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Abstract

In this paper, we propose a method for blind estimation of interleaver parameter using machine learning under the
condition of scant received data. In mnon-cooperative contexts, since a receiver does not know communication
parameters used by a transmitter, it has to estimate the communication parameters from a received data without any
prior knowledge about the parameters to recover information from the received data. Specifically, it becomes more
challenging under the condition of scant received data. Recently, estimation of interleaver parameter from scant
received data has been researched. However, this method requires additional computational complexity in order to
achieve an improved estimation performance. To deal with this problem, in this paper, we propose a blind interleaver
parameter estimation method using machine learning with low computational complexity and, through computer
simulations, we validate that the proposed method show the same estimation performance as in conventional methods
with lower computational complexity.

Keywords

blind detection, interleaver, machine learning, non-cooperative context

* goftista §3HAAE I wAlA A - Received: Apr. 30, 2024, Revised: May 30, 2024, Accepted: Jun. 02, 2024
- ORCID": http://orcid.org/0000-0002-5012-5966 + Corresponding Author: Dongweon Yoon
- ORCID?: http://orcid.org/0000-0001-9631-3500 Dept. of Electronic Engineering, Hanyang University, 222 Wangsimni-ro.
ATt FAEH 2uH(FEAIAA Seongdong-gu, Seoul 04763, Korea
- ORCID: http://orcid.org/0000-0002-5401-303X Tel.: +82-2-2220-0362, Email: dwyoon@hanyang.ac.kr

e G2 AP AT
- ORCID: http://orcid.org/0009-0003-9949-8864


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2024.22.8.75&domain=https://ki-it.com/&uri_scheme=http:&cm_version=v1.5

76 HAE Y o4 AE g Ad 2EUE

.M 2

T APAE glo] 23 FAATAM FAAYS

222 FAgolo} Bk FAANE BAIE 24
s ATE A2 o) AAHolston] o F4l
2o e e AU 4

ol

sholtt. ol we}, EW Ads F
Aeto] B2 A77F JA@H StTH1{16].
12 #eol gl %A sz
YAE ol&ste &5 <lEH Al

< AsiAatt. olg EHAA
EAshe delM AHEHW AYE

Mz

o
A
ot

o 4 ¥ o Hr L o 2 i
,

oo K
it [
o2,
g
Lo

3
rlr
m
dlo
o

Fske 71 Aljbstdth =g, FaEd [3]-9]
& o] 7 Y3} Fo EASHE HE | L 09

NFE olgstd £5 QEHZH, 2% QUEH,
helical QIEJ1EIH, helical scan AEIZIH Y A|LS F
Ashe 7IHES AsAth JEEYH AdS 4
7] A% E gE 7 B3 EEE ol&she
ZoITH10]-[13]. FAEF 1012 FAASE o] &3}
of APd S FA457] H8 277 F2 tlolH
£ M3t [11]2 Kullback-Leibler Divergence
(KLD)E AH&3std AdS F4890 =3 FaE
(2] FANSE 4% ALPEEY #3a #
Zol A HER FAE AgdEey B33 22 7
o] Aol o] g3tA o [13]2 Heold Ad o]
dotgt Ad M= F2ske 1xstE QUE g

o
e
ro
rot
1
>
folr
Lo
o

A Tz ol AT 4
A AU F4 ol 543 AstEe AR
AT o] e Astr] AT 7IHEC] HZ
7b AFHAA14)-[16]. FEL & e FANE
o] B3 B, o FAE Aty st [14]
= Az E

E’r_?;ﬁl (o
}m—lemﬁ
ii‘.iﬂo}i_‘}
ER V1) Hﬂr_l{%mto
EIgRC) 2 >
B e Eoop gy Z oy ob
<t %.Eﬁﬁ"ﬁ
l[‘ = 12 AN
N 4 B o d8
i %ir%?ﬁ
e,
o w
[ _&ﬁlﬁ
ot Sl
> - rO
W o MoE
o ol )
=2

of
o
£
o2,

o

o r
1
o,
o

iu}
N
(o3
4z
S
ot
e
i
tjo
-
oX,

e pok

g BIE AL

o
ol
on
£
o

©
Y
N
o
z
N
E
o
N
(i
o
o

9
N
E
I
k)
o
»E

=)
RUn
2 AN BEATAME FY3 Aoz FHo| 7}
5

2 ge3} 2 23AE A2
8 o] giale] AR 3Rl AeksE o
Aede o] 43 B AY F4 7He Ay
Gt} 4o AFE RN B B =R
A A AW AY 324 7Ee Ase BA
30, sgol M ARS Pen
I, AJAE] o
SA7)1H BEO| Aol7k poln Ezo] o
WA mES] Aol7b k9l (n.k) HF B2 RE

-

ob QEEH F717F £ #Y AEHIHE AL



Journal of KIIT. Vol. 22, No. 8, pp. 75-82, Aug. 31, 2024. pISSN 1593-8619, eISSN 2093-7571 77

T s o714 Qe F7] 1L n9
A 4= o] T},

HIEY F4 A8olA A7l i BlEY /\]%
rg 14019 pAfe FHEHER TR 5
A LE JEYW F7)9 FTHoW p&

& gEgsolth

r3b i e s = A 4 ()3 s 2ol
Jepd 4 gl

FAANE AFX

2],

r= {317327...7Sn} (1)
Sz‘ = {037037 ...703}71. = 1727 e T (2)

A71A e iHA PHE 5,9 WA HECT
de{0,1}, 1<i<n, 1<j< Lotk T o]
L2 agd pAe e E 1LY LS 9y
spll Aelsto] WO Aot Ix L 2719 YA
RS AT & ot o B4e wEsd % ¢
Mol A2 b2 RS AR + Aok 9714 ¢,
= o]g ol

RO @3 BES L9} o] AR e 79}
02 239 F 7/ A$E FEE F Aok oY)
A @3 F£E RY B39 RY @ B2 49 )
749 zpololth Wk 19} 17} AR OE AL
B3ojo] AgAo] At o] H¢ R
= ¥ Ay HER o]Foj7l o o
2E9} fASTE o7]A AY HIER o] F

2=

3% pus ¥ 13} go] YA

¥ 1. MY H|EZ O|RO0{Z #He| 3 BF B
Table 1. Rank deficiency distribution of a random binary
matrix

Rank deficiency Probability
0 0.288788

1 0.577576

2 0.128350

3 over 0.005286
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L= Lmin Generate rank
deficiency distribution
from submatrices

L=Lpn+1 Generate rank
deficiency distribution —
from submatrices

Deep Learning | | KLD |, Interleaving
Model period

Received signal —

L=1L Generate rank
max o Y
deficiency distribution [—/
from submatrices

% 1 etk olHeEld F7| F8 7|¥el 5Bk
Fig. 1. Flowchart of proposer blind interleaver parameter estimation method
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Table 2. Blind interleaver parameter estimation using
machine learning

77| 58 ol

Blind interleaver parameter estimation
using machine learning

Input:  r: Received signal
C: The number of R, composed to calculate
rank deficiency distribution
for L = Lo, L
Generate an n < L matrix R 4
3 fori=1:C
Randomly erase rows and columns from R,
and generate submatrix R

—

ma

N

5 Calculate the rank deficiency of R,

6 end

7 Input the rank deficiency distribution to SVM

model
8 end
9 Decide L when the SVM score become the
lowest
0 Calculate KLD by using rank deficiency distribution
corresponding to L

11 if KLD > ~

12 Dedare L as the original interleaving period

13 else

14 Declare estimation failure

15 end
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Table 3. Computer simulation parameters

Parameters Value
Modulation scheme Binary phase shift keying
Additive white Gaussian
Channel .
noise channel
M LXILxal0<a<l)
l min (n, Z)— 2
CPU Inter core i7 12700F
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Table 4. Execution time for blind interleaver parameter
estimation

Execution time (sec.)
Proposed 0.4628

Conventional[16] 3.8701
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