Introduction to Signals and Operations on Mac

1. Introduction to Signals and Operations
Model of a Communication System [1]
Figure 1.1 (a) Model of a communication system, and (b) signal processing functions.
Classification of Signals
1. Continuous-time and discrete-time signals [2]

By the termcontinuous-timesignal we mean a real or complex function of tis(®,
where the independent varialbblis continuous.

If t is a discrete variable, i.es(t) is defined at discrete times, then the sigs{g) is a
discrete-timesignal. A discrete-time signal is often identified as a sequence of numbers,
denoted by §(n)}, wheren is an integer.

2. Analogue and digital signals [2]

If a continuous-time signa(t) can take on any values in a continuous time interval, then
S(t) is called aranaloguesignal.

If a discrete-time signal can take on only a finite number of distinct vals@sg},{then
the signal is called digital signal.

3. Deterministic and random signals [2]

Deterministicsignals are those signals whose values are completely specified for any
given time.

Randormsignals are those signals that take random values at any given times.
4. Periodic and nonperiodic signals [2]

A signal s(t) is aperiodic signal if s(t) = s(t + nTg), where Tg is called the
periodand the integem > 0.

If g(t) # s(t +Tp) for all t and anyTq, thens(t) is anonperiodicor aperiodic
signal.
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5. Power and energy signals [2, 3]

A complexsignals(t) is apower signal ifthe average normalised power i® finite,
where

(T2
0<P=_lm == [ sf)s*(dt< o (1.1)
T sl F7/2

ands*(t) is the complex conjugate sft).

A complexsignals(t) is anenergysignal ifthe normalised energy B finite, where

0<E :_}o s(t)s*(t) dtz_}o |s(t) 2 dt < oo (1.2)

In communication systems, the received waveform is usually categorised into the desired

part, containing the informatiasignal and the undesired part, calledise
Some Useful Functions

1. Unit impulse function [2]

The unit impulse functionalso known as thdirac delta functiond(t), is defined
by

J S0 A dt=5(0) (1.3)

An alternative definition [4] is

_}o ot)ydt=1 (1.4a)
and
_ Do, t=0
) = %) (20 (1.4b)
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Figure 1.2 Unit impulse function.
2. Unit step function [2]
Theunit step functiom(t) is

t>0
u(t) = % tZO (1.5)

Figure 1.3 Unit step function.

and the unit step function is related to the unit impulse function by

t

u(t) = J’ A1) dr (1.6)
and
d
=& @7)

3. Sampling function [4]
A sampling functions denoted by
Sag) = -SInx (1.8)
Figure 1.4 Sampling function.

4. Sinc function [4]

A sinc functionis denoted by

: _ Sinm X
sincx = ——~— (1.9)
Hence,
sag) = sinc() (1.10)
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5. Rectangular function [4]

A singlerectangular pulsas denoted by

\ BHES
n(T_ -0 = (1.11)
D, k>
6. Triangular function [4]

A triangular functionis denoted by

Ar)= gloﬁ_l}'[ =T (1.12
L] >

Some Useful Operations [4]
1. Time average
Thetime average operatas given by

T /2
<[P>=_lm & [ []dt (1.13)
T oo /2

If a waveform is periodic, the time average operator can be reduced to

ad /2
1 0
<[P=:- J [ldt (1.14)
Oad,./2
0
whereTq is the period of the waveform a@ads an arbitrary real constant, which may be
taken to be zero. Equation (1.14) readily follows from (1.13) because, referring to (1.13),
integrals over successive time intervdlg seconds wide have identical area if the
waveform is periodic. As these integrals are summed, the total ared anel
proportionally larger, resulting in a value for the time average that is the same as just
integrating over one period and dividing y.

In summary, (1.13) may be used to evaluate the time average of any type of waveform.
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Equation (1.14) is valid only for periodic waveforms.
2. Direct-current value
Thedirect-current(dc) value of a waveform is given by
1 T/2
<s(t)> = lim T [ s(bdt (1.15)
T -0’ /2

We can see that this is the time averagg(f Over a finite interval of interest, the dc
value is

ty

<s(t)> =t2—ﬁ1 J st (1.16)
1

3. Power and energy
Theinstantaneous powdmcremental work divided by incremental time) is given by
p(t) = v(t) i(t) (1.17)
wherev(t) denotes voltage ant) denotes current.
Theaverage poweis given by
P = <p(t)> = <v(t) i(t)> (1.18)

Theroot mean squaréms) value ofs(t) is given by

Sms= +/ <s?(t) > (1.19)

If a load is resistive, the average power is given by

2
2
ve(t)> . Vrms 2

whereR is the value of the resistive load. WhRerr 1 Q, P becomes th@ormalised
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power.
Theaverage normalised powerf areal-valuedsignals(t) is given by
1T /12
P=<s2(t)>= lim = I s2(t)dt (1.21)
T s’ J/2

Thetotal normalised energgf areal-valuedsignals(t) is given by
T /2
E= lim [ s2(tdt (1.22)
T s J/2

4. Decibel

Thedecibel gainof a circuit is given by

dB =10 log o Bﬂﬁ (1.23)

O0Rn O

If resistive loads are involved, (1.23) can be reduced to

0
dB =20 log g E}M& 10 |oglODiD (1.24)
rms in Ioad 0
or
dB = 20|og_oBMH+ 1OI0910DR|07adD (1.25)
D rms in |n O

If normalised powers are used,

dB = 20 Iog_o E}MH 20 Ioglo BMH (1.26)

rms in rms in

Thedecibel power levawith respect to 1 mW is given by
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rjactual power level inwattsp
dBm = 10 IOQ_OE 3 E (1.27)
10

Thedecibel power leveanith respect to 1 W is given by
dBW = 10 log g (actual power level in watts)

Thedecibel power levakith respect to a 1 mV rms level is given by

Vrms O
dBmV = 20 loqq — (1.28)
Ho3H
5. Complex number and phasor

A complex numberc is said to be @hasorif it is used to represent @inusoidal
waveform. That is,

s(t) = [c| cos fupt + O] = Re {c &“0h (1.29)
where the phasor

c=|d? (1.30)
and ¢= Oc.
Other Useful Operations

1. Cross-correlation [5]

The cross-correlationof two real-valuedpower waveformssy (t) andsp(t) is defined
by
1T /12
R (D=<s1(t) spt+ )> = lim == [ sq(t) sp(t+ 7) dlt
12 T T

el g2
(1.31)

If s1(t) andsy(t) areperiodicwith the same periodp, then
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T./2

0
Rlz(r):.r—l [ sy() sp(t+ 1) dlt (1.32)
02

The cross-correlation of tweeal-valuedenergywaveformssq (t) andsp(t) is defined
by

aén:jsmnﬂwnm (1.33)

Correlation is a useful operation to measure the similarity between two waveforms. To
compute the correlation between waveforms, it is necessary to specify which waveform is

being shifted. In general,RlZ(r) is not equal toRZl(T), where

R_ (1) = <sp(t) sq(t+ 1)>.
51D = <5200 s1(t+ 1)
The cross-correlation of twaomplexwaveforms isRlZ(r) = <S1*(t) sp(t+ 1)>.

2. Auto-correlation [2, 4]

Theauto-correlationof areal-valuedpowerwaveformsy (t) is defined by

T/2
R (D=<si) sy(t+1)>= m =2 [ sp(t) sy(t+ 1) dit
11 T ool 372
(1.34)
If s1(t) is periodicwith fundamental periodg, then
T./2
1 0
R (1= s1(t) sq(t+ 1) dt (1.35)
o Yoy
The auto-correlation of @al-valued energwaveformsi(t) is defined by
(0]
R ()= [ si(t) sp(t+ 1) dt (1.36)
11 —00

1.8



Introduction to Signals and Operations on Mac

The auto-correlation of @amplex powewaveform isRll(T) = <S1*(t)sq(t+ 1)>.

3. Convolution [4]

Theconvolutionof a wavefornsy (t) with a wavefornmsy(t) is given by

s3(t) =s1(t) * so(t) = _J'OOS]_(A) Sp(t-A) dA (1.37a)
s3(t) =s1() * $2() = | s1() spl-(A-0)] oA (1.37b)

where * denotes the convolution operation. (1.37b) is obtained by

1. Time reversal o$y(t) to obtainsy(-A).
Time shifting ofsy(-A) to obtainsy[-(A-t)].
3. Multiplying sq1(A) and sp[-(A-t)] to form the integrand
s1(A) sp[-(A-0)].
1, 0<t<T

Example 1.1 Convolution of a rectangular waveforgj(t) = B) o ore with

an exponential waveforsp(t) = el

u(t).

Figure 1.5 Convolution between a rectangular waveform and an exponential waveform.
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Figure 1.2 Unit impulse function.
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Figure 1.3 Unit step function.
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Figure 1.4 Sampling function.
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Figure 1.5 Convolution of a rectangular waveform and an exponential waveform.
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