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Three Dimensional Measurement of Submerged Objects in Transparent
Vessels Using a Manipulator-mounted Laser Range Finder
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Abstract An important need exists to digitally archive 3D models of objects, such as specimens of rare underwater

creatures. These objects are sometimes preserved in liquid contained in transparent vessels. When measuring submerged
objects, light refraction should be considered. Refraction can be considered with ray tracing, but the 3D coordinates of the
vessel are necessary to use this method. In this paper, we propose a method that takes advantage of transparent vessels not
being completely transparent to measure both a vessel’s surface and a submerged object using a laser range finder mounted on
a manipulator. The method uses a camera to detect reflections from the vessel surface and the submerged object. A captured
image may have multiple reflections from various paths, so it is necessary to identify the correct reflections. The proposed
method identifies the reflections from the vessel on the basis of epipolar constraints related to the position of the laser range

finder and identifies the reflections from the object by ray tracing. Experimental results demonstrated the effectiveness of the

proposed method.
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Procedure flow.
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Image acquisition and identification.
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13RI KIS, VTP T AF ¥ /KD L—F Ol &
SOtOmG 7RG L. &k, FERIEERE T T 7.

FERICH WIS A—272R 1IRY. FHllFEEZ LRF
M5 Zy, JTIANCEERE 200 mm DL & U7z, LRF b 5 iRk
200 mm DOAIEICERE LIz AR L—YE 2B L, ik

UGB O L —YREEOERZ T, DfEE LTHWL
Teo T liZDWTE, 2/ NEFET B L /A XD
CIC X ORI T, OFIFHZRZ, AasAHEOH
HIC KRBT 2 ATREMEDMER T 5. — T, Ty, ZRELTS
& REDCOMER RN A O IATFIREEDE 2, R LI
DOIFEN E < 7R DFHIBIRMET T 5. £z, Tp OfEIE
TERBBENC B3 332 DHIPAZHET 208N H D, T, O
TEIEPA RS & D K G EDBEE DN A e T 20
b5, 22T, LD EZEE L FRFEBROGERNS
Tw, Tp BEU Ty, OEZERE L.

4.1 BHBRFD 3 Kot

RIS A CDOFBEREZ NS 2 72 DICE 14 1SR H
T ABDOE 2 F Uz, FHIAIE K AN 100 &,
HEE 5 I 40 SR 4000 fi& Lz,



14 A5 ABERE (B8P

Glass vessel.

Candidate points

g

Epgo.grfne____

Vessel reflection

/

Excluded

(c) 2 degree tilt
B 15 BRI X B AERREDLOM]

Process of vessel reflection identification.

L

(a) Conventional method

16 AT AAIRFHIRER

Measurement of glass vessel.

(b) Proposed method

EHTHIC X B BRI EDEOMA O T2 15 1077
%1 15(a) (E ORI 1) 2 HEE IO R TR LTS
DT, TEE—SH LI 3 DORMEMALL TS, K
15(b) 1& LRF X =¥ a2 L—&Ic &k O 7 1)U b AIAIC 1deg
S T b X OHFIIET, GRS A5 D
R % C & Tk LIRS B E Mz, [R115(c)
FE BT 4 R HINC 1deg 5 & = & & OREGEIL
THY, FOBMEAT Y E— O MRS
DEBRAE NS, CAICED, TEE—TROBERKHE-
T R D AR & L THRBIE he

FERTFH T, TEH—FH ORI B 5 13
SRAIYREDEE UCHI T 3725, 1K 15 OBA T/l
DI 2R & U CHlI L RHig 3.

R HIRED B 15 5 N AR DD b AR EEE 3 X
FERHAIL T — ) R EEEERICHE O LIRS A2 B 16 10577, X
16(a) AEKTHEIC & O A3 9D LTt L7

J385

XOYZE2L—2ICBBLEL—HF LD T714 > 2BV ERRRFPORPMED 3 RTHIKETE

Cylinder "Center axis

Cylinder model W

coordinate system

17 HEETIV
Cylinder model.

DT, K16(b) FIEEFEICLZHERTH 5.

PERTFIETIE, BT X D AIEIRO TN T
M, REFLETEBEMH R S AREIRZRITcE/zc L
MR TZ 5.

4.2 ARETL

4.3 fiB KU 4.4 i TRT FERTIEMAIRO AR = H
5. Yamashita 5%, Z—27—7 )LD EELZHLOED
N & HAERBORLON EEHET ST LT, X—
T — 7V RICED NI A ZRN Ok Z2 519 2 F
FEERREZELTWVWA. Yamashita 5OFETIE, X—2TF7—
7V D [alfE ULl & FIREARR O HUODEANFEl— 1A 72 % K
IICHE L, AN TH 20805 5.

ARWFETE, MAERBROHLEONE - F1aH X URS
DELE (DM DA TH 2 AMCHIGT B7zdic, LUF
TR BHEE TV ERERTT IVICH W .

AT 7OVIEE 17 1SR MO HLl 2 £ 9 47 &
NZ MV pm = O, 0,0m)" EFANT BV vy,
(Cms By Ym) T BEOHEDER rick DB EN B,
BB, [vall = 1 &L, Bn > 02F5. THhICKD,
m = /1— (02, + B2,) LEENB o, RHBREM
HETIVDIST A= Ay Vs Qs B BETr D5
DB,

AME N ARERROFSEE xi = (vhyna) i =
1,--- N L§2LTNEDINTA—REIXXZHRIMET S
ZETROENS.

N
F (pma Vm, T) = Z [T -R (pmv Vm, Xi)]2
1
72720, R (Pm, Vm,X;) EEHR & FIREDOHLLE & DA
2RI TH O, LUTFORXTEEINS.

(19)

%

R (pnru Vm, Xi) = Hpvm + Pm — X7,H (20)

(21)

Vi)

R 5 RS HAH TR T T LN TE 5.
Z T T, pm ODNEZFEME LIEELEEICLDLEENS
FFEE T IVERERZ K 17 DX DI & b, T—)b FEERD
SHFEETIVEERANZRT 2. 58, Y, ilidrfEoHh
D —H]ERS. kD, FFELEDOR (z,y,2) 1FR
ROHDOTHEATEEINS.

p=am (aji - /\m) + Bm¥i + Ym (Zl -
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18 AL
Polygonal pillar.

-

)

19 77 U )VEFREAR

Cylindrical vessel.

Laser Vessel object
;Camera I:I
220 mm
385 mm

20 KRl SR o BdE

Arrangement of evaluation experiment.

Vessel reflection

\

& S P—

~

Other reflection

Object reflection

B 21 YMARSHEOMARER

Result of object reflection identification.

-90.0
-130.0
-170.0 z
150.0 60.0 -30.0 -120.0
X [mm]
22 FIFEARREHRER
Measurement result of cylindrical vessel.
224t =02 (22)

(22) 7 I CIEBBEBING 151 3 Y6 & D5t X U1
FiR ST 5.

4.3 RERE

RETFEOF NN RT3 721 E 18 17T £
oA Gl LB 19 1679 7 & U VPRS2
BE LMPEO 3 OOEEFNLE. ® 20 CFHIICE

J386

Measured planes

30.0

-5.0
60.0 o -20.0
20.0 " ' 10.0
200 300 Y
Crossing lines -60.0 Y Z
[mm]

B 23 ZAIPHFHIRER

Evaluation of measurement result.

£ 2 MHEETIVINT A—2OHEEM

Estimated value of cylinder model.

ISR Am [mm] | 186.6
HLOIEN S BV o Tom] | 2755
~ N [o 7% -0.0138
HUD N Y BV B 0099
g r [mm] 165.5

F% LRF LMHAGROERMGRZRS. LRF & AR
I EE TR 220 mm ORFEkCE 5 XS ICEREL, ZAEH
AN O ISR ZICEE, LRF S 2ABEZ TO
FREEIEH 385 mm TH 5.

ZAEEOPROEOEX 50.0 mm THH, KAEDMHEE
e & O REIL 30.0deg TH S, FHEINIE IZ/KFESS 1
I1Z 250 m, MEESFAIC 40 $DFF 10000 & Lz, Fiz, &
FRIFZER1.00, 77UV 149 BXUK1.33 &L &
B, MEREEONEEE 165.5 mm THH, EHT 5.0
mm TH5.

YIRS 672 5800 U T B DG 2 IR LTz 6 D72 B 21 1
RY. ERICE Ty F T K D E NI BRI
DISNC 2 DDOREDEIFIET 5. TN ZNDOREDEICT DV
TERRBEA 21TV, I I8 2 CRREEEEE D (K 11) %K
STz, HROKGHEN 5RkD 5N EAREEE#EE 15 mm,
G OGN 5RO 5 NI AR HEEREE 0.17 mm &7 0,
G DORGHEDYMARSGHEE U TS .

RS ERE OIS RAER 22 1R7. Fz, 55Nz
RSB HOFEEED ST T IVDIST A— R H#EE L
TefERz sk 2 1R, #EE S N/ZMHEOYEIT 165.5 mm
R D BN OHIFANT— L.

BONEMAEETIVER, YHRRBERNC X b 2 MEfE
FHIL 74612 B 23 1ORT. GHAEREZ 3 DOEICDW
THHEIL, TNZTNOMHDRBHICE 2 T FH7Z2 Y T
To. WIROMm & A DM ENRD 2R HE L, HRD
HOWOEIZE5Z e UTHRHE O~ kD, £z,
MEMmEDRTAEZZNETNRKDZ. I, EHEDR
BHOHEWICKT AEL RS, SFoNTAHEiFERER 31
R, FERMSETIE 1 mm HINDFEE, A 1deg UL
NOZETEHITETWA C L EERR L.

4.4 BEYEETRIER

TIEADRD D & UTR 24 1R A VA OB R
Yike LT, ZDOrHAISRZIT> Tz, BRaRliihx & Dok



XA YZEaL—RIEBHLAEL—YL LY T71 > F RV B

* 3 KSR
Evaluation result of trapezoid object.
FHIME | EfE
AR OB [mm) 49.5 | 50.0
RAREDAE [deg] 0.4 | 0.0
HRDT & AT & OME [deg] | 29.8 | 30.0
FRIRDE & I & DA [deg] | 30.5 | 30.0

B 25 EPYIAD 3 RoTHAERK

Measurement result.

A V7 DR
Model of dolphin.

E 24

HZ 4.3 HiDFEREFCEDZHW, iz, FHIMHER

ACEIFIANC 250 £, FEE TS 70 KOG 17500 & Lz,
FHEE R 2B 25 IRY. AIVADRUTNPHEUTNEE

DRz FHFHE S HHRTETWS T LR TE 5.

-

[

DFEERTIE, —HAEFOHITSH %124 )V ADOISHEH
FHIE TRy, Dz, FIVHORREOIINEE
MRS 2 I IZEEDT D 5 OFHID R E L 755,

5. & ¥ U

AASEL—YN574%% LRF ZAWVWT, BaR4te
YRR G209 5 C & T, BIHESRHOWHIADIE
RZ2FHT 2 FEZRE L. ERuc kD, 1ERFIETIE
ARSI 2356 T L RETEIRRIEDE L Yk
At EZIE L <FRRIL, A & RTYIMADI /T 2 SR IS
FHlCE % L 2R LTz,

SHROFEL LT, EEOIROBIHRITHIGTES XS
BRMMETINVERET 2 L, PR ZEEETT D5
FHAILIRET A ETREAMD 3 20t7 —hA 724K
BTLEENEZENS.
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