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Figure /-3 Receiver structure and integrator output. (a) Integrate-and-
dump receiver. (b) Output from the integrator.
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Recelver Preformance

* The output of the integrator:

V = tOJt[s(t) +n(t)]dt

B AT +N A IS sent
|=AT+N —A is sent

* N = [near is a random variable.
* N Is Gaussian. Why?



Analysis

E[N]=E[ [ n(t)dt]= [E[n(t)]dt=0

Var[N]= E[N2]—E2[N]
—E[N2] Why?

Tjor|

toJ:TtOJ:T

= E[n(t)n(s)]dtds
ty, to
t0+.Tt0+.T N
= 7°5(t—s)dtds Why?(White  noise is  uncorrelated!)

th 1

_ NGT
2

« Key Point
— White noise Is uncorrelated




Error Analysis

e Therefore, the pdf of N Is:

e—nzl(NOT)

f.(n)=
v (N) NT

 In how many different ways, can an error
occur?



Error Analysis

» Two ways In which errors occur:
— A'lIs transmitted, AT+N<O (0 received,1 sent)
— -A'Is transmitted, -AT+N>0 (1 received,0 sent)

JIn D)
P (Error |[A Sent) P (Error |—A Sent)
= P (AT + N<0) = P (AT + N>=0)
 _AT 0 AT n

Figure 7-4 Illustration of error probabilities for binary signaling.
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—AT _—n?/NgT 2
e P(Error|A)= j ° dn:Q[ ZATJ

—00 ﬂNOT NO
« Similarly,
0 e—nZ/NOT 2A2T
P(Error|—-A) = _f dn=Q
AT ﬂNOT NO

* The average probability of error:
P.=P(E|A)P(A)+P(E|-A)P(-A)

2A7T
o BT




* Energy per bit:

to+T

E, = |Afdt=AT
to

 Therefore, the error can be written In terms
of the energy.

e Define




Recall: Rectangular pulse of duration T
seconds has magnitude spectrum

ATsinc(Tf)
Effective Bandwidth: B,=vT
Therefore, 2
- N?Bp

What’s the physical meaning of this
guantity?



Probability of Error vs. SNR

1.0 —

Sx 107! =
Actual

Sx 102 Approximation (7.15)
Figure 7-5

Pe for antipodal baseband T 102
digital signaling.
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Error Approximation

 Use the approximation

2
—u“/2
e

Q)= uv2z

P.=0 2AT ~ e’ z>>1
] Ne | 2Vm’

u>>1




Example

 Digital data is transmitted through a
baseband system with n,=10"w/Hz, the
received pulse amplitude A=20mV.

a)lf 1 kbps Is the transmission rate, what IS
probability of error?

B, === ST

1073

1
T
A*  400x107°

B 10710 =400x10% =4
0=p

SNR=1z=

e—Z

—2.58x10"
2z

fine

~




b) If 10 kbps are transmitted, what must be the
value of A to attain the same probability of
error?

A A2

1= = — 4= AP =4x107 = A=63.2mV
N,B, 107 x10

 Conclusion:
Transmission power vs. Bit rate



Binary Signaling Techniques

Digital
sequence: 1 [0} 1 1 0

Antipodal
baseband
signal:

ASK: —
Figure 7-13
Waveforms for ASK, PSK, and
FSK modulation.

Phase difference = 2 cos 'm
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ASK, PSK, and FSK

e Amplitude Shift Keying (ASK) 1 0 1 1

A cos(2#ft) m(nT,)=1 ' m(t)
S(t) = M(t) A cos(27f.t) = { ) il \W (\U/\U(\U(\UI\UI\

AM Modulation

e Phase Shift Keying (PSK) 1 0 1 1

S(t) = Am(t) cos(2f,t) = { Aﬁo‘;"éfff 2 m”;f:%)j_ll IWU(\U/\UMU/\U/\U/\V(\UI\ e

PM Modulation

1 0 1 1

- A cos(2zft) m(nT,) =1

FM Modulation

e Frequency Shift Keying



Amplitude Shift Keying (ASK)

« 020
» 1->Acos(wct)

« \What is the structure of the optimum
receiver?



Receiver for binary signals In
noise

¥(1) =5 (D + n(o) (=T Decision:

or y(f) = s (1) + nlo) W) =k 5
L - 1) "‘("]I ; :\ W(T) Threshold WT) <k s -

H( f) k

Figure /-6 A possible receiver structure for detecting binary signals in
white Gaussian noise.
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Error Analysis

0->s1(t), 1->s2(t) in general.
The received signal:

y(t) =s,(t)+n(t),t, <t <t +T
OR
y(t) =s,(t)+n(t),t, <t <t +T
Noise is white and Gaussian.

Find P
In how many different ways can an error occur?



