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Tracking of Ocean-Floor Organisms Using a Particle Filter
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This paper describes the development of a visual tracking method of an underwater vision system installed into a
UVMS (underwater vehicle-manipulator system) to manipulate ocean-floor organisms such as acanthaster. First, an
execution procedure of UVMS for approaching the target is shown. Next, a novel and robust target tracking method by
using particle filter framework in order to achieve the procedure is proposed. We applied the proposed method to real
video images, and examined its effectiveness by comparing it with other methods. The results of some experiments
that evaluate the performance of the developed method are given.
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Fig.1. Overview of the UVMS.



MY OB (HHE, i)

DALE ZHHN R R AERR O BRENZFH 5 2 7250
213, g E I L BRE (MliikRe), Bl S h7oadgz
BT HHRE (87 v ¥ 2 768, B X O GOME
RLEB T LRI A hkRE GHIBESE) PEETH D, T2
IO DOREREIL, UVMS 25 4WIcEan3 A0, b L<IE
7oM< — 72 ) REREET LB oL
Wre EOFBIZUNA PTRIFIUES S v, JefTHigE @O
TiE, 350 LED R & sHi 4 & U TR 5 B8 7
FEBREMITHEDO W T, KRR OREEE L MEED T LT W
5 O0, L L, HREOFHEOMLCHEH G OREN
COEMINEL A EE L, unNA N e N T v X B LR
HEFHA OBRREREER I S TV v,

=, WEROEAMEIZEED CGBEFETIRHEE Z TN A I
179 CAMSHIFT (continuously adaptive mean shift) 7 =
AL O% FERNTECHLN—T 4 7V T 1)V (PF:
particle filter) @ X HlAGHE L Z L2 L - T, HEDRH
% [Als (2 BB 3§~ 5 CAMSGPF (CAMSHIFT guided particle
filter) 2SR ZE SN, BREEEFIIXT 5 T/NA N Zxf RBHRE
BEE HVEHENREZET A EDRENTVAW®, 22T
AL T, WERELY Y IHEICERTS2F = P TD
R, TbBLEMN A A TAZ LR UVMS LD )
TICENEDBNZ EEFREL, #ILT T - vy T
YT B g mikRE Y - DX ST AN TO—D
PR D0 X T BEOHERREZ, <512 CAMSGPF
AT AFELRRET L, T2bb, UYMS IZH#HEIN
LARFEY 3 vV AT LIHAARBEROF = s o0
INA MBI E NSy r 7 RERT L WG T R R
KT D, 512, BHELLY AT 2 OVERe & R & W
T 5,

KL OBBIIDTOEY) THoH, TF, 2EEIZBNT
UVMS L KHIE Y a v Y AT LD ZRT . 3EICBW
T, WEOWNZEYDBHET) ODREFHEERT,
4 TR EFHOMERE ML T 5 720 OEEFER 2 TR T
W12 5 B CAGR L DG & kR B o

2. KFETI LIV AT LA

(2:1) KBEY 3> XFLERAWVS UVMS DEIE
UVMS 2 L B RO LRI, KFEYa v X
7 L OFHINCED W TROFNEIC > TEIT SN S,
(1-1)  UVMSHRHmZBEL, Kby a Ty AT 412
Lo TR » THEZTRET 5,
(1-2) kP EYa >y Y AT LOWREEENIZBIT b35%
W R RRIT 5o
(1-3) MWEEEBETEAMETTUVMS )L, 5
& DXL E & —E IR D,
(1-4) ~Y=Ea2l—%I2Lo>THROFIEERIT) o
F9FNE (1-1) 1I2BWT, WKL ILHE P I L T4
RYERT D202, IR#Z N A T O RIS E T
Do LY A BT D H AT OHNHENEZ SN DD,
JEHROEEDPVELRKP AR T I AT LTI AT

117

IEREMIBEED /2O DFHHEI A FDSE L 25 2 LTS
n, F72, BFTHEIBROBGMEEIMRT T 5 % EORMED
BENRAEFNS, €I TRIFETIE, y—FKRE-FITL
BV - FNVNEREEET AN AT VAT AR EET
bo E5IZ, AMFEETEZLHREMO~ =Y 2L - 3
Y O—HDOEMEL, UVMS OHIFLRIC & 2 BEEE L 4%
V=S L BB EYI VB DN 6FTENE S
EEMET D, LzSoC, FlE(1-2) TiE, 94—
§HSH AT W% Ao mREREIC L o TRHEZMIE L,
BT AW IRET S KIS, FOEHEIEO MG
NG — REAEO A EDO R R MEE LT Ty
FrUERETRE L, HEINAZUROBHEHGT 5, &
HIZ, VIR ITERELEHI L CEEN AT DIV - F
v RS 2 R 3 2 5HABRE 2 AT L, FIE (1-3) 128
\7 % UVMS DR BN OB R %, H&%12, FIE
(1-4) 1I2BWT, R I T EDOHBEICHT L7212 UVMS
DEBEREL, ROV al—Tar %), 2D
VEEDSE T L7z 5 HOTFIE (1-1) 1SR, fodgo~=
Yal—3variiis,

KT, Ealod X9 (g b UVMS DENEIZL
BB Y 3 r Y AT AOBERROEBLO 720 O i (LR
FHLOMBEIENE U TS,

(2:2) KRET IV RTLDOEE  REFEOH
WEMETHAKPEY 3> A7 4 0ME & HIK % Fig. 2
ICRT, 2H5D CCD I AT EHEINTBY, #hEh
DL v XHULEIS Y - FU b OREEFLD 3T 5 £ )12
PF—RE=FDPPWHNIFSNTVD, &1 A TE51E NTSC
TdH 1, 640 x 480 [pixel] D% % 30 [fps] T T E %,
EHIL, INLDOELAHI ATIEATA FHIZIHE-T, £
FHHRD S EAF N EREOREI TR TH Y, £f
71 A 7 [EHEEE L 68 [mm] 72 & 380 [mm] D #iFH CZ T ASH]
BThb, COYYa Y AT AL, HEOHKE A
HEWT 5 FhKEE & L il 595 [mm], 4% 300 [mm] @ I
DT 7 I)MMEFHALTBEY, NEICIZZRsHA SN,

(2-3) EEBESHEl  KHY Y a v AT AOMEER LA
SOMR%E Fig. 31K, 272 LHHD X, 13 AT A4 Rl
RILT AUV 3 7Y AT LR, Gt (Gu O Ok). €
T, 3G KIS B BRI GO UL, | (SAEA A A T 1
PEBE, O BLOORSIEA N AT DU, ¢p BLUGRIZ
FAEHNRAXTOF NV MNERT, 22T, I AITVL Hx
MWT VARG fiik F)U % 0rad] &£ 2D, 7 2
IR RGO O EIE, ERMTE
MW7 Ba% TV MO/ SR IEL T 5,

ZOKFET a vy AT L% UVMS IE#L, AT L
FHUC & B BEEEHI 24T 720121%, A A THEErS
OFE O, Z15 DB, LAH AT M TORHE
DIEL WIS VW ETH D, F72, UVMS OBE)#E

¥ y° Hil 12DV CHEEHE b JTa)
T N ﬁﬂ]ﬁ:ﬁ\/\fﬁﬁﬂa 0) )jl_llﬂ

IEEJ Trans. IA, Vol.133, No.2, 2013



MY OB (HHE, i)

12

/

" —
control nits
N\

o /et camera
—

(a) Appearance of the underwater vision system

Counter
board

PWM
board

Picture input
board

computer
(b) Schematic diagram of the underwater vision system

Fig.2. Underwater vision system.

right
camera

target

Fig.3. Measurement model by the vision system.
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Fig.4. An acanthaster planci (original image courtesy
of Dr. Shoko Isomura).
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Fig.6. Examples of applying the proposed method to tracking of a target object: (a)—(d) are raw images; (e)—(h)
are processed images, the yellow ellipses represent the states of each particle, the red ellipse is the MAP (max-
imum a posteriori) of the particles, the red rectangle is the template image extracted accommodatively, and the
blue target mark represents the estimated position of the target; (i)—(l) are backprojection images based on the
target hue value histgram; (m)—(p) are the score images provided by template matching (the white pixels have

high score value); and (g)—(t) are template images.
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