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ABSTRACT

In this paper, we suggest the development of object detection systems for the safety of the ship through the
study of the properties of short-range radar. Many of the short-range radars developed for special purpose like
cars has cheaper price advantages but it is not proper to every application. In order to overcome such
obstacles we need to analysis data from experiments in various environments and feature analysis of the device
is essential. Also, the data clustering algorithms to display correct classified moving objects is necessary. In this
paper we propose the advanced fast moving object detection system using short range radars with better

detection accuracy. And we proposed a clustering algorithm using the value of the RCS and the speed and
trajectory information of the radar data that are reflected.
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32l 2. ARS308 #lolr] A4lMe] Al x4
Fig. 2. Actual dimensions of the ARS308 radar sensor
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Table. 1. Table denotes properties like location, length, endianess, type, resolution offset and range of each CAN1_Obj_1 field

signal start len | byte order value type res offset value range
Obj_RolCount 0 2 Motorola Unsigned 1 0 0—3
Obj_ID 2 6 Motorola Unsigned 1 0 0—63
Obj_LongDispl 21 11 Motorola Unsigned 0.1m Om Om — 204m
Obj_VrelLong 25 12 Motorola Unsigned 0.0625m/s -128m/s -128m/s — +127.9375m/s
Obj_AccelLong 32 9 Motorola Unsigned | 0.0625m/s> | -16m/s> | -16m/s> — +159375m/s’
Obj_ProbOfExist 48 3 Motorola Unsigned 1 0 0—7
Obj_DynProp 51 3 Motorola Unsigned 1 0 0—7
Obj_LatDispl 54 10 Motorola Unsigned 0.1m -52m -51.9m — 52m
Obj_Length 56 3 Motorola Unsigned 1 0 0—7
Obj_Width 59 3 Motorola Unsigned 1 0 0—7
Obj_MeasStat 62 2 Motorola Unsigned 1 0 0—3
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J2 3. ey AA #WAIA] (0x200)
Fig. 3. Radar configuration message (0x200)

2gho 2a) ZA] oJ" CAN Mol = HZ 7Fs5}c)
w3k o] A EF RS232 A FERO 4LTE
o] TSR AlFelEE e Talo|HE 873
Rt mgF Ax S SR el 54 #= )
olHzlE]E o3P Hr}l E2 AEs G -
ok

a9 32 g wAX] Y D= $jx|et HelE g
o 7] §A] BAIRE Fola, X 32 &9 HAA|
=59 flAe} Hel, vle| B A, 35 i, Ak
WS 52 el Eoth oE Eo,

dlojt] Al 2% ¥Xl(radar_output_type)S
SendObjects @ 733}A} gkl radar_output_
typeVEEE I(valid)Z 4% %, radar_output_type
Z=ef SendObjectsell W-&== 15 tisisle], A=l
CAN 2 t]2=zgElel 8l write(2) A2~ E2
ARg3te] g WA S SR

Ao ol Aol Bl AlzEle] o] 8-
=9ie}k Lawicel?] CANUSBS £ &7ellx] o]}
7] 218 SocketCAN©] A}4-=|2ic}. SocketCAN©|=t
252 Ade] 2] CAN APLEA, CAN EUEF
Ax|e] Ffell Adtgle] sl=slol-SiA-l 2 7]
Hke] CAN E418 Algslmz2® oubdel Unix-like
FeAe] MEYA S A3 713t 3te] L
2 623 3. ZHAg CAN Z#|Q) $413} #lo] 7}
&3tk

SocketCAN-> 2522 Ade] U2 E3s]e] 9)
O} eubA el wjEFE T 7]se] EAstE] 3l
Al ¢t} 2= B E SocketCAN<S ©]8317] $siM=
Ad 37 AAE B3l 715 Akl A2 st

1o or

§

1270

28 ~7radar_outputitype

ZEradar_enablet

msb lzb msb

E 3. el A4 wAA (0x200)F 71E7 &
Table 3. Radar configuration message (0x200) description

- Byte Value
Signal Start | Len Order Type Res | Value Range
= 0->Invalid
radar_range_lengthV 0 1 | Motorola | Unsigned | 1
®* 1->Valid
radar_range length 15 8 Motorola | Unsigned | 1m | 50,51... 200 m
= 0->Invalid
radar_output_typeV 3 1 | Motorola | Unsigned | 1
®* 1->Valid
= 0
inapplicable
= 1
SendObjects
radar_output_type 26 2 Motorola | Unsigned | 1 2
= 2
SendTargets
3->
inapplicable
= 0-=Invalid
radar_enablePowerReductionV 2 1 Motorola | Unsigned | 1
®* 1->Valid
*  0->Invalid
radar_elevationV 1 1 Motorola | Unsigned | 1
= 1->Valid
= 0->False
radar_enablePowerReduction 24 1 Motorola | Unsigned 1
* 1-»True
0.25 | 0,0.25.. 32 deg
radar_elevation 23 8 | Motorola | Unsigned
deg | (Road->Sky)
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Fig. 4. Diagram of radar system
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int main(int argc, char **argv){
struct ifreq ifr;
struct sockaddr_can addr;
struct can_frame frame;

s = socket(PF_CAN,SOCK_RAW,CAN_RAW);,

strepy(ifr.ifr_name, “can0”);
ioctl(s, SIOCGIFINDEX, &ifr);

addr.can_ifindex = ifr.ifr_ifindex;
addr.can_family = PF_CAN;
bind(s, (struct sockaddr *)&addr, sizeof(addr));

frame.can_id = 0x23;
strepy((char *)frame.data,”hello”);
frame.can_dlc = 5;

write(s, &frame, sizeof(frame));

close(s)
return O;

}
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Fig. 6. A simple example of SocketCAN userspace
program
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(elevation)
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Fig. 18. Diffusing one object to two object at 60m far
from radar

32 19. 24m gojal Aol 1) LBAESL 67 Fik
Fig. 19. Diffusing one object to six object at 24m far
from radar
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Fig. 20. Many noise at RCS value of 16degree(elevation)

3 21, 38m "ol AFelM 1 LBAET} 3 Fik
Fig. 21. Diffusing one object to three object at 38m far
from radar

a2l 22, 20m Dozl AH6lA 1] LBAET} 3NE B}
Fig. 22. Diffusing one object to three object at 20m far
from radar
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Fig. 23. good wave form at RCS value of 19degree
(elevation)
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Fig. 24. good result at 34.5m far from radar(19degree
elevation)

T2l 25, 13.5m AAelxe] ekEd Azl 195)
Fig. 25. good result at 34.5m far from radar(19degree
elevation))

RCS Value(dBm#)

35

25

15

—RCS Value{dBm*)

-15

-25

-35

T2l 26, uREe] 19%0]3 10m oftHellxle] ekzke] wol=
Fig. 26. some noise at RCS value of 19degree(elevation)
& 10m far from radar
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Fig. 27. Diffusing one object to two object at 10m far
from radar(19degree)

02 28, ZelzEd duelEs A8 enAE A
Fig. 28. Merging object using clustering algorithm

a7 29, Wl A A
Fig. 29. Detecting one human object
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F 5. 10m #AHelA<] dHolele] 54
Table. 5. Characteristic of data in 10m far from radar.

ID Distance Speed RCS 1D Distance Speed RCS
15 11 -3.8125 -27.5 15 8.1 -2.125 -29
39 9.1 -3.5 -4.5 39 6.5 -1.875 -5
15 10.7 -3.625 -27.5 15 8 -2.125 -30
39 8.9 -3.3125 2.5 39 6.4 -1.875 -4.5
15 10.4 -3.4375 -26.5 15 7.8 -2.0625 -29.5
39 8.6 -3.25 -3 39 6.2 -1.8125 -7
15 10.3 -3.25 -26.5 15 7.7 -2 -29
39 8.4 -3.0625 -3.5 39 6.1 -1.75 -6.5
15 10.1 -3.125 -26 15 7.6 -1.9375 -29
39 8.2 -2.9375 -4 39 6 -1.6875 -7
15 9.9 -3 -26.5 15 7.4 -1.9375 -30
39 8.1 -2.75 -4 39 5.9 -1.625 -7.5
15 9.6 -2.9375 -26.5 15 7.3 -1.8125 -28.5
39 7.9 -2.625 -3 39 5.8 -1.5625 -7.5

J2 30. 27 299 A3} a3 32. 23 319 4w}
Fig. 30. Result of Fig. 29. Fig. 32. Result of Fig. 31.
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