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1 What is the relation between bandpass,

baseband ,complex envelop and pre envelop?

Bandpass signal Complex envelope

X(f)

-,

X(F) = X (f+fc)
X(t) = X (t)eTodt

X,(F) = 2X(F) x U(f) |
x(t) = 2(x ® (% + L))
X+(t) = x(t) + JR(t)

(1) = [X(t) + jR(t)Je et
K(t)eloet = x(t) + jR(t)

Re&i(t)eiict] = X(t) —Fuem
Shifts

. frequency To
BasePass signal  panqg pass

In phase component quadrature component

s(t) = si(t)coswct — sg(t)sinwct

Complex envelope

X(t) = xi(t) + Jxo(t)

2 ways to find Hilbert transform :

o 1
X(t) = x(t) ® =
Hilbert transform of x(t)

x(t) = F[ sgn(F) X(F) ]

Si(t) = s(t)cosmct + S(t) sinwct

$Q(t) = s(t) coswct - s(t) sinct Envempﬁm /@ofsm

a(t) = [sf() +s3(1) O = tan-t (20

s(t) = a(t) cos(mwct + O(t))

Figure 1: bandpass, baseband ,complex envelop



2 Some useful Fourier Transforms

z(t) X(f)
sin (27 f..t) %[5(f — feo) = 6(f + fo)]

Q

2
os (27 f.t) :
cos(2mft+6) 3
sin (2 ft +6) 1

[7°6(f — fo) +e7°5(f + fo)]
[eje(s(f - fc) - e_jaé(f + fc)]
3 Random process definitions

X (t) is Stationary: If all its statistics do not change with shift of origin
X (t) is Wide Sense Stationary: If the mean is constant, and R, (t,t + 7) = R.(7)

where autocorrelation R,(7) is defined as E[z(t) *(t + 7)] . Note, if X (¢) is real, then
R, () is real and even

Note: R(z) must be WSS if it is ergodic.So ergodic process has constant mean.

4 How to determine Hilbert transform of a signal?

input z(t). Find £(t) which is Hilbert transform of z(t) defined as 2(¢) = z(t) ® %

An easy way is to first find G(f) which is the Fourier transform of Z(¢) and then inverse
it to find 2(¢t)
G(f) = —j sgn(f) G(f)

Where G(f) is Fourier transform of z(t)

5 How to find Power Spectrum (PSD) of a
random signal z(¢)

input: random signal z(t)
output: PSD of z(?)
Algorithm:
1. Find autocorrelation R, (7) of z(t)
2. Find the Fourier Transform of R, (7). The result is the PSD of z(t) called S.(f)



Another method (this below works if not random z(t)) , why? can’t find FT for random
process?

1. Find Fourier Transform X (f) of z(¢)
2. Find the | X (f)|° = X(f) X*(f)

6 What is the relation between variance and
power for a random signal x(t)?

Variance is the sum of the total average normalized power and the DC power.

total Power DC power
——

o2 = E[xz(t)] + E[z(t))?

For the a signal whose mean is zero,

total Power

——
o2 = E[z*(t)]

How to find average, power, PEP, effective value (or the RMS) of a periodic function?

Let z(t) be a periodic function, of period T', then

average of z(t) = (z(t)) = % /0 z(t) dt

The average power is
1 T
P = (#O) = 7 [ e
0

Effective value, or the RMS value is

Zrms(t) = /(@ () = VPuw = \/ 7| =

For example, for z(t) = Acos (z), (z(t)) = 0, Py = 4", Zyms(t) = 0.707A

To find PEP (which is the peak envelope power), find the complex envelope Z(t), then
find the average power of it. i.e.

1
PEP = -7 . (t)

2 max



7 How to find the SNR for sampling quantization?

Suppose we have a message m(t) that is sampled. Assume we have n bits to use for
encoding the sample levels. Hence there are 2" levels of quantizations. We want to find
the ration of the signal to the noise power. Noise here is generated due to quantization
(i.e. due to the rounding off values of m(t) during sampling).

This is the algorithm:

Input: n, the number of bits for encoding, m,, absolute maximum value of the message
m(t), the pdf fx(t) of the message m(t) is m(t) is random message or m(t) function if
it is deterministic (such as cos (t))

1. Find the quantization step size S = 2;

2. Find P,, of the error is 1—1252 where S is the step size found in (1), hence P,, =
162 _ 1 (2m 2 m
10 =1 <2—2) =

3x22n
3. If m(t) is deterministic find p,, = (m2 t)) = % fOT |m(t )|? dt

4. If m(t) is random, find pg, = E(m(t)) = [m? t) dt, this is called the second
moment of the pdf

5. SNR = —t”

3><22"

Hence find SN R for noise quantisation comes down to finding the power in the message
m(t).

Examples: For sinusoidal message m(t), SN Ry = 6n + 1.761. For random m(t) with
PDF which is uniform distributed SN Ry, = 6n, for random m(t) which is AWGN. Do
this later

8 How to determine coding of a number from
quantization?

Given an analog value say = and given a maximum absolute possible value to be m,,, and
given the number of bits available for coding to be N, the following are the algorithm
to generate the quantized version of z, called Z



8.1 sign magnitude

Input: z,m,, N

output: Z

Let A = 532 called the step size

Let g = round [“bsT(w)] which is the quantization level
If g >2¥-1 — 1 then ¢ = 2V~! end if

if < 0 then code = g + 2V~! else code = q endif

return code in base 2

8.2 omnes complement
Input: z,m,, N
output: Z

Mp

Let A = 5x?2; called the step size

Let ¢ = round [absT(z)] which is the quantization level
If g > 281 —1then ¢ =2¥"! — 1 end if

If z > 0 then code = g else code = (2¥ — 1) — g endif

return code in base 2

8.3 offset binary

Input: z,m,, N

output: Z

Let A = ;3% called the step size

Let g = round [absT(x)] which is the quantization level

Ifz> —% then
if ¢ > 2N-1 — 1 then
g=2""1-1
end if
code =2N"1 4 ¢



else

if g > 2V¥~1 — 1 then

q= 2N—1
end if
code =2N"1 —¢
end if

return code in base 2

8.4 2’s complement
Input: z,m,, N
output: Z

Let A = ;3% called the step size

Let g = round [absT(x)] which is the quantization level

Ifz> —% then

if g > 2N-1 — 1 then

g=2""1_-1
end if
code = q
else

if g > 2N-1 — 1 then

q= 2N -1
end if
code =2V —¢q
end if

return code in base 2



9 How to derive the Phase and Frequency
modulation signals?

For any bandpass signal, we can write it as

z(t) = Re ((t) ™)
Where Z(t) is the complex envelope of z(t). For PM and FM, the baseband modulated
signal, #(t) has the form A.e?’® Hence the above becomes

z(t) = Re (A.e?Wele)
= A.(cosw,t cosO(t) — sinw,tsinO(t))
But cos (A + B) = cos A cos B — sin Asin B, hence the above becomes
z(t) = cos (w.t + 0(t)) (1)

The above is the general form for PM and FM. Now, for PM, 6(t) = k,m(t) and for
FM, 6(t) = ky fo (t1) dt1. Hence, substituting in (1) we obtain

zpp(t) = cos (wct + kf/o m(t1) dtl)

and
zppm(t) = cos (wet + kym(t))

10 How to obtain the phase deviation and the
frequency deviation for angle modulated signal?

From the general form for angle modulated signal (see above note)

z(t) = cos (wet + 6(t))
The phase deviation is §(¢). And the maximum phase deviation is simply the maximum
of 6(t)

Now, to find the frequency deviation, we need a little bit more work. Start with

fi:fc+Af

Where f; is the instantaneous frequency in Hz. But

1d
fi = 5 gy it +6(0)
Af

—_—~
id

= fort o600



11 How to quickly determine SNR,; from SNR.?

First find SN R,, for to find SN R; use the following
SNR; = SNR, L, where By is the transmission bandwidth, and B is the baseband

CBT,

bandwidth. For AM, By = 2B. For DSB — SC, Br = 2B. For DSB — SS, Br = B.

o —

BaseBand Bristhe

bandwidth transmission
bandwidth = 2B

for AM, DSB-SC

== S

BaseBand Bt is the

bandwidth transmission
bandwidth = B
for SSB

Quick short cut to
determine SNR;
From SNR¢

SNR; = SNRCB%

By Nasser Abbasi

Figure 2: bandwidth

10



12 How to determine figure of merit for DSB-SC
using coherent detector?

Figure of merit, ~y is defined as ‘;%gz where SN R, is the signal-to-noise ratio on output
from modulator, and SN R, is signal-to-noise ratio for the channel, assuming channel

has AWGN added. The following diagram shows the calculations. I used a coherent
demodulator.

11



Coherent detector for DSB-SC

®

@: 1/ T Band Pass i
: Filter (center LPF ——
| atf.) :@
w(t) T i
AWGN | AgCOSmct |
(SNR)c (SNR)i (SNRJo
Sl(t) = Acm(t) COSwt SNR. — (AZM2(t) cos2mt) _ AT%P"‘
S2(t) = Acm(t) cosmct + w(t) c- BNo ~— BN

narrow band noise

—A—
s3(t) = Acm(t)cosmct + n(t)
= Acm(t)cosact + [Ni(t) coswct — ng(t)Sinwct]

in phase quadrature

r N /_H .
=(Acm(t) + ni(t)) coswct —ng(t) sinwct

2
2BNg

(A2m2(t) cos®mt)

SNRj = ZBNG

s4(t) = s3(t)A;coswct

[(Acm(t) + ni(t)) coswct — No(t) sinwct]Ac coswct

= Ac(Acm(t) + n(t)) cos?mct — Acno(t)sin wct coswct

- (2 cosZa)ct)A (Acm(t) + () — Auno(1)(Sin(0) + sin(Rwet))
Ac[Acm(t) + m®]

= 5 2 [Acm(t) +n(t)] cos2mct — Ag No(t)sin(2wct)
[Acm(t)+ni(t) 28 ,
s5(t) = — ] SNR, = () A, e, A,
© E[(me)z] FGHON 12BN, 2BN,
Figure of Merit for
) '2p2 ;
AcPAZPM Ac°AEPm DSB-SC signal
SNR, _ 2BNg _ 2A’2 _ SNR, 2BNg . A/Z
SNRI A_ng ¢ y - SNRC Ag B c By Nasser Abbasi
2 5 Pm 11/30/2008
2BNg BN Study_notes_2.vsd

Figure 3: figure of merit for DSB-SC
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Question: Verify the above.
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13 How to determine figure of merit for AM
transmission using coherent detector?

Coherent detector for AM

(X) LPF  |——

® ©,

atf.) @ EI
w(t) ANRYAN (SI\]IR)i

|

|

]

| 1

@ @ | Band Pass

| Filter (center
|

I

|

|

I

2B 2B SP:\IR
awen - (SNR)c A¢COS @t (SR
= Figure of
S1(t) = Ac(1 + kam(t))cosmct gute of
So(1) = Ac(1 + kam(t)) coswct + w(t) AM
anp. - (Al +kam®)coswct)’)  EH(A + kam()*)
¢ BNo - BNo
OB K2mA() + 2kam(D)) A (L + k2Pp)
- BNo BNo
1
Assuming <m(t)>=0
SNRi = SNRe£ = SNR& = 2GHPn)

s3(t) = Ac(1 + kam(t))coswct + [ni(t) coswct — no(t)sinwct]
= [Ac(1 + kam(t)) + ni(t)]coswct — ng(t) sinwct

sa(t) = sa(t) (Accoswct) = Ac[Ac(L + kam(t)) + ni(t)] cos?mct — Nq(t) sinwct coswet

- %[AC + Ackam(t) + ni(t)] + % cos2wct[Ac + Ackam(t) + ni(t)] — %nQ(t)(Sin 20ct)

ignore message noise
AA "AA kA NN A‘
s5(t) =5+ + —5=m(t) + 5-ni(t)

Nasser M. Abbasi
11/30/08
AM_coherent.vsdx

Figure 4: figure of merit for AM coherent
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2
AcAcka
<< c m(t)> > ACZAC ip. Aé%;gk% P, A22p

E[(A—Z‘:m(t)) } Memm] AN °

AZkEPm )
Nasser M. Abbasi y — SNRO — 2BNg — kaPm
11/30/08 SNRC Ac <l+k ) 1+k§Pm
AM_coherent_2.vsdx e
0

Figure 5: figure of merit for AM coherent (2)

14 How to determine figure of merit for AM using
envelope detector?

Envelope detector for AM

DC blocker
Envelope ||

detector @ R |
©
I

atf.) @ ':
ZANRAN !
vavgN) (SNR)e ® *®  (SNR)

|

|

|

: /I/

@ @ | Band Pass

| Filter (center
|

|

|

(SNR),

Figure 6: figure of merit for AM using envelope detector

s1(t) = Ac(1 + kam(t)) coswct
S2(t) = Ac(l + kom(t)) coswet + w(t)
And
{(Ac(1 + kam(t)) coswet)?)
BN,
21+ k(1))
BN,
A1+ k2m2(t) + 2k,m(t))
BN,

SNR. =

15



Now assuming (m(t)) = 0, the above simplifies to

A2
Z(1+Kk2Py)
NR =2« ™
SNR BN,

Hence

B
SNR, = SNR,—
°Br
2(1+k2P,) B
BN, 2B
A2 2
_ 1+ k;Py)
N 2BN,

Now find s3(%)
narrow band noise
~ =
s3(t) = Ac(1 + kam(t)) cosw.t + n(t)
= A.(1+ k,m(t)) coswet + [ns(t) coswet — ng(t) sinwt]

in phase quadrature

N

= TAC(I—I—kam(t)) +nr(t)] cosw.t — 1/1;@ sin w,t
Now, to find s4(t), which is the envelope of s3(t) .
s4(t) = envelope(ss(t))
(83)7 + (s3)q

_\/ (1 + kam (8)) +nr (£))* +nd (£)

Now, assuming A, > |n;(t)| and A, > |ng(t)|, then the above simplifies to

s4(t) = Ao(1 + kam(t)) + ns(t)
now apply the DC blocker, we obtain
s5(t) = Ackam(t) + ny(t)

GNR — {(Ackam(t))®) _ AP,
? E [n% (t)] 2BNO
L _SNR, _ S kP
SNR. 4@+k2p,) 1+k2P,
BNy

We notice, that for Large SN R;, this detector gives the same result as coherent detector.

For small SNR;, it is better to use the coherent detector than the envelope detector.

16



15 How to determine figure of merit for SSB using
coherent detector?

Coherent detector for SSB

OF DV [eaarm

Filter LPF I
r , ©,
| : i i: | :
w(t) B B (SNR),

aweN  (SNR)c

Figure 7: figure of merit for SSB

The difference here is that SSB signal has transmission bandwidth Br = B and not 2B
as in all the previous signals. Assume we are working with upper sideband. Analysis is
the same for lower sideband.

s1(t) = k[m(t) cosw.t — () sin w,t]

Where k is a constant. Usually 4 but we will leave it as k for now. 7(t) is the Hilbert
transform of m(t)

$2(t) = k[m(t) coswet — m(t) sinw,t] + w(t)

((k[m(t) coswet — (t) sin wct])2>

SNR, = BN,
_ k%(m?2(t) cos® wet) + k*(Mm2(t) sin® w,t) — 2k%(m(t) m(t) cos (w.t) sin (w,t))
BN,
_ k%2 (m?(t)) (cos? w.t) + k*>(m?(t)) (sin® w.t) — 2k?(m(t) M (t) cos (w.t) sin (w.t))
BN,

Assume (m(t)) = 0, we obtain

k2B 4 2P
N . = 2 2
SNR BN,

_ k*P,
~ BN,

s3(t) = k[m(t) cosw.t — m(t) sinw.t] + n(t)

17



Hence

SNR; = SNRCE
Br
__k*P.B
~ BN, B
kP,

" BN,

s4(t) = [k[m(t) cosw.t — () sinwet] + n(t)] A, cos wt
= A_km(t) cos® wet — A_kin(t) sinwet cos wet + A, [nr(t) coswet — ng(t) sin wet] cos wt

= A km(t) (% + %cos 2wct) — A kin(t) %(sin (0) + sin (2wt))

+ A, [nr(t) cos® wet — ng(t) sinwet coswet]
]. / 1 / ’ ].
= §Ackm(t) + éAckm(t) cos 2wt — A krn(t) 3 sin (2w,t)

+ A, [n;(t) <% + % cos 2wct) —ng(t) %(sin (0) + sin (2w,t))
= %A;km(t) + %A;km(t) cos 2wt — %A;kfn(t) sin (2w,t)

/ ’ i

A A
+ Tcn](t) + fn;(t) cos 2wt — an(t) sin 2w,t

After low pass filter, we obtain

Hence,

Hence

2
SNR, =
SNR;, EPn

BNo

18



Hence

_ SNR,
7= SNR,

k2P,
NoB
k2P,
BNy

=1

16 How to determine figure of merit for VSB
using coherent detector?

s(t) = %[m(t) cos wet F mg(t) sin w,t]
mg(t) is the output of VSB filter when input is m(t)

19
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