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A System for Measuring the Quadratic Content

of Television Signals

by
B.L.McGlamery

1.0 INTRODUCTION

The analysis of the performance of a real detection or recognition
system is often a complicated procedure involving the inefficiencies and

non-linearities of individual components of the sensor and the method of

processing the sensor output. To obtain an indication of the overall per-

formance of a real system it is useful to compare it to an optimum system
which is limited only by the amount of information occurring in the input

Previous work at this laboratory has developed the theory which

signal.
1,2,3

describes the performance of the optimum system. The centralresult
is that if the target is on a uniform background and the noise in the signal

is Gaussian and white, then the statistical performance of the optimum

system canbe completely described from a knowledge of the noise properties

of the signal and a property of the signal known as its quadratic content.

The quadratic content of a signal is defined as

Quadratic content =f[f(t)] . dt (1)

1. J. L. Harris, Scripps Inst. Oceanog. Ref. 58-56 (1958).
2. J. L. Harris, Scripps Inst. Oceanog. Ref. 59-65 (1959).
3. J. L. Harris, Resolving Power and Decision Theory, J. Opt. Soc. 54,

606 (1964),
4. S. Goldman, Information Theory (Prentice -Hall, Inc., New York, (1953)

p. 80.
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As applied here, f(t) is a noise-free signal referenced to the background
of the target.

The Visibility Laboratory has been studying the application of tele-
visionto detection and recognition systems under Bureau of Ships Contract
NObs 84075, Assignment 3. One phase of this study was to determine the
performance of atypicaltelevision system in a detection system. Thus the
performance was tobe weighted by the sensor's characteristics. However,
norestrictionwas tobe made on the method of processing the sensor output,
i.e., the performance of the sensor was to be based upon optimum utilization
of the sensor output. This was accomplished by measuring the quadratic
content of the output signal of the sensor. From this quantity the performance
assuming optimum processing could be calculated.

Toimplement these calculations the quadratic content per TV frame
of avariety of complextargets illuminatedunder various lighting geometries
andviewed by a television system at different resolutions was needed. Direct
measurements from a television system and actual targets were desired.
To obtainaccurate measurements of quadratic content, the system was to be
operated so as to maximize the signal-to-noise ratio. Then the results
could be extended by simple calculation to other conditions such as reduced
target contrast due to atmospheric scattering, increase of noise due to flux
limitations or additional transmission links, and other factors. An instru-
ment was developed to make these measurements. This report describes

the operating principles, physical characteristics, and performance of

this instrument.
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2.0 REQUIREMENTS

From the definition of the quadratic content of a signal the steps
necessarytomeasure itare well defined. First the signal must be squared
point by point and then the squared signal must be integrated over the target.
The target is referenced to its immediate background. Hence d.c. levels
in the output of the television system are disregarded. The average value
of the waveform on either side of the signal is considered to be the reference
level and the signal is squared about this level. Both positive and negative
excursions about this level must be squared.

Figure 1 shows a typical (except for absence of noise) oscillograph

of a single TV scan across a target.

Background = — — — — — — —

Black — —

I Signal and
| Background
l l
le— |
I |

|
I
Sync. and ||
Blanking |

Fig. 1 Television video waveform for one horizontal scan line.
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Inadditionto the signal of interest, the waveform contains synchro-
nizing pulses, blanking pulses, and d.c. levels which must be eliminated.

Figure 2 shows a sequence of operations demonstrating how this is accom-

plished.

Target
Background

Reference

Input D.C. Level
Signal Shifted
(a) (b)
Video gated on
only on target Squared
(c) (d)

Fig. 2 Processing of video waveform for squaring of signal

Firstthe d. c. level of the waveform is shifted to put the background
levelatthe zeroreference. The signalis thengated on only during scanning
of the targetand its immediate background; atall other times the value of the
waveform is zero. The waveform is then squared. Finally the gated and
squared signal is integrated to give the quadratic content of the signal,

Inpractice the signal will be accompanied by noise which cannot be
separated from the signal. For targets of sufficiently high contrast the
effect of the noise canbe ignored. Inother cases the noise may be of signi-
ficant amplitude comparedto the target so that the quadratic content of the
signal due to the target cannot be measured directly. However, if the noise
canbe measuredinthe absence of atarget signal, then its contribution to the
measurementof atarget signal canbe subtracted out. The method of doing
this will be considered in a later section.

4
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3.0 POSSIBLE METHODS

There are various ways inwhichthe quadratic content measurement
might be implemented. Several methods will be briefly discussed before
a detailed description of the method used is given.

A method requiring a minimum of equipment is to take oscillograms
ofeach TV line that crosses the target. The ordinates of the signal are read
from the oscillograms and the squaring and integrating operations are per-
formed by numerical methods. This method can be very tedious.

Various square-law devices suchas diodes and resistorthermocouple
combinations exist which can be used to perform the quadratic-content
measurement. These devices would have to be used with wide -band video
and gating circuits. Design of these circuits is quite feasible. However,
amuch simpler method can be used in which the video signal is connected
directly from the television system to anoscilloscope and the measurement

is made from the oscilloscope display. This technique will be described.



oscilloscope to provide the squaring operation.
essential components of the system.

4.0 OPTICAL MASK TECHNIQUE
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The system devisedemploys an optical mask in conjunction with an

system may be found in Fig. 7.

eA
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Fig. 3 Simplified block diagram of the quadratic

content measurement system,
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4.1 The Squaring and Integrating Operation

The squaring operation occurs in the following way. Consider a
small increment of the video waveform representing the target. This incre-
ment is repeated at the frame rate of the TV system. Imagine that only
this small increment is unblanked on the oscilloscope. Now if a slow
horizontal sweep is applied to the oscilloscope the resulting display will
be a series of dots across the CRT screen, each dot representing the
incrementduringa TV field. Now let this display be imaged upon a maskas

shown in Fig. 4.

CRT ®

Fig. 4 Optical mask technique for squaring the video signal

The amount of flux passing through the opening in the mask will be
dependent upon the vertical position of the dots uponthe mask. Now assume
the cutout in the mask is a parabola, x:kyz, centered on the centerline
ofthe CRT. The total flux, then, passing through the mask in one sweep
due to an increment of the signal is proportional to the square of the
vertical displacement of that increment from the center of the CRT.
Actually, a small error is involved since the CRT pattern is a series of
dots and not a continuous line. However, if the sweep is slow enough the

dots will be closely spaced and the error will be small,

8
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So far only the fluxfroma single increment of the target signal has
been considered. The same reasoning used in the previous paragraph
canbe applied to each increment of the target signal. If the contribution
from each target increment is considered, the flux coming through the
mask in one horizontal sweep would be proportional to the sum of the
squares of the vertical positions of all the increments of the signal. Since
these increments are imaginary they may be consideredto be infinitesimal
and the sum becomes an integral. Hence the total flux passing through
the mask in one sweep is

S

T
Frotal = ki of [c] e, (2)

where Tg isthe period of one sweep, k) is a constant of calibration of the
system, and e(t) is the instantaneous value of the gated video waveform.
The appearance of the display when all of the target signal is unblanked
on the CRT would be a series of vertical lines, each line containing e(t)

due to the target for a single TV field.

The instantaneous flux passing through the mask can be converted
into an electrical current by means of a multiplier phototube. The total
charge delivered at the anode (neglecting dark current) during a single

sweep is directly proportional to the total flux received by the phototube

during that time.
s

T
Uotal = 2 of [em] (3)

The average current may be found by dividing the total charge delivered

during Tg by T

Ty

Tg
i ave - T—Z f [e (t)] = kg / [e(t):l2 dt (4)
o

o
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The average current is measured by filtering the anode current with a low
pass RC filter which passes only the d.c. or average value of the current.

The voltage, E, developed across this filter is directly proportional to

lave:
Ts
2
E =K f [e(t)] dt (5)
o
The average value of e(t)2 has been found over a period of one slow
sweep . Disregarding any errors due to noise, the average of e(t)2 over

the period of one TV frame would have the same value., Due to the gating
of the CRT, the display is turned on only for a time r. That is, the CRT
beam is turned on only when the target and a small part of its immediate
background is being scanned. Hence e(t) is effectively zero at all times

outside of 7. Therefore Eq. (5) can be written as
T

_ 2
E = K![e(t)] dt (6)
T
Or é/[e(t)]z dt =§ (7)

Equation (7) expresses the quadratic content of the target signal in terms
of ameasurable quantity E and a constant K. K is easily evaluated by cali-

brating the system with a signal of known quadratic content.

4.2 Correction for Noise and Dark Current

Equation (7) was derived neglecting video noise and phototube dark

current. If the contribution of noise and dark current are considered, Eq.

(6) becomes
r
2
ES+N+D =K ! [es(t) +eN(t)] dt + Eg- (8)

The subscript notation is: S denotes signal, N denotes noise, and D denotes

dark current. Expanding Eq. (8) yields
10
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dt + E
D

Eqap = K Ofg fs®]? + 2egttr ey + [e]°

=K f[es(t)]z dt + 2K /Ies(t) eN(t) dt + K »/‘f[eN(t):l2 dt + ED.
o o o

(9)

Solving for the quadratic content of the signal gives

T T

’/~[es(t):|2 dt =-Il? ES+N+D - ED - 2K fes(t) eN(t) dt - E)/-[eN(t)]Z dt

(o]

(10)

The first term in the brackets is the output of the anode filter circuit when
measuring the unknown signal with its associated noise. The second term
is the output of the anode filter when the phototube receives no flux from the
CRT. Thethirdterm, involving the cross products of the signal and noise,
is a random variable of zero mean. Since the output circuit passes only
mean or d.c. values, the contribution of the third term is zero, assuming
that the time constant of the anode circuit is long enough to smooth out the
deviations from the mean. The fourth term is the quadratic content of the
noise, whichmay be foundby measurement in the absence of a target signal.

Thus all right hand members of (10) can be either measured or dis-
regarded and the quadratic content of the target can be computed from these
measurements. For some targets the contribution of the target to the output
signal will be much greater than that due to noise and dark current. In

such cases, Eq. (7) may be used directly.
11
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4.3 Gating the Target

Inmaking the measurement, only the video representing the target
and its immediate background are to be unblanked on the CRT. Figure 5
shows the waveforms which demonstrate this gating operation. The numbers
designating the waveforms are included in Fig. 3 to clarify the sources of
the waveforms.

Line 1 shows the horizontal synchronizing pulses (H sync) generated
by the TV system. Line 2 is a simplified representation of the TV video
with a target extending over three lines. Line 3 shows a vertical gate
generated to overlap the H sync pulses of the three lines containing the
target. This gate is triggered by a delayed vertical sync pulse. Line 4
shows the output of an AND gate whose inputs are H sync (line 1) and the
vertical gate (line 3). This output contains a horizontal sync pulse only for

those lines containing the target. This signal is used as a trigger source

for the delaying sweep channel of an oscilloscope suchas the Tektronix 545A.
The controls of the oscilloscope are set so that each gated H sync pulse
generates a delayed pulse which slightly overlaps the target video, as shown
on line 5. These pulses are used to unblank the CRT as shown on line 6.
Line 7 represents the CRT display as the time scale is compressed. Finally,
line 8 represents the oscilloscope display when the slow horizontal sweep is

applied.

12
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Fig. 5 Waveforms used in gating the target
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5.0 THE SYSTEM

5.1 Description

Figure 6 shows the instrumentand associated electronics developed
by the Visibility Laboratory for the purpose of measuring the quadratic
content of television signals. A detailed block diagram of the system is

shown in Fig. 7. d

b a e
Fig. 6 The quadratic content measurement system.

The chassis labeled (a) contains a variety of circuits, The video
from the television system is fed throughthis chassis via a calibrated video

attenuator and selector switch to the oscilloscope. The attenuator is used

i5
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to set the video amplitude within the range of the square-law mask. The
chassis contains the gating circuits needed to provide the gated H sync
pulses for the oscilloscope, as shown on line 4, Fig. 5. A circuit is pro-
vided which mixes the video and the delayed vertical gate (line 3, Fig. 5)
so that the portionofthe TV picture being gated vertically can be observed
on the television monitor (b). The chassis also contains a calibration source,
the multiplier phototube high voltage supply, the phototube anode filter

circuit, and the low frequency sweep generator for the oscilloscope.

The oscilloscope (c) is a Tektronix 545 A. A simple modification
of the oscilloscope is necessary to allow the CRT to be unblanked in the
"A delayed by B''mode while the horizontal selector switch is actually in

the "'external'' position. Figure 12 inthe appendix shows this modification.

The tube (d) attached to the oscilloscope contains the square law
mask, associated lens and the multiplier phototube. The CRT display is
imaged upon the mask by means of an objective lens. Immediately behind
the maskis alens whichimages the objective lens upon the phototube. This
method eliminates scanning of the photocathode. Also within the tube is a
mirror (not shown) which canbe swung down in front of the phototube. Above
the mirror is a small lamp which is turned on when the mirror is down.
The optical system then projects the mask upon the face of the CRT. The
operator can look at the CRT through a porthole and position the display
with respect to the image of the mask.

Several other features of the optical system should be noted. A
possible source of error in the instrument is the fact that the CRT spot
has a halo of light around it. This halo results from light from the spot
which is reflected at the face of the CRT back to the phosphor and then
scattered. Thus the flux representing one of the increments of the signal
is not imaged solely upon one vertical position of the mask, To reduce
this effect, aneutral density filter is placed in optical contact with the CRT

faceplate toincrease the contrast. The image-forming rays from the spot
17
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pass through the filter once and are thus attenuated by a factor of T, the
transmission of the filter. Rays from the spot which are reflected and
scattered to form the halo pass through the filter at least three times and
are attenuated by a factor of atleast T3. Additionof the filter thus increases

the contrast of the spot by a factor of approximately —% or 12 . >
T T

Another source of error involves phosphorescence of the CRT
phosphor. If the CRT has been very bright prior to a measurement of a
very small target, the phosphorescence of the previous display can add a
significant amount of flux. This problem is circumvented by using a phos-
phor with a fast decay characteristic. Or, if a P2 phosphor which has a
fast blue-green fluorescence and a slow green phosphorescence is used,
the latter canbe filtered out by placing a dark blue filter over the phototube.

The signal from the phototube is fed back to the chassis (2) where
it is filtered. It is then measured by the d.c. VTVM (e). This reading is
the output of the system, E E or ED, depending on what is

S+N+D’ T N+D’
presented on the CRT.

5. For a description of this technique, see Zworken and Morton, "Tele-

vision', Wiley and Sons, 1954,

18
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5.2 Performance

The transfer function of the system is shown in Fig. 8. This curve
was obtained by using a symmetrical square wave as the input to the sys-
tem. The system output is proportional to the square of the input over a
wide range of input amplitudes. The output near the edge of the mask falls
off mainly due to a decrease of CRT intensity at the edge of the display.
If this edge is avoided the output is within + 5% of the square of the input

over a normalized input range of .05 to 1.

Edge of
Mask
atf—————— Useful Area of Mask "| *
1.0 °
2
Solid Line: y = kx

T Points: Experimental data °

.8
o
o
5
o .7
£
5
z .6
H
5 .5
@)
w
>~
n

.3

.2

.1

0 ] !

Video Input, Normalized

Fig. 8 Transfer characteristics of the quadratic content meter
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The frequency response of the instrument is determined by several
factors. One factor is the electrical bandwidth which is determined by the
pass band of the interconnecting cables, video attenuator, and oscilloscope.
Obtaining a pass band well beyond the frequency response of the television
system (10 m.c.) is insured by using terminated 75 ohm coaxial cables, a
precision high frequency attenuator, and a broad band (24 m.c.) plug-in
unit in the oscilloscope. Another possible frequency-dependent factor is
the CRT intensity. For some phosphors the intensityis non-linearly related
to the writing speed of the beam. To see if this was an important factor,
a sine wave input of constant amplitude at the CRT but of variable frequency
was appliedtothe system. The output was found to deviate from the mean
less than + 3% over a range of 100 cps to 30 m. c.

The basic purpose of this instrument is to measure the quadratic
content of television signals. Determining the accuracy of this type of
measurementis difficultunless a comparisonis made toa graphical analysis
of a television signal. However, the accuracy can be checked by measur-
ing the r.m.s. value of different waveforms since the r.m.s. value is

simply related to quadratic content by
. 1/2
r.m.s. value = | 1/T (Quadratic Content)

where T is the periodof time over which the quadratic content is measured.
Inthis system T is the total time during one television frame that the CRT
beam is gatedon. Measurements have been made on various waveforms of
known r.m.s. values for various gating times. An internal 60 cps sine
wave was used as the calibration source. The accuracy of the system has
been found to be approximately + 10% for quantities proportional to the square
root of quadratic content and + 20% for quantities directly proportional to
quadratic content. Parameters suchas output signal to noise used in anal-
ysis of systems are usually proportional to the square root of the quadratic
content of the signal. Hence, in application, the accuracy of the system

20
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is approximately +10%. System inaccuracy is due to imperfect shape of
the CRT beam gating pulse, resultingina non-uniform CRT intensity during
unblanking; deviations of the transfer function from the square law, and

non-linearities of the slow CRT sweep.

5.3 Other Uses of the System

The system described here is not limited to the measurement of
the quadratic content and r.m. s. values of a waveform. By changing the
shape of the cutout in the mask many different transfer functions can be ob-
tained. Forexample, a cutout of the form x = ky would give a system out-
put proportional to the integral of a full wave rectified input signal. If the
is of the form x = ky for y 2 0 and x = 0 for y £ 0, the system output would
be proportional to the integral of a half wave rectified signal. Unusual
transfer functions can be obtained by making the cutout in the mask of the
appropriate form. It should be noted, however, that the system effectively
full wave or half wave rectifies the input signal, because the phototube has
no way of distinguishing between flux from positive signals and flux from
negative signals. A non-rectifying system would require two phototube
channels.

Nor is the system limited to the measurement of television wave -
forms. Any periodic or continuous (such as random noise) waveform can
be measured. If only a portion of a periodic waveform is to be measured,

then suitable synchronizing pulses must be available for gating the signal.

21
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6.0 SUMMARY
A system has been devised for the measurement of the quadratic

content of television signals. A unique feature of this system is that the

video signal from the television system is connected directly to an oscill-
oscope and the measurement taken from the CRT using an optical mask
technique. Inadditiontothe measurement of quadratic content and r.m. s.
values, the system canmeasure other properties of the signal if the appro-

priate mask is substituted for the square law mask.

The system is composed partly of commercially available instru-
ments and requires the construction of only a few electronic circuits. The
construction of the optical and mechanical components is simple and

straightforward.

Accuracy of the system for quadratic content measurements is
approximately + 20%; for r.m.s. and signal-to-noise measurements, ap-

proximately + 10%.

23



24



SIO Ref., 64-8

APPENDIX

25



26



Lz

BNC
H SYNC
IN
Ce
BNC

Vv SYNC

* 250
e ANt
+23>
GATING CIRCUITS
ooz
200V
+250
(2) 1INGa2 2%
D
510 K wo:l« BNC  Cs
620 20 1 6201
3v cF
HD4s20 Vi 12AaT7 AND GATE tox Gg’t}b svme
= 150 K -150 = -
'’ . Yo scoPg
250 SELECTOR SWITCH
INTENQIFY S,
-\80 = vioEo 7 5% 2w d
-2’4 =
6201 P 2 FROM VIDEO
Vs TZavy AMP-CF 20 v -- INPUT
oK 2, I 1t _“—e_
soNNL_ _ ¢
2 2
200V
s10g BNC Co
INTENSIFIED
LTy’ VIiDEC TO
—”—e—< MONITOR
S0,V
-120
GATE WIDTH
coaese Fing X'
cF ]

LT-19

620!

AMP INY

Ve 1tat]

2T K

l HD 4420

WIDTH ot

GATE

Gating circuits.

8-%9 '3°¥ OIS



8¢

+ 230
I LOW =T RQUEATY SWEEP SENERATOR ]
290 10
N MV
U SECTION
g/
28M J/FPEQJ(-NLY +2c0 + 260
500 N 18 M 2% K
niv
= £d peeasen? A,
=4qpu BINDING gamNEs @
(X3 ) 2oo v oM —_—l . Pos T 22-110 1
44 PAPER, r260 ' =i
FIRING / 8 10 BAT w1 | *2%0
LeveL ) 1 HORIZ \NPUT =
= — 1\oN scoPE
S0 80 (/D ¢3Vv ™TuBesS |
cF ‘%L@: SO0 K. % |
DRESSEN -1%0
BARNES ——/
-1%0 Viy 094 OUTPUT 22 - 106
—_— AMPLITUDE - -850 s
-850 = D
17
-i%0 @ @ Ne 5
&3V =
TO CALIBRATF CIRCuUlTY
* 250
(3) 12
1P PH
10 MEG MULTIPLIER "‘TD‘UBF CALLIBRATE CALIBRATOR aND
ANODE CiRCUIT 63v ADIUST SCOPE SELECTOR
BUCKING CURRENT N Lo SWITCH
COARSE FEOM T
FILAMENT I
SuUPPLY
FINE oF -1%0 15K CF
sUPPLY
® T
= ac
- g
250K cF
FroM V)
1 S 1o EXT Vibeo N
From ane - ANODE CURRENT nc VBTr\AIcM BNC
10 veRy
:,:;;;E N _/;D\,, ) A-—— TELONIC al Ja et CHANNEL OF
ru——_ EL) iy s LY v AY) seore
s0N coax @ ] @ @ ATTENUATOR I - oy @
@ <noeT R h
o ) L/
2 ma —wW SP“Y LTy l
200 ua . PMT al SELECTOR
a o o FILTER SWITCH
¢ 20Ma To ViZ

TOTAL FILAMENT

VID. IN

CURRENT 2 <4 AMP

3
i85 v, v, V. V, V, Vie V Vie W, Vv, Y v v
o
SUPPLY s ¢ 7 (] L) o " 2 " V2 M4 Vs 14
4
\ 4 4 4 P
4 4 ) 3 3 2 ' 2
) >
£y . 9 4 4 t] g 4 9 7 9
) A ~ ~ N
o " e 3 I S > K o & £
v & v < < v v o @ v > @ v
v p A O ¢

,

Fig. 10 Sweep generator, MPT anode, calibrator and power circuits.

8-%9 ‘729 OIS



62

Yq4- 5670

Cso

T UHF

8OO

MATRIX
W (6) 18207
I R 5
s ufd
M S15% \’\ .
[ of [
|l 3 L]  -1to0o Vv
! @ I
2] | s ufd 820 ¥
e 3% wov T v
' /
5’ M 3 V3- VICTOREEN
3 _T_J hw ¢ < GV 38
ow —————
|A9 1o x s Iy A \[\/
by sl.:;r:&u e 2m, faw [ 1 e FoR
Py | SHAFT c S.M scope 1 -o98 &
how {10« proBs) = &KV
2K, AW "/'JL
¥
£ l %MOTOEDLA Pio
2u 1 tMBZE j 2.2M
Sox
400 v oos,u-[ W 270 x
{eLecT) ww
——g = %2 K -3
'
"W 32250
V:,-
VIC1ORPEN
e84z |
—
3 1
a - P 1"
sl e IPg Y
s . A
[} B Vz
12 AXT
579\
/ INT06 2ok
faw
INTRO A
=
+2180 - -1%0
HOTE SET Py o { Py FOR 9V BiaS
ON VYVya 1BO ON PLATEG OF

YV WITH MAX. QUTPUT VvOLTAGE

4

LOAD OF .35 MEGS.

MULTIPLIER PHOTOTUBE BASE

(Locaten N oPTicaL uNiT)

ELEMENT BASE PIN g

TUBE TYPER DUMONT 6291

PUOTO - - HV
).:unone | 12 0 Cg ON cHA3sIS

200 K,

e
[k —Y}
ID! 2
R N

L1 [ 3

ALL RESISTORS
100X, % s, SEUNLESS
OTHERWISE NOTED.

[L-LI—
Hl—4
T Y

I 4% v
(L1 s <

Y0 €4
ON CHASSIS

Fig. 11 Multiplier phototube base and high voltage power supply.
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Fig. 12 Modification of Tektronix 545 or 535
horizontal display switch to allow CRT
unblanking while in "Ext.' position.
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