Memoryless Modulation

PAM
Sm(t) = Re[A,g(t)e??™<t] = A,,g(t)cos2T f.t m=1,2,3..,M
Ap=02m—-1-M)d Energy E,, = $A2 E,
E 2
PET'T'OT‘:Q(\/%) Pb:Q(\/QdTO)
M-ary PAM
error = 72(1\]4\4_1)Q (\/ d;{?)
PSK

Sm(t) = Re |: (t)ej?ﬂ <m1»}1) ej2fct:| = g( )cos [27rfct + %(m — ]_)]
= g(t)cos3Z (m — 1)cos2m f.t — g(t)sin3Z (m — 1)sin2 f.t
constant envelope FEnergy E,, = %EQ

Orthogonal Signaling FSK
sm(t) = Acos(2m [fo + mAf]t) = Re [AeQ”foteZ’TmAft]
A foandpass min = % A flowpass min = % distance = \/2F or 2v/'E for biorthogonal
Dimensionality theorem
N =~ 2WT where W = bandwidth and T = duration
Union Bound for SNR > 4 In2 Union Bound for SNR < 4 In2
Py < le_kEb/QNO Py < 2€_k(mNo_m)2
Given £& > 2In2 = 1.39 = 1.42dB  Given £= > In2 = 0.693 = —1.6dB

P.(M) < (M — 1)Q(y/ %)

Simplex Signaling
i s(t) = 4 S0 si(t) s (t) = si(t) — s(t) Energy E' = 421E

Memory Modulation

NRZI
br, = ax xor bp_, 10110001 — 0, 11011110
CPFSK
s(t) = cos [27Tf0t +4nT fy fjoo ’U(T)dT} v(t) =, ang(t — nTy)
at any instant f;(¢) = fo + faan =2Tf, 0, = h ZZ;L)O ak
0(t;a) = 2xh [*_o(r)dr = 6, + 27rhanq(t —nT)
MSK
s(t) = (271' fot + Zta, + 6 — “Fa,) this is CPFSK with h =
0(t; ) 5 Z;ak—&—wanq(t—n’f) Af:%

Power spectra density
S:c(f) = %Sf(f”G(f)‘Q Rz(m) = %E[In+mln]
Input Output signals

For a probabilistic signal let x = input and y = output
Sy(f) = Se(NIHNI?  Sxv(f) = Sx(fIH*(f)
Ry (1) = Rx(7) * h(7) x h*(—1)

Match filter response



let s = the signal the match filter would be h(t) = s(T — t) and the response

would be y(t fo —t+T1)dr
Noise dtue to match ﬁltter
t) = fo T(T)h(t - T) = fo S(T) + fo t - T)dT = ys(T) + yn(T)
variance of noise = E[y?l(T)] = lNg fo h*(T — t)dt SNR = y&:(TT))] =2
Frequency domain H(f fo e~ I2mftqt = S*(f)e 72 IT
MAP detection, MAX likelyhood detection
Let 11 = s+ ny and 79 = ny + ny we want to find the best decision

scheme such that P(s = VE|r1,7m2) > P(s = —VE|r1, ) if we assume that
both signals are equally likely we can use max likelyhood detection.P(rq, 3]s =
VE) > P(r1,r3]s = —VE)

P(ri =s+mn1,mro =n1 +na|s = \/E) > P(r1 =s+mny,ro =n1 +nals = —\/E)
P(ri = VE +n1,79 =n1 +nals = VE) > P(r1 = —VE +ny,75 = ny + nyls =
~VE)

You want to rearrange the algebra to isolate the two noise signals since they are
independent and can be split.

P(?’Ll :Tlf\/E)P(TLQZTngLl) >P(n1 :7’1+\/E)P(7’L2:T277’L1)

P(ny = rl—\/E)P(ng = Tg—rl—i—\/E) > P(ny = 7"1+\/E)P(n2 =7ro—71 —\/E)
From this you see that this becomes independent gaussian distributions which
we can compare.

Information Theory

Individual information
mutual information = I(x;;y;) = log Pr(;ly;)
self info=I(x;) = —logP(x;)
conditional info = I(x;) = —logP(x;|y;)
I(wisy;) = (i) — I(wily;)
Average information
I(X3Y) =300 3000 Pleiy)(zi,y;)  H(X) = =300, Plz)I(2:)
H(X[Y) = =31 25— P, y;) P(xily;) I(X,Y) = H(X) - HXY)
H(X1,X5,X3...)=H(X;)+ H(X2|X1) +
Rate distortion function

R,(D)=Ylogs % (0<D <o)  R(D)<R(D)<=}og%
R*(D) = H(X) — 1logy2meD pg 109
Channel Capacity
n—1lm-—1 n—1m-—1 ( ‘LU)
C= maxpT)ZZIXY maxpT)ZZ (z5,yi)log Zél )]
i=1 j=1 =1 j=1

with power and bandwidth constrain, shannon’s theorem
C = Wlog (1 + ““9 ) since P,,g = C'Ey this could also be written as

r == =logy (1 + & E”) where r is measured in bits/second /Hz. If we solve

for SNR we have

E, _ 29/W_1 _ 27—1 20/W _q

E .
W{J = C/W = po VZ = lsz/W—>OC/7W = ZTLQ = *IGdB
This means that as SNR approach In 2, the bandwidth required approaches in-
finity.




R, Theorem , Error bounds

Paverage error for random coding S 2n(R0—R) P(E|Xm) S Z%’:l pr(y|xm’)p1_/\(y|xm)dy
Special case when \ = % we have

ED\(1- > 2) = [(X, p(z)\/P(ylr))?

Special case when A = % and p(z) = uniform , ||z|| = Q ,and p(z) = %

EDA(1=>2) = & [ (S, Volle) d
Ry = 2log2Q — logs [ (Z?:l \/p(y|xi>2 dy

Ry for Binary Symmetric Channel = loggﬁ
p(1-p
Ry for AWGN BSC = logs 1—%7x7
Linear block code

You start off with a Generator matrix where X,,G = Code, where x are
the bits, G is the transitional matrix. In the reduce form,G = [I|P]. We
use the parity bit H to check for errors. H = [—P|I,,_j]

Hard code procedure

it Y = Ceode + €error and YH = (C,, + e)H' = eH' = S
where S are the syndrom bits. There will be 2#symdrombits pymper
of errors, we need to find all the error patterns that corresponds with
the right syndrom. To find the error patterns, we first use up all the
fewest bits, (1 bits) and move to different combinations of 2 and 3
bits. With this info, we can construct the standard array and
the syndrom table. When we multiply H to Y, we get the syndroms
and we look up the syndrom table for the possible error. We then
subtract the error from the Code.

Rate relationship
coding gain = R.dmin
dmin is the number of columns in the H matrix that are required to have
an dependent columns.
if k = input bits and n = output bits R, = %
E=E,Ek=En, ByR. = E.
Probability error
where d, = is the Hamming distance

Soft decision P, < (m—1)Q (m)

H
Hard decision P, < (M — 1)[4p(1 — p)] 4™
Hamming code(Type of systematic code)
(n,k) = (2™ —1,2™ — 1 —m) where H (parity check) is the complete set of
permutations

Convolutional Code

Transfer Function

-The transfer function is defined as T'(D) = i((a and when you solve
for the equation you would end up with an expression.

-If you start from 000, aq tells you the number of paths that has the
distance d. So if you look below you have 1 branch with distance 6,

2 branches with distance 8 and etc.



X.=D3X,+ DX, Xy =DX.+ DXy
Xq= D2Xcﬁ—|— D?X, X, =D?X,
T(D)= 125 =D°+2D% +4D'0+8D2 + ... =Y cagD?
Probability error
if we have T'(D) = >, yryee @aD
~ _R.qEv
P <Y, adze fedns = 17 (D)

Trellis Coded Modulation

1. Draw constilation 2. label constilation with numbers sequencially 3
set partition nq times. 4.Use the size v convolutional code to decide # v states
needed # = 2(=1) where k is num v input and 1 is num of boxes in convolutional
code. 5. Use set partition to randomly assign the trellis. (the branches from
the trellis must have the same parents) 6. Convert the branch num into binary
bits 7. notice that branches from the same state have equal bits, keep the equal
bits and make the branches single branches. 8 Now we have the state transition
trellis for the convolutional code.

E
—R.d=b
—Reafr & ad%e oo
D=e <" No

Convolutional Code Trellis diagram for convolutional encoding
00a =
->|:|:|]
K
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N is every 1 transition
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Figure 1: Convolutional code

Bandlimited Channels

S =30 o Ing(t —nT) -> C(t) + n(t) = r(t) = I,h(t — NT) + n(t)
h(t) = g(t) * c(t) and yy, = I, + 3,7 o LnXp—n + Vi
to avoid IST we need to satisfy > °_  X(f+ %) =T

SNR
Eb _ PbT — Pb(l )
No _ No —_ ~NoW
Raise Cosine function
Xoolf) =T 0<f< 5
Xeef) = £ {1+ cosIZ2 (111 - )1} i<
Xr6<f):0 ‘f|Z +T
Probability of error
1 3Eauvg
P =1 0= P Pyt =20~ 5310 (i)
The key equation to note is % =5 W Where = is equal to the symbol Rate



(Rg) measured in symbols/second. If you need to transmit 9600 bits/s with

8PSK,(3 bits) You would have %. In general we want a (3 value that’s

greater than .5.
Example:
1. If we have 4000 Hz voice-bandpass channel, what’s the bit rate if we use
BPSK? (let beta = 1/2)

77 (1+1/2) = 2000 from this we get 7 = 2666.666symbol /sec
Since this is BPSK with 1 bit per symbol this means we also have 2666 bits/sec
2. If we use 8QAM?

We know that the symbol rate is 2666 symbol/sec, with 3 bits we have
2666*3 = 8001 bits/sec
3. If we use 4FSK?

We divide the total bandwidth by 4 % = % = 1000symbol /sec with
this value we can multiply by 2 bits to get the bit rate.



