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Introduction
This repo.:rt summarizes the dé;felopment of an adaptive delta mod'ulatpr )
capahle of diéiﬁzing a video signall. The delta modulator encoder accepts a
-4MHz black and white composile video signal or NASA's field sequential color
video signal and encodes it into a stream of binary digits at a rate which can
“be varied from 8 to 19 Mb/s. The-output bit rate is determined by the user
and alters the picture quality, The digital signal is decoded in the delta
modulator decoder to reconstruct tl':e picture, )
The following doctoral students were partially supported iny this gfant:
R. Lei and N. Scheinberg., ' ) .
Following a long history of cooperation between NASA and Dr. Schilling,
an ADM system has been constructed for JSC., A demwonstration of the system
took place at JSC in June 1977 and a final wnit will be delivered to JSC in the
Fall of 1977, ) ) Y
" During the next year we shall turn our attention to the encoding of
Color Video Signals. ‘ o
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An All Digital Adaptive Delta Modulator

1, Introduction . ¥

The development of an adaptive delta modulator capable of encoding a
televisioﬁ picture has been completed. The delta modulator encoder accepis
a 4MHz black and white composite television signal, or NASA's field sequen{'ial
color ielevision signal, and encodes it into a binary signal at a rate of up to
19 Mb/ S Tﬁe oufput bit rate is ciet_:ermined by the user. Useable pic‘ture's can
be obtained with bit rates between 8 and 19 Mb/s, The higher the rate the better
the picture quality. ) .

. The digital signal is converied back into analog form by a delfa modulator
receiver. The receiver requires a bit synchronizer to provide "bit timing',
. "Word timing'' as used in PCM is not necessary with the adaptive delta modu-
lator, _ ‘

No special circuits are required to provide for horizontal and vertical
syncronization of the TV monitor at the re;::ei\:.rger. The composite -video signal
that entered the delta modulator encoder'wﬂl emerge from the delta modulator
receiver with its horizontal and vertical sync pulses intact, Thus the TV
moﬁtpr will obtain its syncronization from the composite video signal emerging

from the delin modulator decoder.,

II. Théory of Operation

The delta modulator used to digitize the television pictures is éhown
in block diagram form in Fig., 1. The foloxving-is an explanation of the delta
modulator algorithm, Tirst, the video signal, S(k), is compared to X"k' This

yields thé output of the encoder, Ek’ where

By =580 (S - Xp) &
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i Xk; is the transmitter estimate, and is obtained using the recursive cquation.

Xk =.9% Xk—l * Yk ‘ . @)

Y. , is the step size and is generated using the algorithm

Y
hy, ; ® +-5E ) (Y |= 2%,
-Yk=§'2 min E; Y, I<Z}Ymin (3)
| e b Yoos

where Y . is 1/128 of the pcak-to-peak video signal and ¥ is 1/8 of
min ° _ max .
‘the peak-to-peak video signal,
The delta modulator decoder is just the feedback loop of the encoder.

The decoder reconstructs the estimate, XI\ from the E, pulse train and

k
converts 2 ‘(1 to an analog signal S(t) The quality of the received picture
as comoared to that of the transmitted picture depends upon how closely

§ (t) appronmltes the original signal, S(t).

1T, Implemantation of the Delta Modulator

The implementation block diagram is shown in Fig. 2. The two fﬁp—

. flops on the top of the diagram store Ek and Ek_l.‘ The upper adder/subtracter
regisler, multiplexer and "OR" gates implement Eq. 3, the siep size equation,
The other adder/subtracters and registers are used to generate Eq. 2, illnd the
D/A converter and comparator implement BEq. 1, The 001nple£e circuit schematic
for the dclia modulator is shown in Fig. 3. It was constructed employing ECL

'integrat-ed circuils, one DfA converter and a high spe;ad compartor. "It was

built on a single board 8" by 6' and consumes 7 waits of power.
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VI. _Instructions for Using the Delfa Modulator
A typicarl' icst sct-up using thea delta modulator encoder and decoder is
shown iﬁ Tig. 4. - . e
The en'codef'has four BNC connectors on its front panel. - The function
and clectrical characteristics of.each conncctor is listed below:
(1) Digital Outpui
‘a, ECL compatible volfage levels )
b. Designed to drive 502 'f‘ied‘to -1.3V.
(2) Clock Input
a. © to 19 Mz _ o
b. ECL compatible voliage levels (-0.2V to ~1.7V) .
¢. The input impedanée is 50 © tied to ~1.3V.
(3) Analog Video Tnput . )
a. 1volt pealiz-to-peak composite video froz-n TV. camera
'b. 150 iﬁput impedance tied to ground.
(4} Analog Video Output ' _
_ a. 1lvolt peak-to-peal composite video fI‘OII';. the feedigack loop of i'he!'
ﬂq, encoder. It is ﬁsed to monifor the operati;:rn of the encodert
The decoder has t-hree BNC conncctors on its front panel. The function
and electrical characterisﬁcés of each connector is listed below:
(1) Digital Input
a, ECL compatible voltage levels
b. The ipput impedance is 508 tied to ~1.3V.
(2) Clock Input ;
2. 1210 189 MHz - phase locked to'incomming dig'ita‘l data
b. ECL compatible vollage levels (-. 9V to ~1, 7V)
c. The inﬁut impedance is 502 tied 10 ~1.3V,
(3) Analog Video Oufput '
a. 1 \fOI:i, peal-to-peak composite video signal
h. Bandlimited o 4MUz by a four pole Bulterworth glter

c. Must be torminated to 759 to ground.
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Adaptive Delia Modulation 'Systems for

i’ Vidco Encoding,‘x
R. Lei N. Scheinherg D. L. Schilling

City College of New York
New York, N.¥. 10031

ABSTRACT.

-’l‘his paper describes soveral adaptive delia modulators designed to encode
video sizgnals. '

One- and iwo-Dimaensional ADM algorithms arc discussed and compared.
Resuls are shown for hit rates ol 2 bils/pixel, 1 bit/pixel and 0.5 bils /pixel, Pictures
showing the differcnce hotween the encoded-decoded piclures and the original
plecfurcs are presculed. '

Resulis are z'tlso presenied 1o illustrate the efiect of channel errors on
the recongiructed pié:turc.

'A 1wo-Dim ensionai ADM using interframe cncoding is also presenied. . '
This syslem operales at the rale of 2 bits / pixel and producces excellent qualily
pi ciurosﬂz‘-bcn ihere is liltle .meﬂion. W also describe and illustrate the clfect

of large amounts of motion on ihe reconstructed picture,

<

“phe research deseribed in this paper has been parlially supporicd by NASA under
grants NSG-5013, and NSG 7144 and condracl NAS 9-13940.
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I. INTRODUCTION

. T is olten convenient {o digitally 331100[10 a video signal prior to lransmission.
A standard PCM ;zyston1 employs an A/D converter which cenerates N bits for
cach sample {oken, Typically, N=8 when the sarpplcs arc t‘ﬁﬂ'(e'u al 1he Nyquist
'rnlo which would result in a very hiﬁh irunsmission hil rafc. As a result, PCM

is nol usually considered practical, and other {echnigques such as Transform
Coding, Declla PCM (DPCM) or Delta Mocdulation (DM) arc employed.

Uadamard transform coding hag been studied extensively at Ames Research
Cenlor and by othnors, and such syste}ns appear lo ‘bo capable of encoding the
video signal employing 0.5 - 1 hit per piciure element (pixel). lowever, the
hardware required 1o construct ihe system is gquite complex, and the responsc
of the system {o errors caused by channel noise is not good {17

Delia PCM [2-97 has also heen studied extensively. These systems operale
at sampling raies of 2-4 hils/ pi:{;zl and have moderate complexity caused in part
‘by the necd 1o emplg)y an A/D converter.

The Delta Modulator [10-18]is a 1—-biif/ sample predictive crcoder. llowever,
it usually samples {he signal at rates which excced the Nyquisi (pixo"l) raie. The -
DM sys}ﬁcms described in 1his paper operate ak rates from 1 - 3 ‘bits /pixcl.

Thus, .the DM and the DPCM syslems operate at comparable rates. However,
the complexily of the DM system is less than the complexily ol ihe DPCM system
lsinco DM does not employ an A / D converier.

In this paper we discuss scvefal DM algorithms. The basic algori{hm_
cnmiployed was first employed by Song 147,

The cquations of the Song mode adaptive delta modulaior are:

v = qo - I
D S (1a)
I ___'_11 n . H r =
| PTE g+ B iy =y,
Y. = ) (1b)
) ' min k4l ) ! k min

Xk-i—l " x]i N Yk-f-l . {1c}
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.j.vhcre
.‘Ek-!-l is tI:xc transmitted binary 'digi.t
Sk+1 iz the prescent sample of the input signal 1o the encoder
ch-rl is the slep-size of the della modulator
Ymin is the m'inimum allowable step-size

X]q—z-l is the predicted value or the estimale of the inpul sample
Fig. 1 shows the relationship among the clock pulse, the oulput bit stream, ihe
input signal and the estimate. Noﬁce‘ihat the sysiem responds {o the rising
cdge of each clock pulse. Ohscrve ’tll;lt when the estimate X(k+1) is less than the
sample of the input signal S{c+1),the transmitted bit is a 1 and the step-size is
inereased by the [act.or 1.5. _'l‘hus, the cstimate rises exponentially, Wﬁen an
overshook occuré, the transmi&ed hit is a & and the.stcp—size decreases by the

—1
factor 0,5,

II, GENERATION OT TIIE VIDEOC SIGNAL

The video system employed to test the DM algorithms described below
is shown in Fig., 2. The vidco signal is generated [rom a comméreial quality
televisign camera bandlimited to 3.75 Mllz. .The frame rate of the camera
is 30 frames/scc. One complete frame is taken and stored in a scan converter
which is employed 1o slow down the pictu?:c so that it can be processed in.a.
. noninterlaced mode Ly the PDF-8L computer used to simulale the DM algorithms.
. The' compuler output is slored in a second scan converter., The oulput of ihis
scan converter is displayed on the TV-monitor at normal video rates. Tnthe system
employed, we display 500 lincs/Irame so that the line rale is 15, 000 lincs [sec. '
In addition, each line is divided into 500 piclure cIo.m'cnts S0 i]}:ﬁ& ihe pixel raie
is 7.5 M pixcls/sce. which is equal {o ihe Nyquist sampling rate.
Tigure 3 shows a picturc which has becen encoded using 10-bit PCM. The
original piclure was sampled ai ?.hc rale ol 500 S:u’nplos/ linc. This picture

represents the quality of our system which corresponds to 10 bits/pixel.
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(A TTE ONE'DIMENSIONA L DELTA MODULATOR
’ Fig. 4a shows the same piclure used in Fig.. 3 but encoded usinga 1 *
dimensional DM (IDDM). The signal'was sampled at twice the Nyquist (or '
pixel) ratetherchy generating. 2 bits /pixel. The algorithm cmployed in the
1DDM is described by Eq. 1 with the Jf-ollowin'g conditions: (1) the Iminimu;m
step-size is equal {0 1/64 of the maximmn peak~lo~peak input éignal and (2)
:tim maximun stcp‘—-s.ize is limited to 20 times the minimum step-size.
Figure 4b shows the c[if[crenccfbctwcen the picturcs shown in Fig. 3 and
Fig. 4a with an gx.mpli[icaﬁon factor of 2. The ouiline scen in the piclure is
" due to the encoding error cailsed by. the DM and is due mainly {o the eslimate
overshooting the signal.
Figure 4c shows the piclure encoded using the 1IDDM operating at 1 bit/ pixel,
In this cncoding process, the signal was samﬁled at the Nyquist (pixel) rate. Note
edge busyness and ringing along edges of higli contrast. ' .
Figure 5 shows a ”re@luf.ion chart" which has been encoded uFing 10-hit
PCM. When the resolution chari is encoded using the 1DDM at 2 bits /pixel, the
result is shown in IMig. 6a. Note fhe high quality of reproductioﬁ of. ihe horizontal
{incs whereas vertfical lines arc. degraded. Figure 6 shows the 1'c\su1t of
encoding af 1 bit/pixel. The degq:adaﬁon causeod by-halving the sampling raj;e is

clearly scen,

IV. A TWO bIMENSIONAL DELTA MODULATOR

Since picturcs are iwo dimensional in nature, the corrclation of pi‘c-ture
elements is a function of distance betwecn pixels and is not a function of ﬂ%o
direction of oricnlation. One should not ecmphasize the correlaﬁon in onc
c]'ircction and neglect i‘h;ﬂ: ol anolher dircetion as is the casc of the 1DDM
algorithm. Thus, a deiin modulator, when uscd 1o encode picturces, should have
the ability thal the coding path ol the encoder is [ree to I’HO\’;‘, in a Two dimcnsﬁonal

. domain, )

T a conventional s!czmning system, the picture clement P al row m-+1 and

column k41, as shown in Fig. 7, is surrvounded by the up-lo=date previous eslimales

e, B, & andy. In oxpanding {he one dimensional della modulator 10 a two dimensional
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We define,

. 5
’ chl" Al kel - Xm-i-l,k '
Yofmad, kT Y,k S - U Dyt mad, ki1 = Py, mat, lerl
ErcI. m.{ L, L] = En.m 1,k )
}.{mf. m-l ,'k-f-l : Xm ,'k-i~1 )
Yoefomi Lt Ik U Dy i, kel v, mel ,‘kJ;l
Eermil ket T,k < | -
Then the a]gqrithm becomes
Em-.‘Ll , ]{-Flh_sgnl—sm-i-l SR+l -Xref. rr;-rl ey :i

r 1

= [ + 1

SL111~}-J.,1~:-f-1 , Yref.m-l—l,k+1 ! ’-Em-r-l,k_n'-l 2 Eref. m+1,k+1:|
}\nl-i-l,k-lll - )_\-.rcf. m+1, k41 * Ym-r—l-, k+1

In {2c) it is clear thal the difference botween a 1DDM and a 20DM is in.the ‘

d = Ina

ref. m+l, k417 Yrcj' m+l, k1 an “ref, in—kl,l&-#l'
1DDM sysiem, ihe previous reference pixel is always the pixel to the left of the

previous references, X

prosonf‘i:i;gol‘, j.e., pixel o in Tig. 9, . In 2 2DDM sysicm, ihe extimales of pixci o

and pixel  are comparned against the input sample as shown in Fig. 10, The
“resuliant differcnce DIT and DV are then compru."eci as described in (213)_ 1o decide

- whether pixel o or pixel 8 will be used as the previous reflerence pixel, The'

algorithm is based on the assumption that by choosing thal prp\-riou's eslimate which
ie closer 1o the inp_ui, sample, o betler esli mni;e of the picture ‘will -be produced.

- Fig. 8b-is ihe picture encoded by a normal 2 DDM at 1 bif/pixel.> The most

noliccable cllect \\hcn-.c-ompm'ing the 1DDM (Fig. 4e¢) and the 2DDM (Fig. 8b)

is scen to be the significant reduclion of edge busyness. This is because that at

any cdge the movement of the coding path of a delta modulator is adjusted in the

| (2c)

(20)

direction of the edge. Therefove, the edge will appear 1o he smooth and free of wiggle.

The system deseribed above is called the normal 2 DM, In the nexi scetion,

-“we discuss another algorithm called the Look-Ahcad 2DDM.
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VI 2DDN WITI] LOOK-ATIEAD

L Ju the normal 2DDM system, we assumed that choosing the previous estimate
_which is closer o 1he input sample v..u:.ll result in a better estimated picturo.' “This
assumption is nol always corrcet. In Fig. 11, for a normal 2DDM system, .
X and X are comparced with S

m, K-+l m-l, k
be chesen as X

m+1, ket and, therclore, Xm,k-{-l would

s * 8i T ST S,
ref. ml, k+] and the error signal would be "down' and conscquently

X would be ihe eslimate for the input sample S| . llowever, in Fig. 11,
m, k-+1 + _m 1,k
it ig clenx that Xm_’_] Kk is a better cs:ﬁmate than },irh, et for Sm-r—l,k+1' The della

modulaior would have made a beller gstimate if it was allowed lo "look' onc clock .
period ahend, therchy delaying its decision by one clock pulse. In other words,
ihe delta modulalor should wait until all four new estimates have been generafed
and ihen make the decision bascd upon the new eslimates instead of the previous
esiimates. This look-ahead sch;ame , if g‘cﬁcralizéd; by cmploying the tree search
technique for the entire piclure will allow {he besti possible coding patlﬁo be
picked. However, fo.r ihe reason of cost cﬁectivenqss only the one bit look-al_lea.d
scheme was siud.icjd in detail. It is interesting to nole that Cutler [17] pointed out
that Jook-ahead (delayed decision) does not greatly irﬁpfove the sys{-er‘rix S/N.
does, however, prevent the éstimate from overshooting, therchy reducing the
amoun@iof cdge busyness. Hence, the subjeclive improvement in the picture
quality is significaol. _

TFigure 12a shows a piclurc encc;dcd ﬁsing the Laok-Ahead 2DDM at the rate of '
2 bits /pixel. '1‘}1:3,1. is,the-video sigx-ml was sompled at the Nyquist rate and t\\‘ad Lils . :
are generated at cach sample, Tigure 12b is the piCtL‘[I‘C of ihe dilference belween
Tig. 12:1.3.11(1 the 10-bil/pixel T CM encoded pictuve of Fig. 3. If we compare Fig. 12 )
with Fig. 4h, we secc that the toial amount of Hoisc ohlained usin"g the 2DDM is only .
. slightly less than in {he 1DDM; how.ovcr, the poisc is redisi:ributed so that Fig. 12a
is subjectively more pleasant to view than is Fig. 4a. (® was pointed out hy O'Neal {19
that the SNR improvement using 2D-DPCM rather than 1D-DPCM is only about
3am). . o '

Fig. 13a shows lhe picture obmined usiung the Lo‘ok-—Ah_.cad 2DDM at
the rate of 1 bit/pixel. In this case, we sampled the video signal so as 1o obtain .

250 snmples/line and display 500 lines/lrame. TFigure 13b is-the same picture
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onmclcd using 250 samples/line and 250 lines. Such encoding corresponds to
{72 !)it/ pixel. The missing lines were uqtlmated by averaging the surrounding
encoded lines. Comparmo Figs. 12a, 13‘1 and l3b we see the increased picture
degradation as samplmg rate decreascs. Howevey, the asso.ciated bits have -
also decreased nr}rl [or many sy.stcms", the degradation is Lolerable and the
Tow bit rate a nccessity. (Nole that Fig. 12a requires 15 Mb/s while Fig. 13a
employs 7.5 Mh/s and I‘Jg 13b transmits at 3.75 Mb/s.) '

.Figurc 13a should also be compared to Tig.4c. Note that the picture
- encoded using the 2DDM is subjectively the better.

Tig. 14 shows the "resolution chart' encoded using the Look-Ahead 2Di)1\‘1
IFig. J4a was obtained by sampling the signal 500 Samplgs/line with the e~y
pair as ibe i‘efercnce pels. The horizontal lines and lines at 4150 are gncoded
with little subjective error, but the vertical lines appear to be jagged. .'Figl 14h
is the same as Fig. 14;; exc_:ept that the cx_-8 pair is employed. The vertical Iines;
horizontal lines and }ines at 1350 are now. éeen to be quite clear. However,
the lines at 45° :lxre wiggling because at thal dii‘e'ctién of scm*;ning thefencoder
ia incapable of malkijng.good predictions ol iﬁput samples. Tig. 14c shows the
) rosolutio:.‘w chart after encoding at 250 samples/line. The o-f pair“is used here
because ?).E this exiremely low sampling rate. Once again, the graceful
de grz;.dation over the TDDM encoder can be -seen when comparing Fig. 1dc with

_ Fig. 6b,

Vil. WEIGHTED-AVERAGE 2DDM

The 200M sysiems described above éent an additionf;l bil of information
at-ea ch sample to "tell' the reeceiver whether to use o or . The {Veighted-—
average 2DDM dees nol require ithis extra bit of information :m(i, therelore,
operates at one-hall the b‘ii rate of the other 2DDM systems allthough the
sampling ratcs ave the same. ‘ .

_ In a Weighted-average 2DDM, a predicled value is Lormod bascd on the
prcmous estimate of the horizontal and the vertical pixels. If{he c;f-B pair is

used, the predicled value, P, is obtained as [51:
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L, P=0.752+0.756~0.54 . , O
'.whor(; E, ﬁ, 4 are ihe enc;odcd estimale of pels o, B and A. N '
- Becausc _o['the requirement of thr; -prcvious‘ si:ep»—si.z.o :}n_c[ the pr'cvious
error sign of an adaplive DM, 1he value ol P chn 1'1ot be utiliz"cc} directly cxceptio
serve as a guide Lo hclp decide the codm path. i; iz comparaed with @ and E, and
whether pixel @ or pixel § will be used {o encode the input sample dcpc,nds on whether
P is closer to @ or P is closer to B
¥t can be shown that the process}of forming P first and then comparing ]—j
with & and E is not necessary, In Appendix I, itis shown that this proccdlire of
comparison is cquivalent io simply comparing E with & and E, I A is c:losex; to ;,
use f8 10 encode the input sample and if E is closer 1o ,E, pixel o will be used.
Fig. 15a and Fig. 15b are the Weighted-average 2DDM encoded pictures
at 1000 samples/line (2 bits/pixel) and 500 samples/ line (1 hit/pixel), respectively.
Tig. 15¢is the dillerence picture belween Fig. 15a and Fig. 3 and magnified by
a faclor of 2. The jaggodness along the cdges are clearly S(‘ECIL J.hlS jaggedness
‘results because the predicicd V'Llue, P, does not always frulde the encoder to
encodle along ihe best coding path. TFig. 16a and Fig, 16b show the V}elghtcd— .
average %;?DDM encoded '"resolution chart'" encoded at 2 bits/ pixefﬁnd 1 bit/pixel,
_vespectively, All pictures shown with Weighted-average 2DDM encoder employ

the @ -8 pair as ile relerence pixels.

VI COMPARISON | |
Among the three DM algorithms discussed above, lhe Look-Ahead -
2DDM performs the bé:s{:. The capabilitics and Hmitations of thege three
) algorithms are best revealed at the encoding vate of 1 bit/pixcl. ;’xt this low hit r:itc,
7.5Mbfs, all DA encoders degrade their performance. The Look-Ahcad
2DDM degrades most gracefully and, therchy, prociuccs the most subjectively

acceptable piclures.

Jnterlacing

Tn an inferlaced scanning sysiem, the 2DDA encoded piclurcs show more

&
doo 1\1rht1ons than pictures encoded by a nomntorhccd scanning system due to the

fact that less verlical correlation exists between piclure clements iu an inlevlaced

L}
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scanning system. When the picture of the "'girl" is encoded by the Look-Ahead 2DDM
encoder with interlaced and noninterlaced scan, the difference is small. Ifowever,
the Look~Ahcad 2DDAT cneoded “resolui:ion chart'* shows tearing along 45° angle lines as'

r

shown in Fig. 17. .o ) . =

™., EFFECTS OF CITANNEL ERRORS

Transmission crrors causc a deviation helween the reccived and transmitied
binary digiis, thus, they generale error patterns which' are-superimposcd on the
decoded pictures. The inlerdependencies bctwccn.tho picturc clemenis generated
by ihe delta modulation system caused the error 1o propagate. '

The response of the della modulator ﬁpcoiler to a transmission orror is a
permanent DC level shift. The resudt of a permancent DC shift is an erroncous
brighiness pattern in {he reconstructed piclure. In a one dimsensional della
moduialor, ihe errox pflticrns propagate only horizontally [ 167. However, in a
two dimensional della modulalor the error patiern can SpI‘—CELd out botP in the
horizontal and in the vertical directions. 1;1 a 2DDM decoder, cach c’hmmel
error, depending on the pixel position of the initiaiing errox in a partlicular
coding p:n;h, causes o different kind of shape in thé error patiern.

Referlo a par:ticular coding path as shown in Fig, 18, If an érror oceurs
at pixel g, the -crror will not propagale hecause pixel a is isolated and will not be
aused for-the estimalion of other pixels, Thus, the erfor at pixel a is liké a PCM
eryor and, hcncc;, a brighiness deviation wil-l be observed ondy al ihat poini.
Beeause of the small sizc of a pixel and the possibility that the deviation is small,
this kind of orror-is not clearly visible.” It can he readily shown thal the probability
of a pixel in a codivg path being isolaled is 1/4. It implics that one oul of every
four errors in the decoded piclurce will nol propagaic and, thercfore, will not
be visible. ]

If an crror occurs ol pixel b, the error will propagate vlong the coding path,
aid o horizontal s{'ro_ak of 4 pixcls in length will appear on the decoded piclure. The
(proha bility that an errov will cause a horizonlal or a vertical sireak in length of n pixc

+on

can be shown 1o be (1/2) . Inihe example of pixel b, n is equal t0 9: Therefore,


http:shown.in
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10
the prolnblhw that the error will move only horizontally for 4 pixels is (1 / 2} * 10

which is.very small. Ience, gmmrully; three out of four crrors reccived will spread
inlo a lwo dimensional area of various 91:7,09 'mr'l shapes such as would bc the case if
pixel ¢ in Fig, 18 is in error. . The entire a.I‘C'L covered by ihe coding path following
pizcl ¢ will be affeeted. Fhe convergence and divergence property of the coding path
afler the erroncous pixel determines whether the error patlern is consirained or not.
The worst easce happens whe-n there are mulﬁplcs.crroi“s in a divergent coclinglputh.
The resuli is offen the toial dceruciiog'a of part of the picturc covered by the coding
path lollowing several crroncous pixels. Tig 19a is the decoded picture with a
iarobahilii,y of error of 5*(10-5. The picturo has been cucoded using.a 2DDM operating
al 1 bit/pixel. Since there are 2. SXIO pixels in a frame, {here are, on the aivera,ge,
12.5 errors/f rame. The error patlerns in Fig. 192 are not very clear becausc at -
this low error rate, errvors are separated. Thus, no multiple error pqttern occurs
so that the propagation ‘of errors are not very noticcable.- Yig, 19b shows the effect
of mulhplc errors in ihe diverging codmrr path. The prob.abiliiy of error shown here
is 2x10 ”. The totlal number of erroxs is 50. The large error probahilily cauges
the crrors {c be closer and, thevcfore, the errors inferfevc with one another and
causc 111 & estimate {o drift further from the correct v').luc consequently the fotal
destruction of portion of the picturc occurs.
However, channel crrors. occur randomly. All the registers of the delia

modulator encoder and'_doéodor are resel to zero prior 1o the beginning of cach
new frama. The errers in each frame appear at different places, and piclures
seen on the TV sereen are not as severcly distoxted by th(.a crror paitterns as the
pictures taken from g single [rama, :

- The deviddion belween the transmitted picture and the dc{;odc;d picture due
to chamnel errors can be reduced by employing a leaky in‘l,c‘.grnu;r into a delia
modulator and also hy rest ;‘icﬁ ng the maxi .mz-sm allowable stop-size of 2 DM. There
is a irade-oll belween picture qun]ity‘ and channel noise reduction. A larger maxinmmum
‘allowablo step-size allows the DM to respond 1o an edge quickly w‘hercas a smallor
. .

maximman siep-size belps reduce the maximum discrepaney of the transmitied and the

decoded picture, A larger Ieaky [actor of the leaky integrator can correct the errors
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ol a decoded picture in a shorier period of time, but the overall picture quality

will be reduced due to the lorge amount of decay at each pictore elemaent,

X. TWO DIMENSIONAL DELTA M ODULATIOI\E USING INTERFRAME ENCODING

The previous discussion gave the resulls of using the {wo dimensional
deliao modulaior algorithm as av intraframe cncoder. In ihis scetion, we will
discuss ihe results that we obtained when we used the a}go‘rjihm in a real time
) mim frame encoder. . ’} o

The interframe encoder differed [rom ’Lho intraframe cncocla.r alrcady
deseribed in only two ways. Tirst, as an imterframe encoder, it uses {he estimate
Irom ihe previohs framn and the i}revious horizonial estimate to predict 1he next
estimaie. Sccondly,il did noi usc the Loolk—Ahead schome.

A simplified block diagram of the encader is shown in I-‘:'ig. 20. From this
ﬁgﬁro it is apparcat that the cncodér consisis of two delia modulators. Onc encodes
horizontally nnd the other, [rame~to-frame. Decision circuilry com}i)ares the estimate
from the horizonial encoder with the input signal and also compares t’he frame-1o-
frame estimate with the input signal. The decision circuitry '[hCll‘th:OWS SWl

so as to &hve the LI bit, step-sizc, and csumad_e from the della modulaior that
produced the eslimate that was closer fo 1110 inpul signal.
This cncoder reguires 2 hits o be transmitted each time the input signal
is sampled and, therefore, operales at the ratc of 2 bits /pixcl The first bil is
EI 2 and the other hit is used fo signnl the receiver wheiher lo cncode from {he
horizontal direction or the f}:ﬁnc—to—frame direction. If the delia modula{o_r
is biased so ithat it switclics io ihe horizontal direction ohly when the horizonial
direelion of encoding is .JJ_gmﬁoanﬂy hetler than the [rame-{lo-frame diveetion,
then the delta modulator will choose the horizonial dircction only on that parl of
1he scence that changes from fr:unc_—to—-ﬁ‘im e, Since most pictures change litlle
from [:Ffl mo-{o-frame, it1is possible to code the bits sent Lo the receiver {o
:whic;vo an average bn rale somawhere belween one and two blts per pixel.
.

Figure 21 illustrates the quality of the nictures oblained-from the cncodcr

These pictures were taken from a standard TV monitor. using a grmera with-a
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shutter speed of 1/30 scc. The sampling rate is 7.5 MHz, and the analog vidco

: sigml.is bandlimifed to 3.75 Milz by a 4 pole butterworth filler. Because the sides
ol the piclurc are :cut.of f, ihe viewer sees only 256 samples or about 2/3 of a

visible [ramc in each picture, The video si gnal occ.u'pies about 85 quanlization levels
and the negative going.syne pulge, about 36 Icvols: The minimum siep-gize is

1 Jevel, and Uhe maximum slep-size is ¥ 16 tevels, - -

Figure 20a shows a slationary resoluﬁon chari. It shows ihe resolulion of
the encoder and also the fact thal siatidnary pictures arc undistorted. Tigure 20h
is also of a stationary scenc. It shows good gray level rendering but also a slight
amount of speckling noise as compared with Fig. 20c, the original analog picture.
The speckling is duc to the minimwm siep-size pattern. TFigure 20d shows the
camera V'panning' across the scene.. Notice the; edge busyness in the picture. The
edge busyness which is about 7.pixels wide appears because the encoder i'ecluces
{0 a one dimensional delta modulator when encoding -movin;g; objects, i.e., it tends
10 cneede only horizoulally. " Picture 20c¢ is an analog v1deo signal w1th the
camern panning at about the same rate'as in I‘lﬂure 20d Alihough ihe edge
busyness is noticcable, it docs not appear 1o he sub Jcctwoly a.lmoymfr on I'Lcml

scenes og on graphics,

1

 XI. CONCLUSIONS

This paper has shown thal video signals can be encodcd.‘using DM Lo oblain
good qualily pictures al a relatively low level of complexity an& Eost.

Inira-frame and inler~-frame lwo dimensional cncoding sysiems were
discussed and comparcﬂ. A comparison of the piclures shown here with those -
oblained by olher investiegnlors using DPCM 01*. othor iechiniguoes filcliczitcs that
. tho picture qualily depends on tho number of hils / pixel rogquired for encoding far
mozre than the enchibg technique employed,i,e., DPCM oxr DAL The major
advanlage of DM over the other encoding technigues is ils low cosl and small

su.e due 1o ils low levcl of complexity. For cxmmple, the coq+ of the componcnis

‘used in a DA is less than the cost of the A /D necded in DI’C]\I_
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P-= 0,75 + 0. 758 ~ 0,54

-“Pixel & will be chosen as the previous relercuce pixel if P is closer io «,

JeC.

“or
or
or
or

or

or -

la~Pl<|B~P|
- =3 = =3
@-1)" <@~ P
o I R
o - 2P+ P <o~ 2P + D
__.2 —— —— —
0.5 ~ 1,508 +atx-0.58"~1.5a8 +B &
— - =g —y o= -
~0.5@ - 204 + £2)<~ 0.5.(3° ~ 28 B + 4)
- —2 - -2
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=8 1> [B-4]

The resulls indicate that pexil e will be chosen as the previous reference pexil if

K is closer io E than to '?e. .
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