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Abstract This paper related with the performance evaluation of mDSE-MMA adaptive equalization
algorithm which is possible to reduce the distortion that occurs in nonlinear communication channel
like as additive noise, intersymbol interference and fading when transmitting the QAM signal. The
DSE-MMA algorithm is possible to reduce the computational load compared to the presently MMA
algorithm, it has the degraded equalization performance by this. In order to improve the performance
degradation of DSE-MMA, the mDSE-MMA controls the step size according to the existence of arbitrary
radius circle of equalizer output is centered at transmitted symbol point. The performance of proposed
mDSE-MMA algorithm were compared to present DSE-MMA using the same channel and noise
environment by computer simulation. For this, the recoverd signal constellation which is the output of
equalizer, residual isi and MD, MSE learning curve which is represents the convergence performance and
SER were applied as performance index. As a result of simulation, the mDSE-MMA has more superior

to the DSE-MMA in every performance index.
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Fig. 1. Communication system model

2. DSE-MMA
DSE-MMAE &3 53t ¢uEl&E9 ¥ AcE

st7] 93t oX 4%E A= JJrﬂoﬂAi SE-MMAS}
dither *];55‘_%@ HHE o]E2 7]& MMA

= B4

O
on 4l @9151% HE W 2 aiﬂnﬂ&% EE]

J= E[(Izkr‘z - Rl\QJMA P+ (‘Zkilz

E(si)  E(sh))
E(s2))  E(s])

7R\2'IMA )2} (1)

2 —
RMMA -

A7 2y, 25 2, 0] A9 BI5E, Sy, S5 5.9
59} S48 247h el ol5g ol8slol 9} 4l
w9} 53} We| Ase] AL thewt P,

lefmA) (2)

T 2 2 - 2
eania = Zir (12 =R ) +izyg (2,

for =~ eanua rlt

SE-MMA& 4l(2)9] MMA 4 3t
59k o] 85t 58 dH AS9 734
o] 2olAl ojgelw, o3} o 3
3} 2.

CksE—MMA = SEN [Zkr(‘zkrlz_ Rifnaa)] +isgn [z (12 — Riya)]
L =L~ e vma ri ®)
o7]A] sgn signium $E YERATE DSE-MMA+E
(3)2] SE-MMA®] dither 4158 2713t gejE @l
o 0% A58 S ) sgnthd o|§t AR L4
Qse] WskA P B4 AnE P + WA Bk
DSE-MMAZX o]E s}2517] 96to] =}a} Ao dither
= WY A E BUisteg RSl ot HH &4
& BT 5 3o, o= A2 AjloA: HHFoR

A 5
gt 28 4

9)loJA] SE-MMA Xt} 7H AE 58t 4SS E
7t 19 ¥ A 9t o4 ¢
$E Fole BAHS I Honke 1EsHA Ho &
NEFO) QbEE £ S WA Hol ¥ £28 A

AN 4= Q= Aol itk DSE-MMAOIA @3} =0}
A4 ot 2t

- RA\Q’L\’IA )+ ad,, ] 4
- RleIMA )+adg ]

P 2
ense—vva= * senlz (|
+ia « sgn(z (24

I e csgn(yﬁ Ryia — vl +a dk)r;
of714 d, =d,, +id= (-1, HWIA uniform &
XE3l= dither process?] A4He} 489 232 1}
EffiH, a+= dither amplitude® YeH® MMASF 2
2 Roburstness@t AAr AFE] MSE 7+9] HZ#o] Hx
£ AAst] a>2Riy, /307 =W, 9 2%
DSE-MMAS] Y& t2& Uepd ZCoE 0% g5
AL uf dither A5/ E71ES & 4= Qict,

2 =&z

A
EEPET S S = o
ern2Is H Rl a dither signal

R

J% 2. DSE-MMA Wig 27X
Fig. 2. Internal structure of DSE-MMA

3. mDSE-MMA

mDSE-MMA Z112}&oA modified?] 7HE-2 4]
(39 27" A8 27 pE SA ATHE SHeE I
gt G0l 53] 289 £A o7 wet ol & 7}
HA7| = dEjoloh 19 404 AL Mol $41 A5
71202 S5 &9 4157o] 7 DO Yol 45t
= A% 28 27 pE ZA A7gst] 531 | 74]¢~
73418, A7 DO HYE Holud Ik AE= o
skl dEie] 173 A" 7] w2 Y ASE 73&0@

TN TN

(@) (@) N _
-_7 ~_7 o ErSENEL-]
D

- -

<N - // N o= = Aasm
/ 12 } S8 &3 s
\ 1 \.) \ P

\// ~ = N~

J3 3. mDSE-MMAZQ| Mg AH|
Fig. 3. Adaptive step size of mDSE-MMA

-105 -



A Performance Evaluation of mDSE-MMA Adaptive Equalization Algorithm in QAM Signal

olg Hoz wEshd ket ek

when z_&D 4
when z, D
Ho = I

Fae = Moo
My = My

mDSE-MMAS] 9%} §=0} 8 7= 75414 29
23} o] Hot

m:w - sgnzy, (lzkr|2 7Rl€II\rIA)+adkr} G)
+ia « sgnlz (2P —Rijya ) +ady]
fory = fo— = a o csgn (v Rypya — ) +a dry
1% 4= mDSE-MMA &12|59] Wi +25 e
W AoZ A(4)2] 91 AFTE WS T o] S YRS
7ich. FAskE XS 2,9 241 454 s 719 ARE
1@alo] Aot 2% 2712 A4 T 9 Ao B4

g Sfstol AMgc,

a9

|

4
-t 23 X
FIR ZH
A\ 4
ERISE-E] T AX | [ ext e+ " ,
22z Hlw 371 M aither signa
R nu

I3 4. mDSE-MMA W5 X
Fig. 4. Internal structure of mDSE-MMA

. AFE AlZY0|M X 21}

@«l DSE MMAS} mDSE-MMA &
FE AlEY oS #o@ﬂ&’l
=g Al%ﬂﬂ Kk H s quE}UlEiE Ao ASHE
30dB, DSE-MMA®IA 114 Agle] 3715 1=0.004,
mDSE-MMA°IA D=0.259} 11, = 0.0013, p; = 0.00026
o|gloH, 53 HE|2= Aol A== 157 FIR
ﬁ]HE _T'&_o_i 7(4_9_6]_0%4_. :]_%] 5_‘:_ =] ;Z_]_- 7]-@.9_ 151__,}
A 7= EA Ao AE A =9} Qi) A 3k
4 J BEEE Uehd Aoy, olet 22 A=y &
gol| Qloto] $=4l AlSoll= BE7E 7] FFol WA
=g

Amplitude Transfer Function of Channsl Phase Transfer Function of Charnel

Anmpltude (63)
Phase (Radian)

01 02 03 04 05 08 07 08 09 01 02 03 04 05 06 07 08 08 1
Pifrequency P Freguency

(a) AF AL 3

o

% &) i B B

Pole & Zero Location of Channel

°
®

°
>

°
S

°

Imaginary Part
I3
S o N

13
=

o
m

o
of
o

Real Part

(o) 98 &=
O3 5. 39 Fots MY gef 9™ 2X
Fig. 5. Frequency transfer function & zero distribution of
channel

I8 62 ]‘gf—'ﬂo]k]o el /,\lg 2] J,]-xqo Uehd

o
i Lﬁj
o[-}
[l
\n _11)1.
E
i
3]
o
S
S
S
:\.‘:
1o
E\
O
b
=
™ o
}01
et
T
0%

B

3@ oo

4l /‘Ji nE
t}. ole} 2 ’T“ﬂ /;li% DSE—MMAQ— mDSE-MMA
A2E9 J5= HEh
, &% isi 9+ MD, MSE ¥
SERE AteIGtt O3 72 o1& 1S5S 3 WA
A5 v E ote] B dHl o139 53] &8 4%
9] BAEE Uehd Zolth. IoAM= ZF ASHEY
o] &3, ATAT A7} @S2 043 o] 7
&0l Eh:} WMOE mDSE-MMA7} DSE-MMAE.
1:]— c}t*ﬁ 7}7(10 gt & glq_

5 1A éh HnE 95t A$2 AF isiet MD,
MSE & ARgSI9oH, 27 & IS Ay AAF A
Hlo] Ted griR] 9] 9 Lot A4 Aol 2t

FEE L 5 Ak

M e ne
o]rl E
% N
we b
e
B
N

o
ox o
0% of
¥ S

- 106 -



The Journal of The Institute of Internet, Broadcasting and Communication (lIBC)
Vol. 20, No. 2, pp.103-108, Apr. 30, 2020. pISSN 2289-0238, elSSN 2289-0246

START D)
16-QAM AITS A I
| e St |<— - &8

HsH(SSEOIE&Y, & Risi,
MD,MSE,SER)

' END D)

I3 6. s X2| SE
Fig. 6. Flowdiagram of signal processing

Output Signal Constellation of DSE-MMA Output Signal Constellation of mDSE-MMA

R E N 2

Imaginary
Imaginary

seen
AR E
AR 2 J

se e

05 05

0
Real Real

(a) DSE-MMA (b) mDSE-MMA

J8 7. 83| 28 S g
Fig. 7. Output signal constellation of equalizer

A isie A Ad 28 5317t 9 58t A
o|59 T 54 At FYolA= dEA Edol |
t}. ol o|EHol UAHoRE $H PWA EHE
ZA] Fohal 25 JEEC] EA45HA HER o9 A
g 715 9Jufeitt. I8 82 I isi JoS UEtd A
o2 -20dBE A4 AEiE T W DSE-MMAE 1604
3], mDSE-MMA+= 23383]0] @4stE R, 8 &5
A= DSE-MMA7ZF mDSE-MMARCF oF 1.58] = u}
X, £839] ol A= mDSE-MMAZF DSE-MMA
Bt oF 1dB A= &4 FHoJREZE misadjustment©]

OfRE 53} Aol AA Het jitter’t AaEE & & Sk

Residual ISI Performance

(A) DSE-MMA
(B) MDSE-MMA

H5isi(¢B)

Iteration x 10°

J% 8. IR7 isi ¥
Fig. 8. Residual isi performance

1Y 9 Zo] isi RS 7S AYeE Yehy
© MD %5S& vehiglew, 13 89 2 isict 79
FARH BEFS & 4= Qlok

Maximum Distortion Performance

(A) DSE-MMA
(B) mMDSE-MMA

08 1 12 1a 16 18 2
Ilteration x 10%

a3 9. o mI1YE ds
Fig. 9. Maximum distortion performance

9 102 53] 83 24 X9 Y7t 24y
£ FE9 zlolg YEil= B A5 24 (MSE) 4
52 UEHd Aot} o714 HA s -19dBE A3
3t o DSE-MMAE 16753], mDSE-MMAE 2569%]7F
4Q%]0] £ &%ojl4 DSE-MMA7} oF 1.5H] #l2Xgt,
34 Aef o] % ZRdolAl= oF 0.9dB B&E mDSE-MMA

7t AdEE & & A

MSE Performance

(A) DSE-MMA
(B) mDSE-MMA

MSE (¢B)

J3 10. MSE 45
Fig. 10. MSE performance

opRjEte 2 B4l Adoja BrtElE 2ol digh 4l
A& golry] fJste] Asd FHZHE 00114 35dB7HA|
5dB ©9l2 #stAZ © SER 452 1 119 UEhy
Qltt. AA|Z o2 mDSE-MMAZ} DSE-MMARL A%
o] S-dst] JHAHE 53 0|5 S 5 UolA, A&
Q=8 10720]4] o]5o] oF 2dB HxolH, ATt T
H|7} Z718es 9-Ysto], S817] Q%9 2o gt

robustness’} 34 HAEL & 4= ok

- 107 -



A Performance Evaluation of mDSE-MMA Adaptive Equalization Algorithm in QAM Signal

SER Performance

—+— (A) DSE-MMA
—&— (B) mDSE-MMA

0 5 10 15 20 25 30 35
SNR (dB)

a3 11. SER ds
Fig. 11. SER performance

v.&d 2
£ =72 DSE-MMA &g 53 ¥1759] 452
7}4d3H= mDSE-MMA®] 3t Zo|t}, DSE-MMAE 7]
£ MMA 1859 dilgs 0 HAE 882 7S
A 517] Hsto] SABIAAIEL, 0|2 Qlsto Aso] d3t
Hrh. mDSE-MMA 2112|152 DSE-MMAS} o] 4t
Fe E0UAE H5 G WA Hste] F8Z
%’45} 28 3715 W) o] & fI5to] 4l 45K
S 71E0 R 53] &9 457t 97 v 9
3% 2" 3718 "US Eol= YYE d8h, A
g o] AMHE F5E RIS s AgollA
mDSE-MMA¥E DSE-MMAETH 58 &= ojgf 1.5
v = AR A AE o] RE Y] tojgkoflA = oF
0.5~2dB A 7A=Y, SER A5ol|A% robustness
7} AAEE E915199. DSE-MMA €l g|&oA $41
A543} 53 &719 ATE ALbsks 7|59 ot
o= dibkgo] A Jglel B MATE & e
mDSE-MMA €325 3 £eg HE2A = 3l
= U2 Rl digh FE &A1 A47F E Qs

ﬁ
_?LnNm

o r{r o

References

[1] J.T.Yuan, T.C.Lin, "Equalization and Carrier Recovery
of CMA and MMA in Blind Adaptive Receivers", IEEE
Trans. on Signal Processing, Vol. 58, No. 6,
pp.3206~3217, June 2010.

DOI : https://doi.org/10.1109/TSP.2010.2044255

[2] J.Yang, J.J.Werner, G.A.Dumont, "The Multimodul-us
Blind Equalization Algorithm", 13th Int. Conf. of DSP,

- 108 -

Vol.1, pp.127~130, July 1997.
DOI : https://doi.org/10.1109/ICDSP.1997.627988

P. Schniter, C. R. Johnson, “Dithered Signed-Error
CMA : Robustness, Computationally Efficient Blind
Adaptive Equalization®, IEEE Trans. Signal Proc.,
Vol.47, No.6, pp.1592~1603, June 1999.
DOI : https://doi.org/10.1109/78.765129

A. Tawfik, E. A. Raheem, P. Agthoklis, “A Modified
Dithered Signed-Error Constant Modulus algorithm
For Blind Adaptive Equalizer®, 7" Int. Conf. on ICECS,
pp.688~691, 2000.

DOI : https://doi.org/10.1109/ICECS.2000.912971

V.Weerackody, S.AKassam, K.R.Laker, "A simple
hard-limited adaptive algorithm for blind equalization”,
IEEE Trans. Cir. Sys., Vol.39, No.7, pp.482~487, July

1992.
DOI : https://doi.org/ 10.1109/92.160173
K.Banovic, R.Lee, E.A.Raheem, M.A..S.Khalid,

"Computationally-Efficient =~ Methods  for  Blind
Adaptive Equalization", 48th Middlewest Symp. on
Circuits and Systems, Vol.1, pp.341~344, 2005.

DOI: https://doi.org/10.1109/MWSCAS.2005.1594108

R. M. Gray, T. G. Stockham, “Dithered Quantizers”,
IEEE Trans. on Inf. Theory, Vol.39, No.3, May 1993.
DOI : https://doi.org/10.1109/18.256489

S.G.Lim, D.S.Kang, "Performance of SE-MMA Blind
Adaptive Equalization Algorithm in QAM System",
Jour. on. LW.LT., Vol.13, No.3, pp.63~69, June 2013.

N Xt A 7Y

+ 19834 @ FAdsty Ax-geat st
AL &4

+ 19854 : Asdsty Axgs} A
AL E4.

£ 19974 :
A &Y

£ 200549 ~ @4 : FFUEy FEE

Aeleeta AAgelt o

/&4 AMAFL olESAl





