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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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a2 1. ARS308 #Holr] AlA
Fig. 1. ARS308 radar sensor

32l 2. ARS308 #lo]t] AlMe] AlA| 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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T2 3. dlele] AA wlAIA] (0x200)
Fig. 3. Radar configuration message (0x200)
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28 27 radar_outputctype

ZEradar_enablet

msb l=b msb

E 3. dolA A4 wiAA (0x2000F 7143 &
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
L
SendObijects
radar_output_type 26 2 Motorola | Unsigned | 1 B
. 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
025 0,0.25.. 32 deg
radar_elevation 23 8 | Motorola | Unsigned
deg | (Road->Sky)

o F Aol AR AdS Aol shafaioiof et

L LF

3 =
High Speed CAN
o Radar Configuration

J7 4. #ely Axdle] A
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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Fig. 7. Control flow of the data acquisition application
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CAN Bus

ARS308 CANUSB ]

Linux Kernel

Data Acquiring Application

L]
. Data Acquisition Graphing
Main Module Module > Module

a2l 8. AR S=slelsl £xEgels] 4
Fig. 8. Hardware and software configuration of experiment
environment

E 4. Z340x60B” A%l “Obj_LongDispl” Z=9]%]
Table. 4 The location of field “Obj_LongDispl” in a
frame whose identification field equals to "0x60B”
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Fig. 9. Conversion of arbitrary fixed point number into
floating point number
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Fig.10. An output of the graphing module showing an
object moving farther away from the radar sensor
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Fig. 11. Graphic user interface of the data acquisition
application
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Fig. 12. Diffusing one object to two object at 10m far
from radar
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Fig. 13. Merging object using clustering algorithm
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Fig. 15. Detect car and human objects
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T2 16. akRte] 71e7) 3 24
Fig. 16. radar sensor calibrations
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Fig. 17. Too many noise at RCS value of 22 degree
(elevation)
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Fig. 18. Diffusing one object to two object at 60m far
from radar

T2 19. 24m "olxl AFellA 17 SHAE} 67 Ak
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)

32 21, 38m "ojxl AFelA 17]) LBAET} 3 Fik
Fig. 21. Diffusing one object to three object at 38m far
from radar

T2 22, 20m WelA AHeNA 1] LBAES]L 3T Ak
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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a2l 24, 34.5m AAHNA2 oF5g AFuAlE 19%)
Fig. 24. good result at 34.5m far from radar(19degree
elevation)

T2 25, 13.5m A|AelAe] of5d Az 19%)
Fig. 25. good result at 34.5m far from radar(19degree
elevation))
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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, ZelaE duelEs A8 euAE A
Fig. 28. Merging object using clustering algorithm

O 29. e Az 7|
Fig. 29. Detecting one human object
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£ 5. 1om AMelHe Holele] 54
Table. 5. Characteristic of data in 10m far from radar.

1D 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 -1.5
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 -1.5

02! 30. 28 292 Az} gl 32. 18 319 A3}
Fig. 30. Result of Fig. 29. Fig. 32. Result of Fig. 31.
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