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Intraduction

This report summarizes the dovelopmoent of adaptive deltn moduintors
chpiblo of digitizing » video signnl,  "Tho delln modulator ancodaor neeopls a d MHz
black and white composrita video signul ov n coloy vidoo signal and ancodos 14 into
o stroam of bimyy digita at & vate which ean be ndjusted from 8 Mb/s to 24 M b/g.
The output bit rate is dolormined by tha usor and eltors tho quality of the video
platura,  ‘Tho digilal sigunl is decoded using the ndaplive delfa modulnior doooder
{o roconstruet tho picture.

Following n long history of cooporation botweon NASA nad Dy, Sohilling,
an ADM systom was dolivored to dSC. The systom is enpablo of encoding binok
andt whito or eolor video or cneoding feame sequontinl color, The aelor signals
wora ohcoded at 24 Mb/s, the feame sequontind color at 16 Mb/s and the black-ang-
whito video at frogquencies from Slmb/ s = 16 Mb/s.

‘Thls Conteact supported the Tollowing gradunto studants: R. Lol and
N. Sohoinborg, .
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YVIDEQ ENCODING USING ADAPTIVE DELTA MODULATION

ADBSTRACT

This paper deseribos soveral ndaptive dolin modulntors designed
{0 moeot NASA's potentinl need to dighially encode video signals,

The adaptive deltn modulators described nro:
(1) One-dimensionnl ADM {o ¢ncode black-and=-while pietures

and also transmit digitally oncoded volee with no inercase in
bandwicdth '

(2) An ADM to encodo field-sequontinl eolor:

(3) An ADM tlo oncode color video signnls,

The units described oporate at bit rates that ean bo adjusted from
6 Mbps to 24 Mbps. The eflcets of the bit rate and ehannel errors on the

rasponse of the picture are discussod.



I, INTRODUCTION
It is olton dosirable to digitally encode a video signal, Such a signal

can bo transmitted with significantly loss power (lower SNR) than an annlog
signal to obtain comparable quality of reconstrueted signal. The digital signal
can be easily encrypted to insurc privacy and can, more readily, bo stored in

memory for applications requiring slow=sean video transmission.

There are many techniques available to digitally encode a video signal.
They include PCM, Differential PCM, Traneform Coding followed by PCM, and
Adaptive Delta Modulation (ADM). This papor deseribes the research performed
by the Communications System Laboratory at the City College of New York for
NASA~JSC.in the development of low cost, low bit-ratc ADM's capable of encoding
black-and-white and color video signnls in the presence of high bit error rales.
Our initial results and a summary of other techniques have been deseribed in a

(1)

previous paper.

Figure 1 shows a simpliﬁéd picturc of the video frame in which there
are 500 lines / frame. I the video signal is bandlimited to 3,75 MHz, the Nyuist
sampling rate is 7.5 M samples / 8, Sinece the [rame raie is 30 [rames / g, the line
rate is 15,000 lines / sce and, 500 samples arc faken each line, Thore are thore-
fore 250,000 samples in a frame. Each sample, as shown in Fig. 1, is called o

pixel or pel,

When using PCM, 6-8 bils are transmitted for each Nyquist sample, with
DPCM 3-5 bits are transmitted in the same time interval and using ADM we
transmit 1-3 one hit samples during this time poriod. Thus ADM can operate

at a lower bit rate than the other techniques.

ADM cncoded video is relatively insonsitive to channel errors. PCM
. . - . ~4
noticcubly deteriorates at bit error rates greater than 10 5, while at 10 , the
eflcet of channel errors is bavely noticeable when using ADM and complete

N . hrTe . . -2
recoghizability and intelligibility remains oven at error rates as high as 10



Furthermore, ADM i n rvelativery low=cost systom,  The systom
ghown in Pl 2, congtreuciod by DELTAMODULATION, INC., cmploys only
10 1C chips which [it on w stngle 7% x 8" printed eiveuit bonvd.

e TUHE ADM FOR VIDEO BNCODING

A bloek atagean of an ADM for video encodtng s shown In Fig. 1.

The input video signal (L) iy smnpled ot or above the Nyquist 1ate o form

miterl). This sowpled viluo ig compared with the estinmato ﬁl(lHJ) whero
oflerl) = sgn (k) - ﬁ\(lﬂl) ) (1)
tho estimato h (ked) is formed Lrom the old egtimato i (k) und tho

stop S{lct1) which fnevemonts the estimale:
A A p ¢
m kL) = o k) 4 S(ie) . (=)

Eauation (2) shows thak i (k1) i Tound by passing § (ktl)  Shrowgh o logsy

aceumlalor, too., nnaevowband digiial low pass fltor. The senlae o 0,08
, 1) _

insures satisfetory orrvor corvrection in the decodor. () In the encodor o ean

ba sot to unlly without degrading the system performunco,

ha nlporithm amployod lo pencrato the stop S(kil) is

J | sl remrosomnt S| Sl <1,
S(k-1) < 2 5, (k) [ sl s, oy
1 16 8, o (i) | 8Ky |18 S, (e

8. i3 the minimum stepesize nned {s equivalont to one quantisation lovel. *The

0
masdmum stop is - 1208 hD’ ot 8 bild, as i the sipunl mikad), Satuention logle
is employed in the elrouit used to genevade kg 2 o prevent ndverse eflects

when the ndder overflows duo to chubnel orrouvs,
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Encoding of n moving scene using the ahove ADM rosults inno
distortion or othor dolotorious effcetls.  Fligure 4 shows the operation of
this ADM at bit sampling rates of 6, 8, 16 and 22 #{bps. At 6 Mbps tha

Yadge~husynoess" is saen {o be extromely prohounced and tho writing

Bpoxy Supor Glug on the eard is not logiblo. At 8 Mbps (approximately

1 bit/pol) tho edge busynoss Is reducad sigaifieantly but tho writing is not
quite legible. At 16 (approximaiely 2 bits/pel) and 22 Mbps the edge-busy-
ness' is no longor noticonble and the wriling is logible. Note that the improve-

ment obtalhed whoen inereasing from 16 to 22 Mbps is not signiliennt,

Figure 5 shows the response of the ADM {o chabnol ervors when
the video signal is siumplad at 20 Mbps. Tigura 5a-ce showas lhe response
of tha ADM when tho 2 =0 to Po = 10"'2 raespectivaly. An coeasionitl crror
is obsorvable at 1_0-'3 while the presonce of errors is quits noticonble at
P = 10—2. The respouse of tha ADM lo n untform groy background in n high

noise onvironment (P = 10—3) is shown in Fig, 5f,

Nofe that the errors do not eause tho picture to "bronk-up", i.c.,
they do not significantly aflect tha horizontal or verilenl synch pulses cven
at an arror ralo of 10—2. The errors, instead, net liko an Yoverlny' of
horizonta! stroeaks and one has the feeling that if the overliy could ba removed

a Meloan! picture would result,

I, ENCONING COLOR SIGNALS

A, lield Sequendinl Fheodiog of Color Signnls

A ficld sequentinl color system is illustrated in Fig. 6. In this
system the ADM cncodes scqucntinll_g,_r, the red, green and blue signils available
at the camera outputs For exunmple, during the (ivst ficld the red color is
chcoded, during the sccond fiold tho green color is cncaded and, during ihe
tliird fiold the bluc color signal is unéodcd. Along will tho simplicity .of the

color eamera, Lho advantape of this type of color system is that tho bit rale



is tho samoe us for black-nhd-white pietures,

Tho ADM was construcled and tosted at JSC in a leld sequeniind
gystem, Tigure 7 shows lhe straight-through and ADM encoded responscs

when using o fleld sequential system,

The disadvantage of this systom is {hat only one color signnl is
encoded {rom ench feld and the color compononts of the picluro tend to
soparile nt the cdges of moving objeets. "The color frame vato Is only 10
frames/sccond. Excopt for this defeet, which is charnotoristio of any fiold
sacquentinl system, thore is no npparvent distortion added by the ADM. Sinco
odgo busyness is a random function nnd n cha weterigtic of these ADMYs, it is
intoresting to noto that tho busyness is masked by the suporposition ol the

threo color framos,

B. Dircet ADM Encoding of NT8C Video

Tho ADM charncterized by Hqs. 1, 2 and 3 enn he used o oncodo
NTSC color video signals, TFigure 8a shows tha straight vosponsge of the systom
without tho ADM. Tho picture used was taken from an nlternoon Ysoap opera''
Figure 8b shows the same picture encoded nt 16 Mbps, 'The pletures wore
- taken at a rate of 1/30 socond which resulted in the dingonul stroaks shown,
Nola the slght edee busynoss and the granulavity that is prosent.  Also,
obscrve the slight loss of dotadl in the hecklnoe.

Figure 9 was taken ﬁ~0m A morvning quiz program. Such programs
genoerally havo oxtremoely vibrant colors. Note aguin tho presonce of tho

dingonal stronks. Thego pietures wero takon at smﬁpllng rato of 24 Mbps.

In genoral the actunl picture quility if mueh bolter than that obsorved

from these figures.
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C. 'l-:ncudln[z‘ Usine Deomplhals Plilering

Tha ADM hus n tondency fo slopo overload IT tho lncowing signnl
haa Inrgoe high-{requency components,  I'o avold slopo ovorlond one can
increasa tho bit rato.  Altornately, ono can low phags liltor the signat prior
to encoding, thoreby decrearing the amplitude of the high=frequoncy porlion
of tha video speetrum,  Such a filtor s ealled o "deomphasis! filter. Intho
recotvor tho ADM decodor 18 followed by n "preomphasis' filier to restoro the

tho high Drequencey components of thy stganl,

Unlika FM whora the deomphasts filtor is n single-~pole RC low poss
filtor, tho deomphasis filtor needed for color oncoding must bo o multiplo polo
filtor, Soveral filtora woro attempted, Ihe Cittor soleetod fa shown In Big 10,
Tig 10b shows tho systom vonligurntion while Pig 10e shows the cirouit used for
onch scolion. Tha vadues of L and € dotormino the Q of tho section nud tho serles
resonance.  The valuos of Q nid the resonant frequoncios ware chosoen o optimize

the tradeolf bolweon vipple and high [vequeney noiso.

Tlguro 11n shows tho straight through responso of an NTSC color
systom, Fig. 11b shows tho respouso of the diveet oncoded ADM at 24 Mbps and
Fig. 1lc shows the responso of tho ADM whon deemphasis [iHeving Is omployod
at tho oncodor at the anme sampling vade. Noto that the gkin cowplexion s

greatly tmproved whon using doemphasia /pecomphasis Ultoring,

D. Digital Voico and Video Multiploxing

It is ofton convoniont to Lennsmit volee simultancoudly with the video

signal, "this is veadily accomplishod withotl any inerensoe in bit vato.

The ADM desevibed above encodes the composite video signal, i, 0.,
tho video informaiion and the horizondal nnd vertienl synch pulses,  Since the
synch pulso {8 n lnrge negative pulse the ADM goos into stlurntion nnd geacrales
n long stronm of Ots.  Whoen oparnting at 20 Mbps approximately 80 0's oeeur

consceulively.
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I voteo [a encoded at the rato of approstiately 32kbps, 2 bits
of voleo can bo transmitted during each hovizontal synch pitlse,  For oxnmplo,
to geud tho encoded bit 1 0 wo ndd o hender 1 2 1 to the bits nnd add the Tve
bits 1111 0to tho nll~zore bits encoding the hovizontal reteace, The result
is tho tennsmission ol 33 kbps ve-po with 20 Mbps video with no inevease in
bil rate. M should bo elear that dum us woll na voleo enn bo multplexed in
thig way.

The video encodov/decodor with an nudio ehannel designed by
DELTAMODULATION, INC. (Model 310) transmits a 3=bit code for eneh
infovmation bit of the digital volee theroby providing simple, yot effeetlve,

singlo=bit prrov-correetion.

IV, NEW AREAS OF RESEARCL

A. Line Sequentinl Color Bncodling

The difffeel iy with ffold sequentinl color encoding is that during periods
of rapld motion, the color in each [eld will not line upy after all it takes 1/60

soeoid 1o oncodo nny entirva ek,

'The above problem ean bo signilioantly reduced by encoding o «ifferent
color for each line,  For exnmple, ebeode the ved color of line 1, the green colov
of lina § and tho blae color of iine G, Use theso threo colors on line § of the
monior. Noxt encadoe the red color of line 7 and display the threo colors ol
lines 8, § and 7 on line § of the monitor, cofe. ‘Uhis sysiem iy now boifvy con-

atructed and will be tested nt IS¢,

B Slow-Hean Vidoo Bneoding

DOM encoded slow-sent gystems vequive a feame of digttal momory in
the transwittor and fn the veceiver. When ADM encoding {s employed only the
ol bit streswm nood be encoded. I'hus, the amount of memory requived is

roduced by a [nelor of approximately 4.

A slow=senn ADM system has beon dosigned and is curvently belng




)
consteueled for testing nt J8C.

Ve _CONCLUSIONS

Onee ono renatlizes that nodiglind systom costa no more and often

less than an analog system, s move velinble and provides higher quality
performunee nt signttieantly lower SNR, the conclusion 1a usually renched

to Ygo-~dipilat®,

Two drawbacks to it digital systom do extste  Tho digital systom
oftoh requires wider bandwidth ad, BOL devices ofton Himit the gpeoed at

which digitul elvenit enn oporato to values which nre less than desleed.

When bnvestignting which digital systom to employ we st consider
cost ns well ag qualtty, I t:omaqmﬁeinl or near commereinl quality ig requived,
il rocognizability nnd j_l_xtulligllblllt.y ave Impoviant, 1 small size, low power and
Jow cost ava faclors worthy of consideration and sullieiont bandwidth g avail-
able, then oho should, as NASA is dolng, luok at ADM.

(1)

In this papor wo have extended the results of our oviginal papor
and looked nlgo at color video aid audio on video. Che resulis obtaingd
from all lesty pavformed by NASA fndleate n pleasant quality ptetuve, which

is not degraded by wotion.
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Fig. 2 (a) Adaptive Deltamodulator Model 200 manufactured by

Deltamodulation, Inc. (b) Circuit showing 19 IC construction.
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i'ig. 4 Encoding at (a) 6, (b) 8, (c¢) 16 and (d) 22 Mbits/s.



5 g T T

diiila. A ®,
(n
Fig, 5 Response of ADM t» channel errors(s). (a) No errors, (b)

B - -l -
P = 10 ,(c}P=104,(d)P=103,(e\P=10 (9
e e e

e

:



PAGE 15
QUALIYY

ORIGINAL
o1 POOR

"waisds 1010D Tenuenbag PleLy g *Siy

09pPTA TeTIUusSnbss pIatd

PIIONIISUGIDY

T
lm R it = 1 ¥36003d r\ull“m AUWHEHD b ILW“ vIAQCGoNE
! _ oA-29 41 w wnad z : * s
M |

e



»

Pictures obtained using IMield Sequential Color.

through response. (b)) Encoded using ADM.

(1)

Straight
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Pictures obtained using NTSC Video, (a) Straight through

response of color system, (b) ADM encoded picture at 15 Mbits/s,
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Fig, 9 Pictures obtained using NTSC Video, (a) (b) Encoding at

24 Mbits/ s,
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Fig, 10 Encoding using deemphasis filtering, {a) Amplitude vs,

Frequency, (b) System Configuration, (c¢) Low Q and High Q circuits,
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Fig, 11 Subjective effects of deemphasis filtering, (a) Straight through
response, (b) Encoding using ADM, (¢) Encoding using deemphasis

filtering and ADNM,
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