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Abstract

In a digital communication system, inter—symbol
interference (ISI) occurs by frequency selective
fading or multi—path fading. ISI can be removed
through channel equalization, and the channel
equalization method generally uses an adaptive
equalization algorithm. Since the transmission rate
decreases when the training sequence promised
between the transceivers is used, a lot of blind
equalization algorithms that do not use the training
studied Blind
equalization is an algorithm that uses the statistical

sequence are being recently.
characteristics of a signal, and can utilize kurtosis,
a fourth order statistic of the signal. In this paper,
by setting the objective function for equalization to
kurtosis, the performance of a blind equalization in
a high—frequency (HF) channel is analyzed. As a

result of the analysis, if the difference between the
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path gain of the HF channel is small and the
distinction between the main path and the sub path
becomes ambiguous, the residual ISI becomes 0 dB
or more, and channel equalization is not performed
properly. However, when the path gain difference
of the HF channel is large, the residual ISI is
reduced to —20 dB or less, and the channel
equalization performance is excellent.

1. /Hi

=
o3} (high  frequency, HF) tjd <E2& =3
AFHE Azs AHAE B 7H4 (inter—symbol
interference, ISD @Al g3l 41 ATl
AstE ™, o]= Ad 53t (channel equalization) £
3 AT 4 Avk(1].

Ad S3kE  &d@ A(training  sequence) =
Abgele W AEe FAE SAE ARgshe

Egte= =3} (blind equalization) ®WHow HFot

Va

Demodulation

Adaptive
algorithm

gl 3 B5k

- 896 -



202164 CHEHNALS

F Atk AREkE Ald FEtelA =
LMS(least mean square), RLS(recursive least
square) 59 A3 T3 dme|Fo] Wo| AREEH=,
dolg oA dAsE F& FTH = A of
e, dole HAFE 4 w5 o]
EE 3 dugFels

algorithm),
algorithm) om,

ol dEEol FasA deth
=
o

& o] o
T':Ed éE

AE
3}7]
ATH.
modulus
ol & ARgSA @)
dHlo] qdrk[2].
A5 dnrARl
s T3 F
A (higher—
order statistics, HOS) & o] &3} + A 539
g0l ettt ¢elA Advks].

2 159 oy 7kx 12k A §A4 F
kurtosisg ©l&3te] AE FIE
. HF Agelr 31 duelsel ISI A7

4
fol - K

r
Mo
>

{0 o

¢

ox, ¥

ojr o2

Nlo ed o
i
ox
ro

S
=
e
v

II. &
a9 12 A58 FaA% A 53 Y-S ek
SELolt. Al Ase Ad 9SS e F4
Als o] AWGN (additive white Gaussian noise)©]
galxw, 2 (1) Zo] xdH

y(k) = x(k) * h(k) + n(k).

—~
—_
~

A7 yk)E FA AE, x(k)e $A AE, hk)
Ad S A, nk)=E AWGN, = A AZZA
omgty Aol o8 g A
kurtosis® &3t AE T3
ATH4].

4ol e o

Path Gain
2 T T T T T T T

1st path gain
181 2nd path gain | 7

Magnitude

0 L | I I I L I |

0.8 1 1.2 1.4 1.6 1.8 2
Iteration Number x10%

O¥ 2.HF AL vF A7 o5 W3l

0 0.2 04 06

Kurtosis= Al&° JA4 HA <
Edoz AHoE A (2)9 #u)

_ Elx(k)*]

1714 K+ kurtosis® 2]w| g},
2 =rdAE F4 23zE 589 s wX
(independent and identically distributed)©]3 %
® ¥ (uniform  distribution) Al&&tar  7HA S}
kA HF Ade T3 A3+ kurtosis %]
Z7bsHAl Eok[4]. Bl€ EFE kurtosis® H gt &
g s g FEE

Axshsh: wgow
e gt

F 9o 3 ~ 30 MHzE A&

st
|
:>|4:‘$
e
rlo
N
&

o MoE o jo o
me me RS Reorle

S
oo 2 o1

7= Uy Adr mddgsoit

A 53 e A ISIE &3

o
IST =22 w53 2t

il
e

o5 (k)|? — max|s (k)|

ISI = 101log;, max|s (k)|

A71A s(k) = h(k) * c(k) &
e AT ck) o W Ao,
h(k)&] 4delE 2jn| gt}

omsli, 1S 537
q Ad & AF

L
R

Residual ISI

1SI[dB]

<0 0.8 1 1.2 1.4 1.6 1.8 2

Iteration Number x10*

9 7! AT AEAS AMEEA gFYTES.
Kurtosis g s3] 7 ISI 4.

0 0.2 0.4 0.6

- 897 -



202164 CHEHNALS

2oy AHgH F4 A%+ QPSK(Quadrature
phase shift keying) A3 & AF£3}%1 1, SNR (signal
to noise ratio)< 20 dBZ A3 th HF ¥

T AR A3 Ad A 1 ms E AASA A,
S317] "E ® Zdol: 512 AASNY. uUF A=
AEe HE ol52 4z 0 dBE EAsRa, Hd
TZY  Fygee 01 HzE AAsHY. 53

duEFel A¥ A7) 5-1070 02 Akl

a9 2+ Ad sl 2 fAHE Wy Sle]
uE HF e F2 o5 ®sks uekd Tdolt
dde]E 3l7F °F 1000039} 160003]l4 A=
oj5 A7} AT

1% 32 kurtosis® #gsted Ad S53E Sy

=
-

5 ISI Axelrh. {ddle]E 3l 20003 9}
60003 AtolelA= F AR o]5 o]yt fo]
wg e y] wjio] F ISIZF —20 dB ol &kl A uk,
AR o5 Aelrh A& 1000029k 160002

Aol e &5 ISI7F 0 dB o) o 2 d3tE i)

V. 4&

HF AgelA kurtosisE H]&
A= T3 daeElFe ISI
. HF AQ9 HZ o5 Ho]7t o}

AR Fie] B3dAE A9, FF ISI
0 dB o]l Ho A9 SIUF A=
o]Fojxx] okokth. 1¥yy, HF Ade A= o5
2 A%, ZFF ISI el —-20 dB st=2

O,
Ad S3ke Adeol e

o, =

=
i
S

oo

o
T
439 Bels

p=h
T
=
43
=

38
)

o]

O 2~
9»1\3 T ™
PR

g} oI

o

ACKNOWLEDGMENT

\=ie]
T

foj =atez]

2= A A el
(No.2017R1D1A1B04035230)

o]

23
[1] N. Miroshnikova, "Adaptive blind equalizer for
HF 2017 Systems
Synchronization, Generating and Processing in
Telecommunications (SINKHROINFO), Kazan,

Russia, 2017, pp. 1—5.

channels," of Signal

[2] D. N. Godard, “Self-recovering equalization
and carrier tracking in two dimensional data
IEEE Trans.

1867-

systems,”
Commun., vol. COM—-28, no.
1875, Nov. 1980.

[3] M. Pinchas and B. Z. Bobrovsky, "A Novel HOS
Approach for Blind Channel Equalization," in

communication

11, pp.

IEEE Transactions on Wireless
Communications, vol. 6, no. 3, pp. 875—886,
March 2007.

[4] D. Pereg and D. Ben—Zvi, "Blind deconvolution
via maximum kurtosis adaptive filtering," 2016
[EEE International Conference on the Science
of Electrical Engineering (ICSEE), 2016, pp.
1-5.

[5] Recommendation ITU-R F.1487 (05/2000).

- 898 -



