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ABSTRACT

Conventional traffic detection sensors such as loop detectors and image sensors are expensive to
install and maintain and require different detection algorithms depending on the night and day and
have a disadvantage that the detection rate varies widely depending on the weather. On the other
hand, the millimeter-wave radar is not affected by bad weather and can obtain constant detection
performance regardless of day or night. In addition, there is no need for blocking trafficl for
installation and maintenance, and multiple vehicles can be detected at the same time. In this study,
a multi - target detection algorithm for a radar sensor with this advantage was devised |/
implemented by applying a conventional single target detection algorithm. We performed the
evaluation and the meaningful results were obtained.

Key words : multi-target tracking, vehicle detection, speeding detection, radar sensor, intelligent
transport system
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Mx| odZ(Associate measurements)

w
I

(List 1) List of Associate Measurements

1: procedure AssociateMeasurements(measurement measurements|])
2: for all { in Trackers| | do

3: x=1tF . x

1 P=tF - tP tFT +1.Q

5 z=tH-x

6: S={H-P.-tH +iR

7 for all m in measurements| | do

&: A=/(mz—2z)T-8 T (mz—3z)
o: if A <~ then

10 insert m into t's measurement list
11: m.isAssociated =true

12: end if

13: end for

14: end for

15: end procedure

<List 1> Z42 d¢ agFe Yehit 3154 Exﬂ«l 232 28 AsFsta, @A geltzt ¢fol
= ZE FAA ] videhonl 2 A E AlRtste] mlE] AT AR 41 Ze Aol 31719 SHA
2B F71Y. 9 3FE ZE MO FA7]0 thete] RHET.

4. &% HHE(Update tracks)

(List 2) List of UpdateTracks

1: procedure UpdateTracks(measurement measurements|])
2 for all ¢ in Trackers| | do

3 DoTransition(t)

4 x=1tF - ix

5 —tF-tP-tFT +1.Q

6 tH-x

7 tH- P tHT

8

9: Pe=(I-K-H) P

10: if t.measNumber == 0 then

11: insert z into #'s measurement list

12: end if

13: sum = ()

14: for every measurement m in £'s measurement list do
15 My =mz—=z

16: m.L = exp| %m.:ﬂ S me]

17: sum = sum + m.L

18: end for

19: £ =8 (1 — PgPp)t.measNumber/Pp - +*
20: sum = sumn + L

21: for every measurement m in t's measurement list do
22: m.3 = m.3/sum

2 P=P+mfg -my- -muv’

24: v =m.3 - m.u

25: end for

26: P=-K- (P—r/»r.iﬂ) KT

7. tP=L-P+(1-L) P +P

28: tx=x+K- v°

29; add t.x into t's history list

30: add L into 's Gy list

31 end for

32: end procedure

(List 3) List of DoTransition

1: procedure DoTransition(f)

2 if LaneasNumber == 0 then

3 if t.status == Candidate then

4 t.statusTime = 0

5: clear ¢'s history list

6: clear t's By history list

T t.status = Undefined

S else if t.status == Coasting then
9 t.statusTime = f.statusTime + 1
10: if t.statusTime > COAST_STEPS then
11: t.statusTime = 0

12: t.status = Undefined

13; end if

14 else

15: t.status = Coasting

16: tstatusTime = 0

17 end if

18: else

19: if {.status == Candidate then
20: t.statusTime = t.statusTime + 1
21: if f.statusTime > CANDIDATE_STEPS then
22: tu = Confirmed
23 t.statusTime = 0
24: end if
25 else if t.status == Coasting then
26: T'ime = t.statusTime + 1
27: if #.statusTime > COAST_STEPS then
28: t.statusTime = 0
29: t.status = Undefined
30: end if
3l: else
32: t.status = Coasting
33 t.statusTime = 0
34: end if

35: end if
36: end procedure

N163, M22(2017H 48)
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B, v o] e Mot SAA7F 4L, FE AFEI H$, statusTimedl| 1 H5ka, 1 ghol
B3 agd &4 AR Holdth A7 dEHAY, FF AEIQ] A, statusTimeol] 1S Gt 1

%kol COAST_STEPSE Hol AW, HAe] Hel= Zolgith
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.5 FHI| MA

(List 4) List of DeleteDuplicates (List 5) List of InitiateTracks

. procedure DeleteDuplicates(t)
Define matrix DeltaMat whose all elements are oo

1 1: procedure InitiateTracks(t)

2 2 for every track t in Trackers| | do

3 sortedTrackList = sortByLifeTime(trackList) 3. if #.status == Undefined then

4 fori=0to TRACKNUM ~2do 1 add ¢ to undefined Tracks] |

5: for j =i+ 1 to TRACK.NUM —1 do _
i}

6

if sorted TrackList[7] status == Confirmed or end if
sorted TrackList[j].statns == Confirmed then 6 end for .
7 for t = 0 to HISTORY _NUM —1 do T fﬂr every measurement m in xli‘ilbllr(‘l]li‘]l*}i[ ] (10
s sum = sum + \f(x, » =308, (ke = %50) 8 if m is not associated with any of Tracks| ] then
9 end for 9: add m to unAssocMeas] |
10 DeltaMatl[i. j] = sum / HISTORY NUM 10: end if
11 end if 11: end for
12 end for 12; if undefined Tracks is not empty then
13: end for 13: unAssocSize = number of measurements in unAssocMeas| |
1 for i = 0 to TRACK-NUM —1 do 14: undefSize = number of measurements in undefined Tracks]| |
15 if m)rlE'(‘I'I't;u‘kLth[i].slzlh\s /= Confirmed then 15 minSize = min{unAssocSize, undefSize)
:: em;?fmm“ 16: for i = 0 to minSize -—1 do )
s for j — ) to TRACKNUM —1 do 17 Tracker t = 1111(1(‘1111(:-(['1—'1'?!0](%[1]
19: if DeltaMat[i, j] v then 1s: Lx = unA-"‘“l)l‘-}[c“ﬁ[l]‘Z
20, trackList[j].status = Undefined 19: LP =c¢ Qi
21 end if 20: t.state = Candidate
22 end for 21 tlifeTime = 0
23 end for 22; t.statusTime = 0
24: end procedure 23 end for
24: for i = unAssocSize to undefSize —1 do
25: Tracker ¢ = undefined Tracks|i]
26: f.x = a random vector in observation volume
27 P = Qi
28: t.state = Candidate
20: t lifeTime = 0
30 t.statusTime = 0
31 end for
32: end if
33: end procedure
<List 45 THEEheE 2 ARE F47) T fARe] AR ol gstel FuE F471E AART, Lxe)
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6. M FH7| &M (Initiate tracks)

<List 5>7F Ui Al F27] 84 dA= Aol ZE F47]1E undefinedTracks 8 Z=Eo] 4F9la}aL,
A3 FH7|N% F71E A E3F ZHXE unAssocMeas B 2E00 Ao 2 AT oful et 7 7]
T AEER F3F =HAE9] N4 unAssocSize2t MLl FA7]2] S undefSize 5 #H 47H-S minSizeoll
dggozn MEy Fx LFE PAT 5 Utk ©]o]A unAssocMeas | 2EQ| SAHAE sty 74
undefinedTracksl| Al 7l F& 710 JE3it) & 5 shvte] gl2E7) vA =W 9 #Ao] TEH I, THeF o]
7473 % 433t T o = undefinedTracks 2] 2~E7} Bl 1A 4T} undefinedTracks 2] 2EQ] RE F77]9] 4
= =7 9goo] 9o Yoz AT

1. 7

rgk

T@E 915t Contintal AHo] 2tk 712l #lolt] AlA ARS-3085 AHE-FGITE 2 AlA = 77GHz T 9
FMCW2 318 & ALg-3te] EA4|9] 91xe} £58 AT dd A4S waA Agstr] flste] A4 2
o|B2]2] Eigena AHESIAIL, g A8 A& AACRE 1] ffdte] Q AR2FHRF ZH Y
IE o] 831U} <Fig. 3> TP A£ZEY 0] FA AEFH o] 2E YehiT

1) S& A|AH 2H

Zt gbAle] 39S 5<% Zd(constant velocity model)S WETI 7} & mde

x, =F.x, +w (14)
9} o] FojAH, of7]A,

X1 = |Pek1 15)
pmkfl
pykfl
pykfl

2) FWCW : Frequency-Modulated Continuous Wave, S35 H

r
b
&
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(Fig. 3) Graphical user interface of the
implemented software
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0L 00
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00 01
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Q,=0.01I (20
R, =151 (21)
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o
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(Table 1) Traffic measurement result of the proposed system (unit: # of cars)

Actual Measured
1 lane 2" Jane 3 lane Sum 1 lane 2" lane 39 lane Sum

1™ 25 15 25 65 24(4%) 15(0%) 28(12%) 67(3%)

o 27 2 40 89 3B@2%) | 25(14%) | 4820%) | 106(19%)

31 28 13 33 74 23(18%) 128%) 35(6%) 70(5%)

4 21 19 36 76 24(14%) 18(5%) 373%) 794%)

Sum 101 69 134 304 104(3%) 00%) | 148010%) | 322(6%)
583 % 43, 2 A2 THFE ATttt A= <Table 1> 2k 23 QF2 A eaE ekt
7} 3)o] A2 wEFeAE A 22%%2 s & F Jom, BE AR wEHs U e doieat
A3 1992, VEH AL AL % YTk G AY ok 2 B 109 FUHOHE Bl 23 ABE 3

o] e FUF Polsomt TRol oL, A AT FL AlE W) AmultipatyE A2
A3t 2854 g delE B2 AYEE 5o GHOE T 0AE WYA S0 Beltk. ols)h e
e A 34, Belsol 4R deld AN A8 Bart ok

TEF JHE WIS FYFR FA) £ AFE s FPsAh doln) AL AAY Smer
B 100m oj AW RE FRYAE W) Hw Sxoh & AT Azdo] 2T AF S v
k. of W, A SEt Aol Azl EAE

(Table 2) Comparison between actual speed and estimated speed of a car

I ond 3 40 5 6" th gt g
Actual Speed [km/h] 63 64 69 62 58 58 45 68 60
Estimated Speed [km/h] 58 60 69 59 54 59 45 89 59
Error 5 4 0 3 4 -1 0 -1 1

Relative Error (%) 79 6.3 0 4.8 6.9 1.7 0 1.5 1.7

114 QIR TSYUZ| =27 MH163, M22(20174 49)
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