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Abstract This paper proposes the improving the equalization performance using the adaptive modulus concept to
the MCMA blind equalizer in order to the reduction of intersymbol interference which occurs in the band limited
and time dispersive communication channel. In MCMA blind algorithm, it is possible to reducing the amplitude and
phase rotation of intersymbol interference without training sequence, the fixed constant modulus of transmission
signal is used. But in proposed algorithm, the modulus are adaptively varies according to the equalizer output
signal, then the improved equalization performance were obtained by the computer simulation. For this, the
recovered signal constellation that is the output of the equalizer, the convergence performance by MSE, MD
(maximum distortion) and residual isi characteristic learning curve were used. The propose algorithm has fairly
good performance compared to the traditional MCMA algorithm in the same adaptive equalization algorithm.
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Fig. 1. Baseband communication system model

2. Modified Constant Modulus Algorithm

MCMAT Godards-o] #|¢ret CMAS] F+2& A9}
SR Uro] Mg Agsi o5 19 20 vE
Ak 27 101X FAL ASE s, AolA FrhEe
&, 587 4 ANEE ¢, 5] FH NIE 4,

B sha 24 A9 B o2 S e e

20 A% 3152 ol 2719 53 ek AHg

w, o] &9l A& N ojgta &AL

Fr (k) =[f,o(k) £, (k) £,(k) oo fin— (k)]

Fy(k) =[f, (k) f;; (k) fo(k) fin_y (k)]

Rpk) =, (k) r,(k—=1) r,(k—2)..r,(k—=N+1)]

R;(k) =[r, (k) r;(k—1) r;(k—2)..r;(k—N+1)]
()

R; (k et
th o]5S o] &3t Ao} g S]] £ e
< e 2k
Zre = Fr(0) "Ry (k). 2y, =F; ()R, (k) ?3)
= 4 g
2 Z2EE
ey [
NP, /
|
B
| R.R ’£1° ”\
==L o= a0

a2l 2. MCMA S3sb7| 2=
Fig. 2. Architecture of MCMA equalizer

$13ke] MCMA o 4= 7] CMA®]
Jeshalon, o5& thyh o] Aelich

Els®l']

J,&)=El(z~R,))’], R,= Els (0F] CMA
J, (k) =Jrict I Jrk :EHZRkI R‘)R] T :EHZIKI2 —Ry]
CEBu ) Els (1)
R T A B
“

4714 R, Ry, Ry, © CMA®F MCMA®Q] constant
modulusE YERIH FA1 A5 o] 313} 3hE o] fafe]
S 5 Atk AS F3k e § AlF B A (49
H|-& ghmo] A 3lA]7]7] 9138+ stochastic gradient
algorithms #-§-shd o33 Zth

f(k+1) = £(k) = pe (KR (k) Q)

e(k) =ep (k) +je; (k)
zgy (lzg, [P —Rog )y e (k) = 2z, (2, —R,;)

317} o] 704 wl CMAE T3] 288 WA
1 A Ao A3 E &1 3k MCMAE
HE s Age) R *‘?‘ﬂﬁ}ni Ags} sz
Aol A £ Ry 9F £ Ry 9 el $ O}E Fiz= A
£ CMA®F MCMA ¢318]&9] H§ 35E 25 245
HAglslA e HE o]5o] HHe] glow "Feé o] =t
2= constant modulusE ©]-&3F H 43} Wgko 2

Al el dojupr] Wil 3 FSolut
misadjustment’} A H o] T3} Aol E3bd + Slrk

off

A%

3. Adaptive Varying Modulus 714

2719 constant modulusE S3fo] gt EA] o
Arle EAEES dlZs] ¢kl adaptive varying
modulus 71'd ] 5”3}"33} MCMAE 537 £9&
+ /Ry & Ry o Aol AFEE & AFE AN
3Al ® T} adaptive varying modulus® 5317] &9
Aot sl 19 3004 G Ao} s 7F

2 f AR maximum likelihood 9&-& 2&aka itk

b o & | ¢ EN * ¢ 4

|
!
it 1 o ¢ o »
|
|

» [ [ L L ]

\
\
\
|

| L ]
I
\

z -

(a) A5 (b) 35
a2 3. 16—QAMOJIM A2} 3{49| Likelihood zone

Fig. 3. Likelihood zone of real & imaginary of
16—-QAM

- 59 -



Performance Improvement of MCMA Equalization Algorithm Using Adaptive Modulus

19 (a) oA zone 17} zone 2°] v’—.ﬁﬁ}E Zn 7R s

& Azl AgEe digh Holu, 17l (b)ellA zone 1
7} zone 290 &3 7,2, © ATAE] FFE U]
@ Aol adellA “0"¢F 22 53] 9S4
H, g3l tlslAE zone 290 &3k, F45l i)
A= zone 20 43 Flo] modulusE &34 o2 W3}
AZ1A ") 16-QAM AlZol| A o]e} e g S 44
3} adaptive varying modulus® &3} 2t}

If 24 EZ, , then /Ry, =+0.3153 (6)

If 23, €7y, then /Ry, =10.946
If 2, €7,_, then /Ry =%0.3153
If 2, €Z;_, then /R, =10.946

71 MCMACIAM = R, =~ 2865 1184 02 A3}
A4t A ¢el= adaptive varying modulusell A& S317]
=9 259 g w}a} 2 (6)3 Z°] modulusE #3HA|
A AL A A5 E A Ho FH SE9 AL IF
isig 48 ¢ d= 2 o] Ak

. EFE AlE0|M & Aut
71€8 MCMA <ug&3 zﬂ«ﬂs}:
modulusE Zt= dag]Ee A
oS Fsrh AlEH A

FSHE 30dB, 4
0.0018, 53} == QHAdo
0}913} I 4 A Bt

adaptive

ERS
$== 157 FIR

A zHLu AE

el

u

o,
o .
rlr
r
folr
=
ol
oo
=

< Eﬂr’\]ﬂ
7]'—r7\] o Fe
@e a9 291 rk7} ®
varying modulus 79 A&k ¢t dag]Fo s A
2l3te] A& "3— "’31%94 J5S ‘/}F/Pﬂ‘“ 544

B, ZHF isi

Amplitude Transfer Function of Channel Phase Transfer Function of Channel
3
/
2 04
o
- \
1 o
g ] Ew /
o &
g ]
H N i
1 \ Rl
\i/ 2
2 a4
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09 1
P Frequency PiFrequency
i o & OJA} T} FF2=
(@) XF A 3 (b) $1 A g

a7 4. Lol Fo HE 4

Fig. 4. Frequency transfer function of channel

| 16-QAM &1 5 2 |

v

| MEE H ES20t |

Y
MC VAT
HEH 2DRlIE

&= bl
(S =2 &, &8FRisi,MD

C D

v

END

J8 5. 45 XMz

Fig. 5.

Equalizer Output Constellation of MCMA

Flowdiagram of signal processing

Equalizer Output Constellation of Proposed Algorithm
1
‘ “

Imaginary

Imaginary

*»
LR

eses
TN

agl 6.
Fig. 6.

- 60 -

IR 2 B 2

IR 2 Ik &

eves
as e

05 0 05 o
Real Real

05 1 15

(a) MCMA b) Alb 2]

S| £ NS dE:

Output signal constellation of equalizer



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 14, No. 3, pp.57—62, Jun. 30, 2014, pISSN 2289-0238, elSSN 2289-0246

Foltk. 53] 8 &£t A& T3
Aohz Soll A2 e BAel7E wshs B85 ol
Al #8387 Slske] sav=

2ol A3

MSE,; =10 log,, [s,~ 2,]

DUCHCRUCEE

MO (k)\,,m ]
Elh k)* —In(R)*f(R)E,,.

ZHiisi |y =10 log; [ ]

I (l0)* £ (k)P .,

max

MD = [~

(7

WA W5 jterationol] W3 5317 ¥} A4 =X
=2 Alol9 ks exZ 9w MSE learning 341
< 3% 79 YERAITE o] FelA = W] Apolwks
Yehl®, A8 -19dBE AW AH=Z AHod o)
MCMAE 20943], AQF W42 16353] oA EAH 2=
MSE =9 &oA Ao W2lo] 7]& MCMAR. T #-E

o] 2=
S ¢ g9

MSE Performance

T T
(M) MCMA
,,,,,, . (B) Proposed Algorithm

g
I ____________________________________ -
w
= ol L N OAY b hw |
B 1 12 14 16 18 2
Iteration x 10°

a2 7. MSE As
Fig. 7. MSE performance

=
=

o) A1e e 1 69) B AR el
NSRS AH A AE el o
%0 4% 24e 29 8o HEIRT. o] A%
A 4RI 035 [vlolshe gelg ul MCMAL 2306
, Aok whal2 13193]0 4] @A HEZ MD 78 $%
A gk walo] 7% MCMA Weh BhE-2 o 5 9]

rz
H1onS oy

=2 o o R

Maximum Distortion Performance

T T :
(A) MCMA
(B) Proposed Algarithm

Iteration x 10%

12 8. MD A5
Fig. 8. MD performance

vlx]uk Al Hlal X491 J isie B4 ey A
53717 94 53 Aol o5 F3 EXO
T GANA = 2(1)9] T*Zﬂﬂ *3%5]‘31, A7k o

e

i

J?\i

B o] gt *3%591 =17]

I
.
it
ol
oz
o
o,
fr
m_Ld

A4 m) MCMA= 21033], A<t
/3T ARE WAo] Ak Al
Sro M waw T g v A7) @
. 317 89} 99] Aol A A AdE] o] 9]

% A A o] adaptive modulusE ©]-&3}E
isadjustmentol] 9]t 53} Fgo] FAHES 3ol

R o

i;%;m
2. m—hr{rg
&2}
iﬂ@
o

Oll

4
%0,
o

Residual IS| Performance
-8 T T T T
(A) MCMA
(B) Proposed Algorithm

TZ 181 (dB)

06 08 1 12 14 16 18 2
Iteration x10°

a3 9. TR isi ¥s
Fig. 9. Residual isi Performance

- 61 -



Performance Improvement of MCMA Equalization Algorithm Using Adaptive Modulus

V.2 &
RN AR A B $51
el 5 A3} 33 ATLAIE 2] A

% o]&-8F= MCMA &g

=l %5}7]94 %2 A3 E o]-&3 adaptively varying

S ES ARSIt

ﬂ"} °LF’—E] < 7H*dL *é%e FAat7] skl A

s3719 H S

, Al 7“]1‘? A E AR isiE A

= AEEE 53]

7P % ’?}Eﬂoﬂ Tad ¢ e o AR A 3

: 3l A A3 176,

o] 7]& MCMART}H AA41 $-¢4

H SEoA %= MSEE 1.8

Foisie 15w A% wES

A 4 ddon, AFAA v A HPAHoR

d M= MSE ol4E 00014, A Az golM=

0.0703, # isiolA = 00042 AA €& 80 &

t} olg} e AAE AEL 7= Ao} o
wA% S e 2ad dEul

HAd Hg okl A Al2=§19] throughputs 73412

a3 ouE 2 do & &

adaptive varying modulus 73 t% A A ekt
EeRRle #E 53t gl A8 3l

&7l A7 B Ao,

References

[1] Y.Sato, "A Method of Self-Recovering Equalization
for Multilevel Amplitude Modulation systems”,
IEEE Trans. Com., COM-23, pp.6797682, June,
1975

[2] Godard D.N., "Recovering equalization and carrier
tracking in two-dimensional data communication
systems”, IEEE Trans. Com., COM-28, pp.1867
~1875, Nov. 1980

[3] KN.Oh, Y.O.Chin, "Modified constant modulus
algorithm : Blind equalization and carrier phase
recovery algorithm”, IEEE Int. conf. on com., Vol-

1, ICC-95, pp.4987502, June 1995

[4 LHe, MAmin, "A Dual mode technique for
improved blind equalization for QAM signals”,
IEEE Signal Proc. Letters, Vol.10, No.2, pp.29731,
Feb. 2003

[6] S.A.Sheikh, P.Fan, "Joint Blind Equalization &
Carrier Phase Recovery based on Adaptively Vary—
ing Modulus Algorithm (AVMA)”, Int. multitopic
conf., IEEE INMIC, pp.176, 2005

[6] S.A.Sheikh, P.Fan, "A New Multimodulus Blind
Equalizaer for Dense QAM Constellation”, Wireless,
Mobile and Networks, Int. conf. of ICWMMNZ2006,
pp.174, 2006

[7] RHamzehyan, R.Dianat, N.C.Shirazi, "New Variable
Step-Size Blind Equalization Based on Modified
Constant Modulus Algorithm”, Int. Jour. of Machine
Learning and Computing, Vol. 2, No.l, pp.30734,
Feb. 2012

[8] J.P.Chung, 1J.Kim, "Performance Analysis of Turbo
Equalizer in Fading Channel”, Jour. of K.LLT., Vol.
10, No.1, pp.91796, Jan. 2012

HXE AT

A 5 Z2HH3Y)

a1 s|sta AAg e A

: gt AAE e v

Tl

- 62 -



