling, pulses· such 
.... 
that when the system switches, to the reading mode of qieration, 

the gate is off. 

The s ampli.ng cloc,k 'is a free running os ci lla tar h,aving 
. . 

e., freq uen'cy whi ch can be adj us ted by vary ing two res is tance~ 

and tw~ capaci,tances, '(see' appendix 3). 'The sampling clock, 
... • 4 • ~ 

pulses are fed to one of the circu~t outputs providing avail-

abill ty for the o~n~ r circuit,s. The circui t gene rates: the 
L 

,general reset pulses (ORr) and the ipverted value or this p~lse 
.. ' I 

(GRN) for the devices which need ~ pegat1ve pulse to be elear-

" 
ad.· MGR (Fig. 4:17') exists only when the system switches bet.­

ween mode~, of o~eratip~~1 if ~p 1s not appl~ed to the memory 

o • 
.' 
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4.7 r·1EfIjORY-DISPLA\, IWrERFACE: 

4.7.1 Interface Bet\-leen the fJlemory and 'tne Colop-l!:nc{)der: 
• 

/The basic function of this circuit is to read data' 

out cSf the memory using Dr'1A technique. The· circuit ~ece'ives 
" ' 

every 16-bit W9rd ,output from the RAM system wnen the data are 

available at the memory output lines (Fig. 4.11). The circuit 
" 

then splits the 16-bit word to four consecutive 4-bit wordS 

and ~eeds these data to the co1~r-encod~~ such that'two condi­

tions are satisried. T~~ first, is the compatibility of the 

data rate with the writing speed of the color television moni­

tor, an~ ~he second is the synchronizati~n of the data to the 

raster sca~,of·tne color te1eyiiion monitor . ... ..... ,. 
For a resolution of '5,12 e:ff'ect'i·ve_,~pots· pe'r 'hori-

'" - ~ "" .... 
zontal, line) the minimum data rate is '4-bit \'lOra' every 112.3 ne,. 

This speed is dir.e.ct1y cGmpatib1e with memory speed of 400 ns 
~~ . 

per 16-bit word s.ince e~ery effec,t'ive spot correspO'nds to 
", ."o ....... .".. .. -t 

, -
a 4~bit word every 100 ns. The circuit automatically displays 

, ' 

exactly 512 4-bi t qamples per horizontal 11nefor each or the 

25J lines: This means ~hat same data are displayed fop the 

odd field' a~d the' everl fi~1d o{~the :frame pro'duc,lng a matrix 

of 256 x 512 as explained in section ~.2.2 

,In addition, the cir~uit generates the interfacing 
.. '<\-

and timing signals for the memory in 'the r~ading mode of 

ope.rat:i.on such as the addr~ss 'counte:r incremen~ pulses (RC) 

and the memory cycle in~ tiati'ng pulses (RPR) ,as illustrated 
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by the timing diagram Fib' q.lB. 

'fhe, circuit for tl)e interface between 'the memory and 

color-encoder is shown in ,Flg. 4-.19. Hardware detail~ can be . , 

faun d in' Appendi x 3 . ...r The basi 'C concept s appl ied' for ~his ,ci r:" 

cult design are the same as in the ADC-memory interface cir-

cuit with the direction of data flow reversed. Tne 16-bit 

data output DO -0 thr9ugh DO-15 'of the memory is ,applied to 

the,input lines of four q-bit parallel-in/parallel-out sh1f.t 

regis ters. The output 'lines of ,this set of shift registers 

are c0nnected to the input of another set ot four 4~bit paral-

lel-in/parallel-out-tri-state shift reg~sters. The data 'are 
t 

transfered from the input of the first set to the input of 

the second set at t~, rising edges o~ th& pul?es ~5-' Th?e data 

are then tr?nsferred from the ~econd set of inputs to the out-

pvt dat a bus wi th the aid of the, 'p~lses Rl, R2, R3 and R4 
• •• I • 

" ' 

with one 4-bit word at a time. Thus, the same sequenc'e is, 

achie~ed at the output as'was encoded at the input. 

Th'e tri-stat~ output shift regis,ters are interfaced· 

direc~ly with the data buS. They have gated output control lines 
, 

for enabling or'dis~bling the outputs such that whe~ the odt~ 

pU'J control. is high, the output 1s disabled to the 'high ;Lmp~dan,ce . . ' 

~:ate. The' output of each of the f.our shift :registers is 
. . 

enabled cons'ecutively at. the same instant ,as the clock pulse 

C by applying the inve,rted clock· pu~ses at th~ output ,col'}f~9.':",-"'""I 
: ' .. 1.'-..:" l' 

inputs (E), 1.e. ~ the outpu't is enab,led only duri.ng the clock 

pulses,otQer~lse it is disabled. Hence, the o~tp'u~ d~ta bus 

transfers the 4-bit c;1ata to the color encoder input."-

• 'j 

• 



-

., 

System sync. 
pulses 

Rl 

R2 

R3 

, R4 

R5 

~LJlJLJULfl~_rl_fLru-l-+ 
I' . I I I j .' I l, , . t I I' -
'I .' I I j ' .:' I J I I! J • 

I I 
:' ·1 

~L-'-------r-~flL-,~;--------_4~~--~I---
l. i' I I .1 

j I . , 
f 

I 

__ --,fL, ..... , ~. _, ~,.------,~~_~ ___ rl-,-_ 

, , 

_______ r~,_· ____ ~rl~~ __ ----n 

1 

._..:.---_---.:lrl ____ ·~1 

) , 

I 
, . 1 

Jl\...-· ___ ,n'--___ ·h'--___ ......-----'h"-_,....~-_ 
RC&RPR' 

<... 
Figure ·4', 18 Timing diagr,arn for reading mode of operation. 



DO-O 

E 

~~---~-rrom memory output data' lines---------~ 
DO -<1 

SR6 SR7 

I',~-~ ( , , 

~----~---~~-----------

1.)0- 1 2 

'- I 
I 

J,e 1'1 ,SR8 

77 

DO-O 

... 

I 
C SRI rc SR2 'i c SR4 

- E\ "I -, -, 1 -.r-E' -.-,-...-:--..... f -lTIT: ------"L5B 

J iii t---f.----r-t--r-t-L--- l U-~L : 
I I y ~+-L __ -+-_-H--)-I-----;r-~, ( ( 
I ·~----'--~-r>--"-----=.>-

t f[;o '----~~t>- daC b~. ()') ~B 
I , ~ 

~-------------------

R4 

:R3 "./1 'Di v'idJ ' 
R2 

, Rl 
I""" 

SR9 v '0'; ~y r-1 

RS 

carry 

'GRN 

Figure 4.19 Memory-color e.ncoder interface circuit diagram. 

f 

I 
I 

Syst:em. 
--sy-n-c' 'p-ulses 



'\. 

'78 

The signals Rl through ~4 are generated'oy a serial 

input/parallel output 4-b1t-shift. register at'_a rate- compatible-

with the' system sync pul"c' rate as ll'lustra,ted by toe 

timing' diagram 'of -Pig. 4.18. The sy'stem sync pulse rate is 
, 

8,9 MHZ which cor~espon9s to a sample every 112 ns. The other . . ~ . 

s igna~s such as Rr-: ~ . RC and 
:.:> 

I 

RPR'ar~ generated.as shown 

by the l~g10 circuit. Only the rirst pulse of the RPR pulses' . . 

1,6 generated by the trailing edge' of each gen.eral reset pulse 

(GRP) in o~der to initiat~-~he first memory cycle at the begin-
~ 

,ning of th~ reading mode of ?peration. 

A 512 p'ulse counte~r for sy-stem .sync pulses is. u'sed -to 

t~rminate, trie .clock "pulse t rain to the se rial-tn/paraJ.lel-

. out sh .... ft register (input C) tQ stop trp.nsferring the ~ata 

to the circuit output. The'. counting start,s with the leading 
I ... 

edge~ of the horizontal p~lses and st'ops after 51'2 pulses. 

Also, the sy~tem sync pulses 'and the clock pulses C are gated 
- '. ... . ..,' ~ 

by tile gen~'ral reset.··p~lses. (ORN·) . such that they terminate 
, • !' .. . .. .. . 

duri~g the, ~ese t' time; Thus, the compatiblli ty' of data rate 
"'. , 

with the writ1ng.-speed 'of the color. telE?'vis~on monito~ is 

satisfied by selecting the proper .data rate. Also 3 the data 

synchroniz'ation .condition '15 satisfied by f'eeding data with the. 
, • ~ • # 

,h'.:rizo~tal pulse and 'by ~topplng the whqle p'rocess .during, the 

general res'et pul~e.s. This syn,chroni zes the process w,j;tb the 

switch.Lrlg between the modes of'Qperation and with the raster 

. ,s canhing. 

" 

/ " 

. . , 
\ "- .. 

'. 



.: 

4 .7 . 2 
\ " Color-Enc,odep, 

During the reading,mode of system operation, the aolor 

encoder conve'rts each of 16 4'-bi t words from the R.AM system . , 
1n to, a unlq~e c<?mbinati on bf th ree voltages \'lh1 ch are < used 

to derive signals for the red) greep and blue guns of the 

television, monitor. The Qolors used for the color coding 

range from black as the lowest level up through. blues, yellows 
" 

arid reds' with white as the highest levels~ 
, I 

,Another function of the color encoder circuit ~rovides , , 

a feature to display the color code on, the raster s can of the 

color television monitor. This is presented in the form of 

horizontal bands which are to' the same ord'er ,as that of the 

s 19nal ampl1 tud'e color-coding scheme. This f'eature 'can be 

enabled any time during the reading mode of pperation by the 
, , " . . 

aid of' a toggle 5wi t eh ,( the c<;lor tes ting ,~",i t eh), thus allow-

ing the viewer to see either the d"ata or 'the' 'col'or code. Th'e 

color- code can also be displayed durin$ the writing,mode of 

operation ._ 
; 

The 10g1c circuit diagram of the color-encoder circuit 

,is'sho~n ~n Fig~ 4.20. The hardware details are given in 

Appendix 3. In this circuit) digital signals are converted 
, , 

to' analog slgna~s befbr~ the color t~levtsib~ red, green and, 

b l,ue' gun' inpu ts " Any spe ci f1 c digit al-to-8.flalog convers ion code' 
~ , 

car: be applied f'or the design .of the' digita;t-to-anaiog convert-

er ([;lAC). This code, as 111us,trate'd by Fig. 4.21 means that 

each 9f t'oe three sim:ilar DAC 'clrcui~tf? (Fig'. ~. 20) ,transforms 

everyone' of the tbree pos$,lb Ie Z-bl t inputs ,to only one of 
9 • , . , . ' 

" 
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Figure 4.20 Color-encoder circuit dia~ram. 
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2v=1.4volt~the· maximum permissible video at the electron gun input 

Figure 4.21 Digi~al·to analog conversion code. 
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three outputs. 

The same colo~-c9dinb technique described in section 

3.4 is applied in the design of the color-encoder·~ircuit. The 

lmplementatioh of the color-coding technique, as shown in 

FiC. 4.22 utilizes a re~d only memory (ROM), to perform the . . 
logical function as a practical alternative to simple logic 

[37] , The ROM unit converts every' word applied at the address 

input to unique set of zeros and onCs at the output data lines 

depending on the program 5 tared in tbe ROM. This program 

is directly reluted to the digita.:). to analog conversion code 

such that the word stored in every location corresponds to 

certain specified color. Table, 4,5 shows the program- stored in 

the RO~l, in binary forma-t. Two 4-bit ROM units are used ~o 
, 

provide 6 output lines (with two'un~sed bits) which are applied, 
. 

to three DAC units to drive ~he red, green and blue gun$ of 

the color televiSion monitor. 

A manual swi t th calle d the color tes t ing S\'/i t cn ~ cont-

rols the path of 'the input data to the address l!nes of the RON 

units. It operates a logical switch to pass input data when 

the system sy'!c pulses are "0.NII (Fig. 4,19) and the switch 

1s in the low (L) -position, and it passes the calor testing' 

data when the switch ~s at high (H) position. 

'The colar testing data are generated by using the , 

hO:'izontal'sync pulses to generaye 16 different binary words . 

• A fl~quency divider and a count~r are use~ for this purpose 

sucn· that the counter Changes it's output afte·r 16 horizontal' 

pulses. The ou.tput binary numbers from 0000 to 1111 are gated 
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Address 

0000 I 0001 
0010 
.0011 
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· 
1111 

Read only 

Program 
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00 00 00· 
00 01 10 
00 00 10 
1111 11 
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· · 
· 
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· 
01 01 01 

memory 
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O"tPU~ 
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I 1\DC 
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Figure 4.22 The implementation of the color coding 
technique. 
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'l,"';b--lc' Rr-,r' .) f t' 1 to'>'" ·c:J ...... -r:~ cod~ ~ 4.~ .,v·.;r'o~ra:::: Or' .'";~ tieec~" .l..!_ 

I 
, 

---

'\ 
. . 

iAddrc5s Progra:-:1 (3lp~ry ) Ihpu·t it£.:. <: i 0 r;olor 

RO!'1 1 ROM 2' B G' R 
e 

Q 0000 00 01 01 01 1 1 
., 

;'lil i te .J.. , , -
1 0001 00 ,01 \ 11 or 1 o . , 1 Purple 

" 

:! . . . 
2 0010 ~OO . 10 . 10', 01 ~ ~ 1 Ye 110\)i~n purp.l~ 

\ - I . 
3 0011 00 I~ 11 01 a 0 ] I Red 

t I 

4 0100 00 11 10 01 0 T .... 1 OranGe '2 I . I j 

S 0]01 00 11 I 01 01 0 ,: ) I y p"1 11)\>1 • i 
, I . , .. 

I I 6 0110 0(1 1:J. j 01 11 0 1 a Gre.::-n 
I . 

7 0111 \' 00 11 I ],0 11 0 ~ O. Dar;': Green ! 
i t , 

I 
8 1000 I. 00 11 

.1 ~ 
10 10 t' a ~ ~ : .BrmlD " I 

I i ~ 

I 
9 1001 00 01 I: ~:. 

rIO 1 ,~ ~ j ·Bl,," Violet \ / · 10 1010 00 10 11 ~ 1 a \orn'i te ·Green i 
I 

.1 
, 

11 1011 00 01 oi 11 1 1 a I 

\'.rfli te Blue , . I 

~ I .' 
j \ 

12. 1,100 00 01 10 11 1 ~ 0 I ~ue .. 
, . 

I · < 

13 1101 00 01 I 1'1 'II 1 0 a Dark Blue • 
" i I 

'j 

f lit 1110 00 I 01 . I 11 10 1 o~ ~ V,ia let I t I I .. , 

I, t 
! I 

15 1111 00' 11 11 11 O· 0 0 B·lac:.c t 
I : I . 

J 
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with the sys tern sync "ON/OFF" (Fig. lj .19) a[tef'! aqj us ting 

th'e p·ulse width, in orde.r to syn~hronize the .data wi trf the . 
" 
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raster scanning. Hence, either th-e input data ·or the c-olor 

tezting data are applied to ~he address lines of the ROM 

units, ac~ording to the position of the color testing switch. 

I • 
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CHAPTER 5 

COLO~CODE S~LECTION 
~~D SYSTEM TESTING 

5.1 COLOR CODE SELECTION: 
r 

The e,xpe rimen t al work described in this sectiop,1s 

divided into two separate parts. The object o~ the rirst part 

• is 'the testing of the output color response to the input vpltage 
y 

changes. This dete rmin~s the approximate amount of' the requi'red 

~ change in one of the input voltages to cause a not"iceable change 

( 

in the output color. Three different video amplitudes are appli­

ed to the red, green and bl~e gun inputs of the color television 

monitor, using a three variable res~stances and a. 'video signal 

generator ·as illustrated by Fig'. 5.1. The thre~ inputs are then 
, 

varied in all the po~sible ways and the output.colQr chang~s 

are'carefully observed. It was fou~d that the best results are' 

obtained when the 'input signal amplitude is chan,ge'd by' an amount 

a~proiima~elY equal to hal~ the maximum input video: . . " .. 

The selbnd part of the experimental work is designed to 

gene~ all the possible colors 'w~iCh can be produced by apply-
~ ... c 

ing all tre possible combinatipns of the three inp~ts of V, ~V' 

and _ zero VOlts', ~ere V',1s the maximum input video level. The 

~nu~b~r of.posS~ble colors is 27 colors and any 16'of 

be selected as the coror code. 

these;can 
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Figure 5.1 Testing the response of the o6tput color on the 
color TV screen to the chan~e in the input voltage • 
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A color testing signal generato~ has been designed' 
, 

and cons;tructed to generate the video signal re.~uire.d to pro.duce 
,. 

those colors on the raster.~,can of the color television monitor. 
1,. • • 

Different colors are arranged in the form of .a·horlz~ntal banqs. 
. . ( 

The widt.h of each band is 16 horizontal lines (eight lines each 

of interlaced fieids) as shown in Fig: 5.2 • 
• 

In the circuit of the colpr testing signal generator 

(Fig .. 5.3), one,8-bit reprogrammable. R{)M is used to perform . \ 

tne same function as the.two 4~bit ROMs used 1n the color~ 

encoder circuit. The same di$ital to analog conversion',code 
I , .. 

(Fig. 4.21) .is applied, in the design of the ROM program and the 
r- '. 

three digital to ana~og converters., rhe reprogrammaqle ROM 
......... ; . 

allows modifications in the program~to change the ~olor5 or re-

arrange their d};der. The pr.ogram stored 1n the ~?M, wl;lich 
• 

generates. the 27 different ~olors J is lis ted in Tab Ie 5 ~ l. 

Figure 5.It i~ a ~hoto6raph of the 27 color bands) of, 

which s"ixteen can be selected to, form 'the 'color code in any 

arbitrary ~rrange~en~. F~~ure 5.5·is a photograph or on~ of the~ , 

poss.ib le E$e le ct'ions and the' corres pon~:Ung pt'ogram' 15 .lis ted in 

Table 5.2 w.ith t)e Ii'st .Of colors 0\ 

,As shown in the circuit. dikgraib Fig. 5.3, the ROM out­

p~t data ~re gated by 100 ns square pulses. This signal tests 

the resp.onse, of the ~olor. television monitor to a particulal:' 
¢' 

. fr~qtiency,s:ince this rate is the maximum speed at. which. the 
. " '~'. 

memory 'feeds 4-bit words to the' qolo!'-.encoder. The gating process 

is also necess.ary beca.,use· th~ ,+V mpnitor does no.t glve a good 
f 

response. to frequencies below the frequency of the horizontal 

.. 
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The color, televisIon monitor raster scan 
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-
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2 \ Red' 
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\ · \ 

• i · \{ · 
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· 

27 Black 
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Figure 5.2 The display of 27 color b~nds. 
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Table 5.1' ID1 Program to generate 27 .different rolors. 

Ra1 address 

o 00000 

1/ 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

29 
21 

22 
23 

24 

25 
2q 

00001 

00010 

00011 

00100 

00101 

00110 

00111' 

01000 

01001 

01010' 

01011 

01100 

01101 

OlJ,lO 

01111 

.10000 

10001 

10010 • 

1.0~11 

10100 

10101 

10110 

10111 

11000 

11001 

11010 

( 

Program (binary) 
, 

00111111 
, 

00111110 

00111101 

00011101 

00101101 

00010110· 

001.00110 

001.01110 

, 00101010 

00011110 

00011010 

0011100-1-

00111010 

00110101 

00110110 

00110111 

001110J.1 

00011001' , 

00101001 

00010101./ 

OOlO~101 

00100111 

00101011 , 

00010111 

OOO;1'~011 
\ . 

00011111 

00101111 

I ' 

4 Input .ratio 
B G R 
O' 0 C 

O' 

a 
1 

~ 

1 

~ 

. ~ 
". . ~ 

1 

1 

a 
a 
o 
o 
a 
o 

'I 

~ 

1 

~ 

~ 

~ 

1 

1 

1 

~~ 

,a 

a 
o 
a 

... 1 

1 

o 
• l.:t 

a 
l.:t 

~ 

~ 

1 

1 

1 

~ 

" ~ 

&, 

1 

1 

~ 

1 ' 

1 

~ I 
~ i 
~ I 

.~ I 

~. I 
1 

~ I 
1 

1 t 
) 

J, I 
I 

, ~, ! , 
a • j 
a I ,1 

1 

1 

1 

o 
a 
a 
a 
o 
a 
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Figure 5.4 Photograph of the·27 co~r bands produce~ 

by the color television monItor. 
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Figure 5.5 Photograph of the selected color code. 
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Table 5.2 'ROM Procram for tn~ ccl~cte~ color code ~ 

Aljdre3s P ro(;rarn (Binary) Input Ratio ~o'lor .-

S G R . 
0 0000 00 01 O} 01 '1 1 1 Wnlt.e 

1 0001 00 01 11 01 1 0 1 . Purple 

2 0010 00 10 10 01 ~ ~ 1 Yellowish purple . ~ 

.3 0011 00 11 11 01 0 0 1 Red 

4 0100 00 11 .10 01 0 ~ 1 Oranr;e . , I 
5 0101 00 11 01 01 '-0 1 1 Y~~fow f . I ... r 
6 0110 OC 11 01 , 11 0 1 0 Green t 

: . 
1 

7 0111 00 11 10 11 \ 0 ~ 0 Dark Green • I 

" "" A I 
i. 

J 

8 1000 00 11 10 10 0 ~ ~ Brown t 
I ! 

9 100·1 , 00 01 \ 10· I-a 1 ~ ~ Blue Violet I 

1 

10 1010 00 10 01 11 ~ 1 0 \Vh i te Green 
; 
I 

. ! 
11 1011 00 01 01 11 1 1 {) White Blue . 
12 11QO 00 '01 10 11 1 ~ 0 Blue 

I ... . : 
, 

13 1101 00 01 11 11 1 0 a Dark. Blue I 

; 
- . 

14 1 ~ Violet 
I 

1110 00 01 11 10 a ~ : 

I 
. I I . I 

• I 
. 

I 

15 lll~ .00 11 11 11 0 a 0 Bl,ack 
. I , j 

I .:00 

.. 
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sync pulses. . , 

5.2 SYSTE~1 ADJUSTING A1-ID' TESTING. 

5.2.1 Test Card and Test Pattern , 

A technique t'O-r testing 
. 

has been desIgned the display 

system performan<?e. A test signal is .applied to the sY,stem, 
. 

stored in the memory, and then displayed on the raster scan of 

the color television monitor. The display pattern 1'5 compared 
, 

with' the expected pattern in order to ensure that the system 
. " . 
is operating prope'rly. A test card which replaces the ADC card 

, 
in the display system, is,designed to'provide the required 

signal. 

The-test pattern shown in Fig. 5.6 i,S selected i'Qr this 
~ 

purpose. The corresponding test signal and its relation with the . , 
... 

,system timing sign'Sls, are 111ustt'ated by Fig. 5.7. The ,logic 

I·~l 

circ~it of tpe teQt card, ref this test pattern, 15 shown ~n 

Fig. 5.8 w~th two inputs'and an output expanded,into 4 +ines, 
J 

The output is connected to the 4-bit digit-al input to the dis-

play system. As shown in Fig. 5.7, the field input data ahd the 

lIne in'put data are available as the 4th and 12th bits of the' , , 
aodress -counter output. Fig. 5.9 is a'photogvaph of the test 

pat~ern displayed during the test showing good ,'agreement with the 

expected result. 

5.2.2 Color Convergence Adjustment: 
. , 

The coloz:- -converg~nde is ad,justed for the color te~e-

viSion mon~tor by applying the test pattern signal to the color' 
" . 

television monitor snd followl~g the, adjusting steps as explained 
., 

/: 
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Figure 5.8 Test card circuit diagram. 
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Figure 5.9 A photograph of the test pattern 

as displayed. 
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'.·~.I ( 
in t·h~ operating manual.., ~" e test pattern sho ... m by ·Fig.' 4.6 

was se Ie cted' to be su~·table for the color conv~rgence adj ~ng . . ,;-
Thus., the sa~. test ca~d ,p~rcr~bed in Section 4.2.1 .1s used 

for this process. ~~ I 
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CHAPTER 6 

THE" PRESENTATION OF RADAR. ~tGN.ALS 
t 

BX: :THE' COLOR-CODED DISPLAY S¥STEM 

'. 

'The Qd~splay system ha~ been used to prese'nt real time 
, " . l 

: raqaJ? signals -' in order. to·te'st the system pert'ormance and to " 
., 0 •• ~.' 

" 

demons crate the color coding ~te chniq.ue . The rad'ar signal~ are. 

're corcte'd on a magne/tic' ,tape, us;~g ,a wide band, vide 0 re corde r ~ 
wi th two video and two auxi liary chann.els. Two 'types of video , , 

. . ..' ... 
are available: .1: normal video (positive unipolar) \'Jhlch is 

simply the detected RF ~c-h'o signal, and 2. !>ITI videowhich is 

the recei.ved si,gnal afte}'.' having undergone. MTI filterin,g. 

Al~o~ the timing.,si:gnals, (sync .~ulses, I\R:t> and Aep) are ·a:~ailable., 
. . 

to ge~erate the azimuth_safupli~g Qulses as illustrated in Section 

4.2.2\ 
" 

A ser.ies of photographs have b.een taken for the ·r.adar .. 
data pres-entati.on by the, color~co.ded aisplay system: 

, -
The MTI 

video, recorded on two dlff~r,en,t magnet~c, tape's (obtained 9Y 

Communications Research Labora.tor~ staff), 'have been used for 

tJ)i,S . purpose, , Tl;1e sampling area boundaries. have been 6hanged 

in order to preselnt different areas. 

In· the foll,ol'ling tWG examples, the vertical axis re-
, ~,' ., 

pres~nts the azimuth;' that iS 2 'the 'heig~t of. tne :r:aster scan 

(11 ~ '.inch) corresponds to the 'sampling area total sector al)gle * 
, . ~. . . 

v This sector angle is 'determineQ- by' the azimuth sampling pulse . , . 
, . 

ra te (ASPR) wh'i ch, is ,var1ab Ie. This ASI?R i~: equal"to the PRR 
, . 

1'01 
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dr'vided by a knO\·m select ab Ie integer (I). By . selecting a . . 
smaller integer, a mas:nificat~on' e.f,fe~t is I?rodticed as illustrat­

ed·by ,the ,following results. 

The,horizontal axis represents the r-angej bha:t,',is, th~ 

width of the, raste'r scan (15 3/8 inch) corr.esp'Onds, to t:he sampling , 

. ~rea range R2 -. HI (Se cti ... ~n 4.2.2). This range is determined 

by t~e.sampling clock pulse freq~ency whtch, 1s cdnst~nt (~MHZ). 
, ~ 

This frequency corresponds to a sampling area range of 41.29 n.m. 

Examole 1 . 
The tape used for this example wf.is recorded durl~g ·a 

spring rain storm at B.ogotville Airport, Quebec. The PRR is 

1040 Hz and the pu~se width is 0.6 }.IS. The antenna rota1;;ion 

speed i~ It' rpm~' 

Fig. 6. L. a is a photograph o'f the storm as displayed 

by the c01one1eVislon monitor. In, this case, I:: 16 and then 

ASPR ;::. 10.40 
1~ 

= 65 sector 'sample/second. 
, . , 

The antenna rotation 

" \. 
is 72~ per'second, which means that the width of a sector sample 

. 0 6 \ is 72 :: 1.1 .. For 25 sector samples, the sampling area, total ) 
05 

se ctor angl~ is 281.6
0

• ' " 

~e same storm 1£ shown in Fig. 6.1.b. after the storm 
\ 

,has" moved" to the east direction.' 

The presen~ation.of th~ .sto~m when the total sector 

. a ngl(~' is "140.8'° (ASFR ~ 1;30 sect'or.samples/.s), is shown in'Fig . 
"' . 

e 6.2. 

~digl ti zing 

, ' 

,. 

.' 



\ 

East 

~. 

I~ 41.29 n.m-----------------,~>~·I 
35 n.m Range 

North?' 

" 

281.6° 
(Q) 

Az lIl~U ( a) 

'35 n.m 

North /' 
__ ----!,... Range 

Azimuth 
(b) 

Figure 6.1 The prese~tat~o~ of the rain storm by ~he display 
when the total sector angle is 281.6 degrees. , 

(a) The rain' storm at the north-east shoWing the areas 
of strong and weak signal. 

(b) The storm after it has moved to the east. 
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East 

41.29 n.m T-- --~ 

North 
>­
Range 

104 

o~ 14B.-8 __ 

Azimuth 

Fig~re 6.2 The presentation of the rain storm by the 
display when the total sector angle is 
140.8 degrees with the area covered by the 
storm ~loud is expanded showing more details • 

... 

, 
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level, wi th re~pect to, the 'rr.~li~imu111 video level, on the 

dl~played color~ 10 illustrated by FiE. 6.3 (~ and b). FiG. 

6·3.a ,and fi~. 6.3,b are.the sam~ ac_Fi~. 6.2 with a JiCltl~-. "'. . ' 

, , ' 

in5 lcve~ ~olow and above ,the maxImum video reopcctively. 
, 

FiC. G .. lJ :>110 .... /3 the :::torm 0::; it appears. \."hen th,e, totar 
. 

secto'r arYt;le Is 70. 1tO (A3PH == 260 sector !.3ar;lOler~/':;). 'rhe , 
" . 

picture con?er.1'trate.s on the northern-most part' of the st.6rm 

cloud. . 

By decreasi~r, the $ector ,angle to th~ value 35.2°, (ASPR 

== 320 sector samRles/S), different parts of the storm cloud 

are expanded to :3})m<1 nore detai.ls': ' Fir;. - " 6.5.a shows the .expan~lop 

of,the northern-most part 'of the st"orrn, whll~ Fi,t;.,6.).b show~ 

the ~ xp ans ion of, the cen tre part 0 f the s t.orm c.l oud .. 
. ' 

EX8;mp1e 2 

The tape use'd for this exampl.e \jas re corded dur1.ng 

~ severe winter fr~ez~ng raih storm at Toronto International 

Airport. The PRR, is 400 HZ, and the 'bulse width ,is d j,I~. The -

antenna spee~ o~ rotation is 6 rpm. 
. ,~ 

Two vid,eo segments of the 'ft;'eezing r~st,orm are, sho\'in 

in Fit;. 6.5 (a and b) as presen,ted by the, displa .. systef.1., The 
.. ~ (;) ~ 

samplins ,al"ea sector ar1'gle in this case is 184.3, (ASPR ~O 
, . 

sector samo1eS/s). 
, ' . 

" 

DISC 'SSXor 

. .. " 

The' ~revio~~ resu1 ts shO\."ocleari,Y, some advant,ages of 
. 

u~ing the c610r coding technique. The'display indicates the 

.' 

".f 
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n.m 

l "I 

Ea~t 

J 

AZImuth 
35 n.m 

North 

41.29 n.m 

"" 

( a) 

Range 
----~ 

14.8 
0 

Range ,... 

Azimuth 

Figure 6.3 The effect bf changing the maXlmum dlgitizing , 
leyels Wl.th. respect to the maximum video level 
on the color presentatlon of d'ata. 

(b) 

~he rain storm as presented when the maXlmum 
digitiz~ng level is much below the'max. ~ideo. 
The sto~m when the maximum digltizin~ lev~l 
is much above the max. video. 
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East 

n'.m 
Nor 

Azimuth 

41-.29 n.m 

Rang~ 
--,... 

Figure 6.4 The presentat10n of the ra1n storm by the d1splay 
when the total sector angle is 70.4 degrees a'nd 
the north-most part of the storm cloud 1S expanded. 
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North 

'East, 

,~). iO/ ,..I! 

Azimuth 

North 

Azimuth 

Figure 

35 n.m 
~ 

41.29 n.m 

(a) 

(b) 

.:ange 
---7'-

6.S.The presentation of the rain storm when the ~otal 
sector angle is 95.2 degrees show1ng two parts of 
storm cloud magnified by decreasing the sector 
angle .. 

(a) The northern~most part of the rain storm expanded. 
(b) The center part of the rain storm ,xpanded. 
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41.29 n.m 
". 

an9~ 
South 

West 

A2.~muth 
(a) 

~Range 

Azimuth 

Figure 6.6(a&b) Two v1deo segment~ of the freez1ng rain 
storm as presented by the display when 
the total sector angle is 184.3 de9rees. 
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strength of thE> signal 1n tl)e different, points of the reflect­

ing object, together with its area. Sixte€tn cO.fferent sie:;nal 

levels are clearly distinguishable. Thus,·a third dlmepsi.cn 

J,.s added to the d13play picture representing the signal amp­

Ii tude. This increases the displayed information and eases ," 

data Inte~pretatlon" 
'. ~ 

As show~ 1n the ~hQtOGraph$, the h1gb level areas are. 

represented by the vlhlte and red colors" The medium levels 

are represented, for example, by tQe yellow, orange and green 

colors. Finally, the low leVel a~eas ~re represented by the 

blue colors, .. 6n the other hand, noise 1s .represented ,by dark 
" . 

spots ,.,.hi ch eases recogn;l. tion"" 

By comparing the photogr.aphs of Examples land 2 , 

it is evident that the .dis,play reflects the nature of the input) 

signal. In the first example, the. hIgh density signal is 

represented by a conce'ntrat'ed cloud. In the. pecond example, 
! , 

the display shows a low density of high le~el pOints. 

'~"A useful feature of the presented display system is 

the abflity to concentrate and expand small areas of space Qn .' ,. 
the ras er s c;an, Tpls allo\o/$ examination and st~dy of more 

details', 

The .effect of, the digitizi~ level on the color re­
(';/ 

p,;'osentatlon l 1s demonstra~ed by Fig" '6.3 (a and b), When th~ 
. 

digi 1 zing leve 1. lis be-ION the maximum video; most Df the 
. 

d·lfferent signal ,levels are encoded into the white color. 
. . 

Con,)ersely, the signal ~evels are encoded in"to, the "blue colors 

I. . 



III 
.' 

.. 

when the diG.irizin'g leve~ is,,,, &bove 'the 

The signal is enco~ed -into the sixteen dirt' rent .-colors "whetr 

the maximum video Ie-vel is equal 40 xim'~ _ d'ig~ tizipg 
L' 

level. This is tt:le case in r phQtograph~ prese.nted . . . 
in Examples 1 and 2. 

, 

" 
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CHAPTER 7 

C9NCLU~IONS AND RECOMI1ENDATIO~-lS 

7,.1 CONCLUSIONS 

. 
The U$e of color in data presentation adds a missing 

variable to the monochromatic display, which is easily recogniz­

ed"by the hu~an e~e. Moreover, the c~lor coding adds to the 

display, a third dimension representing th~ signal amplitude. 

" Thus, more info'rmation is displayed in an easy to interpret 

'form indicating the different levels of the input s1gnal. 

The system haa been successrul~y designed and it 

gives excellent results for both'the performance test and radar 

data presentation. The cplor television 'monitor is simple to 

use and pr.ovides an exce.:J.lent c,plor se lectlon. 

Tbe large ~cale random'ac~ess digital memory' and the 

digital circuitry' make the system easy to expand and to integrate 
, \ 

with computer instal'lations. 

7.2 RECOMMENDATIONS 

Tne introduction of a ,microcompu·ter to the system can 

don .. i derab ly 'lmpr:6~e its functi,on' J 

Thus., the following' adv.antages c~ 

f1exib~ll~and performance. 

be realized. ~ 
j , 

raw )dat a stored in , , S;lgn::.t.l process in'g . by, . communi cat,ing wi th the 
,. . ~:; . r • 

~ !):~{8ed ~~ta the first 'card ~f the RAM system, and storage 

) 
112 
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. 
in th~ soc cpnd card. 'Thus ~ ei ther the raw data or the. proc'esse,d 

,data can be displayed. r'~any 51.gnal processing techniques can 

be implemented by storing a set of subroutines and a m~in pro­

gram in the microcomputer. Any of the subroutines oan be exe­

cuted by ent~ring a control number to toe microcomputer through 

a key hoard. 
" I 

2. Adjustable sampling rate '''hich can be ach,ieved by entering a 

se~ond control number to the microcomputer. Thus, the micro-
, ' ' ~ 

computer ca!l send a mess,age to the sampling clock to generate 

,. sampling clock pulses wi th a selectable· frequency. 

3. Changeable .colOr code by s~oring a numb~r of color codes in the 

microcomputer and selecting the desired color code by means 'of 
. , 

~ third control number. Then,the ~icrocomputer 'transfers the new 

code to the color encoder .. 

4. Automatically controlled sampling area, data refreshing and 
, . 

switching betwe~n modes of oper.ation. 

5. Possibflity of data format transformation while the data are 
. . 

stored in the memory. 

. . 
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Ras ter " 

Power 

Consumption 
\ 

Supply Voltage 

. Signal' Inputs 

Gross Ta'lk 
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/ 

APPEnDIX i 

COLOR TELEVI~ION MONITOR 

CTM2/5l TECHNICAL' SPECIFICA~IONS 

525 lines p'er p;Lcture, 60 fields p~r 'inter ... 

l'a'ce d fie Id. 

~average ~25 watts. 

117 to 135 W @ependent on the CRT beam current 

drawn, and for nominal mains voltage). Haximum 

~65 Watts (for maximum CRT ~ea~ curren~and 
a + 10% mains voltage). 

the s upply voltage is swi tchab 1~ b~t"'leen 110, 

130, 150, 220~ 240, 260 Volts. No ~lteration 

of performance,for a ± 10% variation of mains .. 
voltage. Supply frequency variabl,e between 

~5 and 62 Hz. 
, . 

RGB non-composite Red" Green and Blue 

Vi,deo 0;7 Vpp ± 6 dB ,positive 75 Ohms inter~ally 

terminated. Sync. 2-8 Vpp negative looped through 

high Z., 
t 

> 50 dB up to 5 MHz, any input' to any other: 

, 
\ 



r4ax S~pnding DC 
~ 

'on the Inputs 

Frequency Res~ 

. pbhse 

Sync' 

Under~can 

'. 

Display Per-

I formance 

Range of temp4 

" . erature 
'\ 

Relative Humid-:-

i ty 

, 'f Altl t{ude 

Harm Up Period 

'Automatic De-

gaussing 

± 5 Volts (all inputs drive a _differential 
, 

input ampl.ifier) 

IS kHz to 61.0 MHz <± 0.5 dB 

at 8 MHz :;.- 1 dB 

at 10 MHz-!- 5 dB 

(gradual r61l~off) 
, / 

external sync for RGB. Swltchable external/int­

:rnal sync for'display ot: composite inp~t-. 

reduqti,on in heigl:lt' and w Idth' W • r. t. normal 

scan (switchable). 

, 
Picture height ll~ inch 

Picture width ,15 3/8 inch 

+SOc to + 35°c ambient a~r temperature to 'meet 

nominal specifications. :lOOC ~o .+4S0C for nor~al 

operation. 

95% for the whole temperature vange. 

normal performance to 10,000 ft (3000 m). 

, -1 minute to display 

30 minutes ,to meet specifications. 

- , 

on switching on', the m<Dnitor . 

" 
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Fuse~ all 
d 

e~ternally fuses are excnangeable 

all fuses have indicator lamps. 

Dimensions W,:tdth 17.77 inch 

.(Fig. A.l.l) Height 18.32-inch 

~ 23·,64 
. , 

Depth In,ch 

\Oleigh t 40.00 kg 

Second Order Controls 

All second~order controls ,are located in the fro~t drawer. 

Shift 

, Line ,Time Base 

Field Time Base 

horizontal direction 

vertical kirection 

lin~ .(-requency 

11ne sync ph ase 

phase comparator symmetry 

field frequency 

height . 

, linearity 

Scanning Size switch,'for underscq,n/normal scan 

Sync. switch internal/ext'erna-l ,sy'n,c. 

Color converg- by controls located in the front ,drawer (1 
\ 

ence a{~j us tmen;t' . thorugh 18) 

, \ 

\ 

Color Temperature by ·Controls in the front drawer ~P 20,p~9) ~18~ 

Adjustment .. 



Gun .Cut-off 

/ swl tches 

4 65,5 
B.J2~ . 

) 

for red t green, blue., . " 

" 

451 
17.71" 

']{ . . { 

. 

11r(!)831U IH H::H 000 a'll 

.. J­"-

417 
16.8 ... 

.. 
, 

-~l 
443, 5 

, 1?,47 4" 

J-
.96 

, Fit. A.l.l D1mensions of the CTM2/51 

) , 

):20 

" ' 

. 
\, 

... 

600 
MAX 23.64" 

.; 

: 

C- o ,-- -=n -, .. 

. 
~0 

: 
0 

L , '--

-o-e--~!e- ] 

53. =J 
21.197-

5"77 

7 4' 
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,APPEljDIX 2 

,.( 
.' 

RAM SYSTEM SPECIFICATION AND OPERATION 

'-'" Tab Ie A.2.1 . RAM System General Spe ci!'i ca tions 

• 

I1'EM 

'rype of Memory 

: Confi gurat19,!ls (Each Card): 

V 
31100l'I -

Modes of Operation 

Timing: 

Rea,d Cy cle 

WU'ite Cycle 

Re~d/Modify/write 

Access 

Interface Clrcui try 

~og;l cLeve ls: 

cLogi c Zero 

Log1 cOne, 

SPECIFICATIONS 

Random access NMOS semicond~ctor 

32,768 words by 18 bits 

65,536 words by two 9-bit bytes 

Read 

Write 

Read/Modify/Write (Split Cycle) 

3400N .. 
4500s min 

450ns 
.. 

min 

900ns min * , 
~ 

275ns max 

Open collector Output-74S'38 TTL 

Input-74SXX series 

+2.5 'to +5.0 volts 

0.0 to +0.5 volt­
,.. 

.. 

* 
. ~ 

Modify Plus Time ~ Time required 1'01" processor to respond 
to. input data from' Memory.. , 



" 

Power Requirements: . 

ACV to Power Supply 

Fr.equency 
-4l~ 

Line 

Power Suppl~ Capability: 

DCV 

, 
ACV t6 Fans 

115; 

," 

f':l >~f", 7::i ",. ~{>} "';. ... 
" ,..' .... 

: (Y.'" ~-<t, 
'-T ....... Jtt 

.' 

i68, 220, 230 

. tj 8 ,t 0' 63Hz 

1200 Va max 

Volts ( ±2%) Current 

+5 € 18.5 amp~ 

. +15 @ 14:0 amps 

-15 @ 2.0 amps 

122 

(!lO%) 

(amps max) 

ll~ ±lO% @ 0.4 amps. 

' .. ' "',' 
°t' ,,' 

';' 
; . 



Table A.2.2 RAM System Environmental Specifications 

ITEM SPECIFICATIONS 

0peratins Conditions­

Ambient Temperature 

7.'he rmal Shock 

Relative Humidity 

Altitude 

Shi~ping and Stora&e 

Ambient Temperature 

Thermal Shock 

Relative Humidity 

Altitude 

Mechanical Shock 

(in shipping container) 

Me-:'0ry Wiring: 
.., 

Color Code: 

oOC to +50 oC 
o tID C per hour 

95% max w/o c.ondens'atlon 

-1000 ft. to +10,000 ft. 

-40°C to +8SoC 

±40oc per 2 minutes 

95% max wlo condensation 

+40,000 ft. max 

I Drop Test per MIL-STD-B10 

Method 516 ~procedure V. 

123 

The follo~ng color code is repeated for every pin group 

(Table A.2.3) of the connected pins (excluding the unconnected 

pins) . 
J' , 

-Red, Orange, Yellow, Green, Blue, Violet, Brown, 

Gray) White.· 

, 
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i 
Table 1\.2.3 PAP Sv~t("m lnt~rf(\cc connector nUl asslqnmf'nts. 

-----
I CmJNfCTOH CONIJt.CT0t~ , -

PIIJ J 12 JI) J I'. PI ~j J 12 J l3 

A 01-0 AID 01-18 Atl -- SC 
B RET RET RfT OC 

.D0-.5i3 /18 0 
RET 

C OJ-I All 01- 19 BO 
0 RO RET RET DE . J~[ r --

E 01 -2 1\1 ? 01-20 III 00-39/ IqG> --
f RET f'..U R[T Off RU 

H 01 -3 AI.5 01-2'1 dJ 00-0 ~p(J) 
J RH RE T RET HI< RET RET 

~I 01-4 AI" DI-72 OL DO- I DA 
/ l RET R[-T HIT OM RET . RET 

'" 
.. 01 -) A f ') ()1-2~ lIN DO':' 2 ~.:g 

N. RET Rf r RrT OP no RET 
P -- -- -- OR -- .- . 

R DI-6 - AI6 01 -74 (3.~ L>--')- 3 
S .RET f,t T RU OT RET RET 

T 01-1 1,17 Of -2'> BU 00-4 --
U Rrr RU RrT rw RET --

V 01-8 Af8 01-20 n.,., 00-5 fl~L-1 
Ii RET RH RET ox RE:T RET 

X DI-9 AI.) 01 -'77 m 00-6 e'::L-2 
y RET RET RET £3Z RET 

, 
RET 

Z DI-IO AIIO Df -28 CA 00-7 []C:L-~ 

AA RET RU RfT cn RET ReT 
AR 01-11 AI t I 01-:'') C~ D0-8 f,CL-4, 

AC. RET RET RET C0 RET RET 
AD -- -- -- C£ -- --

AE 01-12 AII7 01 - >;:) cr 00-0 --
M RE1 f\2 r . r.: I I ell f\l T , --> 

AH Ol-D AI13 01-31 CJ [)()-IO --

, l' .... 

H4 

-

00-36 
R(T 

00-37 . 
00-18 

nET 
00-19 

~ET 
00-/0 

RET 
--

00-21 
HEr 

00-72 
RtT 

DO-23 
RLT 

00-24 
RET 

00-25 
RET 

0O-2t.> 
RET 

--
oa-77 

m:r 
00-28 

AJ RET RET RET CI< RET 
I~- uSECD 00-2~ 

RET 
At< OJ~14 ~I 14 01-32 CL 00-11 Ex 

Al RfT R£T R(T .. 01 RET RET 
AI.' 01-15 AI15 01-)3 C~ 00-12 --

AN RET RrT RET CP RET .--
AP 01-16 A/16 Df -~4 CR DO-13 --

AR RET RET RET 'CS RE:; --
AS 01-17 ~'tY~lR (GR) 01 - 35 CT 00-14 --

Al RET RET RET cu RET --
AU 

DI-;~/18(i) -- -- cv -- --
AV ~'P 01-36 C" 00-15 --" .. 

AI'/ RET RET Rn ex RET --
AX DI-39/19Q) liP 0/-37 Cy 00-16 --

AY RET RET RET CZ RET --
AZ -- -- -- DA 00-17 --
OA -- -- -- 08 RET --

Q) In Systems Using Sf'lf-TeSf 

o In Systc'!l."; Witt10ut f'c .... 'r Supply 

Q) ThC':ic connections M~ for bl ts 38 and 39 In a 40 bit system, and for bits 
18 and 19 In 10 bit ~yst~n. 

RET 
DO-30 

RET 
00-31 

RET 
00-32 

RET 

00-33 
R£T 

DO-34 
RET 

DO-35 
RET 

./ 
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Tab Ie A. 2. 4 j\le~lOry, Inputs/Output;:; and Interfacing 

" 

_. INPUTS 

" j"e~.ory Input Input Sienal Interfacing 

D1-O Data output, of 
. 

i)I-l AUC-m~mory. interface Direct Connection 

j.H-2 . , . 
DI-3 

r . 
· , 

· , 
. · . 

D1-15 J 0 , 
" 

DI.-16 

t Open 
DI-17 .- I 

AI~6 I I , 
j I ,. . 

AI-l , 

i 
AI-2 Address counter output Direct Connection 

AI-3 

I 
. 

· .. 
I · . I 

· i . 
. -A;' -14. .. I 

I 

I 
t 

AI-IS ~i$h, 
I 
I . I 

AI -16 . High' . , , 
,GR ORM (High) Direct Conne ction I , 

. 1 
RP' RP Direct Conne.ction I . - , 

j 
" 

'tiP r ,LOW " t . 
J 



Ir'able A.2.4 (continued) 

i'.emory .Input 

BCL-l 

BCL-2 

BCL-.3· 

BCL-l~ 
. I 

SC 

. 

Memory Output' ! 
I 
t ! . 
! 
i 
I 
i 
I 
I 
I , 
I 

DO-O 

DO-1 

DO-2 

, 
.t~ 
• I 

i 

j 

Input Clgnal 

,. BeL 

H:i:&:;h 
.. '-l 

. 

OU'IPUTS 

. .Output Signal 

, Memory-Co I or Encoder 

J nterface InpUT Oata 

In te rfac~ng 

Di rect. Conne c.tl on 

, 

. 

I 

I 
-, 

, 
• I , 
I 

. . 
{ . 

I 

I t 
t 

. 
, 

I 
Interfacing r 

~ , 
I , 

1 
i j . 

I +5v I 
I 

'! 330Q I 
! 

I 
--1\1\,,"'- 1 I t f ! 

:IJ;emQcy ,.., _--"",c i rcu it i 

(output 
I 

~ 
input 

I 74()n 
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A?PEN'DIX 3 

HAR,DHARE DETAILS FOR THE DISPLAY SYSTEr,l 

A.3 .1 3'ync :31 e;nal Generator 

Table ~.3#1 Functions of the inteerated circuits, u~ed for 

the cOr:lstruction of the sync signal generator (Fig. ",'.3.1) 

Package 

4 

7 

1 

2 

3 

& 5 

6 

& '8 

9, 

10 

'11 

12 

13' 

15 

Number Funct1'on 

Crystal oscillator for the master clock 

D1 vide by 2 

Divide by 4 

Divide by lO'each 

Divide by 2" and by 5 

Binary counters for the ~ivide by 109 

circuit, CFig. lJ.8.b) 

6· in:verters ' 

8'input,NAND gate for the decoder (Fig.It.8), 

D-FF for the divide by 109 circuit ' . ' 

TWo, mono. mult.for generating pulses , 
, , 

Band C from A (Fig. 4.8.a) 

1<1 on 0 .,mul t· for 'adj us~ing horizontal sync 

pulse w~dth 

Mon(;l.mult. for a.djus,t,ir: g equalizing 

sync'p'ulse width. 

Mono. m:ul t', . .for adj us ting ve'rti cal sync 

pulse W1dt9' 
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--18 17 

7404 7420 

16 

7400 

12 

74123 

I 

I . 
1 

i Y-1074, 25 ;OMHZ 

, . 
j 

13 

74121 

11 10 

: 74574 'f 7430 
I' 

I 

! - 9 8 
I 
1 
: 74S04 74193 

:. 

2 " 3 

74S74 ~ 7.4574 

,.'----' 

I 14 
, -

!74121 
I 

-I 
1 

I 7 

74193 

I 

4 

7490 

l 15 

I 
~ ·74121 

I 6 
I 

17490 

I 
I 

I 5 .1 

t 7490 

~ 

:28 

'\ 

I 20 

17404 
I 

I 19 , 
j , , 
749:2 . 

I 
j 

.' 

Figure 1\3.1 Circuit layout and· -integrated circuits for the sync 
signal generator. 
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" 

Table A-.3.1 (eontd) 

16'& 17 

18 

19 

.I' 

, .' 
129 

;1AND gates 

6 inverters 
. , ". 

Divide by 3 t~o.generate'3ystem sync', 

\ 
\ 

\ " 

A.3. 2 .. '\.JC-M'~:10ry Interface 

,'A.3 . 2 AIiC-M~mory Interface: 

Tati1e A.3.2 Functions of the 1ntegrat~d Circuits Used f~r 

the Cons truction of the ADC-Joter:lory ,1 nte};"fa'~e (Fig • 

A,.:3.2 ) 

Package Numbe,J' 
i 

1 -+ 9 

10 

: 11 
, , 

12 

•• 
Function 

, 
Shift registers nUJT.ber 1 -+ 9 (Fig 

4 .16) 

NAND gates 

6 Inverters 

Di vide by 2' and' <:11 vi'de by 4 

" 

: ' 

, > 



" 
I 

I 

I 
I 

1 2 3 4 ' I 12 , 
j 
I 

74173 P41?3, 74173 74173 i74S74 
\ 

I I 

j I 

, , 
I I . 5 6 I 7 8 

174173 -j ;74173 74173 
74175 _I 

74S04 

) 9 10 

, 74195 74S00 

Figure A3.2 Circuit layout and int~q~~ted circuits for 
the ADe-memory interface. 

." 

.\ 

" 
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-
Tn~10 A.3.3 FunctIon of the intecrated circuits u~ed for' 

tbe cons'trucll"on of the uddrcs:,3ing an'd tir:ling circuit (Fi 6 .A.3.3) 

1 ~ 4 

5 

'6 

·7 

8, 9 

10, 11 

12 

13 

: 4 

15 

16 

17 

18,'~9t20 

20 

i"un ct 1 on 

Address' counter with 1 as the 

least signific'ant 4 bits~ and 

4 as the m03t significan~ 4 bit 

NAND gates 

6 Inverte'rs 

NAND gat~s 

Counter for 256 

iiono. mul t. for generating a gene-

ra1 ~eset pulse at the ,sh'itch­

ing b'etween modes of operation, 

NAND gates 

6 1nver te rs 

Mono .mul t. for adj Us ting' EfJ 

signal pulse width, 

NAND ,gates 

6 Inverters 

Mon 0 .!nul t . ~ for adj us t ing azi­

muth sampling pulse width 

Coun~ter for 512 

S~mpllng,clbck (Fig A.' 3.4) 



1 

74193 

10 

74122 

11 

174122 

"" 
21 

74'123 

Figure 1\.3.3 

~ 

, . 

2 3 I 4 

74193 74193 I 74~~3' 
1 

j 74:93 
i 
I 8 7 
I 

I 

174193 :7 4S00 
i 

~ 1 I 

12 I 13 G I 
I 

. 4123 74S00 04S0:4 

~ 

20 19 18 

.~4S74 74193 74193 

·L t 

Circuit layout and integrated circuits 
addressing and timing circuit. 

\ 
,---.-

132 

=" 

5 

7.4500 

t 
f 6 I 
I 

148M 
'I 

• 
I I I 15 
I ,4';00 

r 
) 

16 

I 

D 
~ 

• I 

\' ~7' 
.' 7412i 

, 
, . 

'" 
for the 

" 
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" 

.. 

· , 

+Sv 16 1 It .~ 15 2 
ON/OFF inpu t 

* 
\ 

14\ 3 , 

-Output 13 4 

12 
SN7412J 

5 -..... 
11 6 

-=:!... 

'-- 10 7 T IV'VWV 
',I 

.. 
9 8 

J. 

- Figure 1\3.4 Sampling clock cicui t. 
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I~ler:lory - Co Encoder Interface 
'-

Tab Ie A. 3.4 I"un c ion:.; of the' in te r;rate d ci rcC,i ts use d fpr 

tl1e' cons t ru etion ,0f the mef)1ory -color en code r in te r face 

(Fig. A.3.5) 

P aci<age i.Jumbe I' 

1 -+- .8 

9 

10 

/ 
11 

12 
:J 

·13 

14, 15 

, 
16) 17, 18 

19 

20 

. . 

Function 

Shift l'egis,ters 1*8 (Fig. 1\.19)' 

j~A:m gates 
r 

r·1ono. mult. i'o.r gener,atlng a pul.se 

'for memory cycle ini tiation \.,.ith 

the switching from writing to read-

lng modes of operation 

Inverters " 

Shift registe·r 9 

Inverters 

Divide by 4, the latter for gene­
'\) 

r~ting R5 (Fig, 4.·19) 

Counter for 512 

Mono,mu1t.for adjust~ng the pulse 

.\'11dth. of SR9 data input\~ 

OR g~t~e to generated R pulse for'" 

the R-S FF when the ~a'rry of '5,12 

counter is on Qr ~urlng the general 

reset pulse. 

R-S FF 

1 

.. 
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'\) 

1 .2 3 4 ~ 

74173 74173 74173 7417 3 74500 

5 ~ 7 l41~J 74173 74173 704173 

I 

~ 19 
20 

16 17 18 41~.2 74500 

74574 17~19J 74193 

I 

F~Qure A3.5 Circuit layout and integrated circuits for the 
• melOOry-color encoder ,interface. 

10 

74122 

~ ) 

21 

4574 
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A. 3.5 Color-Encoder 

Table ~.3.5 Functions of the integrated,circuits used 

for the construction or the color encoder (Pig.' /1..3.6) 

Puck ngf' i~umbe r ~ . 

1 

2 

3 

4 

5 

6 

7 

8 • 

9 

10 

11 

12 

13 

14 

" 

~'l"" 

. , 

. 

Function 

D1 vide by 16 

4-bit binary counter 

6-Transistora for DAe 

~'l on o· l:iU J t . ' 

NAND gates for testing data 

.. Inverters fol" ~a output. from ROI~s 

'11 .... 0 NANP gates for biting data \oJltr. 

system sync 

OR gates ~o ~ut~ the input and test-

lng data 

'ROM 1 

ROM 2' 

Inverters 

KAND gates for input data 

Inverters 

,Inverters 

\ 



... 

7 8 9 I , '10 

1'1 74$00 74S00 ROM ROM, 2 
1 

t 

,12 13 

74S00 
74504, I 

Fig~re A3.6 Circuit lay OU: and integrateQ c1rcUi~s for 
the color-encoder. 
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