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Telev i s i on D i sp lay
Elect ron i c Zoom
T i l t  and Pan Capa bi l it y
Var i ab le Sca n Si ze TV Mo ni tor

A B S T R A C T  (Continua On r. ,versS side ii ~~~~~~~~~~~~ arid Ider,t,iy hr 5 1 . 6  ,,I, m be r )

For simulators and other research applications a television display with
var iable image size and image position cap cAbi lity is often required.
Telev ision monitors featuring this capability , in addi tion to variable scan
rate and high degree of lineari ty, have been developed by industry , but are
too expensive for many appl ications. This report describes a relatively
inexpensive modification of a cornercially available television monitor for
electron ic remote control of scan size and image position.
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PREFACE

This (levelopment wor k was accomplishe(l at the Aerospace Medical Research Lahoratory,
W right-Patterson Air Force Base, Ohio. Adolf R. Marko and I)avid A. Ratino were the project
officers for Aerospace Medical Research Lahoratory. I)on McCollor wa s the proje ct engineer for
t he Raytheon Service Company.  Burlington, Massachusetts. The authors express their grati-
tu de to Ms. I’eggy Lighthisei and M5, Joa.ine Lawrence for their help in preparation of this
report.
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NTRODUCTIO N

For so me simulators used in the field of hit i i i  a ii pE’ rio rot alice measurements , a t I le V is ion
display having the following modes of opt’ ration is desirable:

The i wage should be controllable in the X and V position by voltages ile ri ‘.‘ed fro m a computer
(or other devices) .

The s ize of the image should Lw controlled by a S ~ r i a  li lt’ l)( ‘ vo ltage .

The i f  iv to us sol it t ion to this problem is to use a te levis ion ia liii ’ ra with a servu—co ntrti l leil zoom
lens and a st rvo-cont rolled pan and tilt unit. This approach is ofte n used , hut has two  limita-
tions. First , spee d for i’hanging posit ion and image size is Ii inited by t he eli t ri i-m*’ rhanical
servo sys tems and he response cha rat ’ t e rist ic of the I’anlera tube I vitI icon~. Set’on( l, t he i’esolu-
t ion varies ’v ith size of the image and may he insufficient below a certain image size , Another
approac h to the problem is a t i’ It’vi~ ion monitor w ith variable scan size and scan—field position.
SIIt ’h monitors are commerc ially available , hut the price is approximately 40t i mes higher than
the pri ce of a standard TV monitor . These monitors are not mass production items and usually
have much higher performan ce s pec i f ’ icatiot is , i.e., resolution , linearit y , and stability.

F’oi many app lications , however, a TV monitor with the performance of a standard moni tor
wou ld be adequate if it could he converted to the zoom and positioning capabilities at a
reasonable i’t i st .  This report describes development work leading to the conversion of a co rn-
merciallv available TV monitor into a monitor with zoom and X -Y image positioning capability.
This report may be useful for a person with experience and knowledge in television receiver and
monitor tec hnology, hut is not cons idered adequate to teach the procedure to persons without
previ o us experience in the television field. No comp lete literature search on the subject has
been performed , and the pat ent s have not been investigated at all. Therefore , the authors (10
not clai m originality for th is  work an.I can not ass ume any responsibilit y for possi b le Patent
infringement.

PROBLEM ANALYSIS

Many television monitors and also comp lete television receivers have adjustments for the
picture width and height , some have a switch allowing full screen area pict tire or reduced scan
size. It may appear that variable scan size could easily be accomp lished by expanding the range
of ’ the already available controls. For varying scan size of only 3’~ ( from 7 in. full screen image
wi(lth to ‘ in.) the probleni can lie solved in this simple way. For this monitor , a minimum of 10:1
scan six.’ variation has been requested, exc luding the application of the previously mentioned
approach.

There are two bas ic approaches for the magnetic deflection of a cathode ray beam in use. The
commonly used techni que , applied in almost every television receiver and monitor, works with
resonant deflection circuits. This circuitry has been developed to maximum e fficiency at a
minimum cost for components. With a certain set of components it works only within a small
range of scanning frequencies (scanning rates). The other approach , used in sonic special
multi-rate precision television monitors , em ployees nonresonant linear deflection amplifiers.
The amplifier for the horiz o ntal deflection is rather expensive , because it must deliver peak
power in the range of 300-500 volt-amperes , in addition to the required linearity and frequency
response. The development of such amplifiers is not considered practical for an electronic
support laboratory. Since the performance achieva b le with this special amp lifier was not
necessary for the parti c ular application , the following description is concerned with this
technique only for the vertical deflection.
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TECHNI CAL APPROA CH

Figure 1 is a block diagram of the vertical deflection. The vertical ramp voltage from the
original circuits in the monitor is used to feed the V input of an integrated circuit multiplier.
The X input for this multiplier is derived from the DC control voltage for the image height. The
output of this multiplier is a vertical deflection ramp voltage controlled in amplitude by the size
control voltage. A posiL on control voltage and the output of the multip lier are summed in the
following linear amplifier. The actual circuit (figure 3, page 6) used for the vertical deflection
has, in addition to the components shown in the block diagram , an operational amplifier A l to
increase the ramp voltage to about 7 volts peak-to-peak and a second operational amplifier, A2 ,
to perform mixing with the position control voltage and current linearization. A commercial
power amplifier A3 (RCA-type HC- 2000, up to 7 amperes) is used to drive the vertical deflection
yoke. This amplifier was used because it was available from a previous project. Since the
vertical deflection yoke requires only 0.3 amperes for full deflection, the HC-2000 could be
replaced with a less expensive type, delivering only ±0.5 amperes at ±15 volts.

VERTICAL
POSITION CONTROL

V ERT~~AL

- Figure 1. Vertical Deflection

The hori zontal deflection circuit is similar in operation to the original circuits in the monitor ,
except for the size control and position control features. In the monitor , t he horizontal deflec-
tion circuit is also used to generate the high voltage and the focusing voltage for the cathode ray
tube, as well as the horizontal blanking pulses. For this reason, it is not practical to modify the
circuit in the monitor for size control, because this would affect brightness, focus ing, and
blanking. A coil with approximately 167 microhenries has been substituted for the horizontal
deflection yoke in the monitor to keep high voltage generation , focusing, and blanking in
operation. The connections to the horizontal deflection yoke have been brought out of the
monitor via an RG 59coax cable and connected to an auxiliary deflection circuit. Theconceptual
circuit diagram is pictured in figure 2. Horizontal drive pulses generated in the monitor are also
brought out via an RG 174 coax cable , and drive the transistor TR2 “on” and “off.” The amount
of power supply voltage TR2 can use depends on the horizontal size control voltage acting on
TR4. Since TR2 acts as an on-off switch , the voltage and current swing on the horizontal
deflection yoke will be proportional to the horizontal size control voltage. The horizontal
deflection yoke, L4, is connected via the choke , L3, to the output of a DC power amplifier for the
horizontal position control of the scan , L3 is in the order of 1 millihenry (about 10 times the
inductance of the horizontal deflection yoke) and prevents loadingofthe horizontal ramp signal
by the DC power amplifier used for positioning the scan in the X direction. Ll, (‘4 , (‘7 and the
hor izontal deflection yoke, L4, form a resonant circuit tuned to approximately 50 kilohertz, the
fundamental frequency of the horizontal retrace. The tuning is accomplished by selecting
capacitor, C4, for maximum deflection without foldover in the horizontal and best linearity. A
damper diode, Dl, is parallel to the switching transistor , TR2, similar to standard design in
television circuitry.

3 

— - . -— .—~~~- -- — - ~. ‘. ‘ - _ s - ”~~~-4~- _- —- - —



+ 15V

HS

SIZE CONTRO L

~~L I

C7  L3  /1—H
RH _~~~—~ TR2 HORIZ

HOR DRIVE _L~ L4 CON TROL

T 4 Dl HORIZONThL

Figure 2. Horizontal Deflection

THE COMPLETE MONITOR DESIGN

The work on the conversion of a commercially avaj iable television mointor to a monitor with
zoom and picture position control may be divided into two parts: the modification of the
monitor, itself , and the design and fabrication of an auxilIary electronic unit providing the
necessary deflection signals and inputs for the control voltages.

The monitor is modified by disconnecting the deflection yoke from the internal monitor cir-
cuitry and bringing the yoke leads via a 6-pin connector out of the monitor and to the auxiliary
electronic unit. In addition to the horizontal and vertical drive voltage s (generated by the
internal monitor circuits) are also brought out via a 4-pin connector. Two inductance coils, one
with 167 micro henry for the horizontal and one with 75 millihenry for the vertical, are installed
in the monitor itself and connected to the internal circuits instead of the horizontal and vertical
deflection yoke. This is necessary to keep the internal deflection circuits working properly and
generating the drive and blanking signals, as well as the high voltage (final acceleration
voltage of approximately 10 kilovolt) and the focusing voltage . The grid of the cathode ray tube
is also brought out via the 6-pole connector to facilitate automatic brightness control with
varying image size. Five coaxial cables are used to connect the monitor to the auxiliary
deflection unit. The length of this cable should not exceed 3 meters. In one modified monitor we
used one meter length of cable. For the horizontal deflection with its higher current , a type- RG
59 coax cable was used while the other four cables are of the RG 174 type. The coaxial cables are
used as shield cables with low capacitance , but not in the context of high frequency transmis-
sion lines. Careful matching ofcharacteristic cable impedance with load and source impedences
is unnecessary, because standing waves causing power loss and reflected signals practically
never occur in this application. The maximum frequency of 50 kilocycles represents a wave
length of
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compared to a cable length if one meter. Thus, any kind of connector adequate for the currents and
voltage may be used, the application of high frequency connectors (BNC would not he advantageous.
There is a limit in cable capacitance for the horizontal deflection signal , as well as a limit in dielectric
and resistive lossi’s of the cable. The previously stated maximum length of3 meters for the cable has
been derived f’rom a bench experiment with such a cable. The auxiliary deflection unit is built into an
aluminum box measuring 10 by ) by 3.i inches. A commercial power supply with 1 ~i vo lts 3
ampe res is used outside this box.

CIRCUIT DESCRIPTION

As previously ment ioned, two different principles are used for the vertical and the horizontal deflection.
The diagram in figure 3 depicts the vertical deflection circuitry. From the deflection circuits in the
monitor, a vertica l ramp voltage with 1-volt peak-to-peak amplitude is picked up from the emit ter  of
trans istor TR 304 see Panasonic monitor diagrarn i and capac itive’ lv coupled to the operational
amp lifier A l .  The output of this amplifier is 6.5 volts and connected to the V input of the f~d lowing
intergrated circuit multi plier. The X input to this multip lier receives the size contro l voltage via R15 ,
R16 from the horizontal deflection circuit (0 to + 10 voltsi. The output ofthe multip l ier , a vertical ramp
vo ltage with an amplitude linearly proportional to the size contro l voltage , is one input tothe following
operational amp lifier A2. The other three inputs to the summing junction of A2 are the vertical
positioning voltage ± 10 volts l, a voltage derived from a vertical centering control and a current
linearization feedback voltage’. The final power amplifier, A3 . drives Vi~i a coax cable) the vertical
deflection yoke of the monitor terminals E and F in fig. 3 .

The approach used for the horizontal deflection is shown in figure 4. Transistor TR1 is driven from ~i
signa l pic ked up in the monitor from the haseoftransistorTR4 02 . The horizontal drive ’ transformer , TI ,
in the collector circuit of TR1 drives switching transistor TR2. Collector current supp ly for TR2
controlled by TR4 which , in turn , is controlled by TR3 and finally by the size control voltage () to 1))
vo lts fed to the base ofTR3. The base current ofTR3 and therefore its collector current is practically a
linear function of the size control voltage in the range from + 1 to + 10 volts. Voltage available to the
collector circuit of switching transistor TR2 is also a linear function of the size control voltage , the
horizontal deflection current swing. and with it the horizontal length of the scan- Capacitive coup ling
‘( ‘7 of the horizontal deflection yoke is necessary to superimpose :i 1)1’ current for the’ scan position
contro l and also for beam centering without a position contro l voltage. The position contro l current is
supp lied from a power amplifier via a one millihenry choke (L3 ) and a 3-ohm resistor. This position
contro l current is in the range of 3 amperes and moves the center of the scan he’tween the left and the
right edge of the screen. This current , and with it the positioning range, is basically limited by two
factors: t he current carrying capability of the horizontal deflection yoke and the current delivery
capability of power amp lifier A4. In this case , the deflection is limited by t he horizontal deflection yoke.
The horizontal deflection voltage has a maximum peak-to-peak value of about 120 vo ts I)iodes 1)2. 1)3
and the capacitor (‘6 generate a DC voltage of a maximum 240 volts USc(I to control I he bright ne’ss of the
image accor ding to the picture size. This brightness control signal is connected by a I S meg ohm resistor
to t he grid of the cathode ray tube . Capacitor (‘4 is used to tune the’ de’flection circuit consisting of LI .
(‘4 , (‘7 and the horizontal deflection yoke) to the fundamental frequency of the retrace ramp. Practi-
cally, t his tuning is accomp lished h~ exper imental selection of (‘4 f u r  maximum deflection width
w ithout horizontal foldover. The value of( ’4 0.1 ~.zF’ ) given in the component list may have to be altered
hecaus ’ofthe’ differences in inductance’ and capacitance by using another monitor. A damper diode Dl I
is introduced in a ma nner similar to conventional deflection ci icuit design.
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‘‘D4 RI8 
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R15
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~~~~ R21

Figure 3. Vertical Deflection Circuit Diagram
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R21 JT
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R3 C2
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T / )

+ 15 .—~~~~~ 
.
~Wv—~ ‘15

~C (TO C IN FIG.3) C~~X CABLE
Figure 4. Horizontal Deflection Circuit Diagram
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RESULTS

A Panasonic television monitor (model WV 9 i)) ) has he’t’ii inodi fied and corn hi ned with an au X i  I—
iary electronic unit to ~ iei’y scan size h means nt a cc ‘nt iol voltage fi’orii fuj I screen size to 1 1( 1 of
the’ screen size. The position of the center of the scan may he’ shifted by X and V I)( ‘ contro l
vo ltages ( ± 10 vo l t s )  from screen center to the edge s (if the sc reen. Resolution , linearity, and
stability of the image are not significantly alte red w 1 ‘‘n compare d to the performance’ of the
original monitor. The’ basic concept outlined in the report is (‘onsi(Iei’e(I al)pIicabl(’ t i c  other types
and brands of television monitors . but may !‘equi re some additional enginc’er i rig work not
out lined in this report .

GENERAL REMARKS

The work outlined in this report was accomp lished in i-esponse to a require ment from a gi’ou 
~ 
of

AM RL researchers. The objective was to produce a prototype laboratory model wi th t h e
specif ied performance at minimu in (‘list and in the shortest time. This is signif icantly d i f b rent
from product design in industry . Minimizing material costs in a research la loc ra tory  din’s not
trans late into absolute minimum cost of all materials, but essentially means to reduce the c ost
o f all materials which have to be procured. Components already in the lahorator’y (f i’orii other
projects , design changes , disassembled items . etc.) are muc h more economical to use than new
parts , even t hough the actual price of the new item is a fraction of the original cost (if the
co mponent available in the’ lab. A similar consideration applies to the cost of time . To find a
tec hnical approach that could he used with the expenditure of minimum man hours often
requires more m a n  hours than the application of an available approach that may he far from
optima l in t e ’ i i i i s  of work effort. Well aware of these limitations , the authors still believe that the
inforinat ion in this report could be of value to e’ngineers and technicians in other organizations.

7

- ---~~~~~~~ - — - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - ,- ‘ - - - - -—-  -- - —



1.1St iif ( ‘r e c l p c c l z. Pc (s

Re ’s is t cc rs ~
RI , R3 22 kohm R13 5.1 kohm
R2. R12 47 (ibm R14 33 kohm
R4 ~2 kohm Rl5 3.3 kohm

3 ohm 2.5W RIG 2.7 kohni
R7 22 ohm R17 470 kohm
R8 a I kohm Rl8 47 kohm
R9 27 kohrn R19 10 kohm
RH) oMI t  ohm R2(I 6.8 kohni
RI 1 27 ( 1 ohm R2l 33 kohm

R22 2. 7 kohm
A ll resistors are 5’ R23 68() ohm
I 4 wat t  except for R6 R24 22 ohm

R25 It) ohm
R26 1. 8 megcc hrn

Capacitors:
Cl 25 p F’ 25 vo lt electrolytic (‘ti 0 ) 5  j~I” 500 volt
( ‘ 2  25 0F 25 volt electrolytic (‘7 t) .4 p1” 20(1 volt
(‘3 200 1iF 25 volt electrolyt ic (‘8 100 p1”. 25 vo lt elect rolytic
( ‘4  (1 1 jzF 200 volt (‘9 360 pF 11)1) voit

) ) . )h pI” 500 volt ( ‘ I I )  561) pF I 0)0 volt

}‘c te’fl t i c  lilt ‘ It ’  rs
PV . 5 Kohrn VERTICAL (‘ENFERIN(
PH, 5 kohrn HORIZONTA L ( ‘EN ’l ’ERING

Ip ul ue -t o ,ite’s
Li Tiun microhenrv 2:\
1.2 1 mi llihenrv ‘t ’T ( ’— tv pe \ I’ - l
l.. . l..i lo mit’ro he’nrv \1j l~ ’r r , 2 2 ( )

1.1 hiiri,iinl il deflection yoke ’ in rnonitt ir
I .~ V ( ’ rt ica l de’fle’ct ion c i ke  in monitor

-‘ ‘r i p / I / I c r

‘~1. \_
~ l)ual p amp \ l i i t i c r cc la  M(’ l-ISs
I R~’ \ I~ pt 11(’ -2000 eac h

I r i , , i s c ’c i .,
‘fkl .\ t c i m c c r c i l a - v p t ’  .\ l ’t.1P.5~ ’ .15
TR2 ~ v Iv~ini~a .1 v pc ’ K ’ ;  16:3

2 N : :t9 I
‘I’R4 Miilorol ,i-tvpe 2 N5(Hi9
for t ra ri~ i~.i cc r ’~ I’Rti 14 a rid TR402 ~~~‘ ‘  original monitor diagram

Misc t I I u , c c c c c i . s Pari s
I)a mper Diode 1)1 I ‘art Ni, YVI) I S6$9A l’anasoa c )
Horizontal drive transfi rrner Tl Part No ETH16F6A (Panasonic)
Multiplier M Burr Brown model 4205
l)ual power supp ly ‘ 15 volt , :3 amperes
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