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ABSTRACT

Conventionally, a pulse radar is used for middle-sized or large-sized ships to detect other ships or obstacles
located at a long distance. However, it is hardly equipped for most of the small-sized ships due to mounting and
maintenance costs. Therefore, FMCW (frequency modulated continuous wave) radar is suggested as an alternative
for the small-sized ships. Since it operates with low power and has good range resolution for relatively close
objects, it is eligible for the small-sized ships. In previously proposed FMCW radar system, it only estimates
distance and velocity of a target ship placed in the direction of main beam and is hard to detect several ships
simultaneously. Thus, we suggest the method for detecting several ships at the same time by applying
MUSIC(multiple signal classification) algorithm to FMCW radar signal received by a phased array antenna. In
addition, by combining digital beam forming with the MUSIC algorithm, better angle resolution is achievable.
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Table 1. Parameter values used in simulations for
FMCW radar system
Parameters Value

Propagation velocity, ¢ 3000000000 m/s
Center frequency, f, 9.41 GHz
Operating bandwidth, AB 30 MHz
Sweep time, A7 1 ms
Maximum delay time, ;.. 0.03 ms
Maximum beat frequency, fj .. 1 MHz
Maximum target distance, R, 5 km
Maximum target velocity, V.. 100 m/s
Maximum doppler shift, f; .. 6.27 kHz
Sampling frequency, f, 2.52 MHz
Time samples, Ny, 1510
FFT points, Nppp 2048
Antenna elements, /V 6
A o Ao e
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E 2. A At Al st 34 gk Bl
Table 2. Actual and estimated figures for three ships

Actual Estimated | Estimated with
. with MUSIC with
value .
MUSIC beam forming
Dlsm“cel © ShiP| 206 m | 209 m 209 m
Dlsmncez © Ship| 607 m| 605 m 605 m
Dlstance3 to ship 612 m 605 m 605 m
Speed of ship 1{20 m/s| 19.6 m/s 19.6 m/s
Speed of ship 2|10 m/s| 9.8 m/s 9.8 m/s
Speed of ship 3| 5 m/s 9.8 m/s 9.8 m/s
Angle of ship 1| -14° -14.1° -14.1°
Angle of ship 2| 8.5° 10.9° 8.4°
Angle of ship 3| 11.3° 10.9° 11.1°
V. & B8

A G743 At FMCW #llol] Al2~wlE &
Zsto] Ap 52919 ohE AlvbEe w|she Wl
all =2)ssir £ =l AlNkE FMCW o]
o] Alzgle] $541 A4S MATLABS 3101 74
stodel. dwbdom wel Al ks AR
FMCW #loJH 5 allxl= stelte] Al mkadel ¢
ke H3E AR Az] 2 A S AJRE S

F3he 7o) TPselk, Aol ofel el EAlshe

Aduke] 1215 S8k AL Erbssich ulehA &
EellAs Al obEvE 914k mied S AR
sk WS AlBkiek L 24 A3 el el

= ARy 3 o AlE A2lE Eal ofe] Wk
ol $1A18k= AlMhe FAlell o= o] 7hssich
o uj sixleh= *Jz-"% AEg 38k o es
AR Lt 2k MUSIC a2

& ool ol
A olelgt F we ‘jawi 5144)7) = o] o]
2} A5 Aol TR ) B4 e 4 esiel
e ST BiE 20l A,

MUSIC el 02 e} 517 5ol 31407 5)
W AES AR T F NS s Felad 4ol
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