Y 4 0Psis.

Fur trancnisgisn and storage »F anslipus naBsags
algnale In a gquantized form, elther synehranons or agynohrasnpus,
it 1s necesssry 0 approxluate the nessape (L) with a time

serles, s%eps or linear sepnolts.

ghannon'v olassleal sampling theorem, eiven-by:;

madty
O o )= :%rrrﬁ




. 5,14,0 a
unfalzlt FON syutens ceitey M, AN-T B, Ternery and

cinaly $4-U01, have been developed. all the above systens
Nowevs &, have been bagloslly usca for synchronized transmi-

g8 lun only.

Agynehronous pulse modulation syituns, hswing {£1)
or (1,0) sutsuts, may als S be obtalned by appruxim atinif She
mesdace gither with stepn OF equal helght or with linmxr

Sugme ity hoving equal positive and negatlve slopea snly. The

message £(%) may then, be represonted either by Eqn.(2) in the

cude of equnl Bteps or Ly raup funotions as rollows:

{8 T AN RG-1)

and

{c0) = Z_A'l;uu-tu')

wiere R(t « tp) i a rwp wim unit uupa gt t - t an& -
m:th~{+1), ah‘i gh

A AR { ‘. :fm By quaﬂﬁ%ﬂ-& &

nay b further approxmted a8

T

fo s §(~t) u.u,- tu):;




(i) asynonronoue O -y "systen, uving {$1) values
for Abh_ i sgn. ().
{1L) asynehronous Yinary 3°-F0Y syotun, using {1,0)
values for Ab“ in Bqna(2).
{3il) asyunehranosus PLE, uslng (+1) values for &T,,_'
in Egn.(3).
{iv} Agyuchronsus 8ipolar PLY, usling {_zl,ib} values

ot DAVtn Bqn. ().
Other nyurid systess may aled te developed by using
nore gumplex gquantizatlon of the coefficlents in EQha;_'(S_:):._'\amd

(),

Although the ocoded wswm@ ,' vlz., Pﬁiﬁ &-ié s-;,—?w

eboe, whish uge almultaneus qu.a&tizatisu in t.!.ma anﬁ amplitude,
Lave Deen ruumi o te very em,mm; m tmir noixe oambating
properties, wide applicutiam a.g, 1:1 atnra@e ot amlngu& :

glenale, alnele ehmal massaga trm" asi_:on, nfi-' nal prwaaaim

and nannun«mr eantrola, heve bean rmm:'also mé syabma"-' au:
A, ¥ and ¥, whore aigm;la have quant.ized mplit;udea o
(snd uot uymnrmimd £n b&m).

with tm myncbranm cmnioatian '

oal analysis and prelininary



Btuc les Lave chown Shet all the rour agynohrunous systens have
‘f a

Biti=q's of 30~40 ab with a chainel bandwidth requirement of

talrty times the message banuwldth. Comparing this with the

sy i\ it .?;.:e_vE e

?requix-em nts of the synohroucus pulse moculation systeus, aueh .
L ]

,as PLY sud ¥PE, 4t 18 seen that the aB8ynohronous systems are
:bwlcally inefficlent, This is vo, because the nvige speotrun
_ . A4S
;-_.-n,f' the error {n the coder iv eimilar €0 that plven by Bennett

Tor the step appraximation of £{t), sud 1s glven by,

o °5A/u o e S '. o
Ne(f) ’A& | o aes il 8)
where A = peake-to~peak errar.(m-k-)
and M = no, of zers arwaings .par aaaand An he puls
of the aoaar,(eea) e '

power de s _
band. a® has beén usadé:._j
an auxilisry feedtnok -J.p:

o

nous cader tH deeranse



S yutime) bub Lhe rretem oh Lxru\ctw*i.}t leg dow not csterisrate by
tile, exeept that there will be sDme powsr transmission even
when the lnput Lo the cwxer 1s zero, Of the four gystems
desoribed above, congidersble iuprovenents in 30h~7 Lave been
ohtalred in the osolllating types of APLY ana Al-57-ICH unlét
These twd hiave bean oanlled herd ag Ractanpular wave motdulatlion
{H¥X) nnd Pulse lnterval muodulatlon (P} and have bean atud {ed
in oonunidersble detall.

The baglc ouders for m-fm and PIM have besn cdeveloped | :
i the analogy of on-off servomcohanlsms by uslng anﬁ.(&).and o

(3). The coder for kWM consists of a difference oiroudt f'mma;

DY g symmetrical oomparator (with hysteresis), whosa autﬁut is
integruted and oompared witn the inpus, thus giving an equal __
slope approximation ?T?} af the maasage wavefom f{t). At the e
reguiver, the rectangular output of the camparatar in inxegrated?
anc flltered to osbtpin the appraxmwd m. The modulation
introduced. on m maalw 111 large wldth ’mrlatians nf m

pulsea, but small Variatlbns of the time period, thu’ &iviag

rise t5 m hybriu Pli-FM syetem. 'The coder for Pm ia alao o




P({.)[Rwulszfftn 2\: z‘[“ Smnn( :fcu )]Cvs act)

° bl e {7)

Ped( Prml- ﬁﬂ%ﬂ:‘fﬂ .;.%‘;'-i (L Se (23 . &+;tn)]c.w &8 (£)

whore V = "' I" pulve helgnt.

G, = mean puleée wiath,

W |
L . = Zerd-slyngyl pulse repetition frequenocy.

rP(t) = olope of the measage waverarm.

.%. » t.hé pomparator threshold

and QlL)= the 1nstantsneous phnge 'an;gaae of the 'pulﬂ'ﬁ"bnrfiér.__f;

The sipgnsl is now obtained by 1ntegrating P(t), hu'a side-l
band distortion ooours, haoanae of nigmr order terms. ’Pha ai&en_._;_f;f
band diatartian ralling w:tthzn the mmugﬁ band% twi bsnn aa:lou-_
Jated us ing tmwe two aquatians. ¥or camplax msaaam slgnala

(e.¢. bandlimited &gussian noiae equulizad apaoun, ﬂte.) thﬁ




Wiery Gp. = maximug pulse width,
dpn = minlmum pulse width,
az =  onximum Increase in pulse interval
3 = paxloun decrewse in puluve interval and is to

be substituted with negative sigan.

The powor apeotrun of the errsr (for the messape bang only)

i
in the approximation l-_:sbtaixmd from the input [f(t} - -z.*(t;)]
LS the cmparator]is given by,

w t & ‘
b“ - o A Tie O | .
N(‘*’)R_NHEM’ a ]“ _ iz S ee u 1y

(w) Huur M] w‘_a Tu(ar?_., B

where a 12 the maximum inocrease in tifm{é[pezr,i_.-nd.

Thus the Sik-3'6 Oof the two systems ave found £o be,
Dy W

S

(sn R'Q)pxm TR W

-where Ca j.a ‘tho nini&m fre
: d/seo) alos of. (8HR<4)




Lo = 3.5 Kefe, and a slenal galn of 266 in the receiver is

about 48 ab.

The abave quantizing nolse charaoteristios and maaaaga
distortion have been axperimentally meatured and the rsauzts
agree well with the tixeoratical values., Total dmtwtian and
nolse in KWX for fioffmx = 3 is 40 db for optimum.ainusoddal
inputs, and this lmproves hy 12 4b for each detave 1ncraﬁﬂa

in fyo. The total dlstortion and noiﬁe in PIM 18- anly -8 db
ror z‘-“/r ‘=4, but. mprma to abnut -53 db rsr' f1 :

6 db/actavs. The 1nyut-autpue rslqtib ﬂr”bath'




modified to include the channel Pifter wna the &licer in the
Toip, s %he sverall distortion 4o found ts be -40 db for

ahignnel bandwldths greagter then or ggqtal to 4 £i,.

e and PIV are LObh sayashronous syoteng, where ﬁhﬂ'
glgnal anplitudes ouly are in thy guantizec form (1 and 1/0)
gud allemplts have been nade Lo oonvert theuse sipnuals to g
synehronlized dlpltal fors by sampling the coder sutpute with
sultable clogk pulses. Beonuse of the narrow widthe of the
g lgnal pulses, PL was not aenatle to such amﬁltﬁam Sus qk&n- .
tlzatlon in tise and smplitude, but sampled KW was fnunti 0
fhave Teusonable Jik«) charsoteristles., The Sik-A _qr_tliia_
dlpital RWK ooder may be loproved cons iderably by '1ntarah§n;gingi 5
the sampler and the KW cher, the parram..anw 52‘ this mw.triea
oauur bulnr similar to that of Blaary 34~PCH in all :mapeuta. |
Important defects of this m.mulat.or such as, nan-unirarm output
Voo £y, SHR Va. fy and maximun input. w. Ty uharmtariatlas, o
may be easlly oliminawu by s.ncm-porating m. intagrating aqaali-
zar prior to the aamplar but the SHR now comes down by about '
8 db as compared tu the optimun Stﬁi in the absenoe of tha
1ntegmt;1ng equallmr.. The sraa m‘ tm 1ntag,rat.1m caﬁa ay

nsw be imprawd rurtlaar b}' using 2 aenundary reedtmo

‘*‘”emn

axsbam,ainaa it ambima usarul teaeurn



toth N = % anc Binary 3n-¥CH. The Slk-v of this coder is

given by
| % o
(sneq), = osGen(h/i)” s

where K 1 the loop zain, and t' is the smgling rrequancy.

The results oshtslned from the ax;mrimantal elroulits a?me well

with the Bqn.(15), glving an 8iR-n of 45 ab for fp = &0 Kc/h
ant fp = 5.5 Ko/s. This Sikt 4noresses by ¥ ab for each -
ootave inerense in £ and 1s praotiaally £

wignal 'rﬁquﬂnny. Tim f’mqnanay reipam ﬁf




Lhe Std mouulsbor anu the receiver uses thoe cwuplisontary
cirendts with synchroulsed clock pulseS. o twy channel il
syttem wie designed and Fabriecated ana the grrerimental resules
eurroburate the theosretlical expectutions of o orusstalk mti.:s
Of about U0 db between the chimmnels ror a chantiel bandwlath.

sf 7% Ko/s. Further improvenents in this orosstalk ratio mny
e obtalned ir (E;!) Pllturs are used to mixz the pecssapes

niwt the ghannel bandwidth Ingreased further.

AN dnportant conglderatlon in the utility of asynahroéf
nous s;érkema 1s their effectlivensas in cambating channel naiae.
The oxder sutpubts may be trancmitted as video 8lgnale tm'ough '
cables or may be further converted to RWM-AM, RWM-VSB, M-FSK
eto. In the RF band to msteh the tmmmission wedia. T2

evaluate the usefulness of RN for transmission of messapes 1in
vides and RF nhcimam,theamtiml analysis as well a8 tests
with the rand:m chamwl nolsa anﬁ ditreraat. cnml bandwidtmm
have . baen: ﬁaﬁe tns sutgé; mmaaage ﬁﬁﬁ at the throshﬂl& baing*
glven by, (samcm g b (f&r M-‘ilﬁt&)

5“ {m o

and rm t&m mssa@e bmﬂwiﬂtn. __:_’ln ali caﬁ%, the?'a-

af ﬂiﬁﬁﬁ h‘aa a____ a?-baan mada ami th.araa



in the Table I, The effect of ths ohnnnel-noise, as indicated:'
in the Table, 17 seen %o be similsr In AWl-Video and ¥y syatems;
but the threshold ls better by 3 db in R%”-‘Jiﬁea. Thm thma-;f;
hold 1mprammnt has sl o hean maintained in tha VS8 transmi- &

szion of Ry u&ing the same total bandwidth and the mtput

SHR-CH 1is nnly 4 db lmm, beeauss of the lemsar rige ti,m in

the rece had pulsaa a8 e:mnared to the cass of uss—-m trans-

mizsion. Tm BUR~-CH In all systems imprama by about 5& :tb
far saoch votave inoreasc in the chmgl.__bgnﬁwidpn, an&_I_?I;g'

gives poorer SlK charaoteristios rwaqniwnt banawid

;slt.izmgh ‘the emventional R‘M-Pﬁ'f{ haa .‘masar vglms :
8HR-CM, an nptimlzod PBE aystam (Exalte&-earria""mm Bydten)
-has been duwlaped wuare the t,t:rw
aver that of m anﬁ tm '_'mtput SIR-CHf 18
ta that 02‘ m.




TasLE 1.

SH=Ci values (db) for bandlimited (& -~ 3.5 E‘icfé).
Gaudgdan Inpuds Qi’ch channel bandwldths of 45 and .90 ﬁ't_z_fa,
anc an input SR of 15 Gb {kgnduas chaunel noise). For WM,
Bo= 0.5, Iy, * 10.9 Ko/8, and SNR-U = =40 db. For PI.M,
mo= J.5, PRF = 20 Ko/s, dy = 256 psecs. and SNR-D = -40 db,

Tranomisaliasn Babdw fath .ﬁandfwi&th_ 5 -.-‘33,/% T
aystenm. = 45 Hefs. = 90 Ko/s. %

KW -Video, 35 |

KWi-V3 1. T B
RW-PSK, e

Bxelted-carzier
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for gynehronlsed trangmisglon, the WILEGY,
Gorlved from BN oand FIV, has the best EEE'?}'{'. sharasterist les
smong the unlalple systeme and it will be particularly use-
fal in dipital conversion of wildeband glsnals such a those

Yras television ana FOUN systens.



