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Development of Acquisition and Analysis System of
Radar Information for Small Inshore and Coastal
Fishing Vessels

Duck Soo Byun

Department of Fisheries Physics, Graduate School,
Pukyong National University

Abstract

This paper describes on the system and method for automatically
tracking and monitoring the position of target ships relative to the
own ship using a PC based radar system that displays radar images
and electronic charts together on single PC screen.

And also, this paper describes on the suppression of sea clutter
on marine radar display using a cell-averaging CFAR(constant false
alarm rate) process technique, and on the analysis of radar echo
signal data in relation to the estimation of ARPA function and the

detection of the shadow effect in clutter returns.
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A RTX(radar target extractor) board was used to extract the
target information detected by the radar, and installed in 16 bit ISA
slot of an IBM PC compatible computer.

The target data extracted from each pulse repetition interval in
DSPs of RTX is formatted into a series of radar target messages.
These messages are then transmitted to the host PC and displayed
on a single screen.

The position data of target in range and azimuth direction are
stored and used for determining the center of the distributed target
by arithmetic averaging after the detection of the target end.

In this system, the electronic chart or radar screens can be
displayed separately or simultaneously and in radar mode all
information of radar targets can be recorded and displaved.

In spite of a PC based radar system all essential information
required for safe efficient navigation of ship can be provided.

The echo signal was measured using an X-band radar, located at
Pukyong National University with a horizontal beam width of 3.9°, a
vertical beamm width of 20°, pulse width of 0.8x#s and a transmitted

peak power of 4 kW.
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The suppression performance of sea clutter was investigated for
the probability of false alarm between 10°%%®  and 107

The performance of cell-averaging CFAR was also compared with
that of ideal fixed threshold, and the shadow effect in clutter returns
was analyzed.

The results obtained are summarized as follows :

1. The system developed in this study can be used as a range
finder to measure the distance between two ships, and as a device
to provide the maneuvering information such as distance and bearing
data, between target ships and own ship on ECS(electronic chart
system) screen.

2. From the result of position tracking for a selected target ship
tracked with an update rate of 5 seconds using the a -8 tracker,
we concluded that the smoothing effect by the @ -8 tracker was
highly effective and stable except in the time interval about one
minute after the target detection.

3. From the fact that the real-time maneuvering information of

tracked ship targets via local area network(LAN) from host
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computer installed a radar target extractor was successfully
transferred to various monitoring computers on the ship, we
concluded that this system can be used as a sub-monitoring system
of ARPA.

4. The ARPA plotting results and motion vectors for acquired
targets by analyzing the echo signal data were displayed on the PC
based radar system and the continuous trajectory of ships was
tracked in real-time.

5. To suppress the sea clutter under noisy environment, a cell-
averaging CFAR processor having total CFAR window of 47
samples(20+20 reference cells, 3+3 guard cells and the cell under
test) was designed. On a particular data set acquired at Suyong
Man, Busan, Korea, the probability of false alarm applied to the
designed cell-averaging CFAR processor was 10°™, the suppression
performance of radar clutter was significantly improved. The results
suggest that the designed cell-averaging CFAR processor was
highly effective in uniform clutter environments.

6. It is concluded that the cell-averaging CFAR would give a

considerable improvement in suppression performance of uniform sea



clutter compared to the ideal fixed threshold.

7. The effective height of target, that was estimated by
analyzing the shadow effect in clutter returns for a number of range
bins behind the target as seen from the radar antenna, was
approximately 1.2 m and the information for this height can be used

to extract the shape parameter of tracked target.
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Gwo Stepper/ |
g Synchro input

Fig. 1. A block diagram of a radar target extractor(RTX) used in
the experiment.

3¥H Fig. 19 dold 8 FAZX A 12 bit, 40 MHz2A ¥4 3}
¥ video 233 PPl(plan position indicator)¥ oz J43E o, %
Aol HA3lel #AEE video signal offset, ¥, A F 0|5, trend
level 22 #eoltl QAo parameter, = #olr] X9 system



parameter?} @lolt] ¥EAHFH AR TF parameter® UXA7]7] 4
3 7}E 7]% parameter A& A ZA T+ Fig 29 2o

Video
Signal Input

Parameters
Set from Menu:

Fig. 2. System parameters of RTX to generate control signals
which are varied according to the conditions, such as
PRF, signal offset, trend level, signal gain, bearing pulse,
etc, in order to make the circuits adaptively perform the
operation.
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E3 B dFoA Age dold AEAIFARTX)= IBM PCH
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trigger pulse(E7| "), A4H HAIH2(azimuth reset pulse, ARP),
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2. 9% 3 9 AA% 2YHAY

21 g4 A" £33

E dAT7e BEAYHS Y 2% EXNM Y 23(G/T 843)
gAE 29 10 kW Auhg #olt(FR 1510, Furuno)E #AH83t4 &
E A2 G @Y 4L P

Table 1. Specification of radar(FR 1510, Furuno) used in the
experiment

[tem Specification

Antenna radiator tvpe @ slotted waveguide array
beamn width : hor. 1.23° wver. 20°
rotation speed : 24 RPM
wind load : relative wind 100 knot

RF transceiver frequency : 9410 * 30 MHz(X-band)
output power @ 10 kW

Display units type : 15 ” diagonal high resclution green
phosphor CRT
display mode : head, north, course - up,
true motion(TM)
range scale : 0.25 - 96 nm
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Wx Age g Huel @Ag #HoltelAd ZFHHE analog
video signal, trigger pulse, APR, ACPE RTXd &g ¥, DSPlA
9] video A3 A2 2 PC AolNe AEFZo] Wad o5, WA} A
a offset, STC, & &4 53 & #%F ¥ parameter® HAH
7, wa ARE P2E dFHUEAN FHd XX BAHY HA R
94 A& FAHAT

F3 goln A58 $EF X UGS AR A B
Ae WAA7 D, o5 7H} Autel g AXNLA AEHHE °f
g3t} AAztoz BAAFIEAN olv] £EFH ¥ Holv AEE hard
disk2 2 loadingstd 2UE L3 FAd 7H3 A AXNAFRE
RS232C port® £3 PCol dgat= wyes 34 %49 F35 4
g A EHeld ¥ WU

B AdAe A7t AgAe 78 2 2 fade 437 9
NMEAO0183 protocolZ2® A7 etde] 9% Lat,, 2% LongyE
¥ 33t GGA, GLL, VIG %9 dWA#& RS232C interface® F3 T
N#ged, o W, AMY AXN(AE Lat,, 3% Long, )& 71E22 &

MR A Dst B9 Ce
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_ (Laty = Laty) e

Long, — Long,

— -1
C— tan ( LatM

o] oa) FagcH?.
A7 AN, Laty & 2z A4 A9 A% Lat,, Lat;ol g A3
% (meridional parts)E& MLat,, MLat, & & 9,

o] zr9l & = A9 Y (meridional difference)® X Laty <

Laty = MLat, — MLat,

ol
@7, g9 A% Lol W FHAE Mlats

- z LN _ [, 2 ae'sin’L ac®sin®L N
MLat = aloge{tan( 4 + 5 )} {ae sin . + 3 + - +
................................................... (3)

o ea 78 & Ao 7)Ao HEuAel
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2.2 e} AW 9 FA(tracking)

B AFdAME Kalman HE Y o5& AN HEle & FF
a— B tracker® ol &3td BAEEY FH& HaHdl', ol tracker
E gAHEE 24 W 24 s FAHsed 48 &L
AT
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25 V., V,(m)7F @A o, n+l AA HEY Akl i

Ne

| Xy(nt+l), Yn+l) =

Xﬁ(n+l) —_ T(n) + _171(,1) N SURTITRE RIS PPRLS (4)

Yind1) = Y(m) + V() « Ty coreeeememmmemmmeneennen (5)
o 48 5% T

7], Mol FFa J& o, n+l A HEI ADel AE A
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A9 =gA e 2o AU &L ASHA FIFoEA AIAA
of e d=29x X,(nt+l), Y(a+D) E N2 FEIH FAAX

X(n+1), Y(n+1) A updated & 3Uth.

A

X(nt+l) = X,(n+1) + e{Xdn+1) — X(nt 1)} -ooveeereee(6)

Fn+D) = Ynt1) + a(¥intD) = Yynt D} wooeeenss (D)

o] AYIE=Y, A714, o HHol Ui tracking parameter
(smoothing constant)¢]th, 43 whdez nHA AEFH A A&
2R X,(n), YVin), €3 FRAANE X,(n), Y (na &

W, X(n), Y(n =

?(n) — Xp(n) + a{X,-(n) - X,.(n)} ................................. (8)
i) = Vy(n) 4+ al¥in) — Yy(m)} roeeremmmmmmsinne (9)
o] €r}

Blde) olE&Td dHME 2 48E HE5d, ol HA WEH
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Akl e e &5 2HNE V-1, V(n-D & o,

Vin) = Vin—1D + _% (X0) — X ()} wemeemreereseess (10)
V(m) = Vin-1) + —% (Yi(n) — Yy(m)} woovemeeeseseenes an
o] P

o714, g &xo| 3 tracking parameter(smoothing constant)©]

I, n WA AEYA] i dESEEE V, (), Vy(n) 3 & 3,

o] ©r}.
B AN E @WA~1DAG 2 B8-S e, By dAg ¥F
sed A8 AYdE H(), Hla & 27

_ 2lez+B—@)
Hy(2) = 24+ (f+a—-2)z+1—a (14)
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- 8 . z2(z2—1)
H& =7 Ty (g+ra-2)2+1-a

st ol fxstd Bhde HEs AXNCLA, AD) R £E vectorE
E3 A

2.3 ARPA XA AR HE 2UHF

B AgeAE #Holt(FR 1510091 WEE #AFEHFH | (automatic
tracking aids, ARP-17)2%%8 <85+ NMEAOI83 protocol®] RSD
(radar system data)$} TTMA R, £ RTXoA 4dztstd d#Holg Al
32 A dfd 2UEY Aadgez Af FAZe FXE FIE
A% APE P

Ao e AA, doltolN &ZHH = RS422¢) RSDY TTMAEE
RS232C A3 2 Was F A7+ RS232C interface® F3 A4
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{ B2 ARPA L[NMEA] Eourae: Reokon 1808m= Put
COM3 483@ ANi! LOoG OM Display ON

$TETTH,OG,?.9BB,BES.IZ,T,lz.SB,BZZ.23.1,5.799,—?1.23,N,,T,*4D
SIETIH.G?.T.?BQ,033.21.1,13.53,032.30;T,4.168,—139.95.N,,T,i79
STETTM.19.7.842,.6342.29,T,0.08,042.20,T,0.894, 47 .85, N, , T, ¥38
STETTH,11.7.886,952.01.!,12.53,352.26,1.7.687,13.27,N,,T,*62
$IEITH,12.7.BBB,B62.93.1,12.50.932.39,T.?.359,23.15.N..T.ﬂﬁa

STEOSD,37.89,/,37.89,H,13.60,d,, , N*l6
h—

€ 1) PRIMARY Source: Route TEST41 1@@08ws Put
COMi 480@ 8N1! LOG ON Displau ON WFC 73 5:59:35

SGPRHC,173984,R,5B33.19H,N,38191.13B,E,13.BB,3?.89,863696,,Hln
4CPUDR,900.0,T.800.0, M, 80.9, H*iE

$GPUMI. 8.0, L, 8.8, N~10

SGPMTH, 3.0, Cx34

STEDBT,.@.9.1,0.8, M, , FxZE

SCPCCh, 173904, 5033.198,N,06101.130,F,1.83,0.0,5.7,M,0.0,M,5.5.1

{ 2> SECOND INMEA] Source! Window ( 12 18088m= Put
CoM2z 4888 BN1! LOG ON Displaw ON

SDECGA, 1739@3,5033.930,N,90191.174,E,1,03,0.0,3.7,M,0.8,M,5.5.,1
SDEZDA, 173984, 86, 86, 1996, 184, +@8, %7D

S$DPEGLL, 5032.9268,N,80101.136,E, 173904, A=31
$TEVHNW,37.89,T,,M,13.08,N, , Xx13
SDEVUTG,37.89,T,.M,13.080, N,  K%*5F
$DEGGﬂ,173934,5932.BZB,N,BGIBL.LSG,E,1,03,3.0,5.T,M,G.G,H,S.S,i

| Humker [-]"] oL az2 2z 04 a3 a6 a7

Bearing| z2@.4°|120.1%|219.8°| 28.0°| 50.4° 180.2%| 12.@%| Z2.1°
Range ?.26 .12 8.18 9.92 3.04 9.10 7.90 7.98
Course 9¢. 87 55.5°|1355.5° 3.5* 3.9° 1355.5"° 12.1" 22.2"°
Sypeed ie., @ 15.3 10.7 14.3 2.2 11.9 12.3 12.3

CPa 5.1 3.4 1.3 8.3 a.5 8.9 6.2 3.8
TCPRA 47.8 -36.3 —-248,2 -26.6 18.8; —-38.1 —46 .9 -71.2
CCP 12.4 -3.3 1B8.9 -Q.7 -8.6 9.7 13.7
TCCP -45.3| -43.3 54.0 21.2 -1.5 29.7 93.2

Fig. 3. An example of TTM output generated by ARPA
simulator.
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w3, @4 AdolA ARPAY EAHFAH AR exglel 4ETHoR
Axow A @ FAH met $Y APdeAE ARPAS ©A
Ao dg 23 g Asuol AAY oty HAAHEA FA
o mUEY Fozx A4 dojr FR HEH FAAMALY +HS
9% A71E Sy¥Hded, o] 4ol ARPA simulator’t AH-8-SH 3
23

Fig. 3& ARPA simulator® o}-§3a TTM, OSD 59 sentenceE
WANA AEsEe @ dEA, o] Z=EE AA BEX A F£FT
dolt] datel 3 HAISe] ARPA Ax9 AAL RYUEHY A2H
TZd i FEAE HUHeAH.
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3. CFAR processorel 9|% dojf] F59A

31 cl5HA e 73 2 Aol Clutters] A

g ay

Furuno)E Arg3le] dloly 238 94 g3, o] dHoly Az

rir

B g3k ez 3 4 kW FHoH(FR 1832,

AL £3 olF A9 F4 2 CFAR processoro] £& sea clutter
o] AAE F3f olF A BAEEE FHANIN AR A7E T
Aot

w3, AE Furunoit7l EAFEFE)AA FE5T ol HUEE
ROM3Igt 25 o] gate] o] BE9 #Hold echo AEZE ¥ ATNA
Mg Heol A Aade YHAA ojFHAH] HHE FH R 8
A8 ARPA 715§ F83A
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Table 2. Specification of radar(FR 1832, Furuno) used in the

experiment
Item Specification
Antenna radiator type : radome type, 60 cm
beam width : hor. 4.0°, ver. 25°
rotation speed @ 24 rpm
wind load : relative wind 100 knot
RF transceiver frequency @ 9410 MHz

output power : 4 kW

Display unit expression display mode : head-up, north—up,
course—up, true motion
range scale : 0.125, 0.25, 0.75, 1, 2, 3, 4, 6,
8, 12, 16, 24, 36 nm

Power supply DC 102 - 416V, 50 W

%o Mebg X-band HolHE AHE3td AR, HolrgE F4t
o gt 2ANGE FFAFT S 14 HAsL, 1 envelope A
59 288 40 MHzEZ4 sampling® ¥ computerol W&d #HelH
A4 DSP RTX d&stivh.

o] wj, FelelA &5+ analog video signal, trigger pulse, APR,
ACPE RTXol 94¥& ¥, video AEHY F ANEFEo] ag o5,
w919k A7 offset, STC, A &ad 3 2 4% Y¥ parameter?
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27108 dAsn 2R deold ¢eHvE XA HF ARE F
Fate glde 94X % JAFEE FESAUL

o] o, Azl¥ate] sampling F+ 512, 1 sampling AZHAS dig
AZBAEL 375 m, Polr 23X I FHAL 512 X T2 pixel=
W T3t

R R | L7
INOUT RECTIF ILK o
l LA COMPARATOR. |
DIETECTOR
- G CUT G e 1
'Y 1y Y vy
N2 N/
Vi DK
ko1 k=1

A

- 2
Rireference cells
Grpuard cells lZ

CUT et T under test
K ® KZ
—

Fig. 4. Block diagram of cell-averaging CFAR processor.

B 7oA WA Fig 49 2ol cell-averaging CFARY #™Y
2 9 @oly FA719 envelope® H#AEHE sampling® F, ©
2% Ao A (powen 2R HBHYL, olE NxHH) BH
A7k 1 o) %S s AAE AA range celldl AT

filo
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gole ZAE e tie BEed I AL randomdtA
Z2A% o, o] ZAlHoA 2dEHE wAE, F A9 dHE T4/

70 doly clutterd) B AZAY yo B £ &

1 2 _ (L )2
32" M lglyz (M glyl)
o] H1, 7|4, y;& i WA range celldl HE clutter AZ AL
3, Me 139 dely 4ol A& range cell ¥ sampling ]
B Folt

ohal oy clutter A&7 BT zero, B4 £ 9 Gaussiani W4

Fe9 44,

o] g6 TZMWA LE rms clutter A, BA £ = clutter o] &
t},

o} o] oy clutter A% 2 envelope AF r& Rayleigh ¥,

N

*
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of 21, o714, x= (7% )Pet 39,

£= (x> =714— glx,.

1

o] @v} T8 clutter 2352 envelope WZF 7ol &3 clutter

power x i

o] AFER WEG

cell-averaging CFAR processor?] 2% #3718 AA reference cell
o 918" k WA clutter AHE o]y AL x,E 1 HA AY

(x> BA AREEA o7 W,
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Xk VE

T Kxy T g

o] B, AEE clutter A8 v, FA

— U,

o] AFEEd WE, o clutter o] oj® HAH QA vy BT 2
%

E‘.Q% Pfa (UT<zk (00) =

o] drt.
& 7|A], vy ideal threshold level®] i1,

vy = W]-n(Pfa)

2A clutter A€ 3= FasA Aodn.



Fig. 49 A reference cell® adder €8 z+

z=ﬁ‘\vk

o) Bl=d), of clutter AHE #olr] ctevbel B Aol &g EAWe

ol Fof ute} ¥WF3, 1 FEUETT pz) <

N—1]

pz2) = '(]Z\'J—_T)T e

2

o] §=ul, 9714, N-& reference cell® data sample F°|t}.
v, Fig. 49 cell-averaging CFAR processordl whg dHeld

clutter A3 X v, &
vr = _GNZ

ZH HdAEYE, 93 v FEUETT plvp) e
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4

(%Z)N‘1

N
Ao ="y —N-DI ¢

= [

o] gt} A7|H, o% scaling factor oltt. WA, LARFEY 7

Pra = J.O e 7 pluy) dor = (1+ %)—N

o] 9o} clutter power £ #& FgdA +& 4 %1, scaling factor

a=

- L
0=N((PFA) N 1)

7b Ao,

B AP LAREE 7N Pp & HSAFEA clutterd] A
ddxg T3, o] AHAXY W] wE oy mIIEP e
UE Aggaed 4% Ad 54& AL £33
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32 $9799 &3

dolr] gxel Bt dold vl A EatE AR FA T
AP 7t =5 AP Aol EAEE Ao Yo A
Foh 2 Fube] $ixste EAY BX7 BrbsstA He |, 53, A<
Aol QoI WyMute FudA zgste oA deold ¥A7t
e 9 712 B& Abust NHEA dAstn Ao

E dAFdAE Fig. 5% 22 AA9 2L 46y A¥EHY F
Hho] wAstE 4790 dE A¥H FEE PshAh

¢ Radar
, Amenna

\)\

-7
~
V_beam ™
angle ~
~

Fig. 5. Effect of target geometry on radar image.



Fig. 5914 ol Stelueld wate Anh} suez wag o, &
Hu2 5 4% A% (ground range)’t ADY Al Bl EAshe
4%, ebde) C Folq w1 Aol slant rangest o Aol 29
el e SE(W) WAE slant range® 4% R.. Rpeh 3%,
gae AEgd faxcl(Hod 7ldsd zdHE 2979y

CBE= AA9 ¢tdy %ol H, & & o,
‘CB=Ryz — Rc= Hrsect
o 88 78 4 2, d7iA, Ante JArg f=

H
— - —1 a
& = sin 2.

B

7t At
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m a3 2 x&

1. AN SO HEWUE

2 dAFdgAE doltlg AR AAAA o5, STC, FTC % 718
9] 7] A& AX £95%E analog video signal& 12 bit® £3l%F
B 40 MHzS FR+2A $A3e ¥ F5 2 A5 2Z7T 99
ARE 3 EFE L2 X DHANIIE £¥stE A BAE
HA FEsA

a2 &, doldd ¥IE X WIS WEE FHIFUA o|FA
BE dANter F&37] A8 HEERY UMARIES EdstE ol
o A e FEE x, yo HUARIA HEAH e, 2 9, o
t WALAL B 9] array frame format2 Fig. 63 24,

Fig. 6014 el <tellvrl 1 A& wuiet A=ga(ys )3
ulolura(x% Wgk) o g 512 X 720 pixel®] echo frame®] memory
mapel A H L, 1 pixel®] video datat 8 hit(256 color)® ¥ E = o
A7t

Wb, Fig. 63 22 #oltl 94 mapd FHAA 49 23 A
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Ao Wt AAY, F£Fe2 XY EE WA FRAAY
SAHE A5 B9 Mg, &8, DCPA % TCPAS Z& ARE
AZ3e Fig. 73 22 PPl WA stude] 2E JEE dojd ¥4
o A 2HEIHA

Range direction Range direction
= = “c"Jv.
2 = \I dr }\-w*
bt S| e
D] D] sk i "%‘ﬁ-&
bl het st VR
- . —; !
S 3| |
T4 ol |7 & . ‘ .
8 B e
— — 4 M. v o
< = ™ v ‘
L L § B
vl o] A R
;iv: o 'I" ::)d“‘u TR
n?‘f“ ‘ n
Y
"1"th antenna rotaion "i1+1"th antenna rotation

Fig. 6. Conversion of echo position coordinate for acquisition

target.
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Fig. 7. An example of the PPI display with radar system

and tracking parameters.

Fig. 7914 dlold gaAae dold ¥d FAHGA @AMd d&
DSP(TMS320C32, TD¢} data controller® AMg3te] Aoz FHS}

AT, host computerste] data ¥¥L FE DMA Hd& B3 9
3l ot
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o] w, dolt EH FHFXE DMAE ol&39 ISA busZHFH
video AZxzle]l "o LuelFd parameter& LZE3H3, host
computero] A AF3E Mute] YA, 2, £ EF FF 999 A7
¢} e BER FES 98 parameter, dold FIHEEE AT 2AY,
IHERY cursor FF Y L parameterE AW} SR FHS Al
Aati, 2 A3E oA host computerd] @A EASEE AT

g8, Golr FARAN EHEE video 4AEE WA CUxdE V52
Wil 2 Y UEPE I EFAHA FLol A4 E AAE F
of JAsddEd, 4F F&& T JIE AHEEr] d9 ¥
olty Faa Mg Fo #Hojn 4L 47 Fig. 8 R Fig. 99 2t}
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Fig. 8. A radar PPI image with spike clutter superimposed
on the ENC.
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Fig. 9. A radar PPI image after 2D filtering and spike clutter
suppression superimposed on the ENC.

2 AP gy #Heolul AZAIAAARTX)E X9 A F
E 2 oEARE AANTReR FH 2 87 Y39 opd R video
AZE fAE A3z ¥MEstd #H2H #Holn olv A (raster radar

image)& TA3t3, FAle] o] #dely omAE HANEENC)H FH



A & Y= AA}AE, Fig. 8 £ Fig. 9% ° ¥4 o) 4
A est dolrl 44e FH BAY FFe ot

Fig. 9914 uitiel S29] Hojd olmo] tidte] BYE AM, UE
g 2 AeA Mg Pato AL AR, Ae Fay UH
el 273838 gAd 71A8te QA MEL BASE 71TE WG
3 e, ol RTXoA #4 7h5d Hdie &4 F& 512 Mel+

M, Fig. 10& RTXS % % echod #AHAE F&o| Eaw
trend level, W9l offset(OfsetP), 72 offset(OfsetD), gain, ACP(*¥4
H)sh e Y parameter?] 24 $de] JHE YEHA Jolth
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Fig. 10. An example of input parameters to operate the
radar target extractor.

o]Zo] parameterel 28l RTXolA #oly] video AE7F A=W
A YA FHo] 4FHoE FYH B dHA= BHY 24 W
57} €Md2 FoE3, Table 37 2o & T W, A, =L,
&eo] i AR AAZTO R host computerd] HAFHO] FU2ZA

o]
A, o Aae 8 JEs #@7 PPl gl stddedl A€



w3, 7zt 2ol tg DCPA, TCPA, 3 7IEte) AR =

Foll Wt EAET.

Table 3. An example of output from radar target extractor

target ID:05
target ID:07
target ID:11
target ID:14
target I:15
target 1D:16
target 1D:20

dist(nm):0.05
dist(nm):0.07
dist(nm):0.15
dist(nm):0.18
dist{nm):0.21
dist{nm):0.36
dist(nm):0.24

bearing:209.5
bearing:293.0
bearing:208.8
bearing:171.5
bearing:179.3
bearing:131.5
bearing(74.0

speed(kt):0.0
speed(kt):0.0
speed(kt):0.0
speed(kt):0.0
speed(kt):0.0
speed(kt):0.0
speed(kt):0.0

course:040.6
course:248.4
course:118.3
course:140.8
course:154.1
course:034.5
course:333.9

2. 4 A9 AT 2UEY

SEEIC

B2 4 wol host computerdl Al HAtez AEH AR &

(o

A7 WA Ade AR HARAY FHs Adg
= A7t AdAE AR TS deoln] AN HAHAEZ] A

Q78 AxsAT

LY
ol

e
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F-al WY ‘ Sipisly 0T b T o Fadiao

Fig. 11. Measurement of distance between two ships on the

radar image superimposed on the ENC.

ol APL Huol Yy FAAAFIHA oAM= F FAAN ¥
ARE, =3 A8 dgelddel geldl Bul(olghd)n} 2xbHe 9
2 gHoA AAztes 47 ZAE7] A AEEHN FYHA.

AA BAHe YxAFRE GPS/DGPS FA7125H ZEHE GGA,
GLL, VTG $9 NMEAOQI83 protocol® F4 FA%E ol&std F4



F 4 YA, A7 AARY ABHIHE o8&t A EHA
EHo o3 JAFEE QAo GAAFIHA RS232C interfaces
Sd 4483, o]E F Aut Aol AL} HHE FEAT.

Fig. 12. Measurement of distance between two ships with

radar image monitoring.
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Fig. 11& A sE4d dold 94¢ FHAN e Aoz
2E E(slave ship)7hA el Az W& AEdHA Yed Aoy

Fig. 11614 AA& 9% 34° 46" 741 N, % 126° 20°.340 E¢] A A
old A& 217° £9 126 knotEA &F F2l dEio|th

¥, RS232C interfaced F3 A" B9 FHEE AR °
45 106 N, A% 126° 19°.740 EY A A HE 300° £3 10 knot=®
R g5 FAd, olg F Auilold As e FHA= 19%6.8°
1.7 vtdd & o F A

Fig. 12 #olt] 3dAd] RS232C interface® %3 4l€ et
g FHAN F, AA g4 Aol A HHE FEIFHA AA
& Aol

Fig. 12014 AAe Y% 34° 46°.355 N, A& 126° 19°.962 E9| A
oA HZ 217° £8 128 knotZ2H FF F<A AHolth

o] W, BFHL Y%= 34° 45747 N, A X 126° 20'.056 Eo # 7 lA
A2 300° £3 6 knot2A FF FAd, o]E F A Atole A
ool X 173° 0616 vtdo| ATt

o]s} o] EtA9 GPS/DGPS H#AARE FAH AL &3 A
g 4 glod, B A7 Ag3d Hz A EUEY A2dEE F
# AHAEY golt HANAM AFEA F Au Aleld HAS 4
Aztez A2 ¥ EUEHYPY 5 o] FF 2 &&o] ZidETh
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3. €4 9 4 9 24HY

2 Ao AHgE dolvye A e FAFLE 24 rpmeEXA
otelut7} & whf A=W £285HE AFE 25 secoli, 4¥ T4
ol 2AEL 3 v, e F4 ¥ F2 015 psol AT

ool 2= video AT e dHolg FE& n3A teyr} 2
3AY wwigh & WY FEEAY] gFo oltid video signal2 5
sec Z+Ao2 720 X 512 pixel®] ¥ 39| g4 dolHrt YEHE
237t o

Fig. 139 (A)~(F)e X A Y 34° 45 .807 N, 126° 17°.393
E AdAA A& 2314° 43 114 knotZ2H 3 F AHdoz2¥ gy W
A 2117°, AY 1.02 =l SAstE B S FAT F, o] A2 30
sec HACE FHIL Y AFE vebd Hojy ot

o9 AAg FH3A B9 U=, £, DCPA, TCPA 39 AE
E FAY o, A 29 sl #ojul heading mark®l st M
Ao B8, 7ig ddez A g§H A3 AXS EHEA W
A Hed, 2 dFdAE g F4 ¥slE et AAHY B
Mol QA 9 FEARE HAANTLeE XUHHIHO

Fig. 139 54 94 92 wstg 4aezngsl 39, Adel
S AE3o o5 dHolEo -8 trackerg o| 83 HEH A
g 3% A7+ Fig 149 2o
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Fig. 13. A series of continuous tracking images of a ship’'s
target detected by radar with intervals of 30 sec. The
circles indicate the tracked ship target.
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714, a-B trackerg °| &% HE3 HIE I o, tracking

parameter a$t B B=3L—9 BAE oA, o A, AFY

Z71e dolg gAe] updatedE F7], &, 5 sec, ¢ = 05E 3o F
3t ot
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detected by radar.



Fig. 149 (A B)elA & = & nis}d 7ol 5 sec THH 22 AF
ge Bl gate] wreel Agst Azl o} BFsA ¥EEsia,
ol2 ¢1&) elAde 9 (C) 9A EFFE ¥FES YU

o]0 ANE EUlZ MY x AA AL 4 £8 F& 58
AL, 11 FRAG E wgo] #Aste g G4 AE&EF WEHIL
EFAsA &Folm, o2 s Holr] ALEArF EHHY FFHERE
Ag3A Hrtg & g EAV 2HE

Sou, B ATolAe o] o B tracking fiter® o] &3] o|E
gAre] ¢x ARE HE3sLE Fig. 149 (A) ~ OdA & F e
ule} o] vj$ AAE A7} AEH, o2 RE A I=29 £
& F3T & IS ¢ F U

Fig. 13014 #xd slxde AR, %3 DCPAE o-F trackerd &
H AZE Ed2 A3 A3 A2 195°, £33 148 knot, DCPA 0.05
npel 2 Aj7tol wE Wil oA uig P A WEaHES e,

¥, Fig. 14914 tracking parameter a #°l a = 19 Z5ol= 4
z9319 &YXt dXstz o < 19 AF9E tracking®] E 47t
UElGA =), o] W, oo @& AA BAY 5 HEgse advt
2A Jetds @Al Fojsjop Fr



4. ARPA AR HE|RYHY

Fig. 15. A radar image superimposed with four tracking targets
generated by ARPA simulator.



Fig. 15 ARPAd ©A @ Bld9 &% ABE AW o Fod 4
ANE te TUEY Ao AR AF3o Holy 4 AT
g7 FAAA Yebd ZFoln

E AFE ¥ 24 ARPAC 7IEAHE Ze v 3o €A
A gFol 7|4 ARPA AlEHIHE o]83tq 4 39 gidg 7H2A
oz AA Fdd HAE F o] Mutd JIFAHE Fog3n, 1 F
ABE TTM sentenceZ #AA3te AH dHoln JATds HE=
RS232C ¢E#Ho|2E B3l ZUHY FXo HEdtod o8 FHE U
el 3 gl AFdoit

Fig. 15614 ZAX& BX 2 39 34° 33°.882 N, 126° 08" .593 E
MM F2 217°, £8 128 knotEH T3l Folul, A ARE
OSD ZEE %3 ARPARREH E8HE AIE +AsY ol &3ttt

TF 4 Ho el EHAREE ofdl Y TTM sentencedlA & =+ Sl
£ uigl o] deoly FuAel vedn e B4 0,1, 2 % 39 #H
2, £9¢& 727 25°, 6 knot, 37°, 5 knot, 200°, 5 knot, 94°, 5 knot
olil AN o]E BAY HEFL 61 ol P HHAHELE YEY
2k,
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$RATTM, 00, 014, 1824, T, 060, 0250, T, , , N
$RATTM, 01, 01.1, 1984, T, 070, 0370, T, , , N
$RATTM, 02, 00.8, 161.6, T, 05.0, 2000, T, , , N, ,
$RATTM, 03, 017, 2103, T, 060, 0940, T, , , N

Fig. 15914 & & & vkl o] B dFeA Add ol 2y
By A2 olgsd dA AFel AwEHZ de A PCEAE
A4 oy AAAXe} 5T ARPA RUHY Al="HS Had &
SollA Bed ANade] £UE FE T 5 JSE FAHAT

28U, ARPAZRE TTM3} RSD HX, GPS/DGPS FA7|12%
VTG, GGA, GLL A X, gyro compassZ5-8 AF¥e ARE T
o sub PCO #eold 3ag 74 W, d4 A#sz A= deld
A RSD(radar system data) sentence® H% 1 x| & H¥ &YA7
= AS7 %7 Wi et VRMelY EBL 2 rlee] =A7E
ZZ84E, sub PCY oy &Re olE AR AAIH7| 7R 1 %9

N7vol A0 guel Aol FaAE= FA7F BATAL.

v FolteiM 28 =E+ TTM sentence’t RS422 AT 2H
o] o] A58 RS23C interface® F3 PColA F4187] AAsiA= 2
wo] AE WEVE AN Ed, FF ol AR el 54



£ YA AL interfaced 7ol aFET

5. #4419 EA % 53
AR Amgel dold 94¢ FAANA EAStm, FHEAY) Png
A 9 £5% 479 dA: Fig. 163 2k

Fo 28810
14 55
E1LAT N
L 13928 625 €

Fig. 16. An example of echo trace and real-time ARPA
information for continuous ship’s target tracking

acquired in Tokyo harbor, Japan.
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Fig. 162 #°]Y target extractor®] DSPolA 8 bite] £z A
Z99 0 ~ 255 @4 16 @Y pAo2 B¥ste TN 2
deled ARe F ANDoE WEFE dolu FANEE PPI &
] HAef Aoz el Ao gaolr

AY & radar echo generator(EG-3000, Furuno)el #&5o] & ¥
AYEEH)S video AEE RTXol JPAA AAH = FHAA
vebd A stoltt,

Fig. 16914 SAd] £He] 7158 XA $& 5127409, ztzte] ¥
o] tisted w3, w9, AL, £3, DCPA, TCPA 59 3 39
Aurt BAHER s

w3 @A FAFYD AE FH9 FAHL LA} dAsE AT B
ot FAEEY, #d, 89 FHg A5Ho IANHEZ Y Fig.
169149 o] Mol BYE AANoR metste Hol FHsdy, &
g olZel 84 ARE hard diskol FE5H FY Peao wet B4
g 4 YAEF AT

g8 =Han e EHY vector time AHEATE Lo whet A
GBA A4 & JEE Sgx, ¥ 24 PodEe 29 o¥d @
AT Y= 43 dold PPl 22T B @A WHE diez



3 9l7] wE At 4F ofHe] o] AAH
A

tlo

AN Y A7t u]
g£o2M ARPA 71%g WA & & & Ao gddr

6. @old Cluttere oA

A
v PRI

20dx3 04 04 Fr
08:39:47 L+on0

Fig. 17. An example of the radar image showing the

sea clutter and ship’s targets superimposed

on the ENC acquired in Busan harbor, Korea.
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dwtq o2 CFAR processordl A& HA o 3119 test cellEd W
Aoz EH FFE ARG F, test celld £AHLE ubyo] 7iW
A FH EA R g BAL WESA "

o] of, 33 clutter AT ol HH9 wALAE7E BF dve A4
£ reference celloll clutter A3 Aol EYHAT

kel cell-averaging CFAR processor®] reference celldll clutter®] Al
3 Aol EUHW reference celldl Wid A7} ey Wil
threshold level®™ #74 A8t Ha, o] WEd test celld]l BHo] &
A 4L A€ 5 g A7 ddsA L3

2 d7olXE ol AFHer E43%o Hdg #Holt clutter A%
g JAAI= wHE AdET, ol F3 EHo AL TE A
7171 918 B4 830 g e Ad olF A& didoR RTXE
ol 83t oy 43 & HFHORE +F EMaded 1 AHY o
#+= Fig. 177 2t
YA (a)e ARFA Ad, (b)) ~ (v &ez ZRld 3F
A Hutolm #Holg AszAdolE B o] FAol AHsiA u
U
o

of¥

o
¥0
©

7I1E doly 23 ZAe] Line "A"d i g FARM 2] echo 4!

3 E 4o cell-averaging CFAR processor® 4%l 739 &
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A5 ¢ BYsged, 2 A3E Fig 18% 2.

Fig. 18.
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80 r
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(A) An example for cell-averaging CFAR processing for
echo power of radar signal acquired in littoral regions,
(B) Histogram of cell-averaging CFAR threshold values

for echo power.



Fig. 18(A)E LAHEESE AR FEo=z JA37] A& ey
FANze AT 29 248 MY WY F HAAHE 73
3, 2}72}9) range cellol th@ FAANEY A HAHAE BIAHLE
A stste] Jebd Zojd Hold

o] 2@ e|A¥ ideal threshold @3} cell-averaging CFAR] 2|3}
4% threshold dl8& THAA HERAUD.

Fig. 18(A)A &L dolr G5 HEY HzEH 1 A
FA Ao et dely HIoln.

A71Ae i A7t S48 deit AR Wger 375 m HHLR
512 71¢] dlolEl & +E8lY 7} range cellol @& (AT, Fig. 18 <
500 AA range cell7kA 9] 44 dloleTE EFASIT.

g2 ogA 89E 7 range cellol thg GFANT] HAH(x, )

X

HEAH(x) o2 TAFF FNAH( (0, n= 7, )2 el

R ok,
Fig. 18(A)elA] ideal threshold level vr¥ SARZFE(P,)S
P,=10""" 2 #d, vr= —m(Py) el <six FFE FeEM, 2

‘8‘ vr = 3.4539 O]E]—



d7]4 ¥ cell-averaging CFAR®l 2% threshold& 371 #8 24
WAEE 477 AA7A Y range cell& WY Z WA 24 HA range
celldd Atth ABRE test cellol settingdtx, 229 #& 20 7 R +
2 90 7, & 40 N9 reference cellel YHHE deole] Iz &
A F(Z)e AEF F, cell-averaging CFARY & LFRLE
ol X (Ppa)E  Pra= 107", reference celll FF(N)E
N=202% 3 CFAR scaling factor(@)& a = N((Ppa) "V = 1)
o o& Fan, ol #Y F F oZE FAG ZAFHUH,
thresholdE test celldl &AM UE setting® £ 24 WAFE 477 AA7RA
o Ad A¥E Ao FAFA.

o] w. cell-averaging CFAR processor: test cellll setting® # o]
o 94 A3 AdgAE(V,)H CFAR thresholdd #4332 «ZE H|
@] V,> aZol® EFHol ARG B, V,<aZolW EH
EA 84 gt BAsA .

Fig. 18(A)dl A cell-averaging CFAR processor®) comparator?}
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(A) original image {B} ideal threshold = 2.0723

Fig. 20. Comparison of original radar image(A) and image
after ideal CFAR processing for ideal threshold level
2.0723(B).
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{A) Pfa:lo .25 (B) Pfa=10 0.ro

(C) Pea=10"" (D) Pga=10""

Fig. 21. Comparison of cell-averaging CFAR performance for
the false alarm probability 10°%, 10°% 107, 107'%,
respectively.
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