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Module- 

Siqval over AWGaN channels 

TheCohveksion oralo waweormu fweo Coded ulues 

Yepresemts the tanurton rom halo 
ommunications to 

dgital 
Th trausiton as ben empouered bSeverzl taton. 

D Ever- intvagM adwantament digital siliton chips, 

dagital sial 

ha pronp.td thur 
enhantenmeuE 

n dzlal siliton chijs 

hoveb 

Communi(ations.

protuasi 1 
ad Cauouters, 

whith m turh, 

n chal siliton chis 

iproemenb- 

horebyepeate e de 
proveneub 

whth 
taydgital 

)Dnpro ved Tenbi lity, 
whith alked by d7ital 

2 
Cohmuni

catfon 
t a 

Muh reater 

aalo o wmuhi 
at+bna.

uuwh reater 
eNtent thah s 

to a 

BYoaderec range 
upleding

ues, whth fs 

diaital 

poesibe with whith s 
rultp led7 eA 

moduatuon 
tethniqne, 

erabed } the e odaital
modudation 

Cownuni
(atToh eworks,or Whth 

oe orm o 

he e dital 
aatclattan

or hhth m one om or 

eenquas. wastuaan 

another, 

Comnni (aktonu 
he eroemed 

thofu. 
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For an lua babve 
Conneution bub dhital Copube, with one Conputr 

example Consider he remote 

acting as the ormatton Sourte b aluwaiy digital 
aug 

outputs oed on bkeavatuon ad mpuh e mko It 

The othwr lopubr au a te reufpn the 

The ourte op Conatth a sequene ls&Ds 
o maidn . 

wt eath birary Smbolbeng ènctted every Tb Setond. 

brananutting part ote dgital ComLuhfakdh 

syeem akes the ls aud o8 enutted by the Sourte 

Lputer ahd Qntodes hom mbo diitmet siprals denoted

The 

ahd 
wwth are Suitade 

by SL4) ad Slt), reapeubvely 

an nuisbn ever te aalog hah hel. 
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Gecmetric Representation snas 

Represontabon stgnals a vertos is genevally enoun 

a guomebDc represeutabion sirals. 
ASeb M snile eneatsitnals sjt), t=1,2. - M 

daved over te time Tnbeval ot4T selovds whTch 

NM sivals ave liemly Svdependent, ten ath sigval ; 

Can be represeutd as a ITea conbinatíon otN 

unctions t), dalty. . ON. 
orthonormal 

orma 
there be M humber eneay sigrals whith orma 

Let 

the inpu siral sek ie, 

S- S), sl 
Let siqvalu be Yepresenbed 

inkerns dN umker 

orthorormal baaSunttions . 

ketueen St) avd ;[) ah 
Then tho linean vlatona hup 

be witen a 
Stt-S, ) +Si,Q4* .S 4) 

St), Dst<T, 
i=1,2 M. 

whore Si called coieitrts expansfom ahd debnad ay 
1=1,2..1 M 
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tha undtions ), t) N Nare othorua Sinte 

thoy sabay 

were ij> koretker dlelta. 

tist ordikion above eqaion States tat 

hawe wnt eneyy 
eath basis hunution 3 omaited to ae unt ehery 

Ceuddtion stata that tre kas tuntio 

that 
The 

to 
ach 

Te SeLd 
Wh Yespeut to eath 

, t), H Nt are ortogonal wh espet bo eash 

other over tT 

t)dt =0. 

Enample d Tuo 
Dimetioval Sirnal spate with 

An = 

Three smbolt. 
the etor Spale Yepresenbabion 

the elp 
Let us Consider 

wmth 
N=2 

M-3 atage sbols 
wth te help b N=2 

orthonoral baa nutions. 

i1,2,3. 
S;) 

Si , Lt) + Si,ltJ ¢lt) 

sCt)= Sn t) ¢lt)+ S2lU 2lt 

Salt) S2) lt) lE t S22l) l 

Sa Lt- Sg ( lH +S3. l) dat). 
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Note tat uh oS, S2l) or Sa l ave epressed 
inkers and lt). Tu SLY an l be 

a a veubor in ra sal 

rebreseutz 

Sale 

12 

5 

3 
F7: Gebmebric rbreenbation 

Yeasage veltors 

Above R Shoue thwee 
Veubors S,S2**3. 

The po&ition bhase 
veukos dopend upon the 

Coerictena S1, Si2,Sa, 322 etc 

erpevditular to euh other 

The -oa sTa 
called Eulidean Spate. te aloe 

upon e 

Here ae 

sf'nte that ave orthpgona. 

Eudidean Spate. The alsove 

sos 
tuo dmionsiona 

Echdean Spale 

Ue 

Mrs. V. SANGEETHA, Assistant Professor, ECE, KSIT 



KSIT, BANGALORE YEAR/SEM:I1/ Subject cade/Title: 1BECG1/Digital Communication 

Siana etor sial Spale 

Saa Sflt an thon be lepletey dasuriloed by the 

Veubor S wth ts oeuens 
as doved kekow. 

S 
Si2 S l,2 M. 

SN 
Vextor S is caled sival veutor. 

St Can also be reqarded a a poínt ith 
wordinates 

N- dinensional 

point ith Coord inates 
a 

St 

Siy Si2.- SiN n ah 

Euchdoan Spate 

Thu siqal S,l), 
**** Sm ( Can be Couaidered 

ds 

veutos 

. 
. SM Ct 

Cousidere as 

Can be 

M polna 
rebreseutb 

yeukoxs S,,S2 
: SM m an 

N 
dimenatonal 

Eucideah Spale 
with reovene 

to te axe Ths S, S2 
SM h an 

deed 
The N dinional 

ad the 

Eulidean spate 
also alled 

vepreseutabion 
ostqmals 

in an 

Callod stna spat 

N-dimenuienal 

snal spale 
s aluo alled as 

Ctellatioh. 

vaua O) Norm 

whith 

veLtor 

Absolute 
Conpletely debertuined 

Coveider 
he veubor S, 

whith 
3Coplebely 

debernuired 

by th Coeticiena i.e 

Si 
S Si2 

ard iel,2... M. 

SrN 
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The Produut 1S;||i5 en a 

Si, Sia , Sia SN2 
Sia 

4i , 2.. M. 

abolute Value or hou a veutor 

veikoY. Avd Hexe 11Slli3 Called 

S. It basitally kngh the veukor. Avd 
exgth te veubor 

dot produt St 
11 S;1 

15 Hhe Squared 

He nner produut 
or dot prodiut S 

depned 
vwih tsel 

to be 
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RelaktoNship beuleeh Srnal Erer and t velbor 

w.kT 

The Erex sial Stl9 dginad a, 

Ef-('sf)Ht 
Sub: Sil)-Sd; lt) in akove eauation. 

JE LK 
Note 

due to bwo 
Irkercharqvg 

the ordor umnabion 
SunMatipn!, two 

ah ntearat+on We qet 

Bta 
orhorvY na property 

untion, 

t) dt 

,XSE,t=k 

S 
, 

with =j. 

Et-Sij 
2 

ibeleus. Ef 1S 
aivq alotowbe Vaue 

It chous that tha sitnal enery B 

eqa to squared longth B the sal veubo 

IS=S S E SS- 
'E s|l°| 
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Eudideah Distante 
Eucidean Distoante beween Hhe two sima veutv 

The 

is veh as 
dik |S-Skl 

dik Euclidean disbante betuween S Se 
ee 

Sqvaned 
Eucdidean diutante will be 

Si-SAll 

2 

Je 

E 3P4) dt =||S;|| 

1s-5 rC)-s,ede 

he awgle e bemeen tuo veutors St ad k k en as, 

Cos ik 

oxe orthogonal ar 

Won S Sy =0 ,the tuo ettos 

hen 
perpendicular to eath other,hen k-40. 
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For pres uibed i, he set toefkuionb& 

be ewed a an N- diengionalSiqal 

Veubor denod S. 

The iportut poftt to not ove s tat tha vetors 

relabong p th the baniked 
beas a o e 
srwal tE) : 

GTVen Bhe elomuts ota Vextor S operabira 
to enerate the sigial St), 

a nbut, PigO shouls 

whth tollws drvety rom quahion SlEH= 2S; ol, 

Ti e Ceaiss a baue N uulbplies with 

ach ulhter hang its Ouwn bass unchon ollowed 

e Summor. The stheme ue o May be eued a 

a smeeal ter 

S2 

StN 0 
smEhesiterr 

oratung Besita Ssle 
Convexset 9ven the Sivali SfH f=[2, .. M, opera 

a fwput we we we to Caudate e Couien| 
S, Si2,... Si whth ollou rom euakion Sit= fsttoAEL 

da baudk Npradut mbgrahos 
oY coelato wih a mon au, and with eauh eu Hen 

gln auf unuwn Tt demed as an aralter 

Th seLeud sthene Ceuußts 

Supplte 
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st valuzereY 
reLousrubig the 

STnal veubor Si} 

ram- S Chmidb orthogonalizakion Protedure 
ram-schmidt procedure allows s to detenui a nte 

Set N tunetona Suuh tha each s1) 

taese 
ovthonorwal 

Can be expreased aL a liar toubirabions hese 

ottho oywal unthio 

Let LE), ol) .. N e tha N orthorowal funtto na 
Can exPreLs SC,j=12.- Mas 

to be debanuned SLuh that e Can epreas ,j=1,2. Ma 
be 

S,(e) S) tSi2 9 *- +SIN Nl 

Satt)-S2 ¢) +S2a ¢L)+ + +S Nt)- 

Sa L)= S3 4 

ollauws 

+aN)- 

Syl4)= SLE) +Spa 
+SNu-O 

om a 

whith Can also be reproaeutr4 in a Coupaut oT a 

- N 

SlE)= S o;l),ost 6T, =l,2. 

where S 
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qvam Suhmudt method pro eeds dollous 

In uahon 8et a toeiuena S=0 Xapt S 
Then we hawe S,) = S , t) 

but ) s omalited ahd ) = S1 

Si 
Hente 

,Lt)-,t).dt J S ,).dt Sh 

SLE). SE.dt 
S 

Si 

Si 

se) dt 

S 

and 
OY E 

Step 2 
Ineauatton 

we set all loeliueus etcopE s) and 

Then S22 to Toro. 

Mutip both sida by l) avd wtegrabivg orer the mbeayalT, 
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S'ste) , dt = Sl9.a,H.dt +s,dalH). 44]dt 

Thus Sis enoun S22 1s evaluated aollows Peuine 

eaquaion e et 
922Pa t 

Sewaing ad ntavating nabion 

St-S ] dt ) dt 

Sinte oeh S21 and Sa2 ae enown, Can be witen 

omnabon a 

Sal) 
- S2S1) 

Sn 

Srep3 from eakion we wit Ss lt) a 

St) 
Se S3y, s e to Ton, Teh ote 

Sa Stt) t) dt. 
By 
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Mguaionn onwards, we et 
Lt=Ss t)-,-aal) 

S3 

Step 
The protedue hwuk oned n Hhealbee stpS 

isLewiwued tillwer 

sups 
N otonorwal bLB funuhDL 

and oeftrients Sij 

Gehoralite eqnakion 
orthororma bauis unthion 

t)-_H 

-1,2. N. 

t= S;1) ) 

Sty'st dlt) d* j=1,2.. i4. 
Tre mong ovm N 1s eas than oY euad to be number ve 

Sqalu, M, dapeuda eM evebwo poasibilit 
The 

The siah Slt), SalE).. sl am a lia 1vdaperdonk 

Seb, în whith Cae NeM. 

Tve Sha st), Slt S ale net hvoavy 1hoapendakt, 

nwnth tae N<H ad the hterweduat unctronal) 

TeN 
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Problem 
Thvee Thvee siqals SL), S2lt) &Salt) are shoun n e. 

Apply Gram -Schmidk PYo Cedue bo obtath an orthonormad 

ao S t) basfs 
Salt) S,4) 

S 3 

Soln were Sl ad S are thearyt 

We haebw bas nEion. hdependene 
'18/ 

3 
V18- 

Y 
3 

forwula 
aLt)Slt)-S2,¢,) 

VEz-Sg 

S2 SLe). ,lE-4t t) H) 
SL 

3d 5 t Salt)-Sa,tt) 

VE2-S 3 Sa- fswa)dt 
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Alt) 

Al threz slals ave eary Mdepevdeut 

orthororwa basisunitron. 
Soln 

There aNe 3 

Lt) 
S 
L), Eje5tdt t)=Sglt) -S314 L) -

VE-S -93 
t)= 0t1. t) 3-3-0 O 0<t<|| 

Es.dt 27 

2 

,E 4 3. I. de 

- 3 t E2- Sa21 32/. 
else 

-4-4 
32-1 

S32 3:A)dt 

-3[+3 

'. t) --4-0 s 

Vs2-1 
1t2 

Mrs.V. SANGEETHA, Assistant Professor, ECE, KSIT 



KSIT, BANGALDRE YEAR/SEM:Ill/w Subject code/Title: 16EC61/Digital Communication 

3) Conslelor he sigas S,t), S,1JSrd S� a given belb. 

St) Slt) S 

23 3 
->t 

Fird 
Set 

Fird an 
orthonoal basis tr ee Set osTals 

orHhogorali zation 

STgals 

Yam-Schmide 
ptedure. 

Solubon 

S Ctl= Stt) + Sa (t) Tu wears 
all aur &i 

here 
Gvayn-schmidk orthoganklizabior 

ae ot healy daperdent. 
Gram-schmide 

orthcganklization 

wwich is kvart 

s ied out or a subse wich s tvar 

Heve Sly,Salt) ard Salt are lvoay îvdepevdnt 
protedue 

indepedent. 
untion. 

We wl| 
three 

orthonovmal 
bass tnbion. 

Hente 

To 9 10st47 

o elserdere. 

t-Sb , E= sY dt 

VE t)-St) -S21 

-(T= Fh. 
V E2-S2 

, elpendvere 

E 
To obton L 

'Sut). 4,l0 dt 
23,)-Sajlt). 

ost 

ST.dt ,ste} 
o > 213. 

4)- Sts 
elsenhne 

:l-1al..1 
Ea elselpa.
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To obain slt) 

w.kT il2-. N. 

wih Ne3. 

i=1,213. hLt)St)-S t), 

L)- 0) - Sa*t) 
Je 

.. w.T 

-s S 9at 
T 

Sg Lt) olH)dt -0 Sinto beve ho veriap hebwveeh. 

glt) and 
2 

heve Sajt)=0 sinte S20. 

Oelsehere. 

o elsehere. 

Sul: in tsl -Salt)-914,)-A 

S8 lt)-S3p. , t). 

alt)=0 té 2T 
I t}T 

LO tT 

tT 
oelsenlnere 

lt) 
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Module 2 
Convexsjon the Contiuous AWGN Cannel Mto a Vettor 

dhannel 

Le Consicler hois Yeteved sira xt) hat he 

otuodane with be AwGN chanvel dehned b 
n 

a Yardom protess 
oStéT 

Lt)SlE) twt)|, L ,2 M 

wCt) Sample nction o whte Gassian 
nose 

were 

Pro04s WE) Tero meah ond pauer Speutral 

donsity 
This reteived siqya is appled to a hank ot 

ComelaboYS a shown below 

T 

Response onelators to Noit4 

Bak o N produut mtaqyators G) 
Comelators. 

The opeath omelatos is a vardom Variable whith ghaingu, 

The
1lt) dlt) dt 
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Stj + jl,2.N. 

Le the neuw vardom protess be dephed as 

Ct) t) 

Sulol: in N 

a'lt)= t) +utt) 
j 

Sft)+wl) - [sTe;t N 

St) 

= wlt) - wj à} l). 
j 

w'l). 

nohle t)=Wl] . depmds em the Uvannel noite wlH| 

Pom evation 

9 49+x'l9 

t)+w9. 

hove W) is totoll dau to noise proeas Wlt at te împut 
hove 
Comelators. 

The comelator outpus 1,2 ) -. - dme Goussiah 

Yando yaiable. They ae thouyaukerited oplutely by mean 

oo Vanan e. 
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Stais tial charuten zahTon the Corelator outpu 

* Let Xlt) denote bhe Yadom protess, and lY ík| 

Sapletunution. 

Let X denote he Yandom variable and j its 

Sannple vaue 

Atorduwg bo AwCN Modelxl) Is a Gaussian Potess. 

Henta, X is charauterrzedomyolebely by its meah and 

Variante . 

k To 
obtaun Man yaue 

hre bean Value AWGN 

wo. wnta F W=0. 
Si+0 

Nbte EYpeued vaue 
Costau teulid ite 

To obtain 
aiant 7 

T=Varxj 
-E-x) 

=EXt)) 

Vaiante s veh al, 

Varx] 

Va S+ 
-A)J 

FX-Sy +| 
Note aiane o lowutaut 

tem Tdo, 
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W.k-T 

wlt)-4; Sub/ in above eqnation 

Inter cragivg the order înteratioh and epeLtabi 

l() wC) wy dt du 

bhe 

ELWL WCu autotoelahdh th oie prDass 

FWLy wu = Rwltu) 

Thnofse pre tess s stakonay ad R Ct,u) deperds 

nbion 3 enprexe 
nten pouer Spettral donaity 

or whie hauss jah hoe as, 

Rw Ctu) No sLt-u) 

wly em the diterene 
t-u. This aukomelation 

N No SoL dylu) alt-u) dtdu . 

At. sîne above eqation has 

Men-zeo cde oulp at te 

No 
w.T 4ejdt 

=. 
Th,te Vaianle torYelator 
ouut equal to ower speutal 
deugih_ addikive alaike holle 

N or all i. 
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To show hat ane mutvally wntorelalid k 

The tovari ahle Xj ad *k is gven d 

Cov [g E-) (x-x) 
sinte x-Stj ard x=St above equation beLome 

heve X-Si = Wond e-Sie W . Then bove 

eauatuon betomes, 

Covx EWG W 

d{94.(u) W) w{ujdt du 

Jaker chang tHe Drder ot ntiqration 
ad eeukahion, 

Cov Te¢.t) FWwuaedu. 

EwW)wu Fwlt-)-No. olt-y 

bhe 

e 

Gov x Tl ¢l9 dt du- No vl-u) 

beee 
woh-zeo 

nytor t . 

above egvahion 

herte wen, J# 

No xo 

CeXX Twus X ave mitually orbhogoral 
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T Gauasian yavdom Vaiables ae uwntorrelatz4, Bhey-an 

also tatacally dependouk 

Hente, the Gauuss+ah Ydom vaiablas *i}, j=l, ..N 

ure sta tally fndependenk i Moan avd vaiante qveh 

Si ad Yesperbvelp . 
ane 

The Seb N Comelatoy outubh Can le expreased as a 

belnw 

exbveased aa 

The 

VeaborX oN Yadom variabes a danad belaw. 

slatialy hdapexdeut, ho Coudtianal 

Probalbt t danal 4untbion xxm, veutor: X gveh 
Sinta X e 

that be Stubal m; or sipal StL4 is tranuutad an be 

expreae as He produu ditioal pobabslity derity 

an be 

unbions fndNidue! Couponeu 

tha is, N 

txa)iy me), i-l,a M 

wwene 
Xs d Sample vae Veutvr d tha Yaudom Vecor X 

a Sanple vale the vvdam vaiable X 

Cendikiova Tvobaliy daralty tunckione ix(« m), ave 
The 

callad dihadunkiou 
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*A Gaussran Yavdom Vauiable Ceuplety 
dastriled bits Mean avd vanante. Hente eath vadom 

Vaiable Xi, ith Moan Sj ad Variante Noa, haa He 

Probabiit denit unution ven bt 

p (-5)ila M 
T No j l,2 N. 

Sub: ve above M tlelhood unttioma an AWGN 

dhawo are duhed b 

tx i)=(TM)ep- -is) |,i=la-M, | 
A)

W.kT the Pa haussian andem vaviade is nveh 

(/n) 
.e -(- 

2T o 

Sub: Be weon ad yañante 

No 

&ub in 
Condidiorad Pdt 7x{/mi) providu te very 

CharautenZation an AwGN chahvel 

ni) duperds em olsavation Vector x qVen the 

branauttad mOsnge sumubol m;. 
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But however a-the R the Sibabon is not at 

obsevation Veubor X and it s quired t 

Stmbal m; that s responuible 
iven 

eatma the meatag 

or qneratunq x. 

ielt heod unchion densted by mi) and denad by 

Li)- x(a lmifal2 .. -H, 

In Prauite, Jog iklhootunchions are 

Convenieat auddenotidby Lmi)ad deihed by 

Lmi)= n 2(mi), 1,2* 

wore

Apply atural Jog on both Sids &ghaHon 

N 

n hara dogaithm 
eahaioh ( 

Ape 
ne 

= N n (N)- - (- No J= 
lerm Setovd term 

Jore e stexnm Sinte it is a Cons tant 
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