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utline

@ Communication model: QAM modulation, Constellation
@ Block codes: Parity check code, Hamming code, Linear block code

@ Continuous codes: Convolutional code
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Communication model
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Modem example: QAM

Quadrature Amplitude Modulation (QAM)

Modulator

Signal generator

X=(b1 b2 b3 b4)

[

The two basis signals ¢, (.) and ¢4(.) are orthogonal:
fOTS ©p(t)pq(t)dt = 0. For simplicity, let ¢,(.) and ¢,4(.) be normalized:
Jo @A(t)dt =1 and [;° @2(t)dt = 1.

F BRI

Dr. Rui Wang (EEE) INFORMATION THEORY & CODING December 7, 2020 4/25



Constellation

1011 1001 1110 1111
3
1010 1000 1100 1101
1
3 1 1 3
0001 0000 1 0100 0110
0011 0010 3 0101 0111

Mapping of 16 QAM modem.

Translate every 4 bits to a constellation point, bibabsbs — (sp, Sq):
e For example, 1011 — (—3,3), 1111 — (3, 3) and etc. P
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Modem example: QAM

The detector of QAM modem
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Orthogonal Carriers

|AWAWA
VARV

® ©,(t) = asin (%t) q(t) = acos (Q—Wt) since
fgs sin (%t) cos (27%) dt = 3 0 * sin (“dt) =0

@ To normalize, a = Tl
S
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signal Signal signal
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@ To deal with these interferences is an important topic in Digital
Communication course (e.g. adaptive equalization)

@ Assume that the interference has been eliminated. The only problem
is noise.
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Modulation /demodulation process

Modulator simbols
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Demodulator
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Modulation/demodulation process

1011 1001 1110 1111
3
1010 1000 1100 1101
1
3 1 1 3
0001 0000 -2 0100 0110
0011 0010 2 0101 o111

Mapping of 16 QAM modem.

To transmit the hexa £ = (1110), the modem generates with (1,3) the
signal

2 2 2 2
s(t) = @p(t) + 3pq(t) = 4 /? sin (;t) + 34/ T cos (;;)/ﬁ )
S S S St 4!&%’1.
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Modulation/demodulation process
To transmit the hexa E, the modem generates with (1, 3) the signal
2 . 2 2 2T
s(t) = pp(t) + 3pq(t) = ”i sin <Tst> + 34/ T cos (Tst>
Let ¢ be an angle s.t. sing = \/%, cos ¢ = J%*o' Thus,
2 . (27 2 27 .
s(t) = V10 ism (Tj) cos ¢+ V10 icos <Tct> sin ¢

2 27
V10 Tss1n<Tct+qb>
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Modulation/demodulation process

The received signal with noise n(t) can be written as
r(t) = s(t) + n(t).

The detected symbols

Ts Ts
r = / r(t)gp(t)dt = 1+ / n(t)pp(t)dt
0

0

/

p

Ts Ts
o= [ reid =3+ [ ne
0 0

7

Nq
where n,, and n, are both Gaussian R.V. PER Y
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Modulation /demodulation process

91C78-10010001 1100 0111 1000 — hexas to be sent

(-1, 3) (-3,-1) (1, 1) (3, -3) (-1, 1) — modem symbols

(0.5, 3.25) (-2.75, -2.13) (1.5, 0:5) (2.5, -3.25) (-0.5, 0.12) (1, 3) (-3,-3)
(1, 1) (3,-3) (-1, 1) — decision symbols
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Decision regions for the 16QAM modem
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Modulation/demodulation process

91C78-1001 00011100 0111 1000 — hexas to be sent

(-1, 3) (-3,-1) (1, 1) (3, -3) (-1, 1) — modem symbols

(0.5, 3.25) (-2.75, -2.13) (1.5, 0:5) (2.5, -3.25) (-0.5, 0.12) (1, 3) (-3,-3)
(1, 1) (3,-3) (-1, 1) — decision symbols

@ n \’v X3 \‘4 50515253 54 Tl 13Ty
——— . Decision el
To the source decoder Minimun From the detector
distance
Yo=E=(1110) so=(13) 7 =(05325)
. A r=(-2.75-2.13)
x1=3=(0011) s1=(-3.-3) 7 =(1.50.5)
x2=C=(1100) s2=(L1) 1,=(25-329)
A A r, =(-0.5,0.12)
x3=7=(0111) 53=(3,-3)
X4 282(1000) 342(*1,1) 41}41/,“;;%
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Channel coder & decoder

XX, Yoo

EOE | Channel coder § dul
Source Y y
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Types of codes

@ Block codes
Map a block of bits onto a codeword

Message
L] L] L] L L L] L] L] L ] L]
® & o o o o o e & o o o o o
Codeword

Input byte /

Output byte 41 341444;; %_
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Types of codes

@ Block codes
Map a block of bits onto a codeword

Message

| |

Codeword

e Continuous (convolutional, trellis) codes
Each output block depends on some of the past inputs

Input byte /

Output byte 41 341444;; %_
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Block codes

4 bits information with 4 check bits. We are able to correct 1 bit error.

pt :'XI +‘x:1 Xy H :.Xi +x‘.
X, X
=5 X P=51%
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Block codes

4 bits information with 4 check bits. We are able to correct 1 bit error.

PNy Vﬁﬂ BT
B:x3+x4 &,(SA p":x;-{-_xs

If at most 1 bit is wrong, then
@ All parity checks correct — No Error
@ One parity check fails — Error in the parity check
@ Two parity checks fail — Point to the position of the erroneous bit
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Block codes

Two possibilities to do better
o Find a single error correcting code that requires fewer check bits: a
(7,4) code?
@ Find a code with the same number of parity bits but enhanced error
control capabilities, e.g., a single error correcting code also able to
detect two errors?
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Block codes

1 A= 1. x1 is erroneous, 1,2,4
2. p1 is erroneous, 1
3. 1 and p1 - 2,4
4. 21 and p2 ..., 1,4
i ~ b.zxyandps .. 1,2,3,4
4 b A2 6 x1 and x5 ..., 3,4
7. x1 and 23 ..., 1,3
8. P1 and D2 ..., 1,2
9. ppandp3 ..., 1,3
3 pEvR

Due to symmetry, only a few cases need to be checked.
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Block codes

1 A= 1

4!
T
T
T
T
T
p1
4!

4 Py ARG D

LN WD

3 A=y
Suppose at most 2 bits are wrong, then

All parity equations correct — No error
One equation fails — Error in the parity bit

Three equations fail — One error corrected
Dr. Rui Wang (EEE) INFORMATION THEORY & CODING

is erroneous, 1,2, 4

is erroneous, 1
and py ..., 2,4
and ps ..., 1.4
and p3 ..., 1,2,3,4
and zo ..., 3,4
and z3 ..., 1,3
and po ..., 1,2
and p3 ..., 1,3

An even number of equations fail — Two errors detected . 4 4. .4
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Block codes

1 A=

4 PRy ARG D

3 pEvRy
If the codeword 10010110 was sent, the receiver got 01001110 with 4
errors. All parity equations are correct, and this is accepted as a legitimate
codeword!
P EE Y
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Block codes

1 A=

4 PRy ARG D

3 pEvRy
If the codeword 10010110 was sent, the receiver got 01001110 with 4
errors. All parity equations are correct, and this is accepted as a legitimate
codeword!
undetectable error Aruzt
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Block codes

1 A=

4 P PR D

3 iy
If the codeword 10010110 was sent, the receiver got 11001110 with 3
errors. Equations 1, 2,4 fail. x1 was corrected!
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Block codes

1 A=

4 P PG 2

3 =R
If the codeword 10010110 was sent, the receiver got 11001110 with 3
errors. Equations 1, 2,4 fail. x1 was corrected!
erroneous decoding PEOVIEY
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Block codes

— No error

— Undetectable error
— Error detected

— Error corrected

— Erroneous decoding
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Block codes

In the previous example, three parity equations are enough! — Hamming
code

The purpose of computing is insight,
not numbers.

— Richard Hamnu'n% —

AZQUOTES
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