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Abstract

New robotic system that uses three dimensional measurement with solid object recognition—3D-MOS (Three
Dimensional Move on Sensing)—based on visual servoing technology was designed and the on-board hand-eye-dual-
cameras robot system has been developed to reduce risks of radiation exposure during decontamination processes by filter
press machine that solidifies and reduces the volume of irradiation contaminated soil. The feature of 3D-MoS includes;
(1) the both hand-eye-dual-cameras take the images of target object near the intersection of both lenses’ centerlines, (2)
the observation at intersection enables both cameras can see target object almost at the center of both images, (3) then
it brings benefits as reducing the effect of lens aberration and improving the detection accuracy of three dimensional
position. In this study, accuracy validation test of interdigitation of the robot’s hand into filter cloth rod of the filter
press—the task is crucial for the robot to remove the contaminated cloth from the filter press machine automatically and
for preventing workers from exposing to radiation—, was performed. Then the following results were derived; (1) the 3D-
MoS controlled robot could recognize the rod at arbitrary position within designated space, and all of insertion test were
carried out successfully and, (2) test results also demonstrated that the proposed control guarantees that interdigitation
clearance between the rod and robot hand can be kept within 1.875[mm)] with standard deviation being 0.6[mm] or less.

Key words: Interdigitation, Three dimensional move on sensing (3D-MoS), Manipulation, Filter press, Contaminated
soil, Volume reduction
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Fig. 1 Robot system for removing filter clothes of filter press machine.
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Fig. 2 3D solid model and real target object in space are projected into left and right images. Definitions
of coordinate systems are depicted as world coordinajgsreal target coordinategy, i-th model
coordinates i, robot hand coordinatesy, camera coordinatesc| , 2cr, image coordinateg , 2 r.
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Fig. 3 Shape of the rod of filter cloth and the color put on end-surface(red) and side-surface(blue).
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Fig. 4 Two robots system tasked with conducting coordinated operation to grasp a single rod and to remove it for
changing filter cloth.
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Fig. 5 i-th object model projected to right image plane whose end-surface part denoted by “E” and side part
denoted by “S” Projected point8r | on “E” are represented 4§'r /]e and on “P” ag'"r s,
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target object through evolutions.

Fig. 6 Evolution process of models scattered in 3D space, representing that 3D models converge into real target
object, by matching true target object projected into 2D image plane and 3D models projected into the
same plane, through evaluations on fitness function defined by Eq.(11).
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= Frer("'®)) + FreL ("9} (11)
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s A L C Fra(Wel) & FIVVCREITT 5 & &, BF L LB v - T 554 Fre(Wel)
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Table 1 Parameters of genetic algorithm.

Population size 20 individuals
Selection rate 0.4
Mutation rate 0.3

Length of individual 12 bits
Crossover Two-point
Elitist model yes
Calculation time 1.7[ms]/generatiof

|| Population of k-th generation I‘ |I Generating next (k+1)-th Population I|
population of p individual Evaluation . .
selection mutation
I .
O = oty ko th o€l €3kl FE = Fo(dy) sorting crossover
1
Fki ¢}C ¢k+1
2 2
i = [tiyk:t§,k7t§7k7 5%]97 €§7k]7 sz = Fk(¢k)
: 2
F? b7 Phr1
bk = [ti,mt;,kvti,kvfli,lweé,k]v b= F(éy) Fl ¢,1€ Dhr1
FP P 2 1
L= [t‘i,wt’;,mt’i,we’f,k»f’z’,k]a Fp=Fi(¢y) |— "k i *

Fig. 7 Evolution Process of Genetic Algorithm.

Hand for insertion
accuracy test

Fig. 8 Robot Hand and its attachment for accuracy measurement to interdigitate the hand into rod of filter press cloth.
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T, IR L F (V) DI KEZE 5 2 % Yl 1%, (RMONE - B8 E R LTS L EX D 2 LN TE S (Back,
1996), (Goldberg, 1989).
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Fig. 9 Experimental system composed of dual cameras located to construct equilateral triangle and dimension of
robot hand and rod.
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Fig. 10 Positions of rod with initial offset given as simulated deviations of rods that occur by deformations of high
pressure to dehydrate water-mingled soil for decontamination. Hand positions from which the hand-eye
system detects the positions of rod are given from A to I. After observing the relative position errors from

Ato |, the accuracy of interdigitation has been measured by micrometer caliper.
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Fig. 12 Photographs of PA10 used for interdigitation experiments.
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= &), 5 mae pFre(V@l) — maxe pFg("@l_100) < 0.005 (GADIE(LAS 100 HHEE T L T D 2 &) Th 5.
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Fig. 13 Digenesis process and accuracy of the object recognition by GA; Circular rod position defined at the
position A, (x,y)=(0,0)[mm].
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Fig. 14 Digenesis process and accuracy of the object recognition by GA; Circular rod position defined at the
position B, (x,y)=(-10,0)[mm].
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Fig. 15 Digenesis process and accuracy of the object recognition by GA; Circular rod position defined at the
position C, (x,y)=(10,0)[mm].

Table 2 Error and its S.D.detected by 3D-MoS Dual-Hand-eye image recognition.

Average[mm] Standard deviation[mm]

Position Az Ag AZ Oz 9y Oz
A(0,0) 0 -0.1 0 0.2 0.45 0.4
B(-10,0) -0.4 0.1 -0.2 0.3 0.3 0.35
C(10,0) -0.2] 0.2 0.35 0.45 0.2 0.55
D(0,-10) 0 0.45 -0.35 0.3 0.45 0.3
E(0,10) -0.15 -0.15 -0.2 0.3 0.2 0.35
F(-10,-10) -0.25 0.35 -0.2 0.2 0.5 0.4
G(-10,10) -0.5 -0.2 -0.25 0.35 0.2 0.3
H(10,-10) 0.15 0.4 0.05 0.4 0.35 0.55
1(10,10) 0.1 0 0.05 0.35 0.3 0.4

FoTW5. K 151TRT CROFERIT, HRZAEIT A R EIZERBETIEH 523, GA DL THROBEEICK
WL A SRS FERE L TR X FEIC BN TRRUWE SN TN D, BRI DWW TE, X B LUz J51 TR LIS
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Fig. 16 Digenesis process and accuracy of the object recognition by GA; Circular rod position defined at the
position D, (x,y)=(0,-10)[mm].

Table 3 Error and its S.D. after centralizing the robot’s interdigitation hand against the filter press rod.

Average[mm] Standard deviation[mm]
Position Az Ay Az Og 9y Oz

A(0,0) 0 -0.2 -0.25 0.2 04 04
B(-10,0) -0.1 0.1 -0.4 0.35 0.25 0.35
C(10,0) -0.4 0.15 0.2 0.45 0.15 0.55
D(0,-10) 0.05 0.55 -0.4 0.25 0.45 0.3
E(0,10) 0.05 -0.25 -0.25 0.25 0.25 0.35
F(-10,-10) 0 0.4 -0.35 0.2 0.5 04
G(-10,10) -0.15 -0.3 -0.3 0.35 0.2 0.35
H(10,-10) -0.05 0.55 0.05 0.35 0.35 0.55
1(10,10) -0.15 0 -0.15 0.35 0.35 0.4

BOWTRRKEANELUTEY, R LEE LI z HMIESES LD OO, X TSR T 2 8 m i R 572
molo 1B ITRTRERIE, R BB D M7 — X Th 2. IR E TOREKICE L 72 ERAREUTIZIT 250 AL
TThoTNEEE, FIZ X FHTEEN LGN, L LR 5, BREIC OV TE X HRTIIIINs 0D,y
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