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Robustness verification of 3D pose estimation adaptive against lighting and turbid underwater varieties

with active 3D marker and docking experiment in real sea

by  Yuichiro Toda, Member
Horng-Yi Hsu,

Sho Nakamura,

Mamoru Minami,

Summary

Aiming at developing underwater battery recharging system, we have been researching on automatic docking of an
underwater robot using stereo-vision-based visual servoing and 3D marker. The docking function deems to be an important
role not only for battery recharging but also for other advanced applications, such as information transmissions. The authors
have proposed a optical docking system and conducted real sea experiments to verify the practicability of the proposed system
composed of stereo-vision-based 3D pose (position and orientation) realtime measurement system. However, our proposed
system sometimes failed the docking operation in the dusk and turbid environment since our recognition method lost the
3D marker in the natural lighting environment that changes every moment. In this paper, therefore, we proposed a new
fitness function for improving the robustness against the lighting change. To improve the robustness, firstly, we propose a
fitness function composed of color (HSV) and brightness evaluation for overcoming the difficulties to estimate in realtime
3D pose of the underwater vehicle in lighting and turbid varieties. Secondly, we modify the fitness function to improve
sensitivity by adding a heuristic rule that increases the evaluation value when the all color balls of the model overlap real
3D marker in the camera images. This approach enables our docking system to apply to the natural lighting environment
that changes every moment for increasing success rate of the docking operations. Thirdly, the effectiveness of the proposed
fitness function adaptive to the changing lighting environment has been confirmed in the outdoor pool environment. Finally,
our proposed docking system has been verified to be robust against lighting environment varieties, by successful repeated
docking experiments in turbid environment with lighting condition changes from daytime to sunset in real sea.

1. ¥ S &, T—TUREEDS L OEMETHREG LY L, A%

AR, WHKERAEED 72D ORk% Kk a Ry b A - B
NTHED, WERMO R, KbEYOERERE, B NERD
Bl EMEDOHMNIIZHTH S, InodkdoRy Mk
REETT 2 2 e hABEL INDH, ERFIZDZ b Kkdo
Ry b EEHEENTFHCHAET S Z LR ERBRBHEET 5.
Z OEEE OB ERIRT B 72012, KRy b o BBl
IZ & o TR EEBOLZE G Z T, RIUZIS L Z=HIEo
FEE 2 S DY G- 2 5 &\ S L EEIFIE O EE B EF I LT W»
5. ZO&S7%, KtaRy bOHBEIES AT LTENT

ORy b AOBEDEE HIEICFERE A TV —D DD
EVRERTH DD, W OPREEDYH B, FlZITEHRIC X
5B %17 5 Remotely Operated Vehicle (ROV) D

* i (L KRB EARRL R ZE R
R SER23E£9 H 15 H

HIZE L7203 =7 VR, BT m ORIPBELRD,
ZORIDOFEZ X > TKkPa Ry S OFIEIXEREEZE D & %2
5. —HT, NyTV) -2k 2B N E1T 5 Autonomous
Underwater Vehicle(AUV) &, 77— 7MW X 58R1%2%
LR TLWzoH, ROV &g U CIEMER A AT RET
L0, JEEATRER A AB I N/ T XINF—BIC L o THIFR X
N5, 7z, REOCITHM L IEOIEES 2 HE LR
NIX72 SN2 DRI RZEA D T E RV & W\ - A F
95, ZO&DREE MR L, Kb TOIETIRMEZEIXT
72IZ, KHPIZHERMEREL DRy NP EEITAREEZITD
VAT LOMEMGFoNTER D 23,

AKE Ry b OGBS ARF5IEEIT, ZX T DR T,
REAT— a YIRS 5 720 O RIEHED & DS EZ B
THEMREAT =Y a VABEICIE L, SREIIZHREIA RS
57O ORARIEIZ KT NS, FIEICELTE,
ViR D 72 8D DERERBI O 4 B HIEIZ B 2 5280°% < fThh



124 H AR T
T3, 20X RIFHIZET 2HE D70 OFLHIE DS
&, Ko Ry b xF—va VOB EET 3 7-0DX
YH e LT, F8L Y& BEEENS K OMETHN S
NTWwz Y, —HT, BEOEIRMIIZEIT B HAEIEIZ SV
T, AT U CTERICHRATIENEZ T2 08 HD, &b
HEOSMIERPHETENBE L 25, AFETIE, FE
BEREEHAWAT =Y a U h A TIZE - THERTE 5
T L 2 ORI B 1 B TR R RS HIE D ER % H
e LT Z2iT>T\Wab, ZD&S5kh, AFLAHATIE
REEZMHETEZ LIZE-T, HATEBHGEOAE & SHiEH
JH D DRBGFHKEE 2 X2 Z AR FHIEEETH
5. TOHEHSIL, RBRBERMERTEFEERZT 20,
AT VAAATIZEBHREERE W72 E R 3 RIGHLE L
BAHIZE 5T, KRy OREEER LTS 50,
REUZENMEENRBTERL, 32007 —Khrohk
53N —H—%2H, TOMEBRBZEEHTILIY X
2 (GeneticAlgorithm BAT GA) 12 & - TERHETEHE X,
HEEORS EVIBET AR OMEERSERE KPRy b
MR U 3T — I — D Z ORI DALERE & L THA
T2 EREFHGETH B, MFIEE B %, (1) 3W5E
S H—EBERTHEBLTVBAT L, (2) BT oG
LEFILE OEAMOME % GA OHELIZB I B EREE L
THWS Z & TR O E LS 2 ERRHTEHI L TV B
8) (Real-time Multi-step GA, RM-GA ¥IFATW3) TH 5.
7z, FHOIF, LR 3 OrEMEREE AW kT E
Three Dimensional Move on Sensing (3D-MoS) 9 ¥ IO
FerMET TS, 3D-MoS IZ&k > T/KRFEHFHGEZEE LK
NG T — L TOHREERIZEHI LTS 101D, x5
2, FIILIROEMNIC B W TEIRTOREFERET, Z0
B AR LR 1D, £, WD EHESORMEEEFTH
RRRBMETREL T B0, T3 Wov—H— 1514
& RM-CGA D&z O Tldk < B & 2 HHEE %
O AN A EEBEREL 1519, 2oEMME RIEL
2. ZOXDIT, AT, BREUTKIT U3Vl 22 58k
Fitt 2 59 23R 2 MET 2L 2HEE LTWS. LAl
BHS, BEETICIREL CEEAEEKTIE, (1) @i
BREIFE (2) YENONEREI FIZB Y 35N 3 Gt~ —H—0
RBPLEET, REDVKMLUTUE S &\ o BB EDETE
LTWe., 22T, ARTIE, ThoDBETIZEWTHRL
IMIEY— N — %2 LELTHMTHIL2HNE L, ZThET
DGR EEUE ST IS 28l 2 A 72, Hi- e
B IRET 5. 51T, RELEZHLWESERSZHW:
DAL, EESTEPSHIINIT TOHER Ry ¥ 2
EEETo7. LD, EHSEERETT, oy
DG4 H % L LT B BB T B IREFIEOAMMEE R T

X #1355 2011 49 A

Docking completed distance
350 [mm]

Docking start distance
600 [mm]

Fig. 1 Docking layout
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Fig. 2 Design of docking hole

Fig. 3 ROV (Remotely operated vehicle)
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Table 1 Specification of ROV

Operating depth [m] 150

Dimensions [mm] 450 (W) x 600 (L) x 395 (H)

Dry weight [kg] 20

2 (Horizontal

Number of thrusters ( OI‘I.ZOII al),
2 (Vertical and Traverse)

0 (Horizontal
Max. thrust force [N] (Horizonta
and Vertical and Traverse)

2 (Forward, 70 W),

Number of LED lights
1 (Downward, 75 W)

Table 2 Specification of camera
640 [pixel] x 480 [pixel]
(0.00638[mm/pixel])

Resolution

Angle of view 80.4° x 64.9°
Focal length 2.9 [mm]
Frame rate 30 [fps]
Distance of cameras 178 [mm]

Camera direction Along to x axis

30 v [0

Fig. 4 Active 3D marker made by SEC Corporation
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(a) 3D marker made of 3-spheres with red, green and blue colors

~ \ i
(D Vout
. \
| .

1

I 1 I

Y .. Py i-th pair of in and out
1

/ : evaluation point
l

) . [N [ ) /
Evaluation points,', N \. ° . o,
. [ ] /
re S, @ ~---- e

AN ] [ ] ./ .

[ J

Evaluation points,”~. __ @ _ ‘X’
rE S,

out

’

Set of inner area of the model, S,

Set of outer area of the model, S,,,,

(b) Evaluation points defined in one sphere of the 3D model

projected in camera image

Fig. 6 Construction of solid 3D model to estimate
pose of 3D marker

It is impossible to
distinguish between the
outer area and the inner.

Value distribution
V = max{R, G, B}

Brightness distribution
B, = 0.2990R + 0.5864G + 0.1146B

Fig. 7 Comparison of distribution between Value
and Brightness in a camera image
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Table 3 Hue ranges of left and right cameras that are
detected and calculated as red, green and blue
in fitness function

Red | Green | Blue

Right Camera | A, | 160 260 0
hmaz | 200 320 60

Left Camera | hy, | 160 250 20
hmaz | 200 340 70

Fig. 8 Left and right camera images of active 3D
marker taken from our stereo-vision system
of ROV at night in water with turbidity of 15
[FTU]
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(a) Conventional method. The distribution of conventional

e

fitness function defined by Eq.(8) in conditions that the

pp(*r) is given by Eq.(1).
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e

(b) Proposed method. The distribution of proposed fitness

function defined by Eq.(8) based on the derivation
described through Eq.(2) to Eq.(8).

Fig. 9 Experimental results of the fitness distribu-
tion, through which characters of conven-
tional and proposed fitness functions are com-
pared.
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Fig. 13 Fitness distribution of €2 and e3 calculated
by the proposed fitness function F’ that is
defined by Eq.(15)
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Fig. 18 The 92nd Docking performance. (a) Fitness value, (b) Position along x-axis, (c¢) Position along y-axis, (d)
Position along z-axis, (e) Orientation around z-axis, (f) Left and right camera images taken from ROV’s
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Fig. 19 The 104th Docking performance. (a) Fitness value, (b) Position along x-axis, (c) Position along y-axis, (d)

Position along z-axis, (e) Orientation around z-axis, (f) Left and right camera images taken from ROV’s
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