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ABSTRACT -

This thesis gives the design and herdware implementation‘
of a display system for the syﬁthetic‘prese@tation of real time
radar signats, A eolor'coding technique is applied in the sys-
tem, where a cdlor code of sixteen.different“celors is employed
to encode the signal amplitude The system consists of a ¢olor .
television monitor a large scale random access memory ‘and
digital interfaces to buffer the real time input to the display.

A general study .of ‘the different types of display devices7

,followed by a review of the common radar displays is .presented.
Then, ‘a detgliled investigation and= a presentation of a eolor
coding technique and its application is given.

The details of the. system design and operation are given
in, addition to the experimental work for testing the system per-

.

formance The presentation of radar'signals by the color coded

display system s demonstrated.
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- ' . CHAPTER 1
INTRODUCTION
The interfacé between human observer -and eléctronic
equipment is:of major importanéegeséepially when a large.
gquantity pf'irrelévant information is being presented. Such
is the case in rédar where the operator ha§ to belresponsiye
to target detec;ion. In case of air traffic control radar, the
fargets of primary interest,éré.a;rcraft . However, radar
ephoes aré also receilved from a variety of other obJecté witﬁ—
in- the 6pérating en&ironment of the radar. These inc@udé objects
"on theléround such’as buildings, trées, hills; those in sea such’
as waves, and floating dqucts; bifdé and weather conditions
such as rain, snow, clouds, and air turbulence.
-This means'tﬁat aircraft are not. the_énlf oﬁjeéts to
be disblayed ﬁy the radar indicap&r. These é&trané;hs echoes

l

tend to mask the appearance of. the display: For example, birds

duriﬁg migration cah cover areas of the display, or, in-a sméll
gfoup c;n givé an. indlcation similar to an aircrafti Air
turbulence also has a similar.effect on the indlcator. Thus, it
is extreﬁely important to réduce the risk’of aircraft di;aster ¢
due to severe weatﬁer turbulence and the bird stfike problem,
There have Uéen mﬁny disastrous -alrcraft créshes dﬁe

to problems caused by storms. Recently, on April 4, 1977 a

Douglas DC-9; with its engines deadened due to 11a1f stones in

L3



a severe thunder storm, crashed in'Georgin [1]. Reuter news
agency reporfed 72 deaths and 28 inguries, many:cni%icél, nhen
thé plane attempted to-land on a highway but instesd it a
pdlé, trees, cavrs, and gfocery store'before it e%plgied ;nd
bnrned. - -

Birds have also cgused‘a number of_commercial and mili-
Eary alrcraft éréshés in various countries. The ﬁain proolem
occurs when bilrds get cauénf in aircréft engines since one or
two large'birds can destroy an éngine. In the United States,
_ birds caused the'engine of a DC-10 to explode causing $25-
‘million damage. In Canada, the avefage bill for such damage
is now of the ‘order of $150 000 a year and in some years runs
as high as half a million dollars 12). (The total for New York
. Kennedy Airport in 1975 was about $MO—million)

Ip has been reported that the avoidance of birds 1s .
a major probiem for pilots [3'].- The Canadian Armed Forces lost
a dozen CF-104 Star Fighters worth $1.5 million each in the last
eiéht years. In West Germany, sixteen Luftwaffe planes have
crashed since 1958. after striking birdb[ 5] In the latest
accidgnt on April 19, 1977 a Star-Fighter fell into the Baltic

Sea after a sea-gull was sucked into. the Jjet engine. The West

German airforce ihtended action against birds and issued spec-

~

1al warnings to its pilots.
The bird hézard has been sufficiénﬁ‘to maintaln a group

in Ottawa called the National Research Council Assoclate Com-

‘mittee on Bird Hazards £o Aircraft The objgetives of ‘the group

‘are to find means for excluding biids from airports and planes



in flight. Lately, National Reeearc Codn;fl (NRQ)‘haS dis~
banded its bird committee becéuée, ij'lﬁ years, it hae creat-’
ed enough momentum for other Federal agencles to take over [ b 1]
The committee contrivuted greetly to 'people safety' in the
alr. It also inspired inventors from far and wide to cdme
forvard with‘ddeas for solving the costly and even potéentvially
‘disastrods thre%t posed by midﬂain colfisions.between birds
and aircraft . A major problem is dué to migrating birds in’
the area-surrounding airoopts and methods for getting rjdfof
" them,nave ranged from ultra-sonic sounds to blasts from shot-
gun. The 'bird hazard committee also ploneered the method of
ptedicting migration patterns as an aid, to pilots, and its
efforts over the'yeare led to the creation of the Bird Strike
Committee (nurope)

One of the mailn solutions .to. the problem of detecting
and identifying aircraft; in the presence of interferlng obJects
is to 1mprove the capabilitles of the radar equipment especially
in the area of display systems. This can be achiequ by in— -
creasiné the capac;ty for disolaying large amounts’ of data with
easierfinterpretation of the d;Splayed infdrmétion. A possible
tecnnique,which\can asstst in .this aspect is the use“of color [6].
The bhenomenon of seeing l;gnt.and color -has always been fascinat-
.ing. Through the ages, people 1earned the properties of colors
and the natural color mixin pOSoibilitieS {71, and the color
has been used in many different fieldu to provide useful dis-
.erimination properties.

v * ‘
In the area of information displays, presentatlion of
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.debe using only a monoc¢hrome disp}éy conveys information in

an inqempiete form.: Strong signals and weak signals yield
essentiaiiy the same bright-up spot. The*eye’accepts and inter-
brgts the information deepipe iﬁs limitations'but the\display
has a missing dimension, laeking all the variables\provi@ed |
by that which the' eye recognizes as color. ‘As a matker of fact ,
scientifically controlled tests showed that color-toding at

'any level yielded an improvement in time scores [8,9 . Color
coding céﬂ further enhance the data presentation>and make the
"interpretation easlier.  Also, an excellent selection of color
devi.ces e%ists (as ‘shown ﬁn Chapter 2) .

: i
¥
4

Scope of Thesis

The main objective of this.thesis is the design ana
construction of a display system in which a'cplor coding‘ﬁech;
nique is implemented The display system employs a eolor tele~
vision monitor and a Iapge.seale random acg¢ess memory.' The
.syetem function is to develob a synthetic preeentation'of feali
time radar'signais, ueing eixteen'differenf colors to encode'
the signal. amplitude. | . ‘

A sdrvey ol the different types of display deviges is
,presented in Chapﬁer 2. The advantages, disadvantages and the
cempatjbilify of these devices with this kind of application

are also discussed.

Chapter 3 1is deveted to a theoretical background review

of the radar systems, and a description of the_common radar dis-

plays. The last section of_the ‘chapter discusses the c¢olor-goding

o’

-



technique, and its appiication in the raster scan color

televigion display . ‘ o . R

A presentation of the syséem function and genefal
aescription is given In Chapter N,”followed by the details of
the system -design and operation. ‘

The experimental procedure for color—céde selection,
system testing éndtgolor convergence édjusting are described in
Chaptér 5. . ]

Chapter 6 gives the significant results of using the
diéplay system for the presentation of radar signals, together
with a detailed discussion.

Finally, Chapter 7 contains the ‘conclusions of this work

and recommendations for further investigations .

O



type aof dispiay~requires digital signal processing to obtaln

. likely to dffer_an economical. large panel display. However,

advances 1in LED displays are not so huch related to semi~conductor

- ) N CHAPTER 2

- ! -
, SURVEY OF DISPLAY DEVICES ' ' N

2.1 DIGHT EMITTING DIODE DISPLAYS: |

-

The 11ght emitting diode}(LED) is a'solid state. device

.which ij/jfpable of emitting electromagnetic radiation in the

- visible/light region. Devices which emit in the red region of

the spectrum are now commercially avallable and the ability

to produce 51— or tri- colors (réd' green and yellow) has been

also shown [11, 12 i.‘ . N
Although LED divices have a Péhe.a§ inaividp?l'lamps

T@r"on—off”lbgig‘indicators‘ their use in arfays'offers a wider

range of applicatidn An addressable matrix or a. series of

addressable elements can be formed using LLD devices wibh eaeh

diode representing a location (element). This-addre§sab1e

nature and the'high fésolution ,which can be achieved by thesé
devioeb mq&e it possible to construct quite complex alpna-
numeric and graphic displays The semi-conductor nature of
the LED offers -very high reliability aﬁd the 1ife of the dis-.
play device is mére«than’lO0,000 hoursl Converséiy, the LED
the correct form of matrix or element address. g

A wréely-expressed gpinion 4s that LED devices are un-




technelogy,as to the pfoblems of connecting -to tﬁe device and
to the heat d;ssipatfdn,when opérating in an "all on" ﬁode.
Whilsf the heat problem 15 solvable, the conpéction préblem-
"seems to dictate a practical-limit to theAcqﬁplexitc of "LeD
displays. k , ‘ .‘ v

A typical LED mé;rix could consist of say, an array of

100 by 100 individusgl diodes'controlled by 200 wireo {11). The ;

.../-\__,\
straight lines 1s 1llustrated by Fig. 2.1. The characters can .

representation of - characters by selecting from an ﬁ/}ay of v;///

also be cohstructed by selection of dots from a dot-matrix as
‘shown in Fig. 2.2 and Fig. 2.3,which illustrates the alpha

numeric LED displays. ‘ ;

2.2 LIQUID CRYSTAL DISPLAYS

There has been muéh interest in the application of the
light scatteriné propertieé of liguid crystals to the displays
‘requiréd. in high ambient light conditlions. This could be rele-
vant to ; number of radar display requirementé.

A liquid crystal display 1s a monochromaticﬁtype wnlch
s viewed by scattering inclident iXlumlnation when 1t 1is 1n
the 'on' state (liquid crystals do not emif light), and there
.1s no viewed iight whenr 1t 1s in the 'off' state. Consbructign

i1s achieved quite simply by sandwichinﬂ a layer of organia
l}quld cryatal, of approximately 15u m thickness, between trans- i
parent conducting plateo typically glass cgdted on, the inner

surface with thin.oxide. The liquid 1s normally clear but when a

voltage is applied between the plates, turbulence is induced in t



o s
(a) , (b}
(c)
Figure 2.1 Seven and nine segments light emitting
diode displays. :
(a) Seven segment display.
(b) Nine segment display.

(c)

Typigal -figures.-

-

.
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‘Figure 2.3 Examples of characters construction
by selecting dots from a dot matrix of displays.
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the liquid, which then appears milky white since it scatters
.any incident illumination. There are various .other effects
which may be used, but they éli rely on ambient illuminatioh.

| The main aanntages of a iiquid crystgl dis»lay are
that 1t éperates on very low power; it éan be vie@ed wder
briéht lighting, and it can be made as a flat panel for use.
as display. The device 1lifetime is greatér than 10,000 hours
and although ten times less than that of an LED display, is
still adequate. The size of the display is only-limited by
the flabrication requirements of the glass sandwich construdtion.

The 1liquid crystal display\@évice 1s of a digital

nature and a dispgay panel can be addrgssed using thg matrix
addressing technique. fhe complexity of this addressing tech-
nique limits the size of éhe‘displgy panel. However, NeW
kechniques and matérials are emergling and within the characte;-
lstics represented above, it 1s likely that liéuid crystals may
bé in usevfor speclal radar‘displays in the near future [13]).
The use of liquidhérystal displays to construct different chérac-

ters 1is the same as LED displays (Pig. 2-1, Fig. 2-2 and Flg. 2-3)

2.3 PLASMA DISPLAYS:

The plasma display panel 1s a ﬁwo dimensional array
of bistable light—emitting'gas—aischarge elements, that exhibit
inherent memory and are separated from the orthogonal exciting
electrodes by thin transparent dielectric materiéls. This device
is qapﬁble of receivimg, storing, and displaying digital inform-

ation in a random-access fashion and is one of the addressab;e
~N
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display devices [ 14 7.
At present, the plasma display 1s available only im . <
one color;which is red. An exgmple of a coﬁmerciale avail-
able plasma display is an alpnha/graphic plasma dilsyp lay banel,
which ﬁas been specially déﬁ;gned for computer-generaueé inf-
ofmétion. The plasma display'séreen (a matrix panel) is
actually a thin glass "sandwich™ consisting of two glass sheeté,
each with parallel conductive e;ectrodes applied to their in-
ner surface. The electrodes on the two éheets, intersecting
at right angles, férm a matrix of potential intersection. Small
glass spacers separate the sheets of glqss, and this narrow
intervening space 1s filled with a neon gas mixture.- When g
voltage pulse 1s superimposed on ény two intersecting electrodes,
a'gasndischarge 6ccurs, forming a spot light. ‘The 1ightaaot
remains untll another voltage signal is app;ied in a manner to
produce canéellé£ion. An additionagl AC voltége is continuously
applied to all electrodes in the matrix panel, ppovidipg the
”flicker;frée"‘display image with inherent memory. -
The display mdtrix'with a total depth of only 0.5 inch
1s completely transparent, and therefore' can be used to dlspiayx
rear projection images. The active diéplay area i1s 8.5 inches
x 8.55 inches with maximum character capacity of #4284 characters.

The total number of individually addressable points 1s 262,144

"and the addresé;ng rate 1s up to 833 characters per second. The

display panel is avallable in the form of 5 x 7 matrix; 7.x 9
matrix; and.1l0 x 14 matrix. 'The light spectrum of the plasma

display 1s neon orange. F[Fig. 2.4 illustrates an alpha/graphlec



Figure 2 .4 A plasma display terminal for computer general
information and an example of the display capabilities.

12
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plasha display terminal énd examples of the display capatilities

(15 .

2.% MONOCHROMATIC CATHODE RAY TUBE DISPLAYS

The cathode ray tube (CRT) is .the most common display
deviee used for radar indicators‘because af\i§s.flgxioility,
resolution, dynamic range, aﬁd simplicity of hardware relative
to other digplay technigues. In particular,the CRT display
lends jytself ideally to the display of large amounts of inform-

| ation in general, and can be used for a wide number of different
types of radar information [3, 10, 11, 13, 16-23). The dis-
play has large capacity and is commeréially avallable at
relatively igw cost. ' o ' . IR
| The QRf consists of an electron—emittipgQelement,
cathode, with an electronic beam-forming and control structure.
" The elec£ron beam 1s focuséd and positioned on a phosphor bj
elther electrostatic or magnetic fields. The energy of the ele-
ctron excites the particles of a phosphor SCreeh,which reemits
the energy as light. fThe color of light and storage (or decay
rate of emission) depend on the pPOpePtleo of the phosphor.. .
Brightness of the spot may vary smoothly over the range from.
zero lignt ouLpuL to the maxlmum available from the tube which
means that the CRT is wholly an -analog device [10 1
An example oi.the monochromatic CRT display 1s the- plan

positign indicator (PPI) which is the most commonly used display

in radar. Other examples of the monochromatic CRT displays used



‘in radar are thé A-scan, the B-scan and the“raster scan displays.

The first two disblays will vbe discugbed in detail in Section 3.3.

An egample of the monochrométic CRT displaysié the

‘raster scan black énd white ~BW television'disﬁlay., The pic- 3.;

ture is produced by’ scanning th face of the CRT. The scanning

procedure used empioy horizontdl linear scanning w;th the standard

scanning pattern including é total of 525 horizéntal séanning

lines in a recpang&lar frame hgving an aspect ratio 4&f | éo 3.

The frames are repeated at 'a rate ugually 36 éer second., Two

fields are interlaced in each frame; 'the first'contaiqing all

the odd-number scanning lines and the second contaihing all the

even-number scanning lines. | -
Thergeomegry.éf the standard odd-line interlaced scan-

ning pattern 1is iliustrated ianig. 2.5. The scanﬁing beam

starts at the ﬁphe; left corner of the frame and sweeps acfoss

the frame with uniform velocity to cover all the picture ele-

menxsrin one horizontal line. At the endféf each frace, the

beam is rapiﬁly returned to the left side of the frame as_shown

by the‘da§hed line. The horizontai lines slope downward in the

direction of scanning. The slope of the horizontaliline trace

sfrom left to rignht 1is greater than the slope of the‘nétracé

from right to left., Thus- the beam.is continuously defleébed

downwards as the scanning proceeds At the bottom of the field

the vertical retrace beglns, and the be am returns to- the top

.of the Irame to bepin the even-numbered field. The vervical

"ely bac&"‘ime is very tast compared tothe tzace,bLn’siow compared



0dd field

W;—i_—::; ————— ~y
) B
C

Beam fly back

Even fiéld L4

Fi‘gure 2.5 The odd and even. interlaced scanning
procedure for television display.
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to the horizonﬁal scanoing speéd therofg?e some ho}Lzontal
_lines are produced during the vertical fly back.

' All odd-number fields begin at point A and all even-
number fields begin at point C as shown in'Fig. 2.5. With

s separation  of one-half line, and the slope of all lines
being the same, the even-numbor lines‘in tno even flelds fall

exactly between fhe odd-nugber lines in the odd fielc [ 24]. '
. A .

%.5 ' COLOR TELEVIéION DISPLAYS:

Visible ligho consists of a sméil interval in the spec~
trum of electfomagnetic rédiation with all visible colors contain-
~ed in a. spectlum ranging in wavelength from 400 to6 700 milli-
'microns, Although we .name the colors of the rainbow red,
orange, yellow, gréen,_blue,'indigo,-and violet, these are merély
the most obvious hdes.soveral'hunored variaticns In celor can
be distinguished, even by a comparatively untrained observer.
A beam of white light passed through a prism, splits
_up into'a coioﬁ spectrum, ‘Conbersely,_if a color spectrum is
passed through a prism, the.reveprse proeess takes place and the
spectral colors are recombined to form a beam of white light
A beam.of white light can also be formed by combining a
minimum of three colored lights; which are called additive prim-
aries. The most useful additive primarieb are red, green ano
blue, and these are the primary hues that are utilized in color
television. These three primaries allow the formation of tho
maximum range of hues when blended in varlouo proportions: Add-

itive primaries must not be confused with the subtractive
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primaries used iﬁ pfinting processes and in paintings. Sub-
tractive primariés aré viewed .by reflected light, and the most
useful subtractive'primaries are }ed,‘yellow, ana blue colors;
Technically, white is qot a color, but rather is light.
that is free cf color. Biaék is defined as the absence of ligh<%
51 T . '
| .The Color CRT used for the colér television momitor,
employs threé independent éuns, called.the Tred!', 'gréen‘ édd
'plue' guns,., Three input gignals are applied to them and contfél—
led by the hqrizontal.and vgrtical deflection‘systehs.‘ All of
the guns produce an electron beaﬁ;that is focused to the phosphar
screen such that each be@m produces one of the three colors at
oertéin point ,where  the mixing of the three‘colors forms-gtper'
colors.
Up to now, the color television monitor.is the only
display device which can brovide.a large number_éf'églors, a
large .capacity and a'relatively iow‘cost. In addition, the
color television 'monitor is recommended, in‘most of the caseé,

-for the presentation of large amaqunts of information in color

(3, 11, 12, 16). v

!



" CHAPTER 3
AIR TRAFFIC CONTROL RADAR

AND RADAR DISPLAYS

3.1. FUNDAMENTALS OF PULSED RADAR

3

‘Radar 1is an electromaéﬁetic technique for detecting and
‘ locating objects. It operates by transﬁitting a particulgr tybe
of electromagnetic waveform and detecting the nature of the
echo éignal.. The word radar is‘a contraction of the word radio
detection and ranginé; . .

A pulsed radar [ 19, 20, 26, 27) traﬁsmits a relatively
short burst of electromagnetic energy, after which thé -receiver
is turned on éo listen fér the echo. The. echo not oniy'indiéatés
‘that a targétrié preseﬁt, but thée time that elapses between the
transmission of the pulse and‘the-receppion bf'thé écﬁo is a
méaSufe of the distance bétWeeﬁ'ﬁhe radar and the target which

is caiied the range (R). Comparisbn begween the returned signal

"and the transmitted siénal also yields information abouf the size.

and relative motion of the target Qith respect to the radar.

The basic principlgs ol a bulsed fadar system may be
demﬁn§tpatéd by describlng the operat%on'of a typlcal syétem,
shawn b§ the block diagram Fig. 3.1. The synchronizing.genepator
generaﬁes a seriés of narrow éync ﬁulaés, or fiming pulses, gt
a rate called the pulse repetit;on'rgtg (Fig. 3.2 a). The time“
intgrvél, T},‘is cailed the pulse'repefitibn interval (PR;J, and

[
/
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Figure 3.1 Block diagram of a pulsed radar.
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the'dorreeponding frequency 1is cailed'the pulse repetition
frequency (PRF). These eync pulses turn on tne modulator which-
pulses the transmitter with a series .of puises with certaln pulse
-wldtn Tas shown in Fig. 3.2.Db. Fer:example, a pulsed vadar for °
aircfaft surveillance may generate a repetitive train of short
bulses, each of epproximateiy one microsecond duration, at a
‘PRF of several hundrediper second. If an accurate range measure -
ment is requined the transmitted signal should occupy a wide
spectral banohietn as does, for example, a short pulse.
The transmitter.generates a modniated RF pulse (fig.

§\2.c) and sends the‘pulses rhrough tne transmit-receive ewitch
to a narrow beam.antenna where they are radiated. The narrow
beam‘characteristic of the radar antenna not only permits more
energy to be concentrated on the target but also permits a measure~
ment of the target azimuth because of the localizntion of the n
‘energy in space. . A common antenna is usually -used for both trans-
mitting'ann,receivingﬁ t

o Reflecting objects, or targets, intercept and re7radiate
a portion‘of‘the radar signal and a smali amount returns‘in_the
diﬁection of radar. Some of the netumned.signal 1s collected o -

by the antenna and detected by the'receiver

e

If the radar tranomitted power 1s denoted by P , and the
antenna hds a transmitting gain ‘equal to G then the power density i
at a range R fraom radar is equal £O (PtG /MnR ). AsSuming that ' i

the target cross section is o , then the power re-radiated in

the oirection of the radar Is (e P Gt/M1R ). . This means that the .
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reflected}power density at the radar antenna is (cPrGt/(aﬂR2)2
Finally, 1f the antenna has an effective aperture area equdl
to Ar’ then the received power jPr) ﬂe\fi:en by the equation:

P, G_o A
) t Yt r
Pooo (3.1)
¢ (um R2)°

This equation is one form of what 1s called "radar equation"

which can take other different forms such as:

P. G _ ¢ A
t r . .
Ru = t (3 '2)
max
2
U nes
(4 min
where R is the maximum radar fange and S dehotes the mini-
s max . . min
mum detectable signal power of the radar recelver. Rmax is defin-

ed as the distance beyond which a targét can no longer.be detebt—
ed. . | ‘ .

| Another form of the radar equation can be obtéiged by
reléting Gt and A, 1in the c&se of using a common antenna for - both
traﬁsmitting and receiviné._ If » is the wave length of the trans-
mitted signal, then Gt = Yn Ar/ A° , since the effective épertuﬁe

area is the same for transmitting and rcceiving. By introducing
N

this into equatioﬁ (3.2), another form of the Padar'equatiog can

be oéiii;ﬁd: . . ’

2 | |
R .. = - (3.3)

4 SR gl AL Mo T e SR TR
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4+

The above equations are actually simplified forms for
deéqgibing’the,range perforﬁancé which do not include the ‘
'various lossés which can oécu” in a radar. The mirimuh deteét—
able signal can be expressed in terms of the signal—uﬁ nOLSG
ratio (S/h) required for reliable detection and the receiver

noises, If Pn is the power level of the noise 1n the receiving

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

p
S = r
N P
) , n
which implies o
P =
R ‘

and the minimum value of Pr that\caﬁ be detecte : is the wvalue

of Smin which means thgt Smiﬁ can be expressed as:
S, = ,38
min (= ) Py ‘ . .
min

A fast acting switcn called the transmit-receive (TR)
switch (Fig. 3.1) diﬁgggéects the recelver during transmission.
After the passage of,the transmitted signal, the'TR switch re-
connects the recénzgi to the antenna. Another switch called
ant1~transm;t—r§ceive (ATR) switch acts on Pecepﬁion to channel
the_received slgnal power in to the receiver. In theLabsence af
the ATR, a portlion of tge recelved power would be dissipated in
the transmitter rather than:enter tﬁe'receLvér. The TR and the

ATR are together called ‘the duplexer.. If separate antennas are

employed For transmiteing and receiving, a duplexer may not be

4 ATt st
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ﬁebessary 1f the isolatlon between the two separate antennas.ls

»~

sufficiently large.

\N\/T/ '

The RF amplifier is the first stage of the radar receiver,
The nitxer and lécal ascillator .(LO) convert the RF o'gnal to
an intermediate frequency (IF) since it 1s easier t§ build high
gain narrow bard amplifiers at the lower frnequencies. A typlcal
iF amplifier might have a centre frequency of 30 cr 60 MHZ and
a bandwidth of one or two HMHZ. . |

The vreceived and IF signals are 1ilustraped by Fig. 3.2
(@, e, ). The RF pulse modulation is‘extracted b& the detector
and amplified by the video amplifier to a level where 1t can
operate the indicator. Sygc pulses are also applied to the
indicator. Target positional information 1s ob-ained from,the
direction of the antenna and is used to prpperly display the
co-ordinates of the targat tocatlidn.  Two of~éhe'most‘c§mmon forms
of indlicators [ 15, 20]) uslng the CRT are the A-scgpe and the plan
position 1ﬁdicator (PPI), as described in Sectlon 3.3. ¥

’
<

3.2 AIR TRAFFIC CONTROL RADAR:

The air traffic control padar is a pulsed alr search radar

which is assigned to cover a given volume of space and 1s expect- .

ed to.detect and locate aireéraft within this vclume and thoge

enteqiﬁg it [ 26 ) »
The alrport and alrways survelllance radar (AA3SR) 1is

one kind of an-air traffic control radar. A typical exémpie of .

AASR system 1s the Raytheon Qﬁmvhny.Airport and Alr Ways Surveil-

f , N .
- lance Radar AASR-1[28, 29 ]. AASR-1 system 1s an air search radar
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sysiem with a .maximum rangé of 150 miles‘gnd a frequency range
of 1220-1350 MHZ. Thé pulse repetition rate 1s 900’pu1§es per. ;
second withya’pqlse length of a 2 micro secogds. Tme search for'
returning echoes is gccomplished by continuous rotat.on cf the
antenna at one of several speeds such as 6. 9 and 12 rpm. The
antenna béamwidth at half-pawer points is 1.35 degrees hori-
zontal and 6.50 degrees yeppical.
A second example of air traffic control radar is the air-
" port survelllance radar (ASR). Usually, ASF ‘has less range than
AASR since ASR 1s assigned for the detection and location of alr-
craft around the alrport only, but the operating environment of
AASR includes airways in addition:to the alrpcrt. A typical ASR
is the ASR-803 which is also a Raythecn Cbmpary radar [29). Tne
frequency range is 1250-1350 MiZ and theé pulse repetiticn freq-
uency is 8Q0 HZ with a pulse length of 1.1 microsecond. The ant-
enna rotation speed is 12 rpm and the antenga beam width is 1.25

degrees horizontal. The radar maximum range for alrcrafts 1s 80

mliles.

3.3 COMMON DISPLAYS FOR RADAR:

The purpose of a radar display 15 to ﬁresent the "informat-

lon contained in the radar echo signal in a formr sultable ror

. interpretation by the cperator. The display may be connected

directly to the video output af the radar receiver., However, if °
the infoprmation available from the radar signal is obtainedﬁat'au

- W )
rate which 1s greater than the operator can assimilaté; automatTc

data processors such as digital computers may be needed .to

-
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interpret the radar data, and éispiay only the condenséd
information. This 1s what 1is called the synthetic display cf
radar signal [10, 301 . Signais yhich are disﬁfay&d Qhen they
vecome available are called real ti%é signals.

The most commen form of radar display is usua.ly some
form of CRT. There are two basic methods c¢f displaying iﬁform-
ation on a CRT. Thée first method is the deflection modulated |
CRT such as the A-scope. In this tygejéf display, targets .are

N

indicated by the deflection of the electron beam. The second o
displa& method is the intensity—&odulated CRT. 'An example of
the second type’ is the PPI scope which is normally dark in the
absence of a target, and the target 1s indicated by intensifying
the beam and presenting a lumfhous spot on the face of the CRT.
In geheral, def'lection modulated scopes are better adapted to
making range or angle measurements. On the cther hand, intensity-,
modulated displays have the great advantages of presenting eata
in a convenient and more easlly interpreted form. !
The, various forms of displays which lﬁe used 1n radar
systems [ 10, 13, 19, 20 ] are 1lllustrated in Flg. 3.3. The ccm-
mon disploye are the FPI, the A-scope and the B-scepe. The 'FPI,
which 1. the most commonly used display in radar, maps the target
in angle and range\on a polar display. The target echo ampli-
tude is used to modulate the electron beam intenslty as the ele-
"ctron beam 15 mace to sweep outward from the centre with range.
The oeam rotates ln angle 1ln response to the antenna position
and targets are indlcated as bright spots (called blips). The
A-scan displey is sirllar in operation to the normally-used

A}
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oscilloscope.. "It displays the target amplitude (y-axis) vs—J
ranée (x—ax£§); as éhown irn Fig. 3.5,-and no angle ipfonﬁatidn,‘
is shown. Signals are applied to the vertiéal,deflgctiqn'cirCUip;
so that radar targeté édpéar as vefﬁ{dal spikgé.alon;“a bori—,
zontal iined which repreéeﬁtg thé range. Thé B-scan’ display is

an intensity—modulabeg.display and 1t is sometimgs ,uséd with
sector scanninglfadar. Thé veréical défiection'is propéftionaiil
to .the f@nge and thefhorizonﬁal defléction,is propcrtianal to

the azimuth. Targets are presented as bright spots (Fig. 3.3)

3.4 COLOR-CODED TELEVISICN DISPLAY FOR RADAR:

@

3.4.1 Color-Coding Technique: - - e

AN

A color-coding technique can be-designeq to encode the
signal amplitude .£o a set ci';iffepent distinguishable eclors.
Each color can represent"an interval cn the amplitQQe §cale debend—
ing on the code size aﬁd‘the tybe of applicétionf A bossibie
technique is to divide the signal level_petween the‘zerO'and,thé
maximum possible amplitUde';nto equai i;tervals, and to.assign
a cclor for each interval. fhis is the same as digibiziﬁgtthe.
signgl amplitude with each cclor corresponding to a digital numr-
ber, and the number o} bits béing determined by ccde size. For

'thé binary ﬁumbér’system, 2n:colors (code size) corresponds to n-
bit bgngry numbers starting at zerb and raﬂginguﬁto(2? - 1) as.

the signal level incfeaées frdm zero to the maximum value. The

sét-of colors employed in the cdlor-coding technigue 1s called

the "color code.

% AR LA S5 A ATAL TS N0 S st F a0
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3.4.2 Cclor-Coded Display

A display system which applies the previcusly described
colcr eoaing technique, using a color television m”nitor, is \
presented'in this thesis. The color-coded display . ystem employs ‘
sixteen different‘0010rs as®the color code.~'The\design and
bcenstruction of the system 1s described in Chapter b, and the
presentation of radar signals by the display system 1s aemonst—»
rated in Chapter 6. - Flg. 3.4° illustrates the color coding
technique applied to radar signal and one selection for the
color code. \ ‘

The wide range- of eolors prcvided'by the coler television
monitor makes it easy to select the best sixteen distinguish-~
able colors avallable. A uriique polor represents. every sample.
of the‘inp@t_signal (Fig. 3.4). This provides the ability to
-reeognize‘the level interval in which the signal belongs at-
certain time cr range. This'range,ﬂln turn, corresponds tc

positions.oﬁ the raster scan cf the color television menitor.

3.4.3 Advantages*of'Coldrﬁcoded Display:

' Tﬁe color-code can be selécted and.arranged toO suit the .
nature of theidisplayea information, eritotrefléct certain
features tc make the data interpretation easier. This.conoeet
,ls.illustraﬁed by'the example shown in Fig. 3.5 Qhere the low
‘siénal.levels'are represented sy dark colors such as black,
purple and blue; while the high, levels are represented by the
bright colors such as white, orange, ree'and yeéllow. This aids‘

in the discrimination between noise and targets since noise will
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be represented by a kﬁéwn.set (rgnée) of coiors,‘and signal ’
due to target'will fail in a different range qf cclors.
. This technique, with the previously mentiOLed.advantages;
can lmprove the perfofmancg of radar~system§ especlally air.
traffic centrol radar. It makes the detection and iQ¢ntifipatioﬁ
of aircraft, ;n thie exlstence of'nois%, easie} since.targets
and noise are représentéﬁ by éolo?s which belong to alfferent
" color ranges.. In addition, the.use of <color in the gresentation'
of %adar'iﬁformatioﬁ éggists in making éata interpretét;cn and_'

) : .

operatcr response faster which is essentlal in alr traffic

control radar. .



CHAPTER 4. L~
| THE DESIGN AND CONSTRUCTION OF

THE COLOR-CGDED DISPLAY SYSTEM

4.1 SYSTEM FUNCTION'.AND BASIC CCNCEPTS:

The function of ﬁhe.display system (Fig. M.i) is.the
synthetic dieplay of signals fram sdurces such as radar; sopar and
metecrological satellités,; in real time, emnle&ing a color~
coding technique. The'eignai is encedéd in amplitude.using
sixtesn different cclors to present information on the raster

scan of the c¢clor television monitor. Features are'added to

. the system to display the colors employed in color coding in

order to compare the displayed ddta with the color coce

The interfacing function between the input signal

'_in real time, and the display is performed by five major sub~

.systens (Fig. 4.1). These subsystems are 1nput-memory interface;'

RN
.

adoressing ‘and timing cireult; random access, ‘memory (HAM) cys-— e
tem;’ memcry display interface and sync generator The memory

stores -data. and allows the interface between the real time pro~

‘cesses and the syntnetic display of' data. &he other mentioned

subsystems perforn three duties: 1) 1t controls tne flow of
cdata from tne 1nput tc the memory and from the memory to the out -
put; 2) - it provides the 1nterfacing signa;s required between

the memory and the external cipcuitry, and 3) it colcn encodes-

- - * 4
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Figure 4.1 Block diagram for the color-coded display system for
radar signal.



the input- signal amplitude according to certain selectable
todipg arrangement. |
| Digital circtitry and digital random access memory
are emplcyed ih the system design. The algital syst-m, in ‘this
"type of applicatioﬁ, is capable of prcviding'a picture of defin-

able quality ang within the constraints imposea Ly stcrage

capacity, theoretically, any required rescluticn can be achdeved.

The digital,memory is perfectly ﬁniform and the storéd signal
can be read out at high;s;gnal'to noise ratioc. With all these
advantages, the'digital System provides a high quallity stocred
display [22].. ’ .

Thé'fléxibilitf of digital storage allows the samé me m-—
ory to be alternately used'fqrAdifﬁ rghtffesolution, qodes and -
diffefent system modes. .Aiso; a fastvdigital memory makes- the
transfcrmaticn‘of.the input data formgt to the TV féstep scan
format a étraight’fcrwatd'process.

Digital signal proceséiné can be achieved if a processor
can communlcate with the stcored data. This can bé attalnead. in- '
the display system by intvnducing a microcomputer which receivgs
;nstructions.by thq'opgrator. A selectable signal processing
techniqué can be applied by ekecuting one-of éeveral stored rtﬁtr
ines. | The miorocomputer can aloo ccntribute by controlling the
system and adding mare flexib1¢1tv to thP system functicn. . This
is because the digital system is easy to expand and simple to

integrate with existling computer installations [;1] '
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4,2 SYSTEM DESCRIPTION AND OFERATION

4.2.1 General Description

A detailed biqck diagram ¢f the color-coded display
system 1is shown 1in Flg., 4.1. The system incorporates a coler

+

television menitor as e display and a iargé scale RAE svsfem. |
The inbut~memory‘intérfacé 1; diviaed intc twe bloc<s, the analog
tc digital converter (ADC), and the AﬁC—mehory irterface. The
color-encodeyr and the memory-color encoder interface perfofm

che function of the memory-display interface. The addressing

and timirg circult is interconnected w;th the cther blocks to
address the sfored data and(control'the s&stem 5pératicn. The

sync generator supplies sync pulses to the color television moni-

tor, the memory-colcr encoder interface, apd the addressing and

’

fiming clreuit. )

The input real time signal c?n be elther in analog or
digitsal format. ¥n the first case, 1% is sampled and digitized
bynthe‘ADC at.a,selegtable sampling rate. This sampliﬁg rate
i{s controlled by sampling clock pulses fed to the ADC. 'In the
sécorid case, digltal data and 1its assoclated sampling clock
pulses are applied direct1y tc the ADC-memory interfacg.

The ADC-mémory,inte¢race facilitates the storing cf
data fed tg'the meﬁbry with the help of the addressing and tim-
ing circuit. fhe latter perfqrms thg addressing function for
Loth wr;ting'dqta in, and reading data from the RAM system. In
adéition, £n¢ addreés;ng and timing‘gircuit ccritrols the switch—

' 1ng.betﬁeen‘aifferédﬁ modes of operatioq'and provides the requiyed

interfacing signals to the memory.



The difect memory acceSs'(DMA) techniquefistsseé
to store the data in the RAM systeﬁ. The same technidue is.
tused to read the data from the RAM‘syssem threugh the memory-
coler‘encoder interﬁéce. ;Tﬁe data are then fed to the cdlor-
encoder which encodes the data into a set of colbrs, called

-

the color code, whicn represents information on the raster sgan
of the color television monitor."The output format 1is deserib—
ed in details in the next section.

A sync gﬁnerator provides the required scanning
sync signals fdr\the color television monitdr, and’clock pulses
;igatrolling reading thé data from the'memory (system sync).
3,It also cohtributes in generetiqg general reset pulses for the

display systemnm.

-

- 4.2.2 System Capacit} and Sampling Area

‘ ‘The system capaclty 1s d;fined as the total number of

‘ input samples_represented on the raste} scan of "the colorktéle-

~vision monitor.A_In the case of displaying radar data, the
capacity 15 equal to the number of azimuth segments multiplied
by'tﬁe number qf rasge ssmples as shown in Fig. 4.2. The area
covered by these samples 1is cailed Ehe'sampling area, which 1is

bounded by the range values Rl and R and azimuth values 6

2 & 1
‘and 6, This sampling area can be expanded and presented on

-

‘the raster séan of the color television monitor with the aiimuth

segments represented by horlzontal data lines (Horiéontal data
lines means phé-horizonﬁal lines representihg different inf-
ormation on the raster. scan of the coalor television moqitor).

1
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Representation of radar signal samples on the raster scan of
the color television monitor.

Figure 4.2 Sampling area and output format.

38

G N G B 02 B KGRV gt i e o



39

Q

The range samples (U4-bit words) in each azimuth segment are
represented by déta points on the cornespopdﬁng cdata line
(Fig. H.2); Thus, the systém capacity determines thé nax-
imum memory cépacity requirements and the display rcsolution.
(The diSplay resolution is defined aé the number of data
horizontal lines multiplied by the number of data points of
every dafta line.) |

The maximum capacity of the display system described

here is\512 X 512, but construction was based on capacity of

‘256 x 512 as determined by the avallable memory capacity. 'The

256 azimuth segments are represented by 256 horizontal data
lines. Data represented by horizontal lines are repeated for

the odd and even interlaced fields. Thus the two fields are

identical.

Another input signal, whi¢h 1s called azimuth sampling

pulses 1is applied to the system to control the sampling process.

This signal .is generated from radar system timing pulses i1~
lustrated.by Fig. 4.3. ‘These pulses are“the aéimuth reference
pulses (ARP) and the radar éync pulses (transmisslon pﬁlses);
The radar “sync -pulses are fed to an éxternal circudt [ 29 }
which can be used to reduce the frequency by any sglectable
integéf aé describéd later. This output;'from the circuit,

is referred to as éhé medified radar sync‘pdlses. The external
circuit 1s also u§éd to generaté the azimuth sahpling pulses.”
which sample the azimuth sectof between the vglues 8y and 8

2
into equlangular segments { The number of azimuth segments in

T L S LRI T Y

R )P AL I BT ST A e St ANy ke L

GEy .

B R L R R W



North

Azimuth reference
pulse (ARP) I
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Figure 4.3 Radar sync pdlses,azimuth sampling pulses and

sampling area.
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our case 1s 256); - The azimuth-sahbling pulses are generated
"such that they are synchronous witﬁ the modified radar sync
_ pulses-but deiayed pj the time correspohdiﬁg to ;ange‘ﬁl‘

The selectable integer mentlioned above dep.nds on
the réquiréd iﬁcrement of éngle between two consepqtive:azi~
mutﬁ ségmenﬁs; and on the épeed of the rotation 6f‘the radar .
antenna. Also; the 'antenna beamwidth affects the 'selection
of the value of.khe-incremeht.of angle between thé azimuth
segmentsl ‘As an 111ustrative'éxamp1e, let the radar PRF be
1000 pulses/second and the aﬁtennaubegmwidth be 2.@ degrees.
If the speed of\noﬁaﬁioh is 60 degree/second, then the antenna
wiil'rotate an angle;of 60 = O.os'degrées, between any two
sync pulses (two transmiigggns). Thus, the beamwidth is 40
times the increment 0.06 degrees. In ofher word;, 4o trans-
m%ssions will occur while the radar antenna beam croéses certain
point. If the increment between azimuth segments is chésen
to be:halfl tﬁat~of the antenna beamwidth (1.e. the bean hits
each point twice) then the modified radarsync pulse frequency
must be _1_ that of the radérasync pulses. This éorrespondé
to diyidigg the radar-PRF by gng:integer number 20.

Eof every azimuth segMent? the range bétween the value
R, and R, 1s sampled 512 t%mes at the rising edges of the’
'sampling_clock pulses. ?he re}ation between sampling clo%ﬁ
pulses and azimuth sampling pulses is illustrated in Fig. 4.4,
The rate of the sampling clock pulses 1is adjustable‘accofding

to the band width of the input signal in order to satisfy the -

A
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Figure 4.5 SQiiching between modes of operatibh and its relation with
azimuth sampling ‘and general reset of the display system.
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sampling theorem [ 32 1}

. The sampling area boundaries a}e determined and
specified to the display system by the ARP, the azimuth sampl-—- -
ing pulses, and thé sampling c¢lock pulses, Thio is since the
delay time between3the azimuth sampling pulses and the radar
sync pulses. determines the value of R1 Also, tre ‘azimuth
value at which the~azimuth-sampling.pulses starts 13 the
value of ©,. The angle éé iszequal to the azimuth value’
ccrrequnding to ‘the last pulse of the azimuth sampling pulses.

'The range Ré is determined by ﬁl and theitime;réquired tc -
store 512 range samples 1in the'system (this time corresponds
to certain range value), which depends on the rate of the
sampling clock pulses.' This means that. the sampling area’ can
be changed by adjusting the delay and rate of the agimuth - change
pulses and the rate of the sampling clock pulses, for the

‘ same System capacity. In addition the sampling area can be
moved in radial and angular directions by changing Rl and 61.‘

,This is possible by adjusting the external circuit which gene-
rates the azimuth.sampling‘pulses. The total area cpvered by
the samples'can-be . changed by changing range and azimuth

sampling rates.

¥.2.3 Timing and Modes of Operation:

’System timing‘and display sync pulses’are controlled
by a érystal osecillator of frequency“zs'mmz called the. master
clocx It provides a highly stable frequency which is necessary
gfor this type of system By using a master claock, the tele—
vision raster scanning pulses are synchronized with data whicn

>
>
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are read out of the memofy to‘éhé coior—televis;on monitor
input. This synchronization processqis important for a
stable and flicker free picture.

. ¢ . )
There are two modes of the system operation, the first -

, ;
is the writihg.modé of operation 15 which fresh data are %toyed
in tHé‘mqmory. 'The operator starts‘phis mode using a manual
operating}owitch which has two different positions. The fir%t
position 1s for starﬁing the sysfem oporation, which automati-

. cally{starts the writing mode of ooerafion. The second is for"
stopplng the system operation. The writing mode of oporation
ends éutomatically‘after the proper number of inout samples
.are stored in the ‘memory which is 256 x 512 = 13107é samp1es,

in our case. The second mode is ohe reading mode of opératioﬁ
1in which data, are displayed on the raster scan of the color
television monitor by reaﬁihg data out of fhe memory . This
mdéé starts automaticall& at the eod of the writing mode of
‘opération ond continues until tﬁe operator swit;heé the.system
to the wriﬁing mooe‘of Opérationf .

| Fig b, 5 1llustrateo the  timing of the writinggand .
reading modes of operation, and’ the relation between the azi-
muth sampling pulses and the automatic switching from the
writing mode to the.reading mode of operation. A general reset
signal is generated with the switching between the two modes
_of operation, and during the time of. flyback of the televisilon :.

raster scanning beam (called the vertical reset) in the read-

‘Ing mode of operation.' The vertical reset 1s necessary for



s
system synchronization and plcture stébility. d

2.4 Hardware _Implementation of the Display Syatem

"The systemn 1is .constructed v5¢rg wire wripping - tech—~
n;que cn circult bcards 4.5 inch i 6.5 inch with %2 input/
cutput terminals, in addition to grounding and po&ér supply.
@erminals. Every block of. the blegk diagrem Fig. 4,1, éxcept
the display and RAM system, 1is congtricted on a circuit boarc;
The boords are plugged in to one chausis wh;ch provides ccn—:
nectcrs for the interconnections between the boardés inputs/
outputs, and +% volt power .supply with exfernal on/éff'switch.
Two exfermal pover supplies-(+;l and -6 Volt) are used for
“the ADC‘circuip.

- The chassis connectors é;e conheéted with the méméry

‘ inperfaéing pins throdgh twisted pair wires., Coaxlal pableé

carry the réd, green and blue gun input signals to the color
televi%ion moni;or, iﬁ addition Fd the composite syne input,
Two external swltches afe used in the system construction, one
for starting the data refreshiﬁg'apd the other to switch bet-
veen disalaying'the data or the color code. The héréware-details_

can be found in Appendix 3.

4.3 THE DISPLAY SFT'

.3 l Txpe and Specificationo.

The color televi ion monitor has veen chosen for thib
application since- it provides a wide range of colors. This 1is
neoessary for 1mplement1ng a color coding technique Ihgi
display system employs a studio color television monitor wQ@h
~the_screen.diagopal,of,Sl-cm. Fig. 4.6 is a phgtograph of the.

4 &
» N



Front view

- Back view

Figure 4.6 Photographs of the front and back views of the
color television monitor -
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front and’ back views of the color television monitor, ‘Access

to color electron cuns and external sync¢ signal input are

available in the back. through BNC Jacks (Fig. 4. o) .Detalled .

'characteristics of the color television monitor, aceording t»

K

the operation and maintenance manual, can be found in .ppendix’.

I..

4.3.2° Sync Signals-for Color Television Monitor:

The standard scanhing pattern,for“a'television sSys-

tem [ 24] includes a total of 525 horizontal lines. The frames

are répeated at a rate of 30 per second with two. fields inter-

laced in each frame.  The first field consists of all the odd
number scanning lines and the second consists of all even ,
:number scanning lines.. This means that the field repetition
‘rate'is.éo per second which is the same as the vertical scan-
ning rate.

The sync pulses (Fig. 4%.7) are timing pulses - whicn

control the horizontal and vertical scanning generators " The .

:vertical sync”pulses have a frequency of 60 HZ to provide 60

fields per second and 30 frames per second. The sync pulses
are designed 1in this system to employ only 512 horizontal '
lines. of the 529.availablc lines which makes each fleld
consls‘ts of'2‘56‘hor'izontl-al lines. This means that 256 hori-
zontai sync pulses must be applied to the horizontal scanniné

generator between each two vertical sync pulses.. There is

a 5.5 uS duration horizontal pulse every 63.5 uS.' Six-pulSes.

immeciately precede, and six pulses 1mmeéiate1y follow the

an

he .
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Figure. 4,7 Synchronfzathn signals for the color television.
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vertical sync pulses to compensate for half -line intervals,

They are called the equalizing pulses and their standard
fredueﬁcy is double the horizontal sync pulse frpquenpy
with a.standard pulse width half the. horizontal sync pulse
width. The vertical sync pulses have & total width of ap-

proximately 200 uS and the complete pulses are divided in to

-6 individuai pglses’that,providé horizontal sync during the

vertical retrace time. The individual pulse has a-pulse

width of approximately 27 uS.

Finally, the hbrizontal, equalizing and veritical sync /-

' pulses are combined to form the composite syné pulse train, //

(Fig. 4.7).. This composite. sync pulse train Is then fed to
the color television‘monitor sync¢” input, where the horizontal
. - . * .

and vertical sync pulses are separatgd\internally‘and applled

to the correspénding deflection generator.

4.3.3 " Sync Signal Generator:

The sync signal generator contains the master clock
used to generate all of the sync pulses -for the color tele-
vision monitor as illustrated by Fig. 4.7. These includ€ the

horizontal, fhe equalizing and the vertical oync pulses. These

' pulses are combined to form the standard QOmposite sync pulse
signal which activates Qhe scanning of the c¢olor’ television '

'monitor.

[ One of the circult qu;éuté is the verFicél'rés;t'
pulse éignal shown in Fig. 4.7, which is uséd as % general‘
reset for the. display system during the time of the beam fly—
back . Also, the clack pulseifgahich control reading ‘the data
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from the memory (system‘s&nc pulses ), éré generated fnoﬁ‘

the master clock pulses by dividing 25 MHZ by tﬁree to‘meet

- the required data réte.

t The sync‘Sigﬁal generatof kiréuit diagram is 1l-
lustrated by Fig. 4.8.a. 'The signal starts at the ~aztor cioca
output and éoés fhrough serles of fréquéncy diviaers, The,
frequency'd}vide by 109 circuilt is shown in Fig. 4.8.b. The
different sync siénals are éenerated by the circuit, then phé
pulse’width‘of each slgnal is adjusted by means of‘é.mopo—

stable multivibrator. Also, monostable multivibrators are used

to generateAthe pulses B and C from A (Fig. 4.8.a).

4.4 RANDOM ACCESS MEMORY SYSTEM

i
Considering the existiné commercial‘storage systems

- such as discs, shift registers and random access memory sSys-—
teﬁé,’it‘was fdund'ﬁhat;the solid state RAM system is compat-
ible with the writing speed of the diép@ay. The access cycle
fime of the RAM system which 1s uséd in the display system 1is
) approximapgiy 400 ns while the access.cycle time:df discs or
shift registers dre of the order of several milliseconds [16}.
The RAM system élso has thé:advantggé.of 1nherent_addfessing -
flexlbility [34) and 1ts -nen-sequential data access capa-
billity redubés the required control c;rcuitry (33) «. From

the econom; polint of view, 1t Qdula seem that since the compuﬁer
industry 1is concerned alhost,exleSively with RAM systemlﬁor
sératch‘pad.mqmories, Purther development will concentrate.on

o

these devices .
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Two new memory technologles may alter the selection
of RAM as the optimum memory in the near future. These are
the bubble memories and charge coﬁpled devices: Both of ‘these
technologies promise high bit packages, high densitles and low
. cost, but they are serial~agéess ﬁemories. Therefore, more |
complex assoclated addressing clrcuitryis required for their
operétion in this type of applicatlon offsetting tome of thelir
advantages [22 ]. As well bubble memories are slower than semi-
copductor memories ‘in general; they bridge the gap between the
access time in electronic anq electromagnetic‘storage systems
[35]: The differehce betyeen the access time in electronic

and electromagnetic stofage system 1s called thelfaceess gap".

4.4.1 RAM System Specifications and Operation: o »

The memory system used is a self contained'random
access semicondﬁctor'memor§, shown in Fig. 4.9, empleying the
3400 N'type of RAM unit. The memory system consists of up to'“
four Memory Ca;d Assemblies with a maximum capacity of 32,768
of 18 nbit wo§ds. bnly two .cards are avallable to bhr display
system and each card can be accessed independently.

The modes of operation for a card are Read, Write,
and Read/Modify/Write (Split-Cycle) Table .1 1s'a list of
general specifications of the memory . The in;erfacq clircultry
’is shown in Fig. 4.10.' .

' Fig. 4.11 is tﬁe timing diagram of the,inﬁerface signals
with times‘shown measured af the Sﬂx.éoint of signal trans-

L

mission. A list of intérface signal functions and line oo
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Table 4.1 Memory system 34LOON Specifications

ITEM SPECIFICATIONS
Type .cof Memory . Rahﬁém access . NMGCS Semiéonductor'
Card Configurations 32, 768-words by 18 bits
Modes of Operétion " Read
| Wrlte
“3~ . - Read/Modify/Write (Split Cycle)
Timing: .
‘Read Cycle . 450 ns
Write Cycle 450 ns
'Read/Modify/Write - 900 ns \
Accesé' | 275 ﬁs mék
Interface Circuitry Cpen Ccllector-Output-74S 38TTL
Logic L;evels-: " Input-755 XX Se:riers
Loglc zero . : ; 2.5 to 5.0 volts
Loglc Ohé : ) 0.0 to 0.5 volts.
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ioadimg characteristics is'giveq;in‘Tableﬁufz. The ipterface
signals are described in more-detail with tﬁe design 5f the'
other circuits which are interconnected with the memory . Ap-

. pendix 2 contains the details Q} the RAM specifications, and‘.
the connection of‘the interface connector-pins with the external

circuitry.

Y

'& L. 2 Memory Organization'

The memory is organized as a- matrix of 16 bit words
_(two'bits left for other purposes) with each word encoded S0
/’”as to include four adJacent spots of a given TV raster scan
3 . lines. Every spot represents 'a l-bit data WOrd which is the
digital“value of an input sample. By handling four parallel
:g_chahnels Of data ‘Words the data -rate is-increased four times
over that of the maximum rate of the memory-. The'lccation of'
the word to be accessed is specified by the address applied to
the memory address lines by the external circuitry,
' The required capacity of the memory is determined by
the display resolution in terms of the number of samples dis-
¢ played by the TV raster scan. The display system-is designed,
for the capacity of 256 x 512 = 131072 samples which requires

a storage of 37 768 of 16—bit words One memory card is used,

«0

hy the system and the ‘other card is left for future extension

such as’ to increase the system capacity or to store processed'

data.



"NOTE: ..
¥ When terninthcn re:‘*is'cor"z are, ccnnected (by externad Jumper‘)a

Table 4.2

Signal &
Neme

.Initiate

Write
Plucse

Split
Cycie

Byte
Contrcl

Addréss
In

Addréss
In

AEBR

WP

5C

" (BCL 1,
ECL2)

AT00-
ATi3* ¥

. AT1A

Descriptions of the RAM system

»

Type/¥per
"Card_

i

-pu:sé/,
1 TTL load

~pu’ge/

1 TTL load

Level/ 1

TTL lcad

Level/ 1

-TTL Zoad
"per line

‘

E)

Level/ T

T™'L load

_ . per line

Level/ 1

TTL load

"ADOP, . "Al14
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interface signal

Description

Starts memcry cycle
when memory 1is avail-

~able.

In conjunction with :
Splic-Cycle sigral sta \rte
the Virite phace of a
split cycle.

When low, encbles a -

Split~-Cycle cperationy;-
when hdgh,, erables -

- Peau or Write operdtion.

Determines-mode-of op—.

eration of applicable.
byte. When ECL is low,
RP executles Write cyc-~
ie. When ECL 4s high,

RP executes a Read cycle.

" Binary ccded signals
“that select memory ad-
.dregs .¥¥¥ These 1gnals

must be stakle at. the

.utart of a .memory cycTe.‘

_Address b*t used with

Address Option- (ADOP)
tc change address ccn-
figureation:-

iﬁK X 10
. or 32§ x 10

ADOP'. = 8K x 20 or ;
36K x 26

each source rust be capabla of sinking 17 ma An addition to_.

.
. Y

(contd)
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Led

“HRK

»
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Tatle 4.2 centinued =

‘Signal ABEP~

Nane .
Lxtend- - =~ XAll,
G Addresc X812

S o X413
Data I (DIOD-.
DI19)
Cata Out (D000
. v Dol9)
Pata avai- - EA'
lable -
Memory . MB
pusy -
Genersl GR
Rgset

4

1isted load,

£I13 must be held low 1f second array card

.1s not inserted,:

Urused address lines are o;en (riph),;

., ;!E?P-'

..

P

Type/¥per
Card

A o bttt
3

“Level/

1 TTL load

" per line

LEVQL/
1 TTL load
per line

Level

~level
~level

~pulse/
1 TTL loead

Description

. v

Binary caaed uigna;w

. that seleéct the Mem-

cry Cerd, -

Informatien
(input).

‘Information signals

(output ;.

indicstes-to CPU that

data 1s aveilable on
data output lines.

Indicates to CPU that.
memory idc busy ard can-

not accept an KP.

Signal that resets atl
registers and ‘initigl-
lgées tinming circuits,.

CAUTION: Dc not exe-
cute & general reset-

" whlie a memcry cycle

is in progress. Loss.
cf date could reault

(Extendcr‘Memofy Card)

b

simmals -
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4.5 - INPUT-MENORY INTERFACE:

F.all Analog—to—Digital Converter (ADC)- d

: The ADC is ‘a 4- bit binary device with comparatively
fast speed The _speed requirement is related to the rate. of
samplxng clock pulses, such that the maximuaﬁd}gytizinb speed
determines the upper limit of the rate of the sampling_clock
"pulses. For example, if the ALDC digitizing time 1is 100 ns,
" theh, the maximum saupling frequency is 10 MHZ.

No commercially available ADC has this fast speed with
low price For this reason an ADC was constructed with a digi-
" tizing time less than 100 ns. Fig. 4, 12 illustrates the ADC
inputs and outputs where the: binary word xux3 2X1 represents'%
.the digital value of the analog input at the rising edge of
the sampling clock pulse.. This value remains on the output
; lines INO to IN3 until the rising edge of the nemt sampling
clock pulses ‘ ) .

The circuit diagraﬁ of the ADC.is‘shOWh in Fig. 4.13
and the implementation of the ADC'logic'cipcuLt is shownlin a
Flg. 4.lh . Each of the fifteen'compapators has one input
'biaséd toda voltaée level at which“theldigital equivalent of
'1nput slgnal’should cuange. Voltages A; turougb Alé alongn
resistof.chain Rl_to R are the values at which each comparator

) 15
- switches. The 3-bit version of tpis ciréult can be ‘found in’
- [36 ] e .

The ADC digitizes the input acccrding ‘to the 1evels Al

. through A

15 to the binary numbers representing the decimal .

<
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Figure 4.12 ADC block diagram.
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numbers from 0 -to 15-as shown_ in ,Table 4,3. The truth table
of the 1ogic circuit is given in Table 4.4 and the minimized

'solutions of this logic design problem are the following . .

equations ‘ ' \ s :
X, = DD, + DDy + DD + DyDg + DgDy o + Dy D,
¥ D3Py * By - (107
X, = DDy + Dgbg + D10D12 D (h.2)°
X3-= DyDg-+ .D;, C -(h.3)
‘,y~~ . " ' ' ’
Xy = Dg R I Too(bLh)

¥

4.5.2 Interface Between.the ADC and the Memory:

The bésig‘requlremeht of this interface clrcuit.is'thev
cdnversidn of M—blt_datauwords fyom the ADC, or through the
systeﬁ‘digitel deta input,'ie the form of dilé—bit RAM system
words. The circuit receives and)cbmbines consecutive 4-bit-
input samples to produce 16-bit word which are then addressed
by . the addressing and’ timing circuit and stored in ‘the RAM

system using the direct memdry access techrnilque (DMA). }

At the same time the c¢lircult.generates some of thelihter— ,

facing siénals'required rdr operating the memory .in the writlné
mode of, operaﬁioh " These include the address eounting pulses
for writing 1n ‘the memory (WC) and the- memory cycle initiating
l-pulses (as described in Table 4 2) in the. writlng mode of .
operation (RPW) (Fig. y, 15) The address counting pulses are

fed to the addressing and timing circuit to increment the address‘

.
P L



Table 4.3 ADC Digitizing levels and their bipary, re‘presentatiofxs.. )

Digitizing level : Binary Representation

X4 X3 X2 X1

Max.level A1S 1 1 1 1
Al4 11 T o
-A13 1 1 0 o1
A2 1 1 o0 o0
A1 1o 1
A10 1 0 10
A9 .1 0 0 1
A8 S 10 ‘0.0
;A7‘ 0 1 1 1
26 , o 1 1 o
A5 0 1 0 1
A4 o 1 0- 0
A3 o o 1 1.
A2 o 0 1 0
AL 0 0 0 .1

Zero lgvei' A0 - o 0 "0
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‘Figure 4,1¥ Tming diagram for writing mode of',operation.



counter. .

The circult dlagram for the interface i: shown
in Pig. 4.16 and Appendix 3 contains the hardware
detaiLéi The signals Wy, wa, w3, wn, wS’ wq , RPW and .sampling
clock pulses are shown in Fig. 4.15. One of the circuit inputs
1s the sampling clock pulsés from the sampling clock located in
the addressing aﬁd timing circult. Sémpling clock pulses are
applied to fhe clock input of a serial input/parallel output
shift iegister (SR9) to geneﬁéte the puises W, through wu and /
then Wg, WC and Rp as shown in the circuit diagram. Input data/
‘are applied to the input lines 6f the parallel input/parallel //
output shift registers SR1l, SR2, SR3, and SR4 through a U—liné
data bus.‘ Data are transferred to the parallel input/parallel
outpuf shift registers SR5, SR6, SR7 and SR8 at the rising*/
edges bf‘the pulses wl, wg, w3 and wu respectively. Data trans-
fer occurs such that four 4-bitconsecutive words are appiied
to the four shift registers inputs before the rising edge of phe
next pulse of ws. Data are then transferred t9 the 16-out-
put lines of the four shift register DI-0 through DI-15. The"
output lines aré connected directly to the déta input connector
pins!of the RAM. Data become avallable at the memory input at
the proper time according to the timing diagram ?ig. 4.,11. Also
the siénals WC and RPW are generated accordingly, to the same

viming diagram.

4

4.6 ADDRESSING AND TIMING CIRCUIT 4 ’

The first requirément of the addressing and timing circuit

1s to address data coming in to the memory in the writing moade

$

//

| MR Lo B | Fan LA v
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;A L] . .
_-of operation,'and data from the memory in the readihg mode of
'-operation.‘xThe address infornation is.appiied to the address ffv
lines of the memory according to the SAM System interface signals
(Fig. 4.11). - | o

The second function of this circuit is to provide the
memory cycle initiating pulses (RP) during the two modes of
'operatlon, and the signal BCL for switching the memory between g/.
different modes of operation (Fig.xu.ll~and Table 4.2).:‘ '/‘
also provides the memory éenerallreset‘as defined in Table 4.2
(GRM in Fig. 4.17) . . . ‘

The sampling clock is located in this circuit where the
azimuth sampling pudlses control, its ON/OFF input as shown in
-Fig. 4.4 and explained in'section hy,2.2. As well, the circuit
controls switching the display system-between writing and
~reading modes of operation as explained in section 4.2, 3 and
iliustrated by Figw b.5. The general reset pulses_(GRP, GRN)
shown in Fig. 4.5 are generated by the addressing and tining* .
circdit and supplied to'the entire system,

' The clrcuit diagram for ‘the addresding and timing circuit
is sbown in Fig y, 17 and the hardware details are given in:na
Appendix 3. A 16—bit address counter is employed to-provide
,.addresses for every l6-bit word stored into/or read-~- from the
memory. The count input of the counter . receives: clock pulses !
coming from the ADC-memory interface circuit (WC as §hown in
'Fig. 4.15) in-tne.writing mode ‘of operation,'and coming’ from
'_ the memorxfencoder interface circuif‘(RC'as snown in Figt'u.lé)ﬁ

in the reading mode ;of operatiypn. The switching between.the

i
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itwo.signala is contreolled by the éignal 8CL. rinally, phe'
counter is cleared by the general rgsét'pulseg (Fig. 4.5).
The memory cycdle initiatiné pulses RP are abtuélly

the ‘pulses RPW (Fig..u.l55 in the writing mode of operation
and RPR (Fig. 4.18) in the réading mode of operation. The
‘switéhing between the'two.éignqis is performedlby the ald of
thé éignal_BCL. Thé pulse width bT RP. is aqiusted by a mono-<
stable multivigrator.' The level BCL is generated by tne
.eircuit according to the mode'of>operétion (Fig. M.ll)..

< A two state switch w&th high (H) and low (ﬁ) position.
is used fo’opérate the syStem by étarting the writiné made of
éperétion'when in ‘the low posibion. The automatié switcning
:fépm writing to readiné'mode of operation occurs'when the 256

counter counts 256 of azimuth sampling pulses, and the 512

counter counts . 512 of the sampling clock pulses. .Thds, a total
of 256 x 512 samples are stored and BCL goes high. The BCL

'1¢vel'is also uaed_td gate the azimuth sampling.bulses'such

that when the system switches to the reading mode of ogeration,
. the gate is of f.

The 5ampling clock is a free running oécillatér having

¥

. frequency wh;ch can be adjusfed by varying two resistances

and th capacitances.(see‘appendix‘3). "The sampling clock .

t

pulses are fed to one of the circuitdoutputs providing avail-
ability for the other circuiﬁs. The circuit generatesitﬁe
.general reset pulses (GRP) and the ipnverted value of this pulse

(GRN} for the deviceé which need a negative pulse to be elear- |

ed.. MGR (Fig. §.17) exists only when the"system switches bet-

ween modes. of operatipn,(ir BP’is not applied to the'memory .
‘ , R -, . . .

- . ' o °
.
»
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4.7 MEMORY-DISPLAY INTERFACE:

4y.,7.1 Interface Bétween the Memory and ‘the Color-gncoder:
)

/The basic function of this circult is to read data
out of tﬁe riemory ;sing'QMA ;echnique. The- clrcult receives
every 16-bit word .output from the RAM system wnen the data are
available at the memory output lines (Fig. 4.11). The circuit
then sﬁlits the 16-bit word to four conseautive U;bit wo;AS
and feeds these data to'the color-encoder such that'two condi-
tions are satisfied. The, first, is the compatibility of the
data rate with the writing speed of the color teleyiéion moni-

tor, and the second 1s the.synchronization of the data to the

raster scarr.-of the color teieyiéion monitor.

‘.\«

~ ~ -

For a resolution of 512 effect&ve\spots per hori-
AN e N '
zontal line, the minimum data rate is ‘lU-bit word every 112.3 ns.

This speéd is directly compatible with memory speed of 400 ns

N

per 16-bit word since every effec§}vgmigot corrésponds to
a 4-bit word every 100 né. Th?:circuit‘automatically diSplays'
.exactly 512 M—pit samples ber‘horizoﬁtal line for each of the
25, lines. This means that4same data are displayed for the
odd field“aﬁd the-even/fiéld oﬁ}the frame prdducing a matrix
of 256 X 512 as exblained in section 4.2.2

In éddition, £he circutit éenerates the interfacing
~and timing sighais for the memory in 'the rgaéing ﬁgde of
operatioﬁ sﬁch as the addrgss'céLnter increment pulses (RC)
and the memory cycie initiating pqlses (RPR),as.illdstrateé

L,

bl
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by the timing diagram Fig. 4.18.

The'eircuit for the interface between ‘the memory and
color-encoder is shown in Fig. Mnl9; Hardware detalls can be
found in'Appendix 3.‘rlbe basic concepts applied-for tnis pir;'
cult design are’the same as 1in the ADC-memory interface cir-
cuit with the direction of data flou reversed. Tne 16-bit
data output DO -0 thrpugb bO—lB'Of the memory is applied to
the .input lines of four 4-bit parallel-in/parallel-out shiﬂt>
‘ registers. The output lines of this set of _,hift régisters
are coennected to the input of another set of four U-bit paral-
lel-in/parallel-out- tri-state shirft registers Tne da%a are
transfered from the input of the first set to the input of
the second set at the& rising edges of the pulses Rg. Thie data
are then transferred_from the second set of inputs to_tne'out-'
put data bus with tne aid of.the-pulses R1,4R2,_R3 and RYU
with one i-bit word at a time. Thus, the same seduence is.
achieved at the output as~waslenboded at the_input.

The tri—state output shift registers are interfacedl .
directly with the data bus. They have éated output control lines
for enabling or disabling the outputs such that when the out—
puv control:is high, the output is disabled to the high impedance
state. The output of each of the four shift registers is A

enabled consecutively at, the same instant as the clock pulse

C by applying the inverted clock. pulses at the output control

‘.'\-. N \-\"‘\"‘

R

inputs (E), i.e., the output is enabled only during the clock
pulses’btherwise it 1s disabled. Hence, the output data bus

transfers the 4-blt data to the color encoder input.

-

+
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Tﬁe slgnals R, through Bu are generated by a serial
input/parallel output HU-bit-shift. register at a raté.oompstible
.with the'system sync pulso rate as illustrgteo by tne
timing diagram ‘of Fig. 4.18. The syStem sync pulse rate 1is
8.9 MHZ which corresponds to a sample every 112 ns.. The other
signsls such as RS" RC and v RPR.are generated as shown
by the logic circuit. Only the first pulse of thé RPR pulses-
is generated by the trailing -edge’of.each general'reset pulse
CGBP) in order to initiate~the first memory oycle at the begin-
ning of'the regding ﬁode of‘operation.
A 512 pulse counter for system sync pulses is. used ‘to
terminate. the clock pulse train to the serial- in/parallel-
. out shift register (1nput C) to stoptransferrlqg the data
to the circuit output. The counting starts wilth the leading
edges of the horizontal pulses and stops after 512 pulses
Also, the system syne pulses and the clocg pulses C are gated
by the generel reseoupulses:(GRN)-such that they terminate
during the. reset’ time: Thus , the compatibili'ty‘ of data rate
uith the writfpg—speed of the color televislon monitor is
satisfied by selecting the proper .data rate, Also, the data
synnhronization condition is satisfied by Ieeoing data with the_
he rizontal pulse and\by stopping the whole process .Quring the
_ general reset pulses. This’ synchronizes the process uitb the
switchlng between the modes ofioperation and with the raster

~

*.scanning.
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\ o
N.?,Z Color-Encoder-

During the reading mode of'systém operation, the eolor
encoder converts each of 16 4-bit w.or-ds from the RAM lsystem
. into a unique cgmbinati&n of three voltages which are used
to deriye signals for the red, green and blue g&ns of the
television, monitor. The colors used for the color coding
range from black as the lowest level up through. blues, yellows
and redé:with’white as the highesP leyelsﬂ .

- Another function of the cqloy encoder circﬁit’provides
a feature to display tﬁg color code on the raster scan of the
colop television monitor. This isiﬁresented in the form of
horizonfal bands whicﬁ are In'ﬁhe-sahe Qrdér as that of the -
signal ampiitudéicplor-coding scheme. Thi§ featpre can be
enabled any time during the readiné mode of operation by the
" aid of é toggle switch (the cqior teséing,switch): thus allow-~
" ing the viewer to see elther the data or"thé'color‘code.“The
" color code can also be displayed during‘the wfiting_mode of
operation.. C ‘

The loglc circuit diagram of the coléruencoder circult
is shown in Fig. M.QO.‘ The hardware details are given in
Appendix«3. In this circuit, digital signals are converted
‘to-analog §1gnals before the coior television red, green and,
blue-gun'ﬁnputs Any specific digital-to-amalog conversion code
cal: be applied for the design of the digital-to~analog convert-
" er (DAC) This code, as 111ustrated by Fig. 4.21 means that
each of the three similar DAC circuits (Fig L 20) transforms
every one’of the three possible'2~b1p inputs to on;y one of

>
’
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three outpuﬁs.

The same color-coding teéhniQue desceribed in section
3.4 1is applied in the design of thg color-encoder-circuit. The
implementation of the color-coding techniéue, as shown in
Fig., 4.22 utilizes a read only memory (ROM), to perform the
logical function as a prac;ical alternative to simple logic
(37) . The ROM unit converts every word applied at the address
input to unique set of zeros and ones at the output'data‘lines
depending on the program stored in the ROM. Thils program
is directly related to the digital to analog conversioh code
such that the word stored in every 1location correséonds to
certain specified color. Table 4.5 éhows the program storedin
the ROM, in binary format. Two 4-bit ROM units are used to
provide 6 outpuﬁ lines (with two-unused bits) which are appiied\
50 ﬁhree DAC unité to drive the red, green and‘b;ue guns of
the color television monitor.

A manual switéé called the color testing switch, cont-
rols the path of 'the input data £o the address lines of the ROM
units, It Opérates a logical switch to pass input data wheén
the system sync p;lses are "ON" (Fig. 4.19) and the switch
is in the low (L) position, and it passes tﬁg color testing
data when the switch s at high (H) position. - |

"Phe color testing data are generated by using the
horigontal'sync pulseé to generate 16 different binary words.

A frequency divider and a counter are used for thid purpose
such that the counter changes 1ts output after 16 horizoqtalf

pulses. The output binary numbers from OOObto 1111 are gated

U} BRI Arbon P poas s



4-b1rt data A
(Address input)

\ .
Data
Address Program output .
0000 00 00 00. apc R
0001 00 D1 10
0010 Q0 0D 10 .
‘ .
) 0011 11 11 11 A ADC G
. . | S—
' ™ AapC B
. . R
| 1111 01 01 01
| S
Read only memory -
L

Figure 4.22 The implémentation of the color coding

technique.
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Table 4.5 .ROM Program for the selected -colex code

»

}

IAddr s's ,\ Program' (Slgagr';,')' ] \ Input Ratviof Zolor
ROM 1 ' ROM 2° \ B G‘7 R

0 0000 | 00 01 | o1 o1 11 1| wnite

1 Goo1 00 o1 |' 11 o 1 0'(\_1'_ pugpie

2 0010 | 00 .10 | 10 01 % %i‘ 1 | Yelloyisn purpls
3 0011 | 00  IX| 11 01 0 0 1 | Rea (

¥ o010 | 60 11 { I0 01 o 5 1 é Orange ]
5 0101 00 - 1" 0 01 o ¥ E ; Yol ouw \%
6 o110 | oo 11 i 01 11 o 1 o l Grezn |
7 o111 | 00 11 ] 10 11 |. 0 % 0.1 Dark Green !
8 1000 [ 00 .11 i 10- 10 90 % % %,Brown .

9 1001 | 00 - 01 | 10, 10 1 % % | 'Blue Violet
10 1010 .| o0 10 o1 11 % .1 0 ! Wnite -Green §
11 1012 | oo 01 .l o1 11 11 .0 white Blue
12. 1100 | 00 01 | 10 "1 1 % 0 | Blue ) :
13 1101 .| 00 01"‘ 11 11 {1 0 0 ! Dark Blue ;
14 1110 | 00 'y 01.! 21 10 1 0. % | Violet ¥
15 11 | oo 11| 1 11 0- 0 0 jBlack f

J
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~

with the system sync "ON/OFF" (Fig. 4.19) after adjusting
%ﬁe pulse width, in oraar to synchronize the data with{the
raster scénning. Hénce, either the 1Hput data -or the color
testing data are applied to the address lines of\éhe ROM

units, acQgrding to the position of the color testihg switch

)
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CHAPTER 5
COLOR\CODE SELECTION

AND SYSTEM TESTING

5.1 COLOR CODE SELECTION:

p
The experimental work described in this sectiog,is
divided 1into two separate parts. The object of the first part
4 is the testing of the output color response to the input vpltage

changes. This dete;;ines the approximate amount of the required

\\-———-change in one of the input;voltages to cause a noticeable change
in the output color. Three different video amplitudes are appli-
ed to the'red, green and b;qe gun inputs_og the color television
monitor,using a three ﬁériableresisﬁances and a ‘'video signal
generator -as 1llustrated by Fig. 5.1. The three inputs are then
varied in all the poésible ways and the output color changes

are carefully observed. It was found that the best results are-

(; obteinedwwhen tﬁe’inbut‘signal amplitude ?s changed by’ an amount
approximately equal to half the maximum.ioput video;

The se®ond part of the experimental work is &esiéned to
genefggé all the possible colors'whicﬁ can be produced by apply-
ing all the possible.combinations of“the three inputs of.V, LV
and . zero volts Ghere \'A 15 the maximum input video level. The
number ofkposs;ble colors is 27 colors and any 16 of these (can

ol

be selected as the color code.
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Figure 5.1 Testing the response of the o%tput calor on the
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A color testiné signal éene;ator has been designed’
and consfructed to generate the video siénal regnired to produce
those colors on the raster scan of the color television monitor.
Dirferent colors are arranged in the form of a "horizontal bands.
'The width of each band 1s 16 horizont;1 lines (eight lines each
of interlaced fields) as shown in Fig. 5.2,

.in the circuit of the color testing signal generator
(Fig 5.3), one 8-bit reprogrammable ROM 1is used to perform
the same functionh as the two unbit ROMs used in the color-
encoder circult. The same digital to anaiog conversion~code

(Fig. 4.21) is applied in the dgsign of the ROM program and the

three digital to'analog converters. The reprogrammable ROM

"~
h

allows modifications in the program to change the colors or re-
‘ arrange their o?der. The program stored in the ROM, which
generatestthe 27 different colors, is listed in Table 5:.1.

» Figure 5.4 is a photograph of the 27 color bands, of, i
which sixteen can be selected to form the color code in any
arbitrary arrangement. Figure 5.5.18 a photograph of one of thebv
possible selections and the corresponding program is . listed in‘
Tabie 5.2 with tne 1list of colorsx

As shown)in the ecircuit di%gra% Fig. 5.3, the ROM out-
vut data are gated by 106 ns sqnare pulses. This signal tests
jthe response of the color,television monitor to a particulanr

¢

. ' ¢
.frequency,since this rate 1s the maximum speed at.which the
. . . ’ ——Pf%«', . . .
- memory feeds M~bit words to the color-encoder. The gating process
is also necessary because the TV monitor does not éive a good

response to frequencies below the frequency of the horizontal



The color television monitor raster scan
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Figure 5.2 The display of 27 color bands.
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Table 5.1 ROM Program to generate 27 different colors.

-

ROM address Program(binary) | 4 Input ratio
A ’ . 8 G R
0 00000 00111111 0’ 0 G
1/ | ooo01 00111110 1 0.0 oy
2 00010 00111101 0 0 1
3 00011 00011101 1 0o 1
4 00100 00101101 Y 0 1o
5 00101 00010120 - 1 -1 by
6 00110 00100110 C 1 %
7 00111~ 00101110 "y 0@
8 01000 © 00101010 Ny b
9 01001 00011110 1 0 !
10| o1010° 00011010 1 ) %
11 | o011 00111001 o % 1
12 01100 ' 00111010 0 h b
13 01101 00110101 0 1 1
14 013,10 00110110 0 I
15 01111 00110111 0o 1 0 |
16 | .10000 . 00111011 0 y 0
17 | 10001 00011001" . 1 1
18 10010 00101001 4 y 1 !
19 | 10011 00010103,/ 11 1!
20 10100 00104101 Y 1 1
21 16101 00100111 y 1 0
22 10110 00101011 R 0
23 10111 00010111 1+ 1 0
24 11000 00031011 1 o0
25 11001 00011111 1 0. 0
26 11010 00101111 ol 0 0

91



Figure 5.4 Photograph of the-27 calor bands produced
by the color television monitor. :
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Table 5.2 ' ROM Program for tne celected color code o

-

Address Program (Binary) Input Ratio ?dlor )
_ B G R |
0 | 0000 Q0 01 0}l 01 ‘1 1 1| wnite
11 0001 00 01 11 01 1 a 1| “Purple
2 | 0010 00 10 10 01 % 1| Yellowish purple
3| oo11 00 11 11 01 o o 1! Red
4y | o0 | o0 11 10 01 0 3 1| Orange
5 | 0101 00 11 01 01 0 1 1| vellow |
60110 | oo’ 11 ol 11 0 1 o0 Green g
710112 [ o0 211 10 11 o % 0l Dark Green '
8100 | 00 11 10 10 0 % %{ Brown ?
911001 - 00 01 10. 10 1 3 % | Blue Violet E
10 | 1010 00 10 01 11 3 1 0| White Green g
b 11| 10131 00 01 01 11 1 1 8| White Blue !
12| 1100 | 00 01, 10 11 1 . 0| Blue ;
13 | 1101 00 01 11 11 1 0 0| Dark Blue 3
14 | 1110 00 01 11 10 .0 1 0 % | Violet g
15| 111, | 00 111 11 0. o 0| Black ° f

AN

o



/

?

8

i

Ll 8

sync pulses. : -

5.2 SYSTEM ADJUSTING AND TESTING

5.2.1 Test Card and Test Pattern .

‘ A technique has been désigned for testihg the disblgy
system performance. A test signal ié_applied.fo the sy;tem,
stored in the memory, and then displé&ed on the raster scan of
the color television menitor. The display pattern 1s compared
witﬁ‘the expected pattern in order to ensure that the sysgem '
is operating properly. A test cgrd which réplaées the ADC c;rd
in the display syétem, fs\desiéned to‘pr5§ide the rgquired
signal. ”‘ . | |

The-test pattern shown in Fig. 5.6 is selected faer this

purpose. The corresponding test signal and its‘}elation with the

Esystemﬂtiming signals,ape 1llustraﬁed by Fig. 5.7. The -logle

circuilt of the test c¢ard, fof thi§ test pattern, 1s shown in

Fig. 5.8 with two inputs and an output expanded, into 4 lines,

The o&tput is connected to thejh-bit digital input to the dis-
play system. As shown in Fig. 5.7, the field inpuf data and the
line input data are available as the 4th and 12th bits of the
address -counter output. Fig. 5.9 is a photograph of the test\
pattern diép;ayed during tbe test showlng good agreement with the

Pl

expected result.

5.2.2 Coior Convergence Adjustment:
. The colof‘conVargende is adjustéd for the ceolor tele-

vision monitor by applying the test pattern signal to the color‘

television monitor and following the adjusting steps as explained

-~ . ot

2
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Figure 5.6 Tesf pattern.
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512 sampling clock. pulses
—-} — 256 pulse per raster scan field ol

e n I U T TR TR

ON/OFF . .
16 orizontal lines . 16 hori zontal lines .

ot s —————— e 3

-

Field

input data . ) I . ‘ L__

Figure (a)
:*——512 samrples ( horizontal 1ine)——-;————~--——>~ g
Sampling i — i C ——
c lock pulses ;| “ , . . l
ON/OFF y y
32 samples - ! :
Line input ° S . . S e | =
data _] | ‘ ) 1 S ’ ] 5 l__l ] . | —
o - ' S s
Figure (b)
line line
(8 pulses) (8 pulses)]
IR b i ! '
Test sigmal r. _ | l r} ,—% !—l_ —
; I
. ;4———16 lines '|< 16 lines: Lo
Figure (c) '

Figure 5.7 Test signal and 1its relation with
the timing pulses.
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Figure 5.9 A photograph of the test pattern
. as displayed.
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L | o S !
in the operating manual. he test patternh shown by Fig. 4.6
was selected to be suitable| for the color convergence adjgsting.

Thus, the same test card\ge%cr;bed in Section 4.2.1 is used

LS AN

/

“

for this process. ' . . %



s CHAPTER 6

THE' PRESENTATION OF RADAR.SIGNALS
BY .'THE: COLOR-CODED DISPLAY SYSTEM

The display system has 5een used to present real time
%, . e . . v g
-radar signals, in order to'test the system pgrformance and to .-

s

demonstrate the color coding technique. The radar signals are.
‘reeorded on a magnetie,tape, us;pg a wlde.bahd:video recorder,
with two ;ideo and two auxiliary channels : 'TWO'types pf.video
are arailableE.l, normal'vldeo\(positive upipolar) which 1is
simply the detected RF echo slgnal and 2. MTI videowﬁich is

the recelved signal after having undergone MTI filtering

Also, the timing signals (sync pulses, ARP and ACP) are available

to generate tHe azimuth sampling Qulses as illustrated in Section

y.2. ﬁ\ ‘ o

1

A series of photographs have been taken for the radar
data presentation by the. color-caded display system: The‘MTI'
video, récorded on two different magnetic- tapes (obtained ty
" Communications Research Laboratory staff},'have been used for
this.purpose, ' The sampling area boundaries.have been éhanged
* {n order to present dlfferent areas,

In~the followipg two exa@plée, the vertical axis re-
presants the azimuthj tﬁat is 'the'ﬁeight of the raétér scan
(11 % inch) corresponds to the sampling area total sector angle.
This sector angle is determined by the azimuth sampling pulse .

[

rate (ASPR) which 1s variable. This ASPR is: equal to the PRR

N '
o .
kY -

101 o 3



102

divided by a known sélectable integer (I). By selecting a
smdller integer, a magnification’ effect ip produced as illustrat-
ed- by .the. rollowing results

. Thé horizontal axis fepresenté the range- bhatlio t%e*
width of the raster scan (15 3/8 1nch) corresponds to the sampling‘
farea range R2 —_Rl (Sect&pn u.2.2). This range 1is determined )
by the sampling clock pulse freqdency whfch,is constant (1 MHZ).

This frequéncy corresponds to a sampling aﬁea range of 41.29 n.m.

Example 1 . : : - - e :

The tape uéed‘for-this example-wgs recorded'duripgza
‘spring rain storm at Bogotville Airport, Quebec. The PRR is
1040 Hz and the pulse width is 0. 6 us. The anternna rotatioo‘
. speed is 12 rpm. ‘
“13 6.1.a is a photograph of the storm as displayed

" by the colo;Aaelevision monitor. In this case I = 16 and then

ASPR = lQhO = 65 sector'sample/second. The antenna rotation
16 . . ) oL "
is 72° per second, which means that the width of a sector sample
is %g = .I.lo.; For_256 sector samples, the sampling érea.total.\\
5 . : , Y ' :

<.

sector angle is 281 6° ‘
_ The samé storm is shown in Fig. 6.1.b. after the storm
'h;s moved to the east direction - . .

The presentation of the storm When the total sector
angle 1s lUQ 8° (ASER = 130 *ector samples/s), is shown in Fig
6.2. o o . P . S S o

, 'The<?ffecb ofhchénéing the ADG maximum - digitizing

fs
|
!

T
A . o
l

J
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< 41.29 n.m —> ,
Range
! v
N b AR\ R G
yreo
.-ur-\'ﬂ.'.‘
"‘\
281.60
D
1
Azimuth {a)
35 n. )
> n-0 B Range
North ~7

Azimuth 1

Figure 6.1

(a)

(b)

(b)

The presentation of the rain storm by the display
when the total sector angle is 28l.6 dggrees.

The rain storm at the north-east showing the areas
of strong and weak signal.
The storm after it has moved to the east.




< ‘ 41.29 n.m - *J

North

East

149

Azimuth

Flgure 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 cloud is expanded showing more details.
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level, with recpect {o_fhe'maximdh video lével, on the,
displayed colors is 11lustrated éy Fig. 6,3 (a and b). Fig.
6.3.a-and Fig. 6.3.b ére.phe same ac~Flg. 6.2 with a digitlc-
ing level below and above_tﬁc maximun video respéctiveiy.

Fig. 6.4 shows the ;térm as it apﬁears when the_tot;}
sector arrsle is 70.4° (ASPR = 260 sectbr samplec/3). The . .
picture conqentrétgs on the norﬁhern-mo§t bért‘of &he stérm
cloud. '

By decreaolng the sector angle to tne value 35.2° (ASPR

= 320 sector samgleq/S) different parts of the storm cloud

are expanded to show more details}. Fig. £.5.a shows thé_expansion

e

of -the northern-most part of the storm, whlle Fig.-6.5.0 shows

the expansion of. the centre part of the storm cloud..

Example 2 - ¥
° The tape used for this exanple was recbrﬁed during

a severe winter freezing rain storm at Toronto International

Atrport. The PRR.is 400 HZ, and the pulse width . is 2 “3, The -

) ¢

antenna speed of  rotation 1s 6 rpn.

Two video segments of the 'freezing ri}n‘storm are . shown

in Fig 6 5 (a and b) as presented by the display systeﬂ The
~

samoling area sector angle in this case is 184, 3 (ASPR 250

sectorp samples/s). . . v

s

DISC 'SSION

[

The prévioﬁé results showoclearly some advén;ages of .
- using the coélor coding technique.' The'display‘indfcates the

- . f . , , '»

QP
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41.29 n.m | e

35 n.m ! Range

North -7 st

East -80
Y.
Azimuth R . .
35 n.m . . - Range
_— e
Nor th
Azimuth , (b) )
Figure 6.3 The effect of changing the maximum digitizing |
! levels with respect to the maximum video level

on the color presentation of data.

(a) The rain storm as presented when the maximum
. digitizing level is much below the max. video.
(b) The storm when the maximum digitizing level

is much above the max. video.




East

4).29 n.m B,

Azimuth

+

Figure 6.4 The presentation of the rain storm by the display
when the total sector angle is 70.4 degrees and
the north-most part of the storm cloud 1s expanded.
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Azimuth
35
North 7|
Azimuth
Figure 6.5,

,angle. -

(a)
(b)

R 41.29 n.m e .
e ‘ »Range
5,20
.
(a) .
n.m . Lange

(b)

The presentation of the rain storm when the total
sector angle is 35.2 degrees showing two parts of
storm cloud magnified by decreasing the sector

The northern-most part of the rain storm expanded.
The center part of the rain storm expanded.
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South
c:\
West
Y
Azimuth l (a)
) Range
Azimuth (b)

Figure 6.6(asb) Two video segments of the freezing rain’
storm as presented by the display when
the total sector angle is 184.3 degrees.
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strength of the signal in the different points of éhe reflect-
ing.object, together with 1ts area. Sixtegn different signal .
levels are clearly distinguishable. Thus;ia third aimepsion
is added to the display plcture'represehting the éigﬁal amp -
litude. This increases the displayed informétion.and eases o
data interpretatlon. 0

As shown in bhe‘phétogﬁaphs, the hiéh level areas are.
\represented by the whlte and red colors. The.medium levels
are rgpresented, for example, by the yellow,’orange apd green
colors. Finally,‘the low level areas are represented by the
blue colors, - On the other hand, noise is-represegted by dérk
spots which eases recognition.. P ] .
By comparing the photographs of Examples 1 and 2, '
it is evident that the ﬁisplgy réflects,the nature of the 1npat‘
signal. In the first example, the high density signal is
representéd by a conéehtratéd cloud. In the.sgcond éexample,
the display show; a lbw density of high level pcecints.

| ‘A useful feature of the presented display system is
the abi\lity to'concentratg_and expand small areas of space on
the raster séan. This gllows examination and study of more
detaills.

The-effeét of the digitizing level on the color re-
p:°sentation,ﬁfs demonstrated by Fig. 6.3 (a and b). When the
digli izing leyelfis below the maximum video; most of the
different sigha;‘«levels are éncoded into the white color.

ConVersely, the siénal levels are encoded into. the blue calors

i}



.

~

4 ]

Tne signal is encoded into the sixteen diff¢rent -colors ,whert
the maximum video level is equal to th
level. This is the case in the ot

in Exaﬁples 1 and 2.



CHAPTER 7
CONCLUSIONS AND RECOMI&ENDATIO}\IS

7.1 CONCLUSIONS

The use of color in data presentation adds a missing
variable to the monochrdmatic display, which is easily recogniz-
ed*by the human eﬂe: Moreover, the color coding adds to the

display a third dimension representing the signal amplitude.

" Thus, more information is displayed in an easy to interpret

“form indicaﬁing the different levels of the input signal.

The systéﬁ has been successfully designed and it
givés exc2llent results for both the performance test and radar
data presentaéion. The'cplop telgvision*monitor is simple to
use and provides an excellent color selection. '

The la?gg §caie random access digitalAmemory‘and the
@ig}tél circuitry make the system easy to expaﬁd ahd to integfate

ﬁith computer installations.

7.2 RECOMMENDATIONS -

ﬁhe 1ntroducpioﬁ of a microcomputér to the system can
eonkiderably'impfdfé its function, flexibility and performance.
Thus, the.following'advantagés can be realiz:jf\
Signal processing by communicating with the rawzhata stored inv

the first -card of the RAM system, and storage éf pgﬁgﬁssed data

112
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»

in the second card. 'Thus,'either‘bhe raﬁ data or the processed
- data can be displayed. HMany signal processing techniques can
be implementeé by storing a éet of'subrouﬁineé and a main ﬁro—
gram in the.microcomputer, Any of the subroutines can be exe-
cuted by entering é control number to the mic?océmputer fhrough
a key board. . .
2; Adjustable samﬁling rate which.can'be achieved by entering a
second control number to the microcomputeé. Thus, the micro-

e

computer can send a message to the sampiing clock to generate

)

;sampling clock pulses with a selectaple frequency.

3. ‘Changeable‘COIOr code by storing‘a number of colér codes 1in the
microcomputer and selecting the desired color coée by means of
a third control number. Then the microcomputer‘transfers the new

. code to the color encoder.

Ik, Automatically controlled sampling area, data refreshiﬁg and
switchiné,between médes of opeﬁatfon.

5. Possibility of datalformat transformatioﬁ while the data are

stored in the memory.
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. APPENDIX 1

A

COLOR TELEVISION MONITOR

CTM2/51 TECHNICAL SPECIFICATIONS

»

525 lines per plcture, 60 fields per inter=-
laced field.

~average 125 watts.

117 to 135 W (dependent on the CRT beam current
drawn, and for nominal mains voltage). Maximum
165 Watts (for maximum CRT beam current, and

a + 10% mains voltage).

the supply voltage is switchable between 110,
130, 150, 220, 240, 260 Volts. No alteration
of performance for a + 10% variation of mains

voltage. Supply frequency variable between .

hs and 62 Hz.

RGB non-composite Red, Green and Blue
Video 0.7 Vpp & 6 dB positive 75 Ohms internally

terminated. Sync. 2-8 Vpp negative looped through

high Z..
!

> 50 4B up to 5 MHz, any input'to any other.

R
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Max Standing DC  * 5 Volts (all inputs Arive a differential

‘on the Inputs

Frequency Resw

- pbhnse

Sync -
Underscan

Display Per-

formance

Range of Eempn

Pl
eratur§ ,

Relative Humidv

ity
Altitude

Warm Up Perilod

‘Automatic De-

gaussing

15 kHz to 6.0 Miz <t 0.5 dB - ‘

input amplifier)

at 8 MHz <- 1 dB -

at 10 MHz <~ 5 dB
(gradual roll-off)

external sync for RGB. Switchable external/int-

ernal sync fbr‘displéy of composite input,

' reduction in helght  and width’w.r:t. normal .- .

scan (switchable).

L

Picture height © . 11% inch

Picture width .15 3/8 inch

+SOC to + 3500 ambient air temperature to meet

nominal specifications. 1100C ﬁo-+4500 for normal

‘operation.

95% for the whole temperature range.

,

normal performance to 10,000 ft (3000 m).

[

. 1 minute to display

30 minutes -to meet épecifications,

on switching on’ the monitor .

1 S REGRCER 4% 1 PSR NN



. ) 4 ' -
Fuses all fuses are externally exchangeable

all fuses have indicator lamps.

.

Dimensions Width : 17.77 inch
(Fig. A.1.1) Height 18.32-inch ’
Depth \~\\\\ 23.64 inch
Weight - 40.00 kg
n

Second Order Controls

All second order controls are located in the front drawer.

sShift L horizontal direction
~ vertical Lifection .
Line Time Base ° 1line frequency
line sync phase | : .
- phase comparator symmetry SN
Field Time Base field frequency - \ ; . \
height {
. ’ ‘ i
« linearity ! i
Scanning Size switch. for underscan/normal scan .
Sync. - switeh internal/external sync.
Color conﬁerg— by controls located in the front -drawer (1

+

\ .
ence adjustment thorugh 18)

Color Temperature by .Controls in the front drawer (p 20;p}9, QlB)

Adjustment

oS

-




Y

/ -
Gun .Cut-off for red, green, blue.,
/  Switches .
-2 \’
C ‘.
e
s
~ N
;&" [y
. &
. / 451
12.77" .
. s ::ﬂ
(" \ )
465,5 . 4435
18.32° \ Ra7e”
\. J
) oo 1
feEunnf) oooof _
S > 2
a7 .sst’
T -
* g 16.81 .
= - ‘
L

-~

\
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Figs. £.1.1 Dimensions of the CTM2/51
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APPENDIX 2

-

20

-~

ITEM
Type of Memory

, Configurations (Each Card):
tx
3400N

- lodes of Operation

Timing;

' Reaﬁ Cycle
Wmite Cycle
Read/Modify/Write
Access 1

Interface Clrcultry

Loglce Levels:
Loglic Zero

Logic Ohe.

s(j/ RAM SYSTEM SPECIFICATION AND OPERATION

"~ - Table A.2.1 -RAM Systemueneral Specifications

SPECIFICATIONS v

Random access NMOS semiconductor

32,768 words by 18 bits

65,536 words by two 9-bi£ bytes
Read

Write

Read/Modify/Write (Split Cycle)

3400N .
450hs min

450ns min - > N

900ns min“

' * —T
275ns max

Open collector Qutput-74S38 TTL

Input-74SXX series

+2.5 to +5.0 volts

0.0 to +0.5 volt-
»

N ‘ - - \
¥ Modify Plus Time = Time required for processor to respond

to input data from Memory.
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\ e‘ ::~$: .
ah st ’

Power Requirenments: v
ACV to Power Supply ilS, 2&8, 220, 230 ($10%)
Fnequency@‘ 48 to 63 iz

_Line - 1200 Ya max

Power Supply Capability: Volts (*2%) Current (amps méx)
DCV ' +5 € 18.5 amps

415 @ 14.0 amps
-15 € 2.0 amps
ACV to Fans 115 +10% € 0.4 amps.

L
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Table A.2.2 RAM System Environmental Specifications

ITEM

Operating Conditions”

Ambient Temperature
Thermal Shock
Relative Humidity

Altitude

Shigé;ng and Storage

Ambient Temperatubre
Thermal Shock
Relative Humidity
Altltude

Mechanlcal Shock

(in shipping container)

Merary Wirling:

Color Code:

The followlng color code is repeated for every pin group

(Table A.2.3) of the connected pins (excluding the unconnected

pins). e

-

SPECIFICATIONS

0°c to +50°0
thOC per hour
95% max w/o condensation

-1000 ft. to +10,000 ft.

-40° to +85°C

+40°C per 2 minutes

95% max w/o condensation
+40,000 ft. max .
) Drop Test per MIL-STD-810

Me thod 516:\Procedure V.

-Red, Orange, Yellow, Green, Blue, Violet, Brown,

Gray, White,’

V0T G phrinatiomnson Sut. M s 0 4 n it ston ety <

I
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_Table A.2.3 PAM Svstem interface connector pin assignments.

-

\ COMNECTOR CONNECTOR
PN N2 313 Jia I 112 J13 14
A DI -0 A10 DI-18 B3 -- SC -
g |- RET RET RET 6C RET
c DI -1 IYE DI-19 80 00-58/181@ 00-36
’ D RET RET RET BE “RET -_— . RECY
£ 01-2 AL? 01-20 (5 00-38/1Q — D0-37
f RET RET RET M RET -
H 01-3 AL O1-21 Y 00-0 mp®@ 00-18
, J RET RET RET BK RET RET RET
K DI-4 Ata 0I-22 Bl Do-1 OA 00-19
/ L RET RET RET BM RET . RET RET
A M - DI-5 ALY pi-23% ' N £0=2 X3 00-20
N RET RET RET He RET RET RET
p - - - arR -- -~ -
R D1-6 -] A6 Di1-24 BY pa-3 D0-21
S RET Re Y RET BT RET REY RET
T Oi-7 ALY D1-24 BU 00-4 - DO-22
U RET RET RET f1v RET - RET
v D1-8 AlS D1-20 B 00-5 BUL-Y DO-~23
W RET RET RET BX RET RET RET
X D1-9 At 0l-27 23] 00-6 BCL-2 00-24
Y RET RET RET B2 RET ‘ RET RET
2 DI-10 AL1O 01-28 CA DO-7 BCL-3 00-2%
AA RETY RET RET ca RET RET RET
A8 Ol=11 AL LY DI-79 cc 00-8 BCL-4, CO-26
AC . RET RET RET co RET RET RET
AD -- - - CE - -- -
AE Dl-12 Al12 DI-%) cr 00-a _— 00-27
Af . RET RET [ Crt RUT -- RET
AH Di-13 Al13 D1-31 CJ £O-10 - D0-28
A RET RET RET CK RET - RET
AK Ol-14 All4 D1-32 CL DO-11 ex 1n useQ@ po-2b
AL RET RET RET oM RET RET RET
AM DI-15 AI1S 01-33 cN DO-12 - DO-30
AN RET RET RET cP RET - RET
AP Ot-16 Al16 DI~34 CR 00-13 - D3-31
AR RET RCT RET €S REF - RET
AS Or-17 MEMCLR (GRY] DI-35 cT DO-14 - po-32
Al RET RET RETY cu RET - RET
AU - ~- - cv - -
AV 01-38/18Q| e D1-36 cu 00-15 - No-33
AW RET RET RET Cx RET _— RET
AX 01-397199 | wp DI-37 CcY : 0016 - DO-34
AY RET RET RET cz RET - RET
AZ - - -- DA 00-17 -—- DO-35
‘BA - - - - 08 RET -~ RET
@ In Systems Using Self-Test
@ In Systems Without Power Supply
@ 7These connections are for bits 38 and 39 In 3 40 bit system, and for blts
18 and 19 In 20 bit systenm.
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Table A.2.# Menpory. Inputs/Outputs and Interfacing

<

-

INPUTS

Miemory Input

Inpuk Signal

Interfacing

DI-0 Data output of

pI-1 ‘ AuC-memory. interface Direct Connection

DI~2

DI-3

DI-15 6

DI-16
Open

DI-17 -

AI=0 _

. AI-1" ¥

AI—2. Aeress counter.outpup Direct Connection

AL-3 |

Az -14 N

AI-15 High

AT-16 High '

GR GRM (Highy Direct Connection

_RP- " RP Direct Connection
ﬂéw

WP t

f e o wbeey o am e

—t — - —— o —




Table A.2.4 (continued)

Memory Input

Input Signal

Interfacing

BCL-1 ,BCL Direct Connection
BCL-2
BCL-3- -
BCL-U4
1
SC High

OUTPUTS

Interfacing

aarmn § = cpmvn § o

Memcry Output ' ! .Output Signal
" D0-0 b - : !
DO-1 . Memory-Color Encoder é s00 - 5V g
' DO-2 Interface Input Data % . {__"J\NN__‘ ;
, :gMemorv - LCircuit
ioufpuf é input
! ‘ 7400
DO-15 . : =
DO=-16 {
DO-17 Upen ?
A Open :
i ' ‘ ’

Open

———— e p——

EX
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APPENDIX 3

HARDWARE'DETAILS FOR THE DISPLAY SYSTEM

A.3.1 Synec Sisnal Generator

Table A.3.1 Functions of the integrated circuits used for

the construction of the sync signal generator (Fig. A.3.1)

Paékage'Numger‘ . ' Fufiction
| 1 - , . érystal oscillator for the master clock
2 . Divide by 2 |
3. Divide by 4
hg 5 . Divide by 10 each
6- ‘ _ .Divide.by‘g‘and by‘S
7L&'§ : BiAary counters for the divide by 109

circuit (Fig. 4.8.b) -

9. . 6-inverters .

10 ‘ - | 8- input NAND gate for phg Aecoder (Fig.4.8).
1 . D-FF for the divide by 109 circuit

12 - T ' Two- mono. multlfor generating pulses

B and C from A (Fig. 4.8.a)
‘130 : " Mono.mult- for ‘adjusting horizontal sync

pulse width

14 S ~ Mone.mult. for adjusting equalizing
. sync-pulse'width. ..
15 _ . . - Mono. mult. for adjusting vertical sync

pulse width. .



%
s [}
.18 l 17
7404 ! 7420 . - - | 20
t ! ' a
‘ ' 13 l 14 } 15 ! !7404 i
H H
] . l 3
74121 174121 174121 -
) , X
IR
. ! 'n :
16
740 ;
0 -1 10
, ]
i .
1 74574 | 17430
! e
f . . '19
- |
:7492
g
9 %
t o
]. B
1 74504
|
1 ) 2
iy-1d74,25;omnz 74574 |%
X
i

o]

&

Figure A3.1l Circuit lay out and. integrated circuits for the sync
. signal generator. ’

;0
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Table A.3.1 (econtd)

16 & 17 JAND gates |
18 6 inverters
. . ® - .\l
19 . Divide by 3 to.generate system sync.
‘ \

rd

A.3.2 ;ADC—Mcnory Interface

A.3.2 ADC-Memory Iﬁterface{

Table A.3.é.Functions of the Integrated Circults Used for

the Construction of the ADC-Menmry-Intérfaée (Fig.

A.3.2) : ' A
Package Number . ' Function .
1 4'A9 ‘ - _ K Shift registers ﬁuhber.i.+ 9 (Fig
| 4.16) |
" 10 ENAND'gate;
.11 ’ .‘ 6 querters

iz | Divide by 2 and divide by A



o Do

i
: b
1 2 3 ! 4 % 12
‘ , i
74173 174173 174173 74173 74574
l C ' {
z ; J } |
EEEEN. i P i
- 6 } 7 ; | 8 {
174173 . 74173 74173 | 174173 74504
! i |
' }
| |
} 9 10
74500

174195

~ v

Figure A3.2 Circuit lay out and integrated circuits for

the ADC-memory interface.
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A.3.3 Addreccins and Timing Circult:

Table A.3.3 Functlion of the integrated circuits used for:

the consbxuctron of the addressihg and timing circuit (Fig.A.3.3)

Package Bumber

o

o o [ 2N

12
13
4

15
16

17 . ) ’ ;.

18, 19, 20

20

S

Functlon

Address:counter with 1 as the
least significant U4 bits, and

4 as the most significant 4 big
NAND gates

6 Inverters

NAND gates

Counter for 256

AN
ilono.mult., for generating a gene-

‘ral reset pulse at the .switcn-

" ing between modes of operation.

NAND’gates

6 Invérters

Mono.mult. for adjusting RF
signal pulse width, |
ﬁAND-gates

6 Inverters

Mono .mult . ; for adjusting azi-

"muth sampling pulse width

Counter for 512

Sampling .clock (Fig A. 3.4)



» F *
2 E 3 1-
74193 74193 74193 |
E .f
I
10 5 | 8
!
74122 74193 | | 74193
| i
! |
11 12 L3
74122 74500 f74s04
21 20 19
74123 |  [14s74 4193

¥

[4 ;
‘74;93- 74500
i :
6
7 |
74304
74500
|‘
| i
15 |
14 74500
k123 -i
i
16
|
74504 i
18
74193 .

Fiéure A3.3 Circpit lay out and integrated circuits for the

[

addressing and timing circuit.
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8
! ’
.
+SY-€ iz ;‘ j—l ON/OFF input
. 0 g e (
: -r_‘__#__ 14| 3 | \
Output 13 a4 | ‘ ’
| 12 SN74123 s 1| ‘ -
K ] 11 6 | ' '
10 7 LT AR
9 8 —
" ¥

1



< N .
N\ “

A&E)ﬁ Memory-Collor Encodertlnterche

*

L

Téble A.3.4 Funcgions of the integrated circults used for

the construction of tne memory-color encoder lnterface

(Fig. A.3.5)

kS

Package Number o= Function
‘o
1+ 8 Shift reglsters 1 +8 (Fig. 4.19)"
9 _ < JAND gates

10 ‘ : ' Mono . mult.for generating a pulse
‘for memory cycle initiation with
-
///{ ‘ . the switching from writing to read-

ing modes of operation

11 . Inverters =~

12 “ ' . Shift register 9

13 7o . = Inverters .

14, 15 - ' Divide by 4, the latter for gene-
rating Ry (Fig. 4.19)

16, 17, 18 Counter for 512 4

19 . Mono,mult, for adjhst;ng the p&ise
width.of SR9 data inputve_

20 - OR gate to generated R pulse for

the R-S FF when the carry of 512
counter 1s on or gduring the general
" reset pulsé.'

21 o 'R-S FF
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Figure A3.5 Circuit lay out and inteqrated circuits for the

»memory-color encoder interface.
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Table A.3.5 Functions of the lIntegrated clrcults used

for the construction of the color encoder (Fig. A.3.6)

Package Number Q . Function

2

[ 97]

~N O

10
11
12
13
1

3

Divide by 16

b-bit binary counter

6-Transistors for DAC

€dono‘ mult.’

NAND gates for testing data
Ihve?ters for data odtput’from ROM;
Two NAND gates for gatlng data with
system sync

OR gates to gLave the 1lnput and test- |
ing data
"ROM 1

ROM 2:
Inverters

-

NAND gates for input data

+

Inverters

Inverters



74121

7450Q

137

1 2
74193 74193 )
!
| It .
< | L
5 6 3 R
74500 74504 six —— G
trans-
istors!™ — B
8 9 i *-10 1)
74500 ROM 1| ROM, 2 450 4
12 13 14 ‘i -
|
74S00 7450{ 74804 |
|

Figure A3.6 Circuit lav out and integrated circuits for
the color-encoder.
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