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Distribution Estimation of Sea Clutter by Partial Maximum Likelihood Method
(Dedicated to Professor Keiji GOTO)

By Kanto SUZUKI * and Shuji SAYAMA **

‘We have observed sea clutter containing targets using an X-band radar with a frequency of 9.41 GHz, a
beamwidth of 1.0°, a pulsewidth of 0.3 u's, and a pulse-repetition frequency of 1,900 Hz. To analyze the
amplitude statistics of such sea clutter, we use new partial maximum likelihood method, which is more rigorous
fit of the distribution to clutter containing target than maximum likelihood method. We have found that the sea
clutter amplitudes obey the Weibull distribution with the shape parameters of ¢ =10.07 to 14.84, for small data
within the beam width of an antenna. It is found that the partial maximum likelihood method is effective for
distribution estimation of sea clutter containing targets.
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LY —25 v ¥ EEML7z. AIC %W ToaAilEE
ATV, T YT F O — ARICHY$ A /N EBIC B
W, HRIESR EE O 5 B O FE AR 2 o = 0.508 DX
BIE# A (log-normal distribution). ¥ = 4 7%
T X =% ¢=360~542D7 4 7)o (Weibull
distribution)”, ¢=8.72 ~ 1207 D1 ' 7 £ 7L 53
fii (log-Weibull distribution)”, ¥ = f 7735 X —
¥ m=172 ~ 2050 {ff I m% #i (Nakagami-m
distribution)” 1259 S & WIS L7z Y,

LA L. AIC O E 7 i KUY (maximum
likelihood method) 1%, Bl 7—%I12¥ =5 v + &
BUWh. TORBEZITr Ty ¥ O5hilEEx
IEFEICTE WV E W) MEMPH L. £ T ¥ —
7o MO BEET S FENERTE R
CFAR [ % 12 B W T, # M i 3 (detection
probability) @ [f] b % 3% % #i i % (false alarm
probability) O AHIFFTE %,

Flo, EESIE, TTIE F—F v VoOEEE S
AR amieEdi s LT QQ MR T a v b
(partial Q-@ plot)”'” ZIREL TV B A, HEEIZH
WHNBGADN T A TN BIE R i e &
RS, BBOGAOHE/RELKT LI LD
TE&RV RANERICED W HENERETEN
X 29 LA-MEb s,

COEIRERPS, F—F v M EELEEICD
7T v ¥ &L AR T & B i K R
(partial maximum likelihood method) % #r7:12#2%
T 5. 941 GHz, ¥ — AME1.0° 75V 0§
0.3 us 79OV A0 & LW % 1,900 Hz D X /N> B
L—¥ % T, HAFIEOH B 2 K ET
MOBIZ X ZBMIFICY —7 v b & LT 220
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L(0) TET, T&bb,

L(O) =p(x1,%, -, xx10) (1
Thbo &I MEREBAM 22561213,
L(G)=p(x|0) p(x:10)-- p(xn]6) 2)

LB WEOREE & Y WO (log-likelihood)
#1(0) 235L,

10) =3 In1p(x10)] 3)

WEPND, ZDX I EFNVIRERSAORT
B2 5N TwaEE1E. T3 BHIIMED RS 2
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T AHERE D L o
HoOPLDEZ NIV ODPDETVIED 5 Y
HIE, NBREPRKE R ETVEESI LIS
Lo TEPMIZEED A I —FLNET VARG S
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TRLE, T BONLEFVEREETVEN
N 12)O

_12_



px)
167

o
L I {1}
PR —— S
oo

exponential)

Rayleigh)

1.2 ...... c

~ o~

0.0 1.0 2.0 3.0
1 74754 =D
Fig.1 Weibull distribution (5=1).
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pute) = £[2] "en[-(2]]
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Z 2 C, x I 3IRIE R (amplitude intensity). b 1%
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DRATIRDZEALZ RS o S DR OEELMEH O
—21%, 8% (exponential distribution) & L
4 —%4i (Rayleigh distribution) % & D4R 7235
HLLTHATVWDLILTHE, Thbb, X (4)
Fe=1,92ZLICKVBHEGAZ, c=2LF5
LIV ik TN ENERET LN TE
Z) 13)0

2.3 74 TR HOBAINRALEE
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Fig.2 Example of distribution estimation of sea
clutter by maximum likelihood method.
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Fig.3 Example of distribution estimation of sea

clutter containing target by maximum likelihood
method.
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T 5. TZTy IRIRIREE xp DB my M -
ze¥sne, X (3) &

16) =Y mytnlp(x] )} 5)
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CERTE D, TOMERL q L35 &, BHEHED
REANMBTHLDTuge=m/N L7203 (5) 1d,
10)=NY q:Inlp(x]60)] (6)

k=min

E B, EHIT BWEMBIZTA TV pwlv)
EHWALDT, b, ¢c THbH, Thbb,
1(b,¢) =NY. giIn {pw(x:] b, ¢)} (7)

k=min

Thhbo

X (7)) LELESIC. £9. k=min %5 min+
1 ¥ COMEFHLT, b c DMEEZELEET, K
KEE#KD D KIZ min+2 FTOMEREL T,
WAREERKD D, I 12T LT, 20
HEE, WMBAEZFE L TRALEZRD 5, Rk
B9IC, max F CTHR L C. & max—min il (KXo
BITIXEH74 M) OREEFTLVERKD D, ThHD
A B, 2 O K AE A3 3% E 58 B 5 A O K Al
(maximum value) (2D EVDHDERERL, Z0
EED Ty T hH INE, BB ALE S
&5

K412, TA TNGAOHSRKLEEI LS
F—ry ety =29y ¥ OHREDHZIRT,

: Experimental data
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Fig.4 Example of distribution estimation of sea

clutter containing target by partial maximum
likelihood method.
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RN ET, ¥—% v M X B
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5 XXXV FL—%
Fig.5 X-band radar.

F&1 XNV FL—=F DT
Table 1 X-band radar parameters.
JMR-5425-7X

frequency 9.41 GHz
transmitted power (peak) 25 kW
pulsewidth 03us
pulse-repetition frequency 1,900 Hz
antenna length 2.24 m
antenna scan rate 24 rpm
horizontal antenna beamwidth 1.0°
vertical antenna beamwidth 20°
polarization horizontal

S EBICAWEX N KL —4

BN WX NS FL—213, Mg R
i EKIZSH 2P KRR OBENIEB DR 1
ICHBESNTWS, M5ICL—F O EERT, %
1ICX NNV FL—F Ot E RS,

B6ICL—F Y AT AOMEMERT, L—5
LAEBLEREEIC, 7 v 7 S S (AZP), A v
F<—% (AZR) EFH{E5. NI FEE. BFEIC
ESNRTWwS, 7Y yﬁ“F#ﬁizﬁ%%iﬂ HTEHE
B (PC) 2S5 % 2 USBRRHTELNS

6 L—FI 2T HOREKIX
Fig.6 Radar system block diagram.

&L EFHEED PCOA/D AR — FIZk- T,
8bit (256 k%) TA/DE#HIN, NAIT Y Fu—
5 %4 LC.SSD (Solid State Drive) |27tk S N 5,
RLERT A B T — & o FEIE. PCIZ L » TRE L.
USB #%HITi% 5 N7z H| #5512 o nwT, L—%
MHDAZP & AZR 2 & - T 5 5 WLB%E 1 A3 L
g e oK E ZhENIT) T2
A/DEHOH 7Y 7L — bid, PCIZL - Tk
L. 4hlix 40 MHz & L7,

.28 BT —4

BINE, 20254 (&F174F) 10 H 22 H 15K 11
AT 720 BHIZ. HAYE O REIZER T 5k
FHATAROEEEC X D REEEW,. Fokaid 0.5 mm/
h, AR 11.8 T, JEEIZ L 2.8 m/s. Tk ik )
HIZAL 6.9 m/s TH Y\ R AT O AGE T
BOWmM» o ORETH LY —2r T v ¥ 2Bl L
72

BT — % ZoRd. BUNEEEIE. Ak

A 21.7° ~41.1°Td . HiEE 11 3.13 ~ 4.09
km TH 5o BT — 73 A hmL v Y 24 —
7 ¥ (range sweep numbers) 256 Fi. Fi#EEJiA L
v ¥ ¥ ¥ ¥ (range bin numbers) 256 5 O & &
65,536 B Do T b F RSB 2 BRI
0705 255 F TD 256 BEREIC B TAb S, BRI
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7 BllT—%
Fig.7 Observed data.

r2 ¥—4v FO#T

Table 2 Targets parameters.

Name MEIYOUMARU | RYOSHOMARU
MMSI 431004673 431008854
Callsign JD3536 JD4076
Vessel type Tanker Bulker
Length overall 64 m 70 m
Width 10 m 13 m
Draft 45m 4.35m

0 DENPS 255 DEETD 256 O L — A7 —
VTFEREINTWV S,

RAEFICE AR 2013, Eh S OREET
b =0T I Thhb, 720 HOHEHRDOATH
ATZ2OD 5 =y &, M [BRERL] (7~
=) AW T L )] TSMAH) THh oo
=7y NOFHILEE2IIRT . BB, i LBEEE
ik 2 — K (Maritime Mobile Service Identity ;
MMSID) 7 & OfEHkIE, H BTGB 2 E (Automatic
Identification System : AIS) 75E7-bDTH 5,

4. PTHEERER

32O F— 712D T, 2.3 THWL 2
T A T NG OB KT T W THEE &
IOk EIRT o

=S, V=Y OREME I T ¥ T F O — Al
WTIEMHEARmRS, MUE) ZMEEZ o TWoE
Hxbhbd, TIT, BNT—2 %27 27 FDKRYF
J | ® ¥ — AE (horizontal antenna beamwidth)
LO° WA § 2 /MBI E L, ThEhofiRT
WAMERATLERICL 2002 /T) 2 LT
%o LI 256 RAZ 0 ~ 255 & FH A DU,
L v Y 24 — 7 ¥ (range sweep numbers) &35 &,
7 YT FOKFEFMOE=LIEE L VI AL =T
DHEBEP S T YT FOKFHMOE — LE 1.0°
LY VAL =TI HICHNST 5, 22T X
TR ZFNENHMAFIN 13 m T LMK 5%
L 19 M o/hfld e Lz, 77— 7 $13.3,328 TH %,

ANEIBUZ OV, 2.3 BT L 2280 i Kk
BEEET, HRIE R BE 73 AT DA RAR I IR b o UK Al %2
EOTETTINVD x50 AT —IVISTGA—% p, ¥ x
ATIRGA=F c PP Lize Tz RIEHEESA
MR RO EIE R KDz S HIT, WK
TEEFIZ L 25 MHEED HbETTo 72, Mkt E
LD DEEKIITIRT,

KILDXANY FL—FTBULAHARTED
BRI A AR BT O 52 B K 5 BERTIRE O ffAn
AEby—2 995k, T YT FOE— ARICHY
T BH/PNEBIZB VT, ¢=1007 ~ 1484 DT 4 T
THNHED T EDDh b,

B8IE, LYY AL —TH T8~ 90 D/NEIRIZE
VT %7 A4 TG DFBII IR R T EERT & B HE e Ak
RTHb, ZOMHEBIZ, ¥—7 v N THAH [HHE
Al BEATYS, FEHIZ. BT — & OIRIERE
FATHY . EDOR/MEIR K03, =407 BRI K =
112 TH %o IRIEHREE x 2340 258 90 F TIE ¥ —
299, BRI NPH112FETIEYy—F7 v M ThH
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Table 3 Result of distribution estimation for different range sweep numbers.

range sweep partial maximum likelihood method maximum likelihood method
numbers b ¢ Xt log-likelihood b c Kmax log-likelihood
0~12 77.38 13.30 86 -11,612.9 78.67 11.52 94 -11,386.0
13 ~ 25 77.90 12.52 88 -11,265.1 78.22 11.97 93 -11,250.4
26 ~ 38 77.23 13.06 89 -10,983.8 77.26 12.96 90 -10,983.5
39 ~ 51 76.71 13.53 85 -11,927.8 78.30 11.03 96 -11,477.9
52 ~ 64 74.44 12.15 84 -11,951.0 75.67 10.08 98 -11,655.8
65 ~ 77 77.49 11.13 88 -12,201.3 78.97 9.58 98 -11,969.5
78 ~ 90 77.39 12.05 88 -17,516.9 80.98 7.20 112 -12,740.1
91 ~ 103 75.55 12.17 85 -14,859.7 78.22 7.96 110 -12,350.6
104 ~ 116 77.23 12.04 88 -11,421.8 77.59 11.35 97 -11,399.0
117 ~ 129 76.66 10.44 89 -11,810.0 77.02 10.00 94 -11,796.5
130 ~ 142 75.62 10.07 87 -12,127.5 76.71 9.19 94 -12,037.9
143 ~ 155 74.79 11.55 84 -12,011.7 76.22 9.94 94 -11,776.8
156 ~ 168 76.72 11.25 87 -17,162.5 80.64 6.90 115 -12,864.8
169 ~ 181 71.35 11.98 81 -43,583.7 76.94 5.35 119 -13,415.0
182 ~ 194 73.84 13.12 83 -17,103.2 75.73 7.79 114 -12,168.2
195 ~ 207 73.13 14.84 80 -11,627.2 74.96 12.21 87 -11,057.5
208 ~ 220 71.44 12.87 79 -11,507.9 72.75 11.16 87 -11,269.7
221 ~ 233 73.57 13.52 82 -11,633.2 74.90 11.23 93 -11,288.9
234 ~ 246 74.76 13.01 83 -11,199.1 75.32 12.12 89 -11,154.9
0.06 T - T 0.07 T T
- Experimental data V' —-—: Weibull distribution . Experimental data
0.05 - - -~ weibul distribution f\ l];lz/emh]':‘oxcl;gl;?mmple. R 0.06 AN - Weibull distribution |
S efiood pricpe e etiond 20050 Reoed peneie.
= 0.04 - b=71.39, ¢ = 12.05 =-12,740.1 g = b=71.35¢=11.98
N ey Bt beighond
E 0.02 - - E 0.021 -.\'-\._ lf:o ig-éi;%%z 535
0.01+ E 0.01kF o i
0 o \ 1 O L ) | \ i .
0 50 100 150 0 50 100 150
Amplitude intensity x Amplitude intensity x
8 IR KR X Akt (LY 9 WAOMRAKLEERIC L 20 miEEikE (Ly Yy
A4 =78 78 ~ 90) A4 — T ¥ 169 ~ 181)
Fig.8 Result of distribution estimation by partial Fig.9 Result of distribution estimation by partial
maximum likelihood method for range sweep maximum likelihood method for range sweep
78 ~ 90. 169 ~ 181.
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