Journal of The Institute of Electronics and Information Engineers Vol.54, NO.3, March 2017

= 2017-54-3-4

https://doi.org/10.5573/ieie.2017.54.3.22
ISSN 2287—5026(Print) / ISSN 2288—159X(Online)

A5k 24 vlole] kL oo 714§ SER

Fd

7

( Estimation of Probability Distribution of L-Band Interference
Environment Based on Field Measurement Data )

* = w0k O O ek =] wkkx 3 = sk
° A E, A EFAT, & AT, G AT H F

Fot

’

( Janghoon Oh, Jong-Sung Kim, Dongweon Yoon®, Namhyoung Park, and Hyogi Choi )

Ao AN B o
defeld g8 4% A A%

Abstract

In modern electronic warfare, a variety of devices are being operated in the fields for the purposes of communication
and surveillance. Therefore, if such devices work in the same band, interference may occur and affect each other.
Regarding L-band in which various devices including radar systems are operating, interference from existing devices may
affect new ones in the band. In this paper, we estimate a probability distribution of the interference environment in
L-band from the selected measurement data, which is fundamental for the mathematical analysis. After selecting the
candidates of probabhility distribution, we suggest the best one from the group. The results of this study are expected to
be utilized as fundamental data for the mathematical approach to the L-band interference environment.
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Alz=dlo] PMD (Polarization Mode Dispersion)
9} ISI (Inter Symbol Interference) 22]31 ASE (Amplified

Spontaneous Emission)
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(Synthetic Aperture Radar)
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Fig. 2. Histogram of L-band radio wave measurement
data over threshold level.

_1
[k, p,0) = %exp — (1+k@) k}

oA71M e A HelE 9] g, IQR S AREH S

(4)

1
(interquartile range)& <Vst} F-D &S ©]83}¢] . (14—ku)717E
e ek 1257 gkor o o gake] QA o 7
4L gd A% 24 dolge] AFEE HAEINS A71A 14 k(x—p)/o > 0 oItk oAl GEV #¥e|
2w a9 29} 2, owgts oo gep Ta Aite] AelE gkl
09 22 AWy 0B% NRd 7 nYs Axe  21F A 2424 4 6) % 6% 2k
dolE7l 9ol o @ol ¥ Huel HAUE )
(positively skewed distribution)?S 2Helg 4= gt} L(k, ﬂvU)_L71f<x1‘,§k’ 11,0
w3 S2EdY FHE EHA ANAL BoA% 1
Axow A9 Aust A% Hya AL 4 ST rﬂ)) k
Goolth AHALE o) T e A 2 B s i
9 A nHste] 2w BE mauAsdy By . exp —(1+k<xi_ﬂ) k} 5)
7ral B3 GEV (Generalized Extreme Value) ¥ % . ( 7 ) P
S FERT FHFOT AR, =g " H(l—l—k ZJ“ ) ﬂ
=1 l
2. HERE $82 majly I AN . exp|— i(m@(” “)) ﬂ
AAE SERYE Ty FoAN Joy FERIES =
Z2Aate] Aa] le) ¢4 T BT ) GEEE (L (b o)
Sof sehuE e ALET. ol 714 mHdow ’ N
AHEEE FERE gepiE 24 7HQ A i =1n<a"l (1+k( ‘ “)) '“}
H (Maximum Likelihood Estimation)& AH&-38le] o}z} j:; 7 1
nE ge 249 Ageridold FEEEo . exp Z(H—k( f“)) ﬂ) ©
sl ke FAkE o $E §4E o .
ol Az s HebilE Gg FHAL SE P —nln(0>—(1+z)gln(l+k = )

o Aol 4 ()3} 2.

(441)



26 ot 5 CIoE] 718 L oy 7Hd 2k

AAeas I = Pl 7 getrEel jsto]

oln (L(k,p,0))
on )
1+k—(y) *

1 (Z/z)

aln(L(k,p,0))
oo

= :0

1 n
oz

n

2
g

(xi_ﬂ))l"i'k_(yi) "

aln(L(k,p,0))
ok

n _1
= %i;ln(yi) {1 = (y;) k}: 0
olwf y, =1+k(z;,—p/o)elth

el A Ao s E 3o} st ge e
913kl Newton-Raphson &ile]FS AHgshe] A} &
g 7l FERE Fuid @ FERE
3t PDFA} Skl M AAIZE o
ol-gsto] F43 ey ol e A= & 29 2
1;]_[12].

wn
2
o

(Kullback-Leibler Divergence
u-gjol e Wk Ay ¥

-
Wehe] ALgEE 7oz eae 4 @) 2k

Dy (P Q)= /Dooop(w)logzg; dx ®)
A7 plx)e= 7149 54 FEEELY ¢(z) = TE
X plr)dta F45 = FERELO

Zul-gho] 2] Wt 7R AoAs FEato] 54
tolele] AA Fxo ey SEEE FHI (1
Hﬂ—alro]Hﬁ AL Zk 18

I
u
N
>

el
o
=i
Sh
H
o
(o
ot
>
i rlo
g
r>~
Y
-
i
3
o
B
D
£
<

h

ok

=247 =
STt T

3 2FE 9

ox

E 2 FY d=2EZ e PDFA I ml2lolge gi
Table2. PDF equation and parameter value of estimated
probability distribution group.
3=
= PDFA| gl matolg] gt
2 fzsp,0) )
o) = 1 exr [—(lnx—ﬂ) } x>0
if zo /2 P 202 ’
=X
shetule gt | p=4.53,0=0.76
fz5p,0)
=1 = liiez x>0
23] oz (14¢%)?
s R P log(z) —p
B o
shebule gt | 1= 4.49, 0= 0.45
f(z;a,b)
I S U
= X
By b'INa)
stetule 2| a=1.76,b=57.30
f @ik, p,0) 1
=iexp —(1+k(x_ﬂ) ) k}
GEV ? 7
H iz (z—p) B
goa (1+k7“)
ag
= k=0.89, 1= 59.84
Y 7 b b)
TretelE gk o= 35.35
¥ 3 4 dolHe 2xet £ =HEFEZ Z8-2}
O|23] "tk
Table3.  Kullback-Leibler divergence value of L-band radio
wave measurement data and estimated probability
distributions.

SIERIT =U—2}0|52 LAZL
2axd BY 0.2704
ZORAAE BX 0.2827
Zhu} B 0.3845
GEV &x 0.0483

o,
o
1o,
M
bl
=
N
=L
o
ry
it
ol

. o]Z H|wsle] AvrW GEV 2¥71 =34

=

fo) LA 3] Bae] 4
=3

FE AolE Kol AS & 5 Ak oA



20179 38 MASts =24 M543 H3=
Journal of The Institute of Electronics and Information Engineers Vol.54, NO.3, March 2017

ek e AA vy F vl & gk e wg 2 A o] 2% GEV #x¢} ztolE B, o= ol
FEY EEE Y o AHEHE dEREXoY £ A TEARA, ofmbae] FA 5o Lot A 8QlE
AT w3 Lot AA A3 A vely F Fedd o] EAR FA 25 Yol JFES F= AR FA4
AAZE ool w©olgel s EixE FATOEZMN "ty =2 Ade= L i 1 349 8hA
GEV w37} 2 A&He= 2 gl did 7489 4% S g 7x A8 &8 E Zo= Vg
2 3ad o

REFERENCES

Measurement Data

i | 8- Lognormal Dstribution
—#—oglogistic Dstribution
| ——Gamma Distribution ||
i | —©—GEV Dstribution

250

150 200
Received power(TH:

100 300 350

(1]

(2]

[3]

Hyuck M. Kwon, Y. C. Loh, Kwei Tu, and
Willian C. Gadd, “Interference Effects on Space
Station Freedom and Space Shuttle Orbiter
Ku-Band Single Access Return Links”, IEEE
Military Communications Conference, pp. 17-21,
Sep. 1990.

M. Celidonio, P. G. Masullo, M. Vaser, G. Fusco,
and M. Ferrante, “LTE Services Over the 800
MHz Band: Interference Effects on DVB-T
Channels Caused by the Uplink Signal”, AEIT
International Anual Conference, pp. 1-6, Oct.
2015.

Inhwan Kim, HeungKi Baik, and Juphil Cho,
“Analysis on Effect of Interference between

a3 L e Mm =X folg 2 =X sSEsmZ Different Communication Systems in Broadcasting
SE8T D Channel”, Journal of The Institute of Electronics
Fig. 3. Comparison of L-band radio wave measurement Engineers of Korea, Vol. 48, No. 10, pp. 717-722

data probability distribution and estimated probability
distributions.

AT 19 349 o] A2 stk 24

oY ¥

[4]

Oct. 2011.

Jie Zhang, Goo Yeon Lee, and Hwa Jong Kim,
“Signal Interference of Neighboring Wi-Fi Networks
on Data Throughput”, Journal of The Institute of
Electronics Engineers of Korea, Vol. 59, No. 11,

a2 377 Ao oA o220l GEV E¥8}b xjo] pp. 659-665, Nov. 2012.
E Hole AL & & e, o 274l Avng [5] Y. Bian and B. Mercer, “SAR Probability
o] #olt}, A TEALS A, ojupo] A Zo] [ ) gensityfFﬁncI;i.on .I;ist?me}’tiolr]; }E:J]Slril% a Geqeralized
. —-Distribution ransactions on
A 2959 EAR 24 N5 e e Fi orm © - o
q: - 44 l & el 9 v Aerospace and Electronic Systems, Vol. 51, No.
Aoz FAHH. 2, pp. 1136-1146, Apr. 2015.
[6] Wenze. Xi, T. Adali, and Yi. Cai, “Probability
V. 4 & Distribution Estimation for an Integrated Coding
and Equalization Scheme in Optical Communications
o . o A N - Systems”, IEEE International Conference on
2o A Lo AA s 5 ° dlelE & 7_] Acoustics, Speech, and Signal Processing, pp.
Hrow L oy ] S o] FEREE FAsATh = 961-964, Mar. 2005.
A dolEe re} FAEINS o]Lsle FEFEY [7] V. Arora and R. Kumar, “Probability Distribution
TR AAS & AYOonsNe Ei SERY & Estimation of Music Signals in Time and
Wgo BEHE wenHE EAs 1 5 2w g Frequency Domains”, IEEE International Conference
R A = T o= on Digital Signal Processing, pp. 409-414, Aug.
ol wal ZWHy T Hu EAS Falo] A 2014.
Holge] Exel Meld FEEX SHES vl 4 [8] W. Vogel and J. Goldhirsh, “Fade Measurements
3 GEV EX7} Hogs d5EE o] =AHY = at L—Banq and UHF in Mou?tainous Terrain. for
A dlolEle] Hxel Ae dolge] =77 Ze A Ao Land Mobile Satellite System”, IEEE Transactions

on Antennas and Propagation, Vol. 36, No. 1 pp.



28

104-113, Jan. 1988.

[9] A. J. Camps, I Corbella, F. Torres, J. Bara and
J. Capdevila, “RF Interference Analysis in
Aperture Synthesis Interferometric Radiometers:
Application to L-Band MIRAS Instrument”,
IEEE Transactions on Geoscience and Remote
Sensing, Vol. 38 No. 2, pp. 942-950, Mar. 2000.

[10] D. Freedman and P. Diaconis, “On the Histogram
as a Density Estimator: L2 Theory”, Probability
Theory and Related Fields, Vol. 57, No. 4 pp.
453-476, Dec. 1981.

CRIE R EE
199641 shel st AAEA 3ot

AL £4
20063 Univ. of California, Irvine
Electrical and Computer

Engineering XA} &9

FFietn A FE E A e ot
BRAL 3+
<FHAEOF: AR, o]FEA A", T
>
4 5 439
1984 T At ALk}
Shab E£4
1986 At ALk}
i &4
19979 2dgadietan S
Stat wpAb &
1986 ~ @A =g ahekd A
<FRAECR: Aol YA, SAAZE,
HUESA>
7 S HA@BAIL)
2004 ~ @A) FrFohetal g A}
IR
20150 ~ A A Ao AR Eshd
AE
<FHA LR Ao, FAAEA,
A9 2 5T, AzAER>

St £ CloEf 7|H L o

N Ap 2 TH

p—

[111]. R. M. Hosking, “Algorithm AS 215
Maximum-likelihood Estimation of the Parameters
of the Generalized Extreme-value Distribution”,
Applied Statistics, Vol. 34, No. 3, pp. 301-310,
May 1985.

[12] K. Knight, “Mathematical Statistics”, Chapman
& Hall/CRC, pp. 237-306, Nov. 1999.

[13] Kullback. S and Leibler. R. A, “On information
and Sufficiency”, Annals of Mathematical Statistics,
Vol. 22, No. 1, pp. 79-86, Mar. 1951.

N dF ot
- A

20143

& (939)
Aot

20164

z &

ICEED

20034
A &9
20034 ~ @A) &3k 2=

=

<F Aok

371>

dedelgya, Alad 571 3%



