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Michel C. Jeruchim et. al., “Simulation of Communication Systems”, Kluwer Academic, Second Edition, 2002.
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o o > I )T 1/2
% .'(‘E H(z.0) (]2771822)
o 2 A signal sampled every T.we seconds can be recovered by applying a finite
O QO impulse response (FIR) filter to the signal with tap weights:
.; Q
(O
E g | | jf[n_ET "5 [O,N_l] x[n] =z 2z e ]
o u h [n] ———e " 2 — \ ‘l’
= A N E’” i
O p =27 = D—D— yin]

N: Number of Taps ADC
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N NATECH

4 N
Inverse Channel

-  Matrix C7 >
\_ J

\/a . e—jAO(t) 1_ oL
J—o  —Jo e

—_—

\’

Polarization Tracking
& PMD Compensation

FIR filters
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FIBER-OPTIC COMMUNICATIONS

o
v \l/ v
B

E m
H. Fast Convergence

B Training sequence required

51
&
R

®m High computational cost

B Hingh sensitivity to frequency and phase

Least Mean Square
(LMS) Algorithm

FIR filters misalignment (within PLL)
error function filter updating mechanism
hix P> hiy +reeg AL,
SX:d_AX—out W s hE peef ALK
e —d—A XY xy TH €x Ay i,
Y Y —out k+1 k k *k
h:X Hh:X TH 8: AX:n i: Convergence
+1 *
d: decided data hyy B hyy +p-ey -Ay, parameter (~ 10%)
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® Independent of carrier frequency and phase
(before PLL)

> Ho
EX N \T‘ E EX-out
| H., g
cma 2X2 _
I H MIMO ® Blind filter adaptation (no training sequence)
£ %@ i B Robust adaptative algorithm
Yein :)@ Y-out

Constant Modulus
Algorithm (CMA)

FIR filters m Pre-convergence for QAM
error function filter updating mechanism
k+ k k * k k
) 2 hix > iy +u-eg - AL AY L,
€x = (R _‘AX—out ) he! sy k ATk Ak
xy 2 gy TH-Ex - Ay Ax_ou
gY:(RZ_‘AY_Outz) hk+1Hhk n .8k.A*k Ak
YX yx TH &y " Ax in Ay ou w: Convergence
k+1 k k * k k
R: circle radius hyy P hyy +p-ey-AyL A parameter (~ 1072)
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) )(t)
E, = %‘Ag (0|, \/a.eJAe(t)]ej(m””es(t)eL(t)]
l-a
m 0,00
—— 1- | BT
2 < E, = %‘Aé (t)HAL [_\/a.e(ie(t)]e](mmwes(t)eL(t)J
= E " :
ﬁ I 112 O T j[wFItJrG'STt)”;(O)TtHAO(t)] 1-a 1 j[wnﬁm%(t)J
o U ‘EX'FEX‘ =|R E‘As(t)HAJC +R T‘AS (t)HAL|C =
-
E E =R72(oc‘A'§(t)‘2+(1—a)‘A§(t)‘2)|AL|2+R2\/a\/1—oc‘A!(t)HAé(t)HALf cos (6L (1) -0 () +A0(t))
o0 0,0 2
E f ‘EQ{ T B ﬂz _lr I_Ta ‘ Al( t)H AL|ej{coFIt+9é(t)—9L(t)] R \/% ‘ AL( t)H AL|ej[mFlHeé(t)—GL(t)—AG(t)] _
(O ¢ :
-IJ; B = %((1—00\& O +a|as O )AL -R*Vavi—o|AL(O]|AL (D]|A, [ cos(6L (1) - 02 (1) +A0(1))
g 30 AL =[ai ] <€ QPSK
< El +EL[ _R A A +RVavi—a|A (O] A, [ cos(6L (1) -0% (1)+A0(1))
O 2

2

El +E:| = %Z‘AS O [A [ -R*VaT=a|Ag (O] A, [ cos (6L (1)-6¢ (1) +A0(1))
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Decision-Directed Phase-Locked Loop (DD-PLL) Im
Q . .
S ai |y
i >Re
a <
.9 _________ . Rotated
03> o Constellaton
O & .
C == veo loopilter m Constellation spinning at IF
(o) 'l‘;; When LMS is used, PLL is placed inside the LMS m Constellation wiggling due
- LL) loop increasing the system’s instability. CMA to phase noise
O avoids this situation. m Constellation rotated due
Q) _ to phase uncertainity
- o~ 0.95 Reference cor]stellatlon steps m QAM grid decision
L. Nf ~ 1000 samples (1/20) following the smallest . Grav code
N, ~ | mean-square error y
p ~ 10 samples (Maximum-Likekihood) B Short training sequence
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Viterbi & Viterbi Algorithm

o b S_|_ )
- > arg(’)
m — Im
= £ I ?
S £ M are()
.t ~ eotfun,, .
o = e Mib+é)= o -4jg Mg, N e
o amm o §: 0 ‘: >Re
-E ED T ‘ ":
Q < PSK {(1)5 :H(2m+1) ,m:{O...M}J N .
b —
> ® Very symple implementation
m Works only for QPSK b = {E 3t Sm 771:}
® Multi-modulus variations for QAM S g’ 4 4 4
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