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DATA AND SIGNALLING TRANSMISSION

INTRODUCTION

DIGITAL MODULATION SCHEMES

ASK, FSK, PSK, DPSK

ERROR RATES FOR BINARY SYSTEMS

1 a = 1/2 for noncoherent FSK
problerror|y ) = —— explay, ),

a=1 for "noncoherent” PSK (DPSK)

1/2 for coherent FSK

«
problerror|y ) = % erfe(V/ « 7 ), {
1 for ideal PSK

o

The distribution of 7, in a Rayleigh fading environment is

p(1b) . et exp|- T
1b0 vbO

where T is the average SNR/bit.

00
prob(error) 4 p= J prob(errorlwb)p(zrb)dzrb
0

1

0+ avw) , for noncoherent detection

,for coherent detection.

PROBABILITY OF ERRORS IN A DATA STREAM

p(N,m) = [ : ](1 - .

where
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N _ N1
m) (N - m)! m!
=1-p(NO =1-(1 - p)N Pﬂoé. 6/ eNToON (¥ M-essaé,o .

pCM

p, = (- N p? ,[a.[t-ﬂjg Mrodmga é[e u)mc(.

IMPROVING THE PERFORMANCE OF DIGITAL TRANSMISSION

Diversity

Error Detecting and Correcting Codes

Multiple Transmission

Interleaving

Automatic Repeat Request

Adaptive Equalization

DIVERSITY AND DIGITAL TRANSMISSION

1) Switched Combining: Pure Selection

The distribution of L is

(4

plr,) = " 1 - exp|-
b0

M
LS 7y
7b0 exXpi- ”w
.
1a) Noncoherent Detection P = [ P~ ob (oron l r‘b) P Cr'b) :Jd"b
Qo

prob(error) & p= -

M
2 Go+oey)
i=1

1b) Coherent Detection Deoes anoT ,n_p?ul'u <d I‘MM& /9 laa.:.e M#dn«&
Lbas of wo usa.
2) Switched Combining: Threshold Selection

The distribution of 7, is
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1+ q)[l - exp(—wblwbo)] , ¥ =7

plz,) =
q[l - exp(-‘yb/wbo)] v ¥, < Vg

where q =1 - exp (—7T/7b0) and Tr is SNR threshold level.

2a) Noncherent Detection |

7
p ¢
prob(error) 4 p= [ prob(error]vb)p(wb)dr‘ + I,prob(errorhb)p(rb)drb

0 "T

q+ (1- q)cxp(—wrr)
p =
2(1 + rw)

2b) Coherent Detection Deoes noT NEQuing <O AP V'JA/{ 'P L\Q&P MIZQAPMQ

Not applicable (see item 1b). Tec('wvrqu o.[ A0 JSQ .
3) Gaﬁ Combining: Maximal Ratio
The distribution of 7, is

M-1
v, exp ( -73/%0)

plr,) = M
M-

[ ) p ) a/l‘,

=4
3a) Noncoherent Detection P- / ‘PAO b( enrn
9

1
M
2(1 + urw)

prob(error) 4 p=

3b) Coherent Detection JS[U(., The J,&ad,-UJ ke rnrr L low s/ low BE )

P(‘ib) = _——7:O(M o - [‘Pdﬂl’(w" ()"L )/—;Cf'b) J(’b
9

(M - 1/2)1

Ak B (azww)M M!

prob(error) 4 P=

where (+)! is the gamma function . In this particular case
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Probability of Error, p
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[M _ 1 ]l _1357...CM - 1)
2

4) Gain Combining: Equal Gain D.‘_’[PA ‘hemr Mnx. T?a(l'o by < _/a.c,(cn
4a) Noncoherent Detection (M/z )M vir /C M'i‘ ) ’
m/ )MV 1

2(M - /21 +ay )

prob(error) & p=

4b) Coherent Detection Soame n.ca(ou/ua :

(m/2)M
M
2(ay bo) M!

prob(error) & p=

ERROR DETECTING AND CORRECTING CODES Cocle A (= k)
" codlwo"d

t .. '(.
Pey = 1 - Zp(N.m) R 'U{MW“ rew
Ne h/M
t- -1 . ot
MULTIPLE TRANSMISSION 2 l an
s
Y = [ s; ] it - p~
. s+1
2

p(N’m) = ( : ](1 _ p,)N—mp.m

=1- ip(N,m)

P
eM
m=0

INTERLEAVING

Its basic principle is to spread the code word,conveniently positioning the bits

one away from another, so that they experience independent fading.
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AUTOMATIC REPEAT REQUEST

Let be the probability of error in message. Then the time to transmit a set

P EM
of messages is increased by 1/(1 - peM), whereas the throughput is reduced by

- peM).

ADAPTIVE EQUALIZATION

Equalization is the compensation for phase and amplitude distortions of the
signals using the telephone channel.
Stationary environment

Non stationary (real time) : combat fading, intersymbol interference (ISI)

COMPARATIVE PERFORMANCE AND COMBINED TECHNIQUES

1) Diversity and Coding
2) Di&erslty and Majority Voting
3) Coding and Majority Voting

4) Diversity and Coding and Majority Voting

CHOICE OF CODE

Capture effect

20logR/V 2 o) = T

R = vV 2 f-(R/V 2 o) exp[—(R/V 2 c)z]

T = : cxp[(R/V 2 c)z] -1
Von fm(R/\/T o)

Transmission rate : z bits/s.
Mean time between crossings : I/Rc

Mean number bits : z/Rc.
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