S\ it
7 A2 A ‘ ! ¢
T 706 ChAuNETL
S 18
i o = ya M= HessRGE
2 -
"y )

G/ RRY

CoULDP ALSo PEFiv/e MESTIAGCGE HS Bicels

coF =2 B ;7ro

o O — I, /&

ﬂ-l —— J’_;._ﬂ&/ M=‘7"
] O —= Jz [
I e R T Y

4

Fog R B8 JTS WNVNeFp M= 2 WA VEF oprf S
ADVANTREEovs To REPREAZWNT USING
LAS}r WAVEFORN, ORL S /GNAL

EXAnFPLE . B/nARY CASE ABoyr

o
ﬁl ‘ B R AYT e,
.*-

Safi) = ~AYFT ¥/

a——

A



THIS J+ A yecToR SPhCr REFPLRESENTAT) Do

BY ©CATHoCenpr WE MEF A

/m. (T;,._/f? ?[’ﬂ/fja’t = e b Xy

e

LYy QﬁT};’ﬂﬂ/@MﬁL

i

W -

/ m = »

TUST L)RE Eveijdeny VECTOAS Ly ?

A
o | EN.
2°7 2 X gt X~y + X3y, =5 7
“X.

- Hxi vy Cué ~3 &
“ ) g

o=

‘ -
_ o LEWETH = ¥
[EWNGCTH=) — = - /f'i‘f’ﬂ’/fﬂffﬂ' Cesm ©
= Nt =)
IF W& ArReE Givew 5, 5 - i
How Cay we Fovb ¥ Y ¢ SJ
CEAM~ s 1M/IDT CRIPOCPANALYLATIE o2
f" = {jk NORAHLI 2E
7 5177 27t LENGC TEH




B

IUQSPQC_E .Sr)ﬁéMNE'Z) 8}’ [{J 5= <. 'r)'c-:'g

Find ERqzn VEcTsp [wice Le 2 7o
SvBSPReE ) AND ANORMALIZE To UNITY tewlTH

-

3
o €S —s -f,:/e: d& = EWERCY * £,
- - - P&

For M wWAVEForMS CRN HAVE n £ A ORTHoNPMAL

T =
_X]—T' + P 7=



EXAMPLE

5108} §

538} 4
1 1
- -
() 2 ! 0 1 3 !
-1
5(2) 4 540) 4
1 I
- -
0 1 Z t 0 3 !
_l |
p . T
(a) Original signal set
it} 4 Usle) ¢
1
- 1 -
V2
ol -
0 2 { 2 3 t
thalr} 4
1
2
1 2|
_Ar

2
| (b) Orthonormal waveforms

Figure 8.1 . fpplicaion:of the. Gram-Schmidtorthogonilizdtion:procedtre to. signals 5.

) Nrermawze Site, D Wity = Sy = &

) FLROTECT S .t/ owtvs Yijdt =D fs/t)~ §./t) -
| C;;,-) "P; [+
LY
VALY L I IPY

o =)

e
P

ﬁfﬂfﬁﬁyg-fL/ﬁ?

‘CJJIL
Yafe) = Hyes /e = > ) Jrr

20 LACTECT Jo /) ownTe

?ﬂfﬁ?g %if&j
Ay =

S/t - €3 %, (v ~ <&z Y lE



Cy, = / I3/¥) % Je, A

- o6
> /,,l u"% Sk d€ = °©
C3. = /_: Ss o) ¥ fop dt
= /ﬂ LJ.} /€7 %, pesd 2
AR SRR AN
+ )T 0~y 42

= T2y = -V
daft) ~ S20/) +VE ¥ &0 3 de
FF‘ If D

Neow WE BAyE

R AN wA

AN
S = T Sm, Walt) m=17 2 ..M

-

n=/
THDH bo WE FoaD 77-}15.52-?

&4 | o M
-/.. oo T MO ¥ e e = I T Tma ¥ /) Yo Rerdt

F-=% B
A

= T 5, ) s Gk 4t

n=j Ry
éhf. = / Vo B '
© nEc

Fud
- Z "'ffﬁ-é Jn‘:
n =}
<

- vy L

Sma = [ oo S0 )dR



a4 i
ANOW LET CocRPpVATES oF S /e,  wpiCH

RT7LE

Sy, Semw e, Sy BE  REPRESOYTED

AS vecrern (EvL,penn) J AT (e

1

) rshm’}
S"m = /J_P'T"hj -.5,,.-.1";:. j}ﬁﬁ‘) = Ly /Aj}{f/

-

BRI

L
THeEN Zrntj_m

Ly

f:/f:) d€
E Somn Yo ke E S e jn Be’h/n-&){‘f:

= L T T S p /w a5 ¥ Js 4t
e

B a2l ——

N

1

SMR
i
i

E VLD &fw
Bor PRep<T

R

S'EM;uﬁﬂLz / Sl Sn M) e = Sp, v S,

Clivew BASIS SIENALS wE HAve LED e
WAVEFoANT SPRCE 770 S)mPiLerR £ tlipERY
Sphce ( CAN wow OSE  LinEBR AL GEGRE)

EARMPLE SE£E Fre. §.1 (Plevioy .-
EXAM PLE .

3
So fb) = ;Z Vien o H)



L —

- 3
= S, = / Sl ¥ e dt ¢ _/ﬂ I ¥n [t

w il

NoTe - JE7 oF BAS/Y S/CNALS NoeT UNIQUE -
DEPewND L o WHICH IS4 Clocew FIRST

SEC oD £T <,

Brvpry PiriSe MYpurarjon -~

T

Y. REUIPLITVDE -  pPAM
2.) L oSt T/0N = PP/

WE wiil ASSYHY THAT WE NEED 7o

TR, Ry = Yre 8P D (eNeTH of
Lvise JNTERVAL = 7, SE<.



rAM
S, Sa JE )
A 1 S f€7 = fy, g7t
| 7L € 74 € ;g
A | ’157}"!‘-!*:) Ay =
A= A

CALLED ANTIFoDA L STEANALS
Sr":- f”E-j = - r-f /“&4’

e
“ k o ) = ﬁmVTg, Yot

T ]
— —— e EMt/ﬁﬁﬁmLTé i?bl/ﬁ*)"ff

Vai7

T4

: ﬁmLTg, T AT

= s 7 Em = &, /Ea"f‘?—} SIENALS BAvE
SARE EWNERGYI

J-:"h-? 72‘—/ - ﬁ""‘!"‘fﬁ

— PR [(TL = 21)a%)
/A4

= V&, PR m )

- \,ié, NP ey =2

oR ;= VE. 5, = -TEs ( Smper= <, wjes )
w0
—— y R Ammm of 2]
i o o



ppr
(;L-&,j 512‘&)

ﬁ_b A

T € T  Tg  ©

- -

86 = ATTaj. D A= "-25/7’5
NeTE - S/I6ALS ALE pow ORTHOGEoNAL
T
'/o Yy SR gt = o JosT WNEED

To NoRMNALIZE To Fowd W, j+v2 %/

_ Palts




E XAMPLE ANOTHER SET OF G6RTH G omAL
S)EyAL S
s{{£) 53(1)
V& T, VELT
- —
{]_ Ty, { Tyf2 T
- V%bfrTb B

Figure 8.13 ¥we arthogonal signal ‘waveforms.

S, 1) = V{__; ¥ (&) @h/@

-

el

S /&) = ﬁ_;; ¥ i) - V‘E; Ya [0

"'y

&

lfza/" /I [ ' c:;}}
F . =
= S ﬁ;}fj 2+ ey

e

IJPST RoTATED

FRors FPFp
— Y [+
CFr 7 MU RECEJVERR
o A weN
Re Cejyve VST = Spn [/ + et
i J/evAr | S, op S,

IF wNo wofse , 4y = £ off 5=

—
1 £ Gﬁ: DET"ECW;{
- L_ h



PDEYedD i/ 2ATOR

- T

L ———

: 02
CoNVERTS WAVEFcPRAMS Toe VECTegs F

' T/LODRL
= ' Cond F2BER Ay
7 DETEC 7 £ .
INFPT T
Sj&aaL X Forl NOL/.

| | l
(€2 = S Pl r HiES cekt £ 7%
h:g;l-

S, % V&

To REcoyer S, e

Te
= rjies wlit)dt =
g jﬁ_ TR

f T [ '7”;&) + n/fe) plre))d€

= Son  F /T* NE)FEJ AL = $. +p
= e .

EFFECT of Nbss5€

r) A= K C.L oren
% \ / =72 7 ﬁﬂﬂ-ﬂfffﬁreﬁ

F/e/ Avp Wit/
Wit

A
n= _/a ¥/ nfr) A=

RECALL THAT N/ oo Awdw =D
E(h/iv)*:ﬂ -0 ¢E £ oo

Rpl% = Nof, Slw) | Sa/f)= W I



/QLS“L:L S/IANEE ) 1S R LI TRANS 6L TT o)
GF GA u_s:s';ﬁ,uj J7r 7Teo 1S CRUSS;AN

Fln)= £ [ /;Tbﬁi’/'z}ﬁ/'z)f{f‘z]

T4
N / Fle) £d4nins) dn = B
; &

Th
VM/n)ﬂ‘-a’nl'-:-E/;?U = E'[ju PR 1D JE
/E,H #)e) ni)dx )

- .// V"/"&/V’/’L)E) ﬁ/tin/"t)/a"idﬁ:
e i

o ELE-m)

a

/.
ol o g
=D h~wnld 6 Neyy )

N OTE THAT WE GSNORALLY Moper THE
CCCvRENCE CF A ¢ s ) RS 4 /oA D o pr
EVENT., THUS  Sp )8 RS TLAlLYy A& RLANDGMK
VAR I1ABRBLEe WITH 1°YPpIcrLLy

P/I}H;JI

iy

VEs ) = Afom, = Sa=-yE ) = &

Hrewce W& WRITE THT ConNbiT/onpl PHF



_of‘?"/)‘i AL DETECTeR Y IDE?‘.! >S5, s Sy 0

OCRTHeCECNVAL S/Cnplts

N NEX?2 T we DEMED VLA TR S JSinCE

Sml¢) = J i 'f’; A Tma s (23

= to detector

; {9 ¥
£U # Y1 / 1

¥n(?) [

Sample at
r(l} I= Tb
Received
Fo sigmal (1)

*(é— fo 2 /Ny etector
g )

820 Correlation-type demodulator for binary orthogonal sigials:

7a
]): ?‘, [Te) < /p r"‘/"‘l/?'? ) £~

WHERE r/2) = S ¥i%)+ Spms ol T/

- N/%)

52



4

e —

T4
Jr ./a /ffo‘”f/'f)*'ffnh(’-‘Uf-n/wJ ALY L
~
= o

T
St + S ntwry ¥l 2

S

i

R )
Oty (ASSES Pilt) CoppoveNT oF SiCpAL
SIH npnLy

. - .‘Shrnj ﬁ;
gf = [IMAJ ‘1—[”;)

el

RS BeFere ( Awnripopai), n,~w(e pefss
/7 “w‘/i Nd)-z,; Auwd R

Wosfy 5 (£-
. P e - =~
Cau[hL ra) = Efn,n.j = //E {ﬁ/-f;,in/rr))

¢ {r“':}fj ?("1[’1) d'tcft
7k
ALY
. A

Y, K AR = ©

pl s

=) o Na ARE UVNCORRELATEL AN Sijyvce
J CINTLY GCRUVSI/IAy BRE IVDPEPONDLEN T

1 y = --b’(!-jﬂjb 2=3 L
F19, 905wy = (7= ) A 317 Sy 5" 4 Y= 5 iy ™ |

= FIY IS S F galSm )



FiaRlLry FOoR ORTHC EoaAL S EwALS

£ £
so: [ o- lm)
.-i__.. e...;:}ﬁzyj'v-gb)"h- .
11,050 )= y7a e
J f_#"?"h‘ AR
Y H Ao
‘Ff’;;fw)
-/ SRME For £lYs /&, )

7/

OCPT7mAL pPETE c77eR

S ——

W/iSh To DECIDE JF S,/ op Sa/i) wAs
TRAN SHIiTTEDP BHALED on 17 FoR R~TIPodAL

S/evALS oRf /;?,, Y>) [ 2R ORTHoConyAL $/CyalLs.
COWTIDER ANuTIPoDRL FiRST.

CR/TEUSN [S FPROBAGILIT) of AERRor ANp

- Fly .
/A LE \ - Fl175,7 bEC/pe S5/
7 /F ‘; > X  Ad
V& Vg DEQDE So/)v0 /F
] %=
W HRAT SHovrn o [ThpesHors) pe ?
FPRop f
> R o]

Pa (<) = F[?i*iﬁ))’/‘}) +-)9/7:=F--H/JEJP/.¢"LJ



NOTE P15 pIS) ARE cArLIEY A PRisp,
fPholB 4 ljlyr 78S

T2l Loty pre, D [;-- [:-J-“/;;fuiﬂ

D - 5 = ;)@/(aﬂr
= F ot PGS - Flot)s, ) plSa) = ©
=3 CpoeSe TIREIMHold AS Sotvrloy o
f/bé‘/j:f"} - p.{‘j—#’)
F /et ) S2) V2%Z9S
JSCAaLLY Pr) = /9/*5“.@} = -i-;__ Wﬁ)’ I'e
D fLXYs s = F L) S
S e we (V)Y L e [« vER)T

2 (A= VEL D) = [+ Vg ST
o * - 2ol fE; + £8 F bﬂl*‘lﬂ{]rﬂ& + Ta

F19)50

T ~ 7

THEE S 0L b




DEC)pE X, A I = ??ﬂ

S IF g 4o
“— = 5764 ARBIRARY
( way? )
T o Fr'D PREOEB of ERAsZ -
(VL2 WA iy

/ﬂ') = P;L
& e s ~ /
= /_ﬁ ﬁ/y/.f,)f; < + /; 'F/?/J"J/]i

= ]ﬁ_ F-9)0.0d8 3t /ﬁ, ’C’JJJ';J#;’ >

M ————— e e
1 - / w#Yy °
&5 “< "j"—a/?*m')h
= /n f"?”ﬁ-)ﬁ7 = /a @“ﬁ%ﬁ € d7
Lcr 7"'-‘-‘ 9 + JE4
/ e / e"ﬁ;’J‘Lg ;
p = 7 7
ﬁ-; F’Vﬁ .
. F ]
L E > Z T~ 7/4 Asj, dg’ = m Zz
A S — PR s
- 2 = JTAp < dﬁ-/ﬁ_ d-z"
Eﬁ/ﬁ!ﬁj;‘
-4+ z*
. /m L @ dz
Vo= S ]
N o ~
PDF Feg N/‘:J)



57

—————

Fo = /t/if%/#) | t;’/*xj:/#%ff";:?;itjﬂ

A’G A FUM#:-TJQM

1074}
1073
1078

1077
0

C AL SACHAL EWEREY

ﬁ”u,fg. o
NorsE€ PSP LEVEL

CALLED Ad  pWNEVGCY-To-NorSe RATro /)

v TE CEQ U E = 24
n REQULE BOVR™ JoLog, - =m

> oL o6, (537 ® s e

FoeR Gued FEZFoprpMancE

Now <cons)pey2 ORTHOGowWAL S/C/aLS
RECALL THAT WE fHAVE AS supPrr
T o DETELTOR



HJ)-; [:" +[::} Fol I,
Y »
[ )t s

Fet Fl7:9. 1)

Wi SHpow LATER

THAT WE SHouvip DEcC)DE 1 F 7 >~
/Lﬁ-ﬁe’&‘n CvTFVT OF DSpmobd VLA 1T072
JINDSCRTES <S/€vAL )

fo= Plgs>5,]5:05% + Pl 15)%
£ rg.>y.715) By Srrmerey

N

'

{9/7;"7; )ﬁ/{lj

) Ve,
Rur ;g.]’“f.‘f ”"#([ EAL U
D Yum Y ] A VB N ) sy ?

o= o/ &_/_E’)) = 0//}%)

Ve



3 da PoopRER THAN ANTIPOIAL

191 '
AN ]
s 4 NI N | SVR |5 DEFIED
2 - N\,
1072 \]\\ \\ - AS
5 Linar}r\ \ Binary / © Lo Gfﬂ fé/ ‘fv(ﬂ'
hz Sl \ Tﬂm S Nor
_ | ,
E 3 \ ‘k ) j C Lo E:fu A ———
g 2 o
:E'* 107" \ \ / fRASsT ot ARL
2
1073 \ \
; \ \
z A
lﬂ—ﬁﬂ ! : | ; i . n . 1 m\ p . 1\ i

SNR./bit, dB

Figure 8.26 ‘Brobability-of error for Biriary§ignals,

SN e

<

——

U

SA€) = T, F e S Y fe
&g = b Buh ot M
Ang,pophL CRTHG G e AL



