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1.0 Introduction
This final report summarizes the activities conducted under NASA
CONTRACT NAS 9-13940 during the time period October 1, 1978 to
September 30, 1979,
During this period we designed, constructed, and delivered to
NASA/JSC an adaptive delta modulator which encode composite color
~video signals. The ADM was shown to provide a good response when
operating at 16 Mb/s and near-commercial quality at 23Mb/s. In addition,
the ADM was relatively immune to channel errors.

The system design is discussed here and circuit diagrams are included.
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2.0 A Real Time Delta Modulator with Error Correction

Of the three error correction algorithms investigated the leaky integrator
orror correction technique gave the best riosults and is also the easioest to
implement.

We designed a real ime delta modulator using a leaky integrator for
error correction. A block diagram is shown in Fig., 2.1. The leak tactor
@ was choren to be . 968, If the estimate before the leak is called Xk and if
the estiimate after the leak 1. xk(‘) then the equation defining the leaky integrator
is given by:

) . .
X, Y = . 068X, +2

r(l:)m - W P
%=X - % w2
32

Since X nssumes values between zero and 127, the addition of the value
of 2 to Equation 2.1 nauses Xk to leak symmetrically upout the midvalue 63,
As nan example consider that when xk oquals zero, Xk(") will leak up to the
value +2; when x]\ equals 127, xk(’) will leak down 2, to the value +125; and
when Xk agsumes the midvalue 63, Xk (2) will remain unchanged. The addition
of the number 2 minimizes the distortion caused by leaking Xk while having no
offect on the leaking away of errors.,

The implomentation of the leaky integrator is shown in Fig. 2.2. The
subtraction of X, /32 froxa X 1is carried out in Fig. 2.2 by shifting X five
places and subtracting it from Xk,' The addition of 42 in Equation 2.1 is
carried out by the same subtractor by using the inverted value of the most
significant bit of Xy 18 the six most significant bits of Xl\/ 32. Also notice that
the 6 least significant bits leak before the storage rogister and the 4 most signifi-
cant bits leak after the storage register. In order to split up the leaky integrator
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this way it 18 necessary to store the carry out (Cout) from the subtractor that
leaks the 6 least sighificant bits so that it will nppear at the carry fa {(of the
subtractor that leaks the 4 most significant bits) at the same tixne that the
estimate appears at the subtractor's inputs.

The lraly integrator was split up this way (half thg. leak on )(k + and
half on xk) to minimize the effect, of the carry propagation delay through the
substractor on the sampiing rate of tﬁ:) delta modulator. Before any storage

register's can be clocked, the Cou signhal must be present and (see I'ig. 2.2)

t
the comparator's output must have settled down. With only 6 bits to propagate

through, the Cou signal will appear before the comparator's output settleg down

therefore, the sutbtractor to the left of the storage register is not part of the
maximum delay time path of the delta modulator and will not affect the sampling
rate of the delta modulator. If the subtractor to the right of the storage register
(in Fig. 2.2) is to be part of the maximum delay time path, the propagation delay
nf the subtractor would have to be greater than that of the step size generator,
This 18 not the case; hence, the leaky integrator split up as in Fig. 2.2 will not
affect the sampling rate of the delta modulator, If the leaky integrator was placed
entirely to the left or right of the storage register then the carry propagation delay
would be sufficient to reduce the maximum sampling rate of the delta modulator,
Because the leaky integrator has only 10 bits, and not 12, the effects of a
channel error may not leak away completely. Under worst case conditions the
estimate at the delta modulator decoder could remain 3 quantization levels greater
than, or less than, the estimate at the encoder. To remove the last vestige of
channel errors the estimate at the encoder and decoder are both forced to their
minimum value of zero at the end of each scanning line. Also, the step size is
forced to its maximum value of 15 and Ek-l is forced to -1 ix both the encoder
and decoder at the end of each scabning line. This easures that the encoder and
decoder begin each scanning line in the same state, free of any remaining channel
errors,

The conditions described above are forced upon the delta modulator in a

very simple fashion. The negative going sync pulse on the composite video




signal from the TV camera is setl to a voltage more negative than the most
negative output of the D/A converter of Fig. 2.1. When the sync pulse
occurs the estimate i8 driven to the zero guantizatics level and held there
by the saturation logic. Since the sync pulse is more negative thar the
zero quantization level the comparator of IFig. 2.1 outputs -Ek during the
sync time. The atring of -E 'k's are fed back to the step siza generator and
canses the step size to grow to its maximum value.

The complete circuit diagrams for the delta modulator encoder and
decoder are shown in Figs. 2.3, 2.4, 2.5 and 2,6, Figurc 2.3 shows the
fuput signal from the TV camera being band limited to 4 MHz, DC restored,
buffered, and then clamped to 1 volt peak-to-peak. Tho output of Fig. 2.3 is
fed into the input of Fig. 2.4. Figure 2.4 is the complete circuit schematic
of the delta modulator encoder with error correction, Figure 2.5 is the
circuit schematic of the " ~lta modulator decoder. Figure 2.6 is the detailed
schematic of the analog output of the decoder. It shows the circuitry which
rostores the sync pulses to the composite video signal, The delta modulator
was built out of ECL 10, 000 series logic and it has a maximum clock rate of
23 MHz.

A scries of tests were made with the delta modulator. The first test was
to see the effects of the delta modulation of the 4 MHz composite video signal at
clock rates of 6, 8, 16 and 23 MHz. The resulting pictures were of good quality
at 16 MHz and almost of broadcast quaiity of 23 MHz. For the second test we
introduced errors at 10-4, 10-3 and 10-2 errors per bit. The pictures of
Iig. 2.7 show the effects of errors. At 10-4 errors per bit the errors are
almost unnoticeable. At 10"3 the errors are noticeable but not annoying. At
10-2 errors per bit the picture infermation is still intelligible but the errors

are very ahnoying.



3.0 Conclusions

The delta modulator described here fulfills the objective of this study.
The delta modulator can digitize a video signal w»hlle providing nearly error
froe pictures with bit error rates as high as 10"‘1 errors per bit. The delta
modulator I8 also cost effective. It cousists of only 21 IC's and consumes only
12 watts of power. Its only shortcoming lies in the fact that ity bandwidth
compression is only 2:1 for uniistorted encoding of TV pictures.

The delta modulator was constructed and delivered to NASA/JSC tn 1976,

4,0 Papers Published
1. "Digital Engoding of NTSC Color Video Signals Using Adaptive Delta
Modulatori'!, S. Davidoviei, D. L. Schilling, K. Land, ICC Convention
Record, 6/8C, pp. 31.1.1-31,1,5,

5.0 PhD Students Supported
This contract supported the research of Dr. Norman Scheinberg and
Mr. Sorin Davidovici.
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Fig. 2,2 Leakey Integrator
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DIGITAL ENCODIMG OF NTSC COLOW VIDEO SIGNALS
USING ADAFTIVE DELTA MODULATION

S. Davidovici
The Clty College of New York
New York, N. Y. 1003}

ABSTRACT

This paper presents the initinl rosults of our
study of the use of ndaptive delta modulation to encode
color signaly, The technique considered ihclude direct
encoding of the color video signal, encoding of each of
the three color components, 1.¢., R, G and B and,
encoding of the chrominianse and luminance aignals I,

Y and Q. It {s shown that at any transmitted bit rate
between 8M% s und 24Mb/s the best quaiity plcture
reproduction ocours when the I, ¥ und Q slganls are
oncoded and the poorest qually pleture reproduction
oocurs whon the composite vidpo stgnal ts engocded.
Turthermors, the difforences ln quallty wre sigaiticant,

INTRODUCTION

Every since digital systeins were {ntroducted
thoy hava mat with ever growing wcoeptance. Their
ablility to winke dectisions based on present and past
data gives them n high degreo of intelligence which,
when combined with the high speed operation of digital
{ntegrated olrcuits provides n clear ndvantage over
analog cirouits In many areas.

With the advent of ECL and very high speed D/A
convertors it has become feasible to apply digital techni-
ques to video transmission, In this report we discuss
“digitally endoding a rolor video signal using adaptive
delta modulation (ADM). Three of the many reasons
for employiag digital encoding are (1) the encoded sig~
onl may be readily and securely enorypted, (2) tie
digital signal can be yransmitted over longer digtunces
axi with a higher SNR than an analog signal and (3) when
employing ADM the system 18 relatively immune to
channel errora and oan operate at bit error rates cf 103
with only small degradation of the picture quality.
NTSC
The standard employed to eéncode 4 video plcture is
the NTSC. In this system anyone having a B/W monitor
will receive the picture and display the complete ploture
as though a B/W picture was transmitted. On the other
hand anyohe having a color monitor will display the total
~ color ploture, by using the chroma {nformation {n the de-~
coding proceas,

D. L. Sohilling K. Laml
The City College of New York
New York, N. Y, 10031

Johnson Spuce Center
Houston, Texas 77058

A color camera actunlly records the throe prin-
cipal colors: red (R), green (G) abd blue (B). These
three colors are then converted into three other signnls
called I, Y and Q. The signal Y is culled the luminance
and {8 the signal detected in a B/W monitor. Interms
of the R, G and D siganls,

Y=0.3R+0.59G+0.11 B (1)

The three colors R, G and B are algo used to form I
and Qs

I=0,6 R-0.26G-0,32D (2
and
Q=0.218-0,62G +0.31 1B (3)

The 1 and Q slgnals are also tracsmitted and it is the
deteotion of the prosence of thece I and Q signals in the
color monitor, {n addition to the Y signal, that enables
the decoding of the R, G, «ad B and the displaylng of a
color picture.

The I and Q signals are quadrature amplitude
modulated onto a oarrier frequency of 3.57 MHz. 'Thus,
the complete color signal ts

V() =Y () +1(t) cos (wt +33%) +Q () sin (gt +33%

(4)

In the color monitor the signal 18 sepudated into the
luminanceé and chrominance signals and the R, G and B
colors are then extracted using a netwerk which, in
essence solves the matrix

R 0.96 1 0.62 I
G| =|- 0,27 1 -0.65( ¢« |Y (5)
Bl |-1.1 1 1.7 Q

The three color aighals R, G and 7} ure bandlimited
to about 4,0 MHz hut¢ the luminance signal has most of
{ts power in the 0 to 3, 3MHz band. ‘The inphase signal
118 beadlimited to about 1.5 MHz, and the quadrature
signal Q {8 band{imited to 0.5 MHz,

This bandlimittiag of the chromn information has
the effect of severely distorting the color content of the
small ploture elements,

" The work was supported in part by NASA Johnson Space Center undor grant aumber NSG-5018,

31.1.1
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However, the psychovisual properties of the eye are
such that the color content of small objects is trrelevanrt
and therafore the effoct of the distortion ts small,

Digital Encoding Usiig PCM

When digitally encoding a color video signal using
PCM we sample at about 9 M samples /s and encode using
8 bits/sample. The result s a transmitted bit rate of
72 Mb/s which requires a transmission bandwidth of 72
MHiz. If the encoder employed 6 bits /sample, the quan-
tization noise hYecomes noticeable, however, the required
bandwidth 18 reduced to 54 MHz. In efther case the bani-
width {8 increased considerably over the analog band-
width needed for the unencoded video signal,

Another Aifficuity encountered when using PCM {8
its reaponse tc channel errors, For example consider
an error rate of 1 error in 100, 000 bits (Pq = 10‘5).
This is a low error rate! There are approximately
250, 000 picture elements (pels) per frame of signal.

If each pel requires 8 bits, then there are 2 M bits re-
celyed/frame, 1If 1 in 100,000 bits are received in-
correctly, then 20 pels will, on the average, be in
error, Furthermore, the sizc of the error 18 equally-
Ifkely to have any possible value. At an error rate of
10"4, 200 pels would be in error, Since each error
could be quite large the errors are noticeable and the
ploture’is unpleéwnnt to.view when the error rate
approaches 107",

1. Digital Encoding Using ADM

when we encode a color video signal using adap-
tive delta modulation (ADM) the bandwidth required
is one-half that employed for PCM to obtain a com-
parable quality picture, In addition, most of the time,
when an error occurs it will be small, 1,e,, the prob-
ability of the amplitude of the error appears somewhat
gaussian as contrasted to the uniform density of the error
amplitude found in PCM. Thus, the ADM can operate
at error rates exceeding 1 error/1000 bits while PCM
{s limited to about 1 error/100, 000 bits,

It was the combination of low bit rate and relative
immunity to channel errors which caused us to investi-
gate ADM techniques of encoding color video signals.

2, The SONG ADM Algorithm

The algorithm used for ADM encoding a color sig-
nal is the same as for a B/W signal and s rcpeated
below for completeness:

Eyeqr = 988 Gy = Fyy) ®
where Si41 1s the input signal sampled at time t=(x+1)
Tgs Xk41 18 the estimate and Ex,y 18 sign of the bit
transmitted to the recelver at time (k+1) Tg, The
estimate b %) {8 given by the equation

Xeat " Xt Y M
1 is the ''step-size' at t = (k+1) T:

0

where Yk+

4
| Ykl [ By +0.5E, 3
=Y/t 5 B ~E,
. Y, <
Y Pl | <Y Bf B
2
2 len (8)
2Y .
mink %<2,
>
\ymax ; lYk ' Ymax/l's’ By ™ By
InEq. 8 Y and Y represent the minimum and

. A
maximum Re?) size \’Rﬁei. rospertively, and were
choosen to be (see Kef, 1 P 40):

-6
Y min "™ 2 Sm (9n)
and 2
Ymn.x =2 " Bm (9b)
where § is the maximum peak-to-peak signal
amplitude,

3. ADM Encoding of the Composite Signal

Our previous report 1) indicated that B/ W video
victures can be encoded using bit rates from 8-16 Mb/s.
At 8 Mb/s the picture quality was rather poor show-
ing significant edge busyness. At 16 Mb/s the edge
busyness was reduced to the size uf about | pel and so
the picture quality wau quite good. A graph of subjec-
tive evaluation of the picture quality va. sampling rate
is shown in Fig. 2, It is seen that a rapld improvement
in picture quality is obtained when going fiom § to 16
Mbps. Above 22 Mbps the picture quality improves
very slowly.

The reason s that the quantization noise in each
sample {8 proportional to the clock rate {{.e. it approx~
imately halves when doubling the clock rate). When
the quantization nolse 1s large (at say 8 Mbps) we
obtain a very noticeable improvement by halving it
(using a clock rate of 16 Mbps). However, beyond 16
Mbps, the nolse is small and we no longer get drastic
improvement by increasing the clock rate.

When we attempted to encode the coraposite color
signal, the increased bandwidth, required an increased
bit rate. Even at a sampling rate of 24 Mb/s the quality
of the color signal was not good and the 3 d colors ap-
peared ''washed-out'' as shown in Fig, S( f . Higher bit
rates than 24 Mb/s were not employed since our ECL

ganatructed system could not process the data at
higher bid rate than this. e

(1) "“Effect of Intérference on Delte Modulation Encoded
Video Signals'' Semi-Annunal Report, Cct. 1 1878 -
April 1, 1878, NASA /GODDARD

(2) ""Volce Encoding for the Space Shuttle Using ADM'!
IEEE 11/78,

31.1.2



4, Encoding the Rt .G angd B Signals

The first technique attempted, to provide faithful
color reproduction was to encode each of the colors R,
G and B separately. This requires the une of 3 delta
modulator encoders and 3 decoders as well as a multi-
plexing and demultiplexing circuit. Since each color
utilizes the full 3,3 MHz bandwidth one would expect
that ench ADM should be aperated at 16 Mb/s to obtain
good quality color, The transmitted bit rate in this
case would be 48 Mb/s.

Indeed, at 48 Mb/s the color quality is vary
good, however, for many spplications, such ut tele-
conferoncing, each ADM ocan be operated at 8 Mb/a,
When this sampling rate 18 used the color quality is
fut better than that obtained when encoding the com-
posite pictute. However, the edge business 18 groater.,
Fortuhately, the edge busyness is not as significant
as found when encoding B/W at 8 Mb/s. The reason
for this ia that the edge busyness for each nolor 1s
different and the combined pleture has a smeared
edge similar to what i8 obtained using dithering.
Figure 4 shows the complete oolor ploture whioch
requires a 24 Mb/e rate, Figure 5 shows the com~
plete pioture at 48 Mb/s. Note the significant im-
provement {in picture quality,

5, Encoding the I, Y and Q Signals

To encode the I, Y and Q signals, the three
camera outputs R, G and B are pagsed through a
welghiing matrix having the characteristics of Eqs.
1, 2and 3. The Y signal representing the luminance
(or B/w signal) 18 encoded at 16 Mb/s, howewer the
I and Q signals tave a significantly smaller bandwidth
and were encoded at 4 Mb/s each. The resulting trans-
mitted bit rate 1s thon 16 + 4 +4 = 24 Mb/s, Recovery
in the receiver i accompiished by demultiplexing,
ADM decoding the I, Y and Q signals, and then passing
theso signnla through the decoder matrix given by Eq.5.

The quality of the color reproduction was excell-
ent as long as the Iand Q channels operated at 4 Mh/s.
When the bit rate was reduced tho color ploture quality
degraded rapidly. As the bit rate used to encode Y
decreased the quality decreased slowly and the edge
busyness increased. The decrease in picture quality
follows the curve of B/W pleture quality vs. sampling
rate as shown in Fig. 2.

Figure 6 shows the ¢olor picture when encoded
at 24 Mb/s using I, Y and Q encoding. Note that the
quality is superior to that shown in Flg. 3 which
employed R, G and B encoding.

6. Line Sequentinl Encoding

A "line sequential” encoding system 18 shown
in Fig. 7. We see that there are 3 encoders, one for
each color R, G and B, To {llustrate the system
operation assume we are to encode the odd field of
lines 1, 8, 5, 7, ete, Then encoder "R" encodes

line 1, encoder "G' encodes line 3 apd encoder 'BY
encodes line 5, This procedure continues w!ih encoder
YR encoding lines 6 n+l, encoder "G' encoding 6 n+3
and encoder 'BY encoding lines 6 n+b,

In the recelver, when line 6 n+k (k= 1, 3 or §)
ia to be viewed, we present to the monitor the outpuis
of the three ADM decoders for lines 6 n + k -4, 6 n-k
“2 and 6 n + ke

Ad a result of encoding n single color for each
line, we are capable of reproducing a fulrly good
quality color signal using only 16 Mb/s, '‘ho draw-
back to this systom is that we encode every othor
Mne not adjacent lines. 'Thuy, some !'flickering’
results when two areas of contrasting colors nre
adjuacent vertically. A second offect of this vertical
Yaveraging' 18 that we tend to ense small curvatures
such as lps, eyes, ote. Also, small cures such as
flowers, olbows, oto. develop n stulrcuse pattern
which tends to bo vpry annoying,

However, for low bit rate oncoding this system
appears !o provide the bost quality of the above tech-
niques. figures 8 shows the result of encoding a
oolor ploture, using linesequential encoding, st 8 Mb/s
and at 16 Mb/s,

Conclusions

It is difficult to compare the RGB, 1YQ and line
8cquentinl systems slnce thelr drawbacks and advantagoes
are quite different. For high available bandwidth,where
good color and high quality detait reproduction {s de-
sired, one should use the RGB systom,

When good color quality is desired together
with the ability to have a trade-off botween quality and
available bandwidth when the quality varies from poor
to almost broadcast quality and the transmission vate
from 16 to 30 Mbps, we believe that the 1YQ system
s best.

It can achleve a quallly comparable to that of
the RGR system but at lower bit vates. The dogradation
obtained from this system is apparent in the color re-
production of the small picture slements,

For very low avallable bandwidth the only
choloe i3 the line sequential system. Here the wain
difficulty les with the vertical smearing which could
cause small vortical detudl to he allogether lost. This
distortion {3 {ndicative of the low clock rate,

We conclude that the above research has
achieved {ts afms:
All of the above methods achieve 'good! pictuve
quality. As the bandwidth becomes more limited,
the degradution becomes more severo, However, the
degradation 18 far less severc than when using PCM,
This degradation does not happen to the color quality

31.1.3



hut tothe luminance information. Furthermore, the
three methods are not overlapping, but should be used
dopending on the available bandwidth and accuracy
required. N

Tho systoms have not yet . n tested In the
presence of channel errors. However, based upon
our pravious eaverience we expect the systems to be
robust to such nolse.

Fig. 1 Spectrum of NI'SC Video Slghal
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Fig. 2 Subjective Picture Quality vs. Bit Rate.
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