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ABSTRACT

Recently many studies of Radar systems mounted on ground vehicles for autonomous driving, SLAM
(Simultaneous localization and mapping) and collision avoidance are reported. In near field, several hits per an
object are generated after signal processing of Radar data. Hence, clustering is an essential technique to estimate
their shapes and positions precisely. This paper proposes a method of grouping hits in range-doppler domains into
clusters which represent each object, according to the pre-defined rules. The rules are based on the perceptual cues
to separate hits by object. The morphological connectedness between hits and the characteristics of SNR
distribution of hits are adopted as the perceptual cues for clustering. In various simulations for the performance
assessment, the proposed method yielded more effective performance than other techniques.

Key Words : RADAR(# T, Clustering(F #12~H @), Pre-Clustering(*}1 2 #]2~H ), Range-Doppler Image(7]2}-%=&
2] 9373), Partial Plot(F-EZ%)

1.M 2 g & e dFA % (remote sensing) 7]&o] g

weh, o5 ApFell dAste] FRIAEFH | THed

%4} 71 2Hcamera), 2F]THLIDAR : Light Detection F-AAF2FHUGV : Unmanned Ground Vehicle)oll T
And Ranging), d°]THRADAR : Radio Detection And 3 Be ARy} o]FoiAa )

Ranging)®} 22 AF/AEol| gk 3a34 JRE g5 olF=AlE BAE] fsiAe dHolunziy =Y

H A5 E AFste] 25 A71(SNR : Signal to Noise

* Corresponding author, E-mail: dongwoni@add.re.kr Ratio)& °o]Fo]A Q= vt e 43 A4tk 44

Copyright (©) The Korea Institute of Military Science and Technology 2 Hge GAdAE EAZRY SRR A3

810 / SH=r A7 83) A A17d Al63(2014d 12Y)



OJFEA BAE A% doltt vlelE Y Ag-=Ee SE2HY 7Y

A717S Zbe g B 7 ol 87 F2]E(clutter)
- HjACERE HEoR A5z Zie HdEe] =
gtelo itk o]#{st ¥ El&= CFAR(Constant False
Alarm Rate) 7S o]-&3&ta] AAHL -3 F9
A ATAH7] t3Egs YAAR AHER, o] H
o v AsAY] e e BAse S BE

=
TR, B HAEL 24 FAhit DN 9
Btk 223 A hit 49 A, W97, S= 3

H(domain)®] 19X (index)E ©]-&3te] FZ o] A,
W7t £xghs Akl

a2 5 km golZl AAY ol EAE A 1~2
719l hit GAo] A AT, 2} o]F Ao E‘ZHEM
100m oJHie] EAE gXete =AY #Holte 4
EAe Al wet = Jhe] hit AR R '}r:
ot webA o] FEAE "AS] 9% 2AE deolt
Hole AHzlolA o]lFEAEZ hit JAES 1535
€ Z2H™ 7ol et

CFAR 71¥< AX &dEH+< hit AL AL, ==
H(ET), W7 =W X (pixel index)9} 4l&
A7 3e 7 Stk &, AA hit HlolEle Ag-
SE 397 219 33 FAE 9w

Hit F812H#L Fig. 13 2o] Ag-=Z8 L
A hit A4S 2Fssle AY-EE5Y FE2EY ©
At Agl-=E¥ Al 58k FEE S (partial
plo)yE oA W97 AHelA 2Fslete] ER(plot)=
st W sy gAZ FEdh.

Range

&

oW

Azimuth #1 Azimuth #2 Azimuth #N Azimuth

2oL} HitelolEy HE-EEY SAET WY 2AEY

Fig. 1. Hit clustering of RADAR data

2 ATolA= hit SH2EHAA A HA GAA
Ae-2&e E2HE WS ARbeazt gtk A

T ZeaEde wg W deE 53
A, 2 97§ EE A8 hit2FRE A
2] e we &, ARl Feold EO=E hit
55 53 gk BoE #He hit JAES
EAo o3 AR AEZY Fol & F e o
A S@X(perceptual cues)E Y|, o= Y &
AZRE A9 hit HAANA Hehdes SA4 76k

o
g L

my 18 b

‘O,
N oro

stk Ze|2EH o)A AREEE QXA BAE hit I
A7V FZ99A AP (euclidean distance)oll 7]1¥FSF ¢
HAEAF hit A A3 A7 BEEA ]

2l

2. HiH=

2.1 MEeixt nE

719 goltt AL F2 FAY olF
AFH7] s BHo 2 sEEo] gh7] wiEel hit
Y 2EE 7P digh dAFrt vplsianh 1y
U Zdole WA 5HoE A Aol g
£ Ztelo)tKcar radar)7} 7EEo] wEkA o] FEH o
o) vehte v hit JAES FE2HEY 719
gt A7 Bol o]Foxa gtk

Hit Sel2EES 93 71&€9 APATFE 29R
W, 4474 74 #o]&% 7% (Connected Components
Labeling or Flood Fill), K-means Z&]2~E % % Knee-
point 7], 7F-A19 2 H(gaussian profile) 7| &
2Hd 7' Fol AUt

AZAA 7R FlolE72 H3FE ¥ (computer vision)
Folo A o] H(binary image)S #25}7] Y3

o]E&(labeling) 71¥ = 3IIEHA, A2 AZH ]
A AFS AES 3o HolEE FolFe
2oz FH2HYS ST

e} o] ZIHE 27 o)) EAEC] A= 1P
, hit FAES shte] FeAEHE dFdehs #
Sh(under segmentation or merged false alarm)©] Wt
=3

Krmeans Se]2EH-2 9] wil AAhit FA)E
S WY AHFYzE) oz agdshe 7o,
o] WS Zu2H FAMEHSY FY2HE TS
A 4ES] WERfole] Fito] HAs HEE 7
i]%% &3 ok a2y Fe2HY S kE E

3L lefof &, Jo(random)E AdshH= kel 7]
Fei2E F4AWE Y we} FelaE 2Rt dold &
Ak =3 AFHS FH=HES Fu|, A7 wt
hit FAEo] QEBFEHE HAlo] waysic)

Fej2El9] Mg kE ZA37] Ha AdE VHe
2 Knee-point ¥aLg]Fo] Ut WA FH2EH NF7)
I~o/letz & w), 7 Kemeans S 2~EHS 523
3}l o]o] thdk NMSOS(Normalized Minimized Sum Of
Square) error’t FA3sIA Wglele AHS S OZH

EAE &

o&;zi

73
e

%Mz o

o

il

St A e 71483 ] Al17d A6E (20149 12€9) /811



2el28 J)5g 24a aey 2eaHse ¥
st 2719 wek e B A,

AR Z2d o 2Y2HY JPde Az 2
U BATA A AL it AYES F VAo
A gAY BAY AAgEEE woly] sl A
CERRERIE i}i&(ﬂﬂﬂﬂ)ﬂ e 94 A
2 Jag 4oz /A wd Z2Eg 44
gtk el =2 o 3

3] el sFshe FAEL
Yo FY2HE agssta AAST o] W &
= QHE FesHE Ggdoz BY 4t 1
Ay 23 2d Har(parameter)ol] W7Hsle], dolE
EAS 1Hd AYs zzd wdo] Qi)
CFARZHE &84 *o X FHLHHS T3}
7] 9138k 7= 3 o AwrE FdAdzie] o
A4 AE ol %-z— He AWd shle) 2
Zﬂoﬂ o3k hit JAESS ASAY] BEXE 183 2=
Rl el Sl SRS, Al 2
A-E F A ol 101]*1 Yehd hit IS
4 gelsi Eo}%lzua e FHaHY 2
e A
oo E AFtelA=
AHE A hit 94
Atk 9 012 )
hit __L]Hl ,] A]:Q:/l-ﬂ7]

—4

A=)
=
=7
=9
Al

ot 40 mh

=
=

2.2 Jiek EAET 7Y

B ATl Adtele Ad-=E5d ZH2HY W
2 AgPAFolA AFH AZA 7N HolEF 7HEF
el Z8i="(flood fill) 1 ElEFH e o5 E
Aol o Ael-=Z AHAolA YEhtE hit A4S
o] AzA7] & o] &3kt

CFAR HEE #A =€ hit JB5 25A7]

rE

YEANS
-7 0=

e Ag-=27 = QoA F3(bell shape)2] X
545 2=t ol goly ‘ﬂ”"ﬂ’ﬂ e =4
25e] B4 wE Zog, o] A5 54 digt =
2 ARy o 2k Ag- ‘:%31 FANA (re,
be) 119 Q1 EAS Sla) WARE hit T 21
AP F2E A (D~@Y EdS g2gbl o7]d
A re AYA, ke EEAdoH, S, © CFARA
AAA e o ALtEE FHEQD ASA7] Folth
PD(K) S PR 27t £, A7) ware] A5
7] Z23& oujgth 2 2)olA ste Aol 9§ A

812 / gAY 83| A A17d Al63(2014d 12Y)

AFA - EFE
el Zea WAPAEE WS, A4 @) oy,
t EEege) 229 APAEE deE geolt
ND¢} PRFv 247y =23 dE$9 H2EES
o) g
S,5(r,k) =max (10logy, (PD(k)-PR(r)) +5,,,,0) (1)
PR(r) =max (exp(—(sf-(r—rc))*),107'7) 2

k—kc)?
PD(k) =exp( u) )
20(1{)[)pl€1
19.35 X NDx 4 \?

U(zlop[)ler' = (T) +0—§‘i1tsr (4)

E AFoMe olgd 2EAY] 3o EX 54
ol-g-gtt}. WA & EAo o LR hit A
FollA FHRACE M w2 AsA7] & A9 hit
Fue gaat Teln SYEY SREE o83
o YPAE hit AL FHOL ol 2YUF FoIM F
AR AR e A e e JAST G5
o T4 B9 e FeAx8 UL el P
o 3 (region growing)S A|E=3CE o3k

92 A A A (recursive) 0.2 3P 3t}

Abe el AA AL Fig 29 2ol 1) =o]=
A Anoise reduction), 2) =FFZ FIAFHA EX|(local
peak pixels detection), 3) 3% & (region growing) o Z

et

1) o]z AA GANAE dolok F gL
A EEolx dAste Asgael 4°H A
g-2Zy J4Y =o)=2E AAg ol tha WA
ol =Rx u A3 (local peak pixel)S AT uwj, 4
A o]=ze o3 QX E(false alarm rate)E E°]7]
Aol A3 Fig. 37 & 7FeAd ZH
(gaussian filter)E ARS8l G4 o= oJdt JS
AAZY, Fol GO 7HAID ZE AGH)O]
AE W FFIEEH LS A )~ (6 2o 7 2
HE A&l AolA FE] Abo]Z(size)o} FEFHZHo0)
ol et molz oA A=rt AHE T weiA o
zo] WAl Ry} & o 5AS Esforsty] i
of dFHo2 APslH, & AFoXE EFAHAL 1
?1 3x3Ato] =29 7H-AIA HE A8

n:r>'

olE



o sEA FAE AT ol tolH ] A2-=Ed FH2HY 7H

Range-doppler
Image

Noise reduction

Local peaks
detection

Region growing

Fig. 2. Proposed method of hit clustering in range-
doppler domains
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Table 1. Performance assessment result of the proposed method with the existing clustering algorithms

Proposed method

K-means

Connected

Component Labeling CauEsEn Rl

No. of cluster 41 28 57
No. of correct clusters 33 12 35
No. of
o. of under 7 16 7
segmented clusters
No. of over | 0 15
segmented clusters
note no algorithm need the known can not separate is sensitive to the
parameters parameters, randomness adjacent targets algorithm parameters
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