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There have been may suggestions as to how the Government can

help: decisive standard setting; antitrust relief for joint

efforts; matching grants; tax credits; etc. We think this

Committee and the Congress should continue to examine these

alternatives. But we can and should agree as soon as possible on

what we should do: introduce by the year 2000 an American

processed digital HDTV system which permits the transmission within

a 6 MHz bandwidth.



FRAIIK J. HAltE.,

APRIL 12, 198'

FAROUOJA CABLE-TV TEST
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Sunm.ry: rh, writ,r attend,d a demonstr.tion of 'arou~1'~JJY~''''
NTSe 5,S:t!n yut.raly at tn. Sunnyvale (C.) City HIl1. Sirrulta~tls
s1dt by sidt presentation 0' rt~'J"" NTSC ,no SUOt!'" ~~SC we""
givtn on ~ 9" monitors. Pi cturtS arrived vh the 1oe.1 'Ie1. system
on adjacent cnlnn,ls. Lat.r I larg. scrt,n Dr.s.neation (12'
)( 15') 0' sup.r HTSC WIS giv,n at th, Faroudja Laboratory. In
al1 eas.s the sup.r HTSC pictures looktd exc.llent.

0...:

SU"ltct

C.ble-TV Test: Th. clbl. TV t.st WI' I co-operltiv, ,ffort on
the part of TeI (own.r of Sunftyva'", cabl. slst.lI) Ind 'aroudJa
Labl. Th. cHy council chi.,", oroved to be I good locltion
foro the '(1Iw1"9 .1 nc. 1t W&, n,l,. the tn. 0' tM elb1, system
(approx. 11 ampHfi,r, cf.,~) and =""v1~~ a ntutr.l ground fo",
pub"c vitwin,. No public officii,. we... present for ttlt test,
howeYlr.

C~3"ftll 14 car"itd tM supe, NTSC .f,n'l. ""il. Ch,"",l 15 (ntxt
adjaclnt) Clrrfld "'Iular MTSe. A c-.an s1,nll lourct fed bot~
ch,nnll lROCSul,tors at th. cabl. Iyst.. heidtI'd. The 1"t9u1lr NTSC
110ft i tor ut111 Ztd I Rhod. I Schw,rtz d.-odulato, (tunIc to C~ ;
14) • .nil, the super NTSC IOn1tor utilized I t1chtroftfx demodulator
(tun'd to Cit. 15). Further t"il luoer 11K _itor WI. tctuipC)'d
wi ttl 'IroudJI'. 11n. doubl.r (1050 11nel) Ind the picture tub.
chl",ed out to a hi,,, resoluti0ft CQlPut,r tYPI kinl.coOt Inc
d,fltction c1rcuitJllY. "CIUI. of this d1".rue. in k1"ISCOpt.,
it .a. not pollfble to get perf,ct color IItchin, Oft ttle two
IIOnnor.. Th. dfff....ftC•• however••11 .'no,.

Sourc. IIt.ri,l .IS I 3511 Dolby t.st ffl. t,.ln.ftrrtd to a,t.cl.·SP
vi, I lank .e,""'''. Sc.n•• contlininl widt COfItrl.t r,n,••• rlptd
IIOtfOft. dan br1l"t N.SlltS, 1M tI.t patUrft, we,..
III ,.... llt'*'t" tftt ,"",,1., MTS( pietu,. WlS qui tt ,00d,
thl s.,. rrsc picture txtlfbUtd t". 'ol1ow1". fllProv_ntl:

I. No tine ItruCtuN'
b. Notic"il, bitt" rllolut1on
e. "01'.'....
d. No r1nl1nl or white '0110-1nl lround edtt' (printed mett.r

WI' el.,,, ." I"',.,)
I. Mo colo,. f"1n,1n, (Sund'1 cOitCI loot)

In .~tfon .uper NTSC 100lled .... Hie. ,n. thl.. TV.

Labo,.atory TI.t: A portf. of • f"dflna JoMS-. vi, tuptr "1St,
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wu shown on I UlxlS I scrl.n. ExClpt for low serttn br1gl'lt".ss.
which write.. grldua"y b.came accustONd to, pietur, ~ua';~:t again
apprOlcned that of film as notld in items I through e abov•.

Concludin, Rtllllrks: Super HTSC 11 d.finit.ly I vhb1. ~roduct.

and for scJ"ttft sizes nonn."y found '" the hOll. (1. •• yo to 30"
or so) yield. I picture subjectively IS good IS 1125/60. Unt11

_'lrgl sfzl high brightness displlY dlwic.s become .conomica"t
av.fl.ble and IYln glnl,.al1y Icclptable, thlre fs no ,.,.son to
go ~ I 1000+ 11ne numb,r new t.llvisfon syst••

A. for thl tConomic/polft1c.' f1Jture of su,... NTSC. tilltt 11 of
the ISSlnee. For su~r NTSC to becOlIII IVlihbll to the typical
conSWIt,., 10M II.Jor finlnc1l1 ceatUtlltnU IlUSt bl ud. by on,
or DOre TV SIt INnuf.etur,,.s. A klY et..nt to tM S effort is
the devlloPltnt of a v,,.y ',rge sc.l1 integrated circuit containing
••t of tftt 11n. doubling technolov whfch lUst go into thl TV
Itt. T1I»1CI111 .ucft YSLI'. tlk' about bit y,.rt ,nd It 1111110n
dol'lrs to devil 00. Wit" the FCC lIb.rkf", upon 'IT~tfon of
• new U..,..Ur111 adY.ftclCl tell.,il1Oft '11tM, TV ••t ••""factu,.."s
1111 be ""lucunt to txplnd "Jor doll .... Oft tM dlvtloOlltnt of
a au.... NTK ,",clher, fn Idv.nci of In 'CC decision which could
Id"lrs.l1 ,ff.ct .u,... NTSC.

F~H:.h

cc: "'.srs. leUlfclt, UytttMlele
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C.t.- u H1·~·_·~··--·-r~,. • "'. " • r ~ ~ .' . - ,- . ~ .: • _ 1.,5 SC C : ,\ '! ':' S • "C
- ( oil .'" •

I, Dale w. Ratf1.1d, ~:~,~~er· o~ ~at!ield Alsccia~.s --­
locat.d at .'40 ~1verb.nd ~=aj, Sc.:d.r, Cclor~~o, 3~J01, ;e;~~;~
that:

r :-eee1v.<S a Bac~.~or oe Set.nee deqree in !1.et~4 _!,
!n9ineerin9 froll' C.le tnsttt'.:te of T.ehnoloqy ~n 196C, ;;d ;
Malelr of Science degree l:'l tndu.tr1.1 M.naqe~'!nt from ~~-~ e
Un1verllty Ln 1"1. t have compl.ted addition.l :adulte ~o:~-:~
entineerin" ••~he",atic., operations r •••• rch, and O\,ltt:".@!I!
.d.in1Itr.t10n a~ %111n011 :nstieut. ot reehnoloqy, C••e-~e'~~r~
Re.,rve Oniverl1ty, and the Univerlity of Chicl90.

After 9raduat10n troll' Purdue, t jo1ne4 St.wa rt -WI. r~, e ~

11ectron1c••• a product10n en, 1neer. 'roil 1,. 3 until 1~ 71 : -"'I a
e.ployed a. a co_un1ca~10nl en,lneer .lth the Inlt1t\,lte fee
~.1.co••un1c.t10ft Sc1ence. of the U.S. O.partm.nt of Commerce.
I.'•••n 1.,1 .n' 19'., I held vario". cOIl1t'un1catlonl pol~c'i
.naly.' po.1tlona with the ottlc. of 1elecoamuft1cationl in t~e
D.p.r~n' of C....re.. In 19'4, : wa. appointed Ceputy Chief Q~
'h. Off1c. of ',y'i•••nd Analy.i., Offic. of feleeo~munie.tion.
Policy, •••o\lti". Oftice of the 're.ld.• .". %n 1915, I :!loved ':0
the 'ed.r.l Co..u"ic.tiona Comsill1oft vher. % bec~. ehlef of t~.
Office of ,1an. and 'ollcy. In 1"7, % returned to the C.part­
••nt of Co•••~c. wh.r. % became A••ociate Adainlltrltor for
'0110y analy.i••ad Dev.lop~.nt, lation.l T.lecc..unlcat1o~t a~d
Infor••eioft Ad.int.'ration. In 19.1, % va. appointed Ce~'~,;y

A••i.tant '.oretary 01 Co.-erce eor Cea-unie.tlona and :n!or~a­

tJ.on.

tn 1'12, I 1.ft ,overnment and ••'.bli.hed .y own conlultinq
or,anialtio.. 0'1" fin .p.el.ll... ift e",l ne.r 1n" ICO"OIll i c •
"I'~.', 1ft' pol107 .'~dl•• in the '.lee...unlcltion. fle1d. o~:
cl1.n'l 1.01'1'. '1~1 1D tb. terr••trl.1 aft' .a,.111t. lon9·hau~
co••uBi.a'i••" .abl. ,.1••i.10ft, 100al .xe~an9., c.ll~lar
.._il., •••e'oa.tiD., .,.ci.11Ied aobile radio, .n' In'ernational
oo••unica'ioftl 'iel'.. % •••1•• t~. Dil'eoto~ 01 the 'eleecm­
~ie.'io.1 DiYia&. of gftlv.r.it, Coll... a' th. Uft1verl1t.y o!
g.".... ' 1 tHe" GO'lr... 1" t.l.eoaunlcatlo". polley and
r.9Ql.'iea la '.1.0..-u"lcatlo"8 ..na,e.eftt. I •• also an
Adjuaet , tft the Cradu.'. '~..ra. in T.l.co••~~1cat1o~,
at tbe -'&ftl'li', 0' Colorado a' lOuld.r. In acldition, t 'e\1

...ee.'lp i.'.. a 'el10" of Northw••,.rft Unlv.r,"ty I. Anr -.: -.-
ber, ....i." ~I. on Co••y"lcatloft. 'olley I'~die•.
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1'. Pctentia 1

:.0 :ntroduct1on

te•• ion

Rltt'ield A,.ocllte•. Inc. (HAl) !'I•• been retained by ':'.:e­
COfMIunic:atlon" Inc. (TeI) to •••••• the 11Jcel1.hood that. 0'/9t'

the next ten year. or .0, I d191tally-encoded RO'1"Y slq!\al e.c\.:ld
be transmitt.d via terre.~rial broadclatln9 and cable sySte-s
within the' MR. bandwidth occupied today by NTSe 11qnl11. ~~~S

report review. current pro9rcl. In4 tr.nd. in the b.ndwl:t~

compre •• loft ot broadea.t-quality tet.vlllon .19n.1. Ind ~~

d191tll trln.mtll1on technol09Y 1n or4er to elti~ate Whether ~~e

exi.tin, Itlt•• at the v.riou••r~. could, vlth lu1eable furt~er

development, lead to luen a qoal. 'rn. report doe. not addresl
the erlnlttton to tully d1,1tll trlnlmil.ioft or the d1fterent
enhancement. that .1,h~ be Ipplied to N~SC technolo,y dur1nq t~e

interim.

Video compr••• ion and trln••i •• lon technique. Ire 'I.u~ed ~o

be independent 1n th11 .naly.11. T~. funda••ntal Ipproa~h to ~~e

proble. lnolud.ct Iltim.tin, the qat•• bit rat., utin, .dva~ced
hi,h-lev.l modulation an' oodin, technique., t~at could :.
lupport.d by a , MI. c~.ftn.l und.~ .itnal·to-nol•• rltio at.u~~­

tio"_ dl,cu••e4 1n ,.et10n 3 below. The oth.r pr1nc1pal part of
t 1'\_ It udy con .idered vid.o co.p~o•• lon '.v_lopaent. t hit WOlJ ~~

minillize the bit rlt. r.quirl. to ,raft••1t I -tull-lftOt10n e !10':"V
11gnal. AccorcUn91" the inve.t1,atioft con.ldlrecl trlnI1ll11.10r:
t.ohnolo9Y an' vi'.. oo.-pr•••lo" technolo" ••p.ratlly, ~h1.

report 1. corr••pon'i",l, or,a"lae4 l"to ••ctionl that di.c:u ••
••ch technolo". !be ooftclva1on••l.ea•• the joint 1~pl1clt~on.

of the flnd1n,. o. th. lndivi'ull ••ction••

~ • 0 '_'lX tL...UaflJlU
Cu~r..' .£,1'.1 -.dul.'10ft t.chniq~'1 ~.e' 1ft tellco.~unic,­

tiona tr....i ••lo. I,.te••••hibit ba"'v14tb .ffiei.neie. of
••veral 'it. p., ••COft' per Rert. of 'lft'w1dth. Under our
int.rf.r u-pt1oe., I b1t rlt. o' Ibout 11 Mbp. can be
luppor'" 18 a , .... o"a"".l ".1". w.ll-prov." technic'Jet.
A••u.1nt tba, a. uftco.pr••••d 41,1'11 KD1V 119ft.l would :e
tr.n••ttt.. ,t a 1'1" of ....., 1.2 a.... ,. ov.rall compre•• :..on
ratio of at 1•••, .,.1 1. ft••••••ry ,. allow tra"••1••1o~ 1n ~~.

la... bandWidth al10ea'" fo~ "Ie 11,,,al1 Ull,.. O\if carrier - to­
no1•• rat10 en. _odulatfoft fo,.a' •••ua,'10"I.

Ther. ar. curr.ntly lntrafr... co.pre•• lo,. tlchftlqlJe. ~~a~

allow 30,1 r.tio. w1t~ .pp.r.fttly l1ttl. detectabl. deqrad.t1c­
in quality. tnt.rfra.. co.pre•• loft 1. ,valla.l. th'~ 1110WI :~~
ta,e rl'uot10nl 0' ,r'lt.~ thl" 3.1. A••~.ln, t~lt ~~.s.
tec:hftlq"•• cln 'e .,,11•• lIor. or 1••• 1ndlpenctently ot C!ac~



o~her, the ;o1ne applica~ion of ~~~•• ~.ehnique••hou~d ~e,~~~ ~~
a ~.t compre •• 1on ratio 1n the neighborhood of 90,1, 7hi. ~o~~~
allow the u.e of , MHI e~ann.l. for ~ranS~is.lon .1~h.r o~.r :-~
4ir or via cable lYle.",., .utt'1ci.n1: '~ar. band...,1.d-:h ts a... a~:"­
able !or torward error correction.

A .uecellf~:l reduced-bandwidth d1qital H01V ,y.ter\ :~ea:':l

require. a well-eoordinated enterpr1 •• 1nvolv1nq par~~~L~!~~!

frem d1v.r •• fieldl. Th. tundlmental component. Ippe.r to ~e ~~
plaee, an appropriate impetu. could en.ure the .uC:.',E~~

development 1n the next decade of b.ndwidth-e!!1e1en~ ~l~l~~:
HDTV otterinq 35 ~m im.,. quality tor eonlumer UI••

3.0 Vid.o eO$;re•• ion

On. g.nerally I ••um•• tha~ KOTV .y.tema will pre••nt i~aq••
ot 35 INIt quality. T~. uncoftllpr••••eS bit rat. tor a d1q1tal HO':'"
a1,nal 1. about 1.2 Obp., accordin, ~o ••v.ral .ourc.," l Vlr~e~s
techn1qu•• exi.t to co.pre•• vieSe••19nal. to allov trln.~1.lio~

1n r.duc.d bandv1d~h.. Probably the mo.t ac~ive Ire. to date hal
bee" video tel.co"terenetn" 1n whicb video .19na11 are COlt­
pr••••d tOI' t~a"••11.1oft a' rate. of 31 .. kbpa Ind occa.ionll:y1.... Th. eOllpre •• ioD t.chniqu•• u.ed tor t.leconferel'lein1,
howev.r, do not ,."erll1, otte~ 900d r.ndition of movin, 1~aqe.,

foday, an N~ 119"al re~1re•• bit rite ot about 90 M~p.
without co~pre••io". I_i.tln, tntertr••• codin, technique. alle~

t~i. rlt. to be reduced '0 20 to 30 Mbp. while .till IllQwi~q

-network quallty.·a

Intra'r••• codin, ca. '.ft.ral1y be a,,11~ indep.ndently of
1nt.rfra•• cadi"9, an. c:~pr•••1Oft ratl0' oe 30,1 ar. currently
ava1labl.. %nt.l, f02 ....pl., La itl DYI (0191t.l Vid.o Inter­
act1ve) .y.t•• tba' wa. de••10,.. ~, tbe 'arnoff •••••rch Center 1
."d aequl red b, %1,.1 fr. 0'''.1'11 11.nrlc," achi.v., It least
th1. de,r•• o. 1a,re'r... co.pr•••1oa report.dly wltho~t Mot1ea­
abl. d..z.'atl... 18'.1 01e1•• the r.,r.duc" 'i,n.l 1. of ~~e
quality of Oft. r.,roduced by V.'-tor••' vi••o tape.

_ ....~..&.:IIZ,I,:&1I~~, S.".....r 20, 1t I., P !l.

l-XIH-TV?·, ~, r.bruery 20, It.,, p. 7••

4-DV: May I. 'r•• r •••• r.· M••' Cold Mi".,· U.csrof'l~ct,
r.br".ary, It.,.

Hacf1.ld A.loci.t.l, Ino. • 2 •



If the int.rtra~e an~ 1ntraframe eo~pr."1Qn ~ec~~iq~e. 3:.
1:-:cependent, tr.en currently-,v.il.~le ~t'ennQlQqy .hQul~ a~~o'" \
~.t cQ~pre •• 1on of 90rl, w1en a r ••ult1nq requir'.~ bit rao:. ~!
bet~e.n 13 and 14 Mbpe. Other. h.ve suqq•• ted ~~at such :a~e!

are .Chl.V.o~e. worker•• ~ the M•••• ehu •• tt. I~.tlo:~~e c:
':" • eh t'l Q 1Q ~Y I ! 0 r: e )C. tilP1e , havel tat ed tn. t

-[tIne mOlt complex receiver would depend on all of ~~.
t.chnique. d.veloped tor h1qhly IOphist1c.t.d vi~eo

conter,nc1n, .y.eem.. Thil impli.1 I tran.~il.1on :a!.
of, perhap., 10 Mb1tl/.ee, whic}\ could readily be
Ic:collodlted [lie) in an anll09 channel of • f.v ~Rz.
Thi. tradeoff b.tw.en rec.iver co~rle.ity and channel
effic1.ncy Ihov. that the tormer ha. I profound
influence Oft TV .y.t•• de.19n. A .y.t.m to b. deployed
1n the to'. and to be lJ.ed well into the next c.nt.lay
.hould ule tec:hnolo~y appropriate to itl .rl, Ind not
to tim•• palt. Thi. ~.anl, at the very lea.t, a 900d
d.al of coaputlt10nal capacity, d1,ital .1,nal proc",­
In" pro,r.~~ability, and ,.n.rou. u•• of me~o:y.·5

Th. Ip••d and computation powe~ 01 B1c~oproce ••orl continu.
to ,row at p~enoM.nal rat... Mic~oco~put.rl lJl1n, Intel'. 80386
proc•••or hav. been taYo~ably COMpared with the lar,e 11M 360/50
mainfra.. mach!ne of 20 ye.r. a90, and .ven Nor. advlnced d.vice.
hav. been Innounced by Int.l and oth.r.. 'u~th.raore, m.~ory

device. ar. decr••• ln, 1n pric. per bit and are 1ner••• 1nq ~n

d.n.1ty, Ba~lnt l' aor. aftd more .cono_leal to .8ploy l.:qe
quant1t1 •• of meMOry 1n .nd-u••r ~.Ylee., Iuch al d1qital HOTV
r.c.iv.r••

Whether tbe c~r.,.loe ,ec~l~el dllclJl••d 1ft th11 ••ction
can be u.e. tOte'~ew au.' be det.raine. by eompet.nt lnv•• ­
t19-'or.. MoweYe~, it 1. r •••Oft_ble to _••u.e that lufficient
knovl.d'•.••i.'. ift ••riou. ar••• '0 allow the 90.1 0: '0
co.pr"lloa ratio. ,ut are reCl'lir" to reduce the ra" dlqita~
kDTV bit rat. , •••••tllln' Ufterer 20 "bp.. Th. 1ntorftl'~ ion
available '0 ua ......,. ,~., tb••e t.chnique. c•• be app11ed to
r••ult La • ~l••l,.,.oee••" dltital .1'ft.l that "jl1 Illow the
r.produoti•• O, .. HDfY 1••'. witb l1ttl. p.rc.ptible de9r.~.­
t10ft. ' ....... 1s t~l. are. wJl1 continu. to be .ade, and ~t
••••• quit•••,. , ••••u.. th•• , 0... tile n••' d.ca.e or 10, ,yen
eOllrr•••ioe ratlo. .fl01l1. be achlevabl. vj tho,,' aftY percept 10 t e
d.,radatlon of .'.tie O~ ..vln, 1•••e••

• 3 •



4.0 :igitll tranl~11lion techr.oloiX

Unlike cable d1.t~lbution .y.te~. in ~hich :arr~.r-~o-~o~3e
(C/~I ra~iQI 1n ~he nelqhborhood of 50 <38 earl ~e S'J..t.~1.:".ed, -:.:-&
oro.dea.e env1ronment in the !utyre ~ay relult In low carr~er-~:­
interference llvell (C/I) irl fr1nqe are... :n tl''\J,1 It;.,;jy, .,~:

a.a~-ed tha~ hroadeaat ~r.nl~i•• ion will he 1nterterenc.-t~~1~e~,

4 nd ~ a ~ CI N i n I Ueh I I Y• tIm CI n be • p~ r 0 x 1mat.d bye / : • '''; " :
!urt .. er a ••umed that the werlt-ca.e elI that IlIU'~ be h.nd :~d '.J 1 ~ ~

be about l~ dl and thlt 6 <51 of Intenna plttern ~:'.':er~e:'e:"ce

rejection ean be obtained tor a net workin9 vilue tor ~i~~~~~ (/:
(and henee C/M) of 18 dl.

Curren~ d1q1tll trln.~1111on IYltem. routinely eXhibi~ ~!~~­

width ettie1encie. of •• 5 bpi/RI. Por exaa~le, dlq1tll lo~:.~a~:

mierowave IYlte... achieve thll level u.1n, '.-level quadrature
amplitude mod~lat10ft (QAM). Sylte•• ulin, even hiq~er-l.v.l (,~6

and 102.) QAM Ire either 1n I.rvice o&" are about to ente:
production, thel. ff.&" bandwidtb e"lcleneie. of .bout 6 and
1.5 bpi/KI, re.pectJ.vely. The eorrelpcnd1nt bit rate. in a 6 ~,Hz

channel to~ th••• techniqu•• ran,. fro. 21 Mbp. to 45 Mbpl.

the penalty on. p.y. to~ e.ploy!", bith-level ",odullt~on

.ch..... 1•• rechact10ft 1n t~. eft.r,y per trlnlnt1tte<l b.t and
hence In lncre"H bit e&"ro~ rlt. to&" • fixed earrier-to-n01.e
ratio. Por tb. p&"obl_ ., t-.nd, eiehe&" 11- or ••-level ~AM ~.

problbly t~. mo., .t'~.ctiYa of the•• technique.. Por C/N • ~8
dl, the Ib/No to&" 6.-1e..l OAR 1. lbout 11.5 dl and 1. abo~t ~3

dl to~ 16-1."e1.. OM. Corr••DOIHSln9 bit-error rite. are abouo:
2xlO- 2 and 2xlO-S, re.peetlv.l,:I- ~

.ecau•• th.l'. ha. b••" l1t'I. wid••pre.d e~.r1metltlti.or\

w1th ditlt.l HDtY, there aw. no .ubjaoti•• t ••t!n, re.~lt. tnat
ind1c.te the .oo.p'lbt 11', to viewer. of J••••• deqr.ded by I
rln,. 01 bJ.' el'l'ol' 1'1'.'. AOCOl'dift' to Coilvent 10nll vo i C.
co••~ft1c.tioft' practice, ~ow.ver, t~••••rror rltel are rlt~.r

h1th, and .... 'o~ .f lorwlr••r&"oc correctio" .hould b. u••d.
Purth.~w., c~ fa" efta' co.pl'.llioft 1. achieved by the removal
of redQad.., inf.,..tloD IU" ••t. th.' erro&". ~ay hive • pro­
nounced e"eo... ca. d1I,l.,.. 1••,.. we w111 therefore I"U~.
that 1ft .",o,ril'••r~oc-correctlft' technlqu. wlll b. reqY1~.d
for the ~••••• i ••io. of t~. o~r••••• d191tal .19".1. A 33'
overhel' fow r-'undlne lafol.lt10ft ..... r •••on.~l. to ft ••u~e ~~
the tra" ••itt•• bit .tr••• , u.i"" for eaa_pl., a rltl 3/4
convolutio".l t.e~ft14U••

Po&" brol'el •• tran••ililoft, t~.ft, i.~ 11 rea.o"A~l. '="
II.U•• , und.r t~. condition. ou~lin.' 1ft thi •••ct1on, t~.t a

'0. A. Saith,
~elnho1d Co.pa"y, Mew

Hattield ~••oellte., tnc. _ 4 • :o1a r eh ,0, ~ -. , 1



6 ~HZ e"'lnnel =an lupport • bit :oat. of :5 !''opa u.~nq ~6-:''!:e~
~AM. thu., t~. ~o~pr••••d 11qna1 ~lu. error corr.c:iQn Q~.r~e~d
:'""'.J,t r •• ult in a Mit rat. ot no ""or. tl'lan ':h~ ....... 1'... ':0 -:e
aeeo~~odae.d in • broadea.t .yat.~ uI1nq our Cit ass~~pt~er•.

For ~~. ea •• of cable tranl~iI11on, carr~ar-to-no~I' :a~~~t
are typieal~y in tne v1c:1n1ey ot 50 dl, and hJ.qh-lave:' :'\X ~:

otl'l.r o:ac:hnJ.que. w111 be u.aD1I at very low bit-.rror ra~!,.

~.1nq 1024-1,vl1 QAM, for .xa~pl., would allow ~ran'~1•• 1Qn c! a~
l.al~ a .5 Mbp. bit .trla. 1n a , MM. c:~annel.

The modulation tlc~nlq~•• d1,c~'lld ~n t~i•••etien a:.
well-proven 1n practic. and, a••Iction 4 w111 ahow, .~~.ar ':0 ~.

~ertlctly adlquate tor the purpo.e at hand under our 't.~.d
•••umpt10n.. Row.v.r, therl 1. much on901n, act1v1.ty <hrec-:ed
toward turt~.r 1mprove~.nt. 1ft the Ipectral eff1c11ncy ot dtq~~ll

modulation forllat.. Po•••••pl., .",cft coabined modulati.on a~d

cod1n9 techniqu•• a. tr.l11.-cod.~ modulation ~an 1mprQve ~~.

efl1ci.ncte. 01 old... techniqu•• by ate. d.cibel.. ~~as.
improved techn1qy•• ar. ln lo.ewhat limited u.e today ind will :.
availab1. 1n improy" tor- tOI' 1aple••ntat1on oVlr the n.x~ few
ye.r••

'.0 01.cu•• ioD aft' s,nclu'10n.

A principal benefi' of '1lin, dl,ltal tr.n••i,.lon ot H:r'l
.1,"al. 1. that l' 111ow. ,~e u•• ot dl,lt.l prose••1n. tlch~1­

que, .nd d.vice,. "'. ra,ld advlnc•• to" th. proce•• ln, ~.p.bl 11.­
tt •• of .1croproce••or. 0.... ,~. p", 4.cad. ar. w.ll-docume~t.d.

a. are the lncr••••• 1ft •••ory ••,,.It, p.r devlce and ~~.

d.er.... 1" t ", ov.rall .0.' ot •••ory. Ch••p... and ~InI' r
me.ory facilitate••cofto.l0 Ira•• "01'1'. ift r.c.iv.rl and
th.r.by allow. the a"ltca'10••f "vaftc" lnt.rfr... ~o.prl•• io~
and ••pan.ioft tecftnlqu•••

tn .e.tl•• 2, .. DOt" tfta' ••iatlft, lntratr... ~o.pr••• 1o"
teehniqy•• all.. ratS..., a..ouad JO,l, witb littl. not1ce.bll
d.,rada'i•• , 1••'Se, t. • 1"''10'' !tl' rat. of aM\I\ .0 Mbpl.
Oth... t ....S.... I •• lft,•• Ira•• s••" •••ioa "IV' r"'1lte4 ~~
rat10. 0' ,~,•• tau ,.1. On••• tal ••••,tlo" 'hat 1ntrlrra~e

and 1n'••"'" ee.p.....lo. sa. be ,,'fo~ _or. or 1••• 1ndep.n­
dentl, .1 .... 0'••', taea it ..... r•••oft••l. to coftclud. thlt a
n.t bit ..a'••• 1••• tha.. 11 Of., lftol\l~lft' error correct 1en •
,"oul. be wi'la1.. rMclt. Ive" if • fact.r of ,we or thr..... re
mi ••~ft', Oft. coul' ,v.'1fl.~1, ••,ec, tfta' .dv.~c•• 1n 1~a~1
proc•••1nt aft' eo." •••10" '.c""14'1e. ov.r the n...' ttw yea:: t

wo~ld 1.prov. !ty a' 1•••, .vc~ aft a~vn'.

e.l'ta."l" , ..t. da,. Itr••• ca 'r."••1'te4 w1th;.:" I

• Mis h.ndwldth v.lft' w.l1•••,.~11 '1,1,.1 ~odulltto~
tor••'., a. ,h. dils"••lo" ift ••etioft ) h•• thO-ft. T!HI ~ ~:~
luq,••t., e"'.", t~a, t>r.adea.' trlfl ••1•• 10ft of dl,lti.ZI4 .....

Hltfl.1d A••oeiat•• , %nc. • s • ~.rc!'\ ,0. ... .



lignal. il li~ely e~ be tec~n1c.lly foali~le wi~nin ~~. exts~~-:
Itate. ot the tr.n.~1•• ion an~ video com~r,slion art.. Cbvic_s­
~y, sUJ,eable receiver e1.reuitry :T".,ut b. develo~ed ~~It ~.~ec~.

and correct. ene receiv,~ bit str.am, expand. the eOl'!\\'lresse-:
lntor~.tiQn and convert. ie to analog form tor dis~lay. ~~e ~~~

expect, ~iven the quantities one •••oetate. with cons~~.r

.leetronle product., that suitlble ~1g1tal proce•• inq and ~c~c:v

~evice. will be available at affordable price, Qver ~~. ~ex~
decade and very 11~ely .ce'er.

. ..

• • •
. ".. , • I



The Potentfal for Extre.e Bandwidth Co.pression
of Digitized HOlV Sfgna'
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Countermeasures
on High y- ompressed

Errors
ransmissions

Compression of a video signal is achieved principally
through the removal of redundant information both within frames
and between successive frames. The consequences of compressed
HOTV digital transmission errors therefore can be expected to be
proportionately greater than those of corresponding errors in a
bit stream carrying a similar, but uncompressed, signal.

A great deal of work has been done in recent years in
developing coding techniques known collectively as FEC, or
forward error correction, to protect the integrity of digital
signals against errors. Each of the various techniques requires
adding redundant informltion in I prescribed wlY to the original
dati strelll; so ..e techniques Ire more efficient than others in
that they Ichieve a greater degree of protection for the same
quantity of redundant sy_bols.

Other techniques are aVlilable as well: Channel equal iza­
tfon cln compensate for undes1rlble features in channel frequency
response and for t1.e spreld caused by lIult1path s1gnlls. The
most direct way of reducing the effects of lIultiplth transll1ssion
15 through forwlrd error correction, however. As an example,
consider a Reed-Solo.on code of rate 7/8, specifically the
RS(256,224) cod. with .1ght bits per sy.bol. One bit out of
eight is redundlnt. 1. •• , the FEe overh.ld is Ibout 141. With
this sllill a.ount of redundlnt 1~for.lt1on, this code cln correct
I raw error rlt. of 10- J to 10- 12 • Its p.rfor.lnce i.proves as
the input error rate d.cr.ls.s: For In input rlt. of 10- 4, the
eorr.ct.4 .rror rate is '.ss than 10-t~.1

III an ••r11er ,.p.r wr1tt•.n by Hltfi.ld Associltes, Inc.,
for T.le·Co••un1cations, Inc., the luthors Issu••d I 331 overhead
for .rror correction in I I MHz chlnn.' op.rlting at I clrrier­
to-no1sa ratio of II dl. A ll-l.v.l QAM .odulat1on for.at (four
bits p.r sy.bol) was 11so Issu•• d. Tha corr.spond~ng Reed­
Solollon cod. RS(6.,.I) g1v.s tha following p.rfor.lnc.:

1a.rl.ka.p, E.R., R. E. P.ll. Ind S.P.
tion of .rror control to co••unicat1ons,­
Mlalz1n., April, 1987, pp. 54-55.

2~, p. 47.

Popa, -Th. applica­
IEEE eo••un1cltions



Input bit error rate

10- 3

10- 4

Output bit error rate

<10- 8

<10- 15

The uncorrected error rate in the example given in the
earlier paper was about 2x10- 5. Using the rate 3/4 Reed-Solomon
code from above would result in a corrected error rate of much
lesj than 10- 20 . For purposes of comparison, an error rate of
10- 20 in a 10 Mbps bit stream corresponds to an average of one
bit error every 300,000 years or so!

Extremely powerful error-correction schemes presently exist
that can render a transmission exhibiting a moderate error rate
practically error-free at the expense of a small degree of
redundancy. The example given in this paper would allow essen­
tially errorless transmission of a compressed HOTV signal in what
would normally be considered a very poor broadcast environment.



THE SETBACKS OF JAPAN'S HDTV MASTER PLAN

The MITI/NHK's grand master plan, as conceived in the mid 70's,
is to propel Japan to be the dominant provider of the new
information-age television system in the world. This plan has
encountered many setbacks both internationally and domestically.
Its flaws are fundamental. Let us review some of the key
elements of the master plan.

A. The Master HDTV Plan

Create a world HDTV production standard that is
compatible to NHK's MUSE transmission standard. The
1125 lines were designed to be easily down-converted to
the U.S. 's 525 and Europe's 625 lines and the 60 frames
per second was designed to satisfy Hollywood's desires.
(U.S. I broadcast studio engineering community generally
welcome the NHK production HDTV system in the early
80's.)

Introduce the non-compatible HDTV system in Japan (Hi­
vision) using Ku-band satellite DBS with the MUSE
transmission system (9MHz RF bandwidth). The DBS
deployment will be a relatively slow ramp up in
domestic Japan to replace terrestrial broadcast
systems.

Introduce MUSE as the most cost-effective HDTV family
of transmission systems in the U.S. and Europe for
broadcasters, cable, DBS, etc., assuming the adoption
of the world production standard.

Introduce Hi-vision VCR, video disc players, and MUSE
TV sets worldwide.

• Use the global HDTV revenue base to accelerate cost
reduction based on volume production in order to become
the most competitive system globally.

B. International Problems

Europe has rejected the NHK production standard and the
MUSE transmission standards.

The U.S. has withdrawn its initial support for NHK's
productions standards.

The FCC has made a tentative decision to ban any
transmission standard that is not NTSC compatible and



that requires more than 6 MHz bandwidth (MUSE needs 9
MHZ) •

Modified 6 MHZ and 9 MHZ NTSC compatible systems are
technically inferior to u.S. proponent of NTSC
compatible HDTV systems. (The NTSC compatible versions
are hurried patch development after FCC's ruling.)

C. Domestic Setbacks

Japan's privately owned and powerful (most are owned by
large newspaper pUblishers) terrestrial broadcasters
are aggressively rolling out EDTV systems this fall in
competition with NHK's proposed DBS HDTV system, which
will not be available until 1992. Improved EDTV-2 with
wide screen, digital sound, and that is NTSC compatible
(6 MHz), will also be available by 1992.

• The 500,000 early adapters in Japan who purchased
$2,500 worth of DBS satellite dishes and receivers
(TVRO) to watch 2 channels of programming using NTSC
standard will be first asked to pay for programming
when the 2 DBS channels are scrambled next year. Worst
yet, by 1992, these consumers will be forced to bUy
completely new and non-compatible TVRO receivers and
very expensive HDTV sets ($4,000). A consumers' revolt
may accompany such actions.

The three channel DBSjHDTV service to be launched in
1992 is woefully inadequate in today's multi-channel
environment.

MPT's about face in authorizing the residential
reception of Ku-band communications satellites
programming this fall (MitsUbishi's Superbird and C.
Itoh, Mitsui, Hughe's JC-SAT) will offer 32 channel
capacity in competing with NHK's 3 channel BSB-3 DBS
service with HDTV. These 32 channels can use standard
NTSC TV sets.

D. Reverse "Smokestack syndrome"

NHK's MUSE transmission system is analog based, which means
that the reception quality is sUbject to transmission
degradations, such as noise and reflections. The design is
based on at least 10 year old concepts and technological
assumptions. NHK and MITI, together with the support of all
major vertically integrated electronics companies in Japan,
have committed enormous amounts of manufacturing facilities
towards a DBSjHDTV launch in 1992 and volume production
perhaps by 1995.
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If the U.S. can develop and deploy a superior digitally
based transmission system within the next decade while
deploying quickly an interim cost competitive ATV/EDTV
system that will thwart the worldwide success of the non­
compatible MUSE system, then the NHK's HDTV strategy will be
boxed by its own momentum.

In fact, a cost competitive ATV/EDTV such as the SuperNTSC
system will have great technological export potential to all
NTSC based countries including Japan, Korea, Taiwan and many
others.
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