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The Conceptual Design of the Sensing System for Patrolling and

Inspecting a Nuclear Facility by the Intelligent Robot
Ken-ichi EBTHARA

Computing and Information Systems Center
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 15, 1993)

Supposing that an intelligent robot, instead of a human worker,
patrols and inspects nuclear facilities, it is indispensable for such
' robot to be capable of moving with avoiding obstacles and recognizing
various abnormal conditions, carrying out some ordered works based on
information from sensors mounted on the robot. The present robots being
practically used in nuclear facilities, however, have the limited capa-
biiity such as identifying a few specific abnormal conditions using data
dete;ted by specific sensors on them.

Hence, a conceptual design of a sensor-fusion-based system, which is
named 'sensing system', has been performed to collect various kinds of
information required for patrol and inspection. This sensing system com-—
bines a wvisual sensor, which consists of a monocular camera and a range
finder by the active stereopsis method, an olfactory, acoustic and dose
sensors. This report describes the hardware configuration and the soft-
ware function for processing sensed data. An idea of sensor fusion and
the preliminary consideration in respect of applying the neural network

to image data processing are also described.

Keywords: Intelligent Robet, Patrol and Inspection in Nuclear Facilities,

Sensing System, Sensor Fusion, Neural Network
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SUBROUTINE THRE (IMAGE, ISX, ISY, KK, JJ, THRES, L)
INTEGER IMAGE{ISX,ISY),KK,JJ, THRES,L(ISX/2)

DO 1 K=1,256
DO 2 I=1,1I8X
DO 3 J=1,1I8Y
IF (IMAGE(I, J).EQ. (K-1)) THEN
L{K)=L(K}+1
ENDIF
CONTINUE
CONTINUE
1 CONTINUE

[y )

KK=1
Jd=0
333 JJ=J3+L(RK)
IF{JJ.GT. (ISX*I5Y/2)}) THEN
THRES=KK-1
GO TC 222
ENDIF.
KK=KX+1
GO TO 333
222 CONTINUE

RETURN
END

Fig. 4. 2{a) subroutine THRE

SUBROUTINE BINR({IEDGE, IBINR,ISX,ISY,ITYPE,TH)

c
INTEGER IEDGE (ISX,ISY),IBINR(ISX,ISY),ITYPE,TH
E *****************t****************************
C *  TYPE=1 --> 0,255 TYPE=2 —> ~1,1 *
C ***i**********************t*****************i’*
C
DO 10 I=1,I5X
DG 20 J=1,15Y
IF ( (IEDGE (I, J) .GE.TH) .AND. (ITYPE.EQ.1)) THEW
IBINR(I, J)=255
ELSE IF({IEDGE (I, J).GE.TH).AND. (ITYPE.EQ.2)) THEN
IBINR(I,J)=1
ELSE IF ((IEDGE(I,J).LT.TH).AND, (ITYPE.E(.2)) THEN
IBINR(I,J)=-1
ELSE
IBINR{I, J)=0
ENDIF
20 CONTINUE
10  CONTINUE
c
RETURN

END

Fig. 4. 2(b} subroutine BINR
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Fig. 4, 3(2) FCfEHEE (512x384)
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Fig. 4. 3(b) FCISES (512x384)
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30% noise (1 step) 40% noise (1 step)

Fig. 4. 4{a) ANEHEFHIIHTAHAESE (512x384) (/A4 XD
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‘ I

50% uoisc (4 steps) o 60% noise (1 step)

Fig 4. 4(0) AMNEE FHickts 3 HAER (512x384) (/1 X)
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96 lines (7 steps)

Fig 4. 4(c) ANEHEFHICHT 5HAES (512x384) (BtL
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Fig. 4.5 = o—0 ¥icxtd 3 1 stepDCPUERH]

C xxkxx JUDGEMENT OF INVERTING A NEURON STATE *****
DG 300 ®=1, MNCP
DO 319 IY=1,N
WY (X) =WY (K) +IM2 (IY, K) *IA (1Y)
310 CONTINUE
300 CONTINUE

Do 320 IX=1,N
DO 330 K=1,MNQP
H(IX)=H (IX) 4 (WY (K)-IM2 {IX, K} *IA [IX)) *IM2 (IX, K}
330 CONTINUE
320 CONTINUE

DO 340 IX=1,N
IF ((H(IX)*IA{IX}).LT.0} THEN
10 (IX) =~IA {IX)
ELSE
10 (IX)=IA{IX)
ENDIF
340 CONTINUE

Fig. 4.6 1step@7/ o073 LU AR
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