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A Study on Tntelligent Nuclear Systems
(HASP : Human Acts Simulation Program)

- Progress Report 1992 -
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Japan Atomic Energy Research Institute
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(Received February 14, 1994)

The sixth year progress of the Human Acts Simulation Program, HASP
in short, has been presented in this report. The HASP started in 1987
at JAERI as ten-year research and development program of underlying
technologies for intelligent robots, intelligent nuclear plants and so
on. It consists of the research and development of technologies of
knowledge-base, robot vision, robot kinematics/kinetics, plant geometry

data-base, dose evaluation and high speed Monte Carlo machine.
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Table 2.1 Sample instructions for the prototype of
the instruction understanding system.

Neo. #32

1 | —REEIATH.

2 | —REEIHCALLEKFLS.

3 |PCSERVIOELNEF v 7 LTEW.
4 | PCS@ulBEoMELHMEL TR,
5 | —kEEOHBEREELTLLEIN,

6 | PCSERVYIOENEF v LA,

7T —RRDEENY — 2 EHA.

8 |ROSF>Z7DULRLERTHEY,

9 | PCOSBTMBOA—F ZHTHEY,
10 | EAREORE LR/~ TEY,

11 | —REBE % S8 L TRV,

Table 2.2 Computational time required for syntactic and semantic
analyses for the example sentences In Table 2.1. Note that
the processing time for paging is not included and each
data represents the average of ten different measurements.

No. real time (sec) speedup
(A) Sun3/260C (KCL) | (B) S-4/IP (LCL) | {(A/B)
1 0.717 0.107 6.70
2 1.217 0.188 6.47
3 1.500 0.208 7.21
4 1.633 0.237 6.89
5 1.900 0.293 6.48
6 1.200 0.173 6.94
7 1.850 0.258 7.17
8 1.367 0.187 7.31
9 1.383 0.183 7.56
10 1.383 0.188 7.36
11 0.783 0.122 6.42
average 1.358 0.195 6.96
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Table 2.3 Functions, programming language, and libraries of three
processes in the prototype of the instruction understanding
system.

Za R e MAEE, HHEZATIY
GUI Lisp 2<% ¥ F -3 2+ —, fy | C, Xlib, XView ToolKit
LD AT, FEFER
RV | SRR, BXFEN LCL, C
oEy ST | oKy PEIEO Y I 2 L — | C, Xlib, XView ToolKit

g4 A av

Table 2.4 Specification of the inter-process communication between
the inference engine (IE) and action simulator (AS) in the
prototype of the instruction understanding system.

AW R#& F— 7 4=y}

[E—AS | AS i+ 2 ZXE4EHS, 8 | (r, 6), Ar, 0), com). r 3 BEMLEERE,
VeBatsE S, PILES R %S, | HEBICBT A HE, A BFIRICET
HHFREE, FLT, com HRawrF ikl

, FThs.
AS—IE | BfEBEofE®, o~ Fo | (v, 6, flag, id). r 20 Fy b 0BREMES
MEFHE IE ITES. BV EENE, § REEO LA, fag 24
Bysy, #LC,id ga<wrF#ilFT
Ha.

Table 2.5 Specification of the processing flag for the inference engine
{IE) and action simulator (AS) in the prototype of the
instruction understanding system. Command means the
action-pattern represented in interger less than 10000.

AT 18 WHET7 5 EK
IE—»AS | com=command Rt
IE—AS | com=command+10000 | E){EBIAE =
IE—AS com=commnand+20000 | PLLEF

AS—IE | flag=1 EXBFERSZERY
AS—IE | flag=2 BEREBIIES
AS—IE | flag=3 EAUMERTES
AS—=IE | flag=-1 BrRRERE S

— 18__




Table 2.6 Decision rule for the inference engine in the prototype of the
instruction understanding system. (II: input instruction, DS:
dependency siructure, G: goal, DG: A-goals, AIP: active
inference packet, 1P: inference packet, NLP: natural language
processing, GC: goal generation, TP: task planning, PP: path
planning, SA: send action command, SIP: stack inference

Table 2.7 Decision rule for the distributed processing of the inference
engine and action simulater. (TF: transmission flag, RF:
reception flag, BF: begin flag, EF: end flag, FF: fail flag,

JAERI-M  84-001

packet, PIP: pop inference packet.)

[*H

*

process | II [ DS | G | DG | AIP | IP

NLP o | —|—| — o *

GG . o | — | — 0 *

TP,PP . e | o * ) *

SAC . e | c o ) *

SIP Int. | = * * * *

PIP — == =1 —|*
unprocessed e: processed -—:  empty
unconcern Int.: interruption

SF: success flag, FAS: flag from the action simulator)

_19_"

TF { RF | BF | EF | FF | SF | FAS operation
o °© o o ¥ | o * | generate action command
) o o © * o -1 error
. © o o * o 1 REF— e
. ) o ) * ) 2 RF— e, BF— o
. . o o * o -1 €rTor
. . o o * o 2 BF— e
. . . o * o -1 error
. . . o * o 3 EF— e
. . . . o o -1 error
o | o o | o ! o | o | #1 | if (tverify-result) FF— o
. ' . . o o | #1 | if (verify-result) SF— e
. . . . . o -1 €1T0r
. . . . . o | #1 | if (verify-result) SF— e
. . . . * . * save result, shift pointer
o: true o: false =* true or false
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Table 2.8 Specification of the inter-process communication between the
inference engine (IE) and graphical user interface (GUID) in
the prototype of the instruction understanding system.

A TEYA

AW A1

A&

F—¥7F—<vh

pipe_io[0]

pipe_iol1]

pipe_io[2]

pipe_io[3]

pipe_io[4]

pipe_io[5]

pipe_io[6]

GUI-IE

[E—-GUI

GUI-=IE

IE-GUI

IE-GUI

IE-GUI

IE—GUI

Lisp U A+ — o ¥ —HF—F
AFENLAEL IE Qo
Lisp W AF+—ANZX P U=
AITED.

Lisp V A+ —HAA Y —
Az BiTaFERHRFEE GUI
8l Lisp E8y7 4 ¥ F 7icH
3,
HEXATT AV FTIE
—H-FAHENI-HNEE
IEfoGsXADANY -
Y
IBERAHTA MY ALK
BiARRFATY GUI A
naFy bipET4 ¥ F Y
%5,
SEBRERBRDA T U -
AllBlAaTYTEZEEY
Fwy 7774 NEE GUI
WoeEpHERY 1 VF
TILES.
HoEFERBEDARNY —
A BT BERME & FF
MAE* GUI o snE
BRYAVEIIIED,

HERABERBAOANY -
MBI AERARTY GUI
BoEBHBRBE_FIIHES.

FE DL

R OLFH

- Ayl

EEOXFH

sscanf (buf, "Us hs" ,
argl, arg?) TEHARAD S
R, argl TV 74, arg2
By bRy T 77 ANGE
#T.

facanf{stream, "%d, #dy
Yo", &x, &y, &n) &
fgets(buf, BUFSIZ,
steram) ¥Ef L-FRTH L
THARDLIER. x Ly B
MY bR T THEMV OB
B4, n it fscanf THiH
EolP =304 R, %
LT, buf I HRHNELET.
EEOXFY
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Table 2.9 Processing rule for interruptive instructions for stopping,
suspending, and resuming tasks.

W RARGS | HREOHE I

Bk Gy ) HPHICEETND (TH BT AR
HEELEOTRTOT—VIR2WVWT,
FOT-NESOCHBHBA VP

YHIERT S

Ak & TRTOERFHRAT v P 2HIBRT S

iR B/AE | TRToRRERSY Y OB
Gy B LT

BERGS /S TRTOERER ST v ORI
JrE Rl TS

Table 2.10 Categorization of sub-processes and elementary actions
defined in the instruction understanding system into mental
and physical processes.

vig::| AN
BERLE | BERR AT 25 ANGSIOCEN 2 HIER
EREHRAr vy PER
BABBTY 77 0 & X FH
TREEREY 770 XY
TV D A-T—VFI~DEE
A-T— VLRI
EAFERNERY 77 ot AMFH
DO-METHOD < 7 U EBH
BVERLE | EXEE check
FHABE close
EEBE grasp
EEBE open
EEXEE operate
HAH1E ptrans
HAEE search
EAB)VE speak
EX GV FMES R O RS
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Table 2.11 Rule for parallel processing in the inference
engine of the instruction understanding system.

MAGhE

FEF| DT

BERRLHE + BERLE
BERLE + S1ERLE

Fl—ond0Thif LR

T 8t
R 8

EhfERALE + BhfERAE

om—————— 1 -

Robot

Vision

SENSING

ARobot

Dynamics

Visvalization

gxternal

inference packets

sfafes
states

l
|
|
l .
: internal
I
|
-

I—processing information W

|
DEC! SION

EXECUT! ON g

Natural language
processing

Goal generaftion
Path planning
Task planning

Knowl edge Base

decision rules

conceptual rules
{noun, verb)

Fig. 2.1 System configuration of the instruction understanding system. Thick
arrows denocte flow of processing and thin arrow denocte data flow.
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BET Y

AAzRH
J-VER

ThE3-VER,
—
ERBfESLN

ARy MEE7OEA

i3
HCHERR
|

AT AR
X, 18 A4
CIRI0I-MER,_—

Fig. 2.2 Data flow of the instruction understanding system under distributed
processing of the inference engine and action simulator.
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a) visual image b) cclor matching

d) template matching

c) edge detection

Fig. 3.5 Mark detection processes.
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Fig. 3.6 Mark search lines.
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Bl BB & BIBHESIER LISV TS b,

CIT, EEREFAEROT IMP OEBICOVWTEELTA S, Fig. 45 3HEBED 6
D 1ELEE oV TERL L 1 ESEFVTH S, COLIiceF M s s ZMp B (4.3)
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Table 4.1 Input,/Output of our computer simulation software systems.

Z2IE SITEN RN LRl LERE k- ERIRE | B LREER
i1 R O O O
| B
H | | R O
g |
7| (Fi- | B O
5 RBED
T F2 O O
b
| F Dl
HITOT YK ct.. CcE ctsg nct
UHFHBIEAT a7 3D EES{FICET S 1)4;{5;_1“5;:{*5] 5 NEBLETSF -
v e BT FTeh-7r0VE 7V E
- R, ST « R{kEh{E - L ERERE (RIRE) | - HUE. TR
AN - FEEEhE ' R T < g TR - FEENE
- SEMTENE - HRIENTE - THBIENE - B EN{E
- HH & e e | - B T &
) FHBEESECE | ) SEEEnECE | 2 FECEEHEE | 2 LSRR
T &7 -5 JrdvE TAF -7 734bE EET 57 -5 T57 -7-7r408
- HITIER 0EIR - WPREHEE TrinE - IMPREL 008
- wESEiEENY | - BRE - IMPIRESEE - WIREMEO THAE
il & | -EHS it & ¥
Ned - F T A 1S
Xtk
CPE. Y
- R ARREE- 20 iy
R -8-7240
O b & 7 B RFIF -F)
Yok b4 5 @B | Dod b A F (EB | Dot ob 8 7B | LR oF 8 R
Hooon B RFF -7 o RRBIE -8 BEFRFUF - BRI -4
2) BB B T 0 | D B RS R -2 | 2 EE AT -5 | ) BE MR
(7 741L) NLHETEER 5 EARBIER AR | 3 LAREH SR [ SEHERR
) EEMEEERE | QS EERBEHE | O LE - SEMRE | 0 EREEEEHE
BH ' b2 TEHELR HE
5 f-Avh St EER 5 AVt EHE 5)e-AvhEt EAS R 5 E-FrrEEERE
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STRASR HERESR HEHEE HEHE
Table 4.2 Errors of ZMP trajectory.
xZMP YZMF’ XZHP YZMP
BKEE{nm] | BAEE (o] R E BmaEzE
£ IH A 4.1 0.4 114.0 59.9
™ 18 AU 3.4 0.3 1 13.3 59.7

300 [mm/step),

1.0[S/STEP],

W A EE I L o 26 %)




JAERI-M 84-051

) 5 9 30Lkg] ] -
\ B
]
[
o
+ v H{10Lkg] -
s
A ot~
@ O—® i
[ 1
% N 60}/
! )
[N}
=
120

[
o o]
[ap]
L] -
N o
o
)i - - 1.
A\
200 _. 55 ,
"':- ; by
e 300 110 - < ¥ {7 Cond
| | E

MsEmaMT VI T AR ® : JOINT(1DOF),5Ckgl, &

(Y vz @ E40lond, A&, BHE)

& @ B 91100kg] @ : JoINT(200F), 100kgd, B A

Fig. 4.1 A model of biped locomotion.
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Fig. 4.2 Configuration of robot joints and bodies.
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Fig. 43 Flow chart of new control method.
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Fig. 44 Simulated result based on the new control method.
(ZMP trajectory)
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Tig. 4.5 One particle model of robot’s trunk.
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Fig. 4.6 Simulated results based on the new control method.
(0.3 m, step, 1.0s/step)
(a) ZMP trajectory



JAERI-M 94051

37 ® e TH : 0.3 [w/step], 1.0 [s/step]
S w

-a.4 -

-5+

-os .

TME (secd

2.5

~0.5

¥, 0 radssecd

e
N
.

TME (soc)

09

209 -

a
N

P 0" adsgecse)
a

-1

@
[

TME (sze)

{b)

Fig. 46 Simulated results based on the new control method.
(0.3 m,“step, 1.0s. step)
(b) Compensative trunk motion
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Fig. 4.7 Simulated results based on the new contrcl method.
(0.4 m,“step, 1.0s, step)
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Fig. 4.8 Simualied results based on the new control method.
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Fig. 4.9 Simulated results based con the new control method.
(Up stairs: 0.05m, 0.3m “step, 1.0/ step)
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Fig. 4.10 Simulaied results based on the new control method.
(Down stairs: 0.05m, 0.3m“step, 1.0s/step)
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Fig. 5.3 Comparison between computer graphics and photo of the
mockup enbironment
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Table. 7.11c, KENO-IV 0¥ MCNP 0~ FOAEE (1 7oty 40As) EKBFS
SHERSR] & AT~ Fo N — X« TO &y ¥ TH S SX-3/11 Lic ki BHHEBERT .
ﬁ%%%ﬁ?%l&f,%ﬁéﬂtD—F/zb7~N4754VK$cT,ﬂ%ﬁﬁﬁ%
13 %Il &Mhb b,
@ TvFho et 754 OEYHAEE

Table 7.21c, A¥EE (1 Fote¥DH) LKBVT, @Ihico—-F/ A FT ¢~
454 vDEEAVEBS EEILENo—F /AN AT 54 YRUEYFHND -
A TS A ARV S ED KENC-IV R MCNP 2 — FOFHEEMART, Mi#E%E L
FBCET, BFANG ST T v OEYEREEH S T LHTE S, KENO-IV I —
Nio Bt 5K 18 % DI EEITER I, LETAR A T 54 VIUEB D THDH, MCNP 7 —
R FO TR 50T 1§48 KOFTEE oGRS B, Thd, RicHE
Er AT 54 vOPRTHE S,
@ ~7 FVIERUNY b HIERIC & B KENO-TV 2 — F Q=R L3

Table 7310, ABELT1 7oty 4 &M LSS (A0 SRBRU~Y FIVLE)
D KENO-IV 2 — F OFFTHE & 4 7oty 42 HH L IRaORTHREERT . Table
Tahobhdldi, FEEEOBEEAERE, | 7oy yERE AU ISP 2—
KDY S L, 376, 47 oty FHEER, 0ETE-To 472y FERK
1o, WFULEI & BEEELLRY, 27 (K4=Toty4EH) BThrERE, KR
R E R R B 1 B IC BRI B H B TEHTAE U BEMO A ==~y FLHBEDR
T, RUAEUSBETH 5,
@ ~7 b VIERR U2 by - P & 5 MCNP 3 — FORER FE

Table 7412, FEELT1 70wy ¥ 2EH LSS (20 5ABERU~Y FVLE)
@ MCNP o — FOEITHEE 4 T oty $52EH LBE0ETRNERT. 470ty
¢, WP & 2R EEES, KENO-IV 2 — FEHE L THWETS 2HE
i3, EREHEORY, RS LS AFINEEAEOE FANE W SITERT %,
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7. BhHUIC

D~ s b VEER L TR TR TH - R TFHEE v 7 7 ve » 3~ FORBLEEHE
Bepin, BEEEyFHVoEERERL, BHEETH), BRMRTSS TBFI-F
DA 5 MECK LT 10 2] &R LT, KENO-IV, MCNP 72— Fofty, #A3—F VIM,
MORSE 0¥ THEE v F 4 00 » 0 — Fic k 2 EHMMETFHORET T35, 7, K
%ﬁm,%%@x~~—:y€;—&mﬁ¥mﬁ%yfﬁww-n—F%E&@ﬁb@%ﬁﬁ%
fa#véﬁmbtﬁﬁ&mcfm5tb,ﬁ¥%?W%ﬁ®6méf,ﬁﬁw%fwaﬁmﬁ
+ B EEAE TR TH B, X DT, AEER, RTFHEE Y FALOHRLER W
RS T 3 O CEEEBE L, SUOTEIG R R T A BB ORI bTIRETS 50 SR,
FEF L, AMEEY § 2 L— 2 VEROREC BT BHTFE P VHEPEIBERLEICK S
SEERT BT ENMES NG,

ZE R

1) #HZ1E, Asai, K. et al., Vectorization of the KENO IV Code, Nucl Sci & Eng..
92, 298 (1986).
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Table 7.1 Compariscn of execution time using only load,store enhancement
feature on Monte Carlo machine with 5X-3,711.

SX—-3/11EIkiIaiHE
Fyfid]

BEEETALOESR (17
o v ) BB AETEEERE

KENO-TV 21~ K 62. 8 B 54. 8§ B
MCNPT— K 1020, 3. .% 889. 9 #

) BEEE LT ALOEBEESX 31 1ovy—r A 7RIS B, &
ITHIFASX -3 | EotENERL. ST LT AN OEEOT Y- -
A7 INLTHAHG nIZBE LI EDTH B,

Table 7.2 Execution time using enhanced load “store and three

Monte Carlo pipelines.

EUFHAO LTS VELEVTFHLT LTS %
{ER L2 WE SO B {EH L7580 R
KEND-1V o— K 54, 8 ® 44, 9 #®
MNP — K 889. 9 # 463. 4 ®
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Table 7.3 Speedup ratios of the KENO-IV code on Monte Carlo machine.

| Pty F{ERER 4 oty v
MEEE—F Vel i5iii X7 b 7 AR
EEE 167. 1 ® 44. 9 ¥ 16. 7 #
HEEE B (AD 1. 0 3. 7 10. 0
HEE LR (B) 1. © 2. T

E1) EioBFA16T.1 Bt A Y U - 00— FORA FUEERETR
9 EEELEAR, A UHL e - FORA YRR 1 & L 7o B R ] B2R
%, B¢ Bl | ety daMniey bVILERREE | & L 7ol odEEa b

BERG

Table 7.4 Speedup ratios of the MCNP code on Monte Carlo machine.

4 7oty HERE

| 7ot Y{ERE
PUEE— N R 717 4L N7 RV N7 VAR
FEiTiR e 1284, 2 B 163. 4 # 137. 8 ¥
.iﬁrﬂ_}:?ﬁi (A) 1.9 2. 8 9. 3
EER R (B 1. 0 3.4
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1GB

Fig. 7.1 Configuration of Monte Carlc machine
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DO 100 i=1,N
IV=BANK(l)
GO TO (10, 20, 30, 40, 50, 60),IGEC(IV)
N7=N7+1
BANK7(N7)=1V
GO TO 100

10 Ni=N1+1
BANK1(N1)={V
GO TO 100

20 N2=N2+1
BANK2(N2)=lV
GO TO 100

30 N3=N3+1
BANK3(N3)=IV
GO TO 100

40 N4=N4+1
BANK4(N4)=IV
GO TO 100

B0 N5=N5+1
BANKS(N5)=IV
GO TO 100

60 NBE=NB6+1
BANKB(NB)=IV

100 CONTINUE

Fig. 7.2 Fortran statements for particle selection by geometry.

DO 100 1=1,N

IV=BANK(!)

IF(NFLAG(IV).NE.O) THEN
N1=N1+1
BANK1(N1)=IV

ELSE
N2=N2+1
BANK2(N2)=IV

ENDIF

100 CONTINUE

Fig. 7.3 Fortran statements for particle selection by event type.
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Fig. 7.4 FBEvaluation of a logical expression

Fig. 7.5 Human phantom used for the estimation of effective
performance of Monte Carlo machine.
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HASP OBFEEIR & 6 E4EHL, PROBNERES I, BT, INETORRERRET
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- G IEDBA RS L, fild ANS Fifth Topical Meeting on Rcbotics and Remote Systems
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SREO O RBFFRE IR - T B, 48, ML TV Y 7 7= 7ORIE - SHEO72D
iz TRy b kv, BEMBBEOR, MEQ N~ T THRRIRTED, AEBEE
DIEPF LG 2 RO R LA hIE R 5780, 1, AHEEORFEHIEE,

WmeE e B
HWIE Wi K mERE-
HWAE Ak tekt
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8. B H v K&

HASP ORFEBR G 6 E458 L, FELSNIERES . FT, NI TORARRET
EpRXicEtn ZooEBREHICERBL SEE L, &2, Joint International
Conference on Mathematical Methods and Supercomputing in Nuclear Applications
T 6 B OHCERS L, ik ANS Fifth Topical Meeting on Robotics and Remote Systems
©. | EORTAREE LSHE N, COMCHERNAOL OB AnEERI AV B
SRTE D RPIEREICRT - T B S8, BTWMLTVL Y 7+ 7= 7ORIE - FHED72D
iz, Ty b kv, BEREBEOR, MEON—F Y2 THRRIRTED, AR
OHEFFLL o 20 bR LT WIEE 680, 8, AHEFORFEEIEE,

HoE e B
HIE Wi K EERE-
WA Ak tekE
w5, 6, TE ] < -
w1, 8¥ ot ks

Th B, £l LELE-THAROF 2 v 7 SHETEERBEZIDIIT> 10

Eii 2

iffl]}

HASP OFZEBSaIcE L, TpAFTRELE, JACER RS 5 T, T8
FTEVI, B BILERLEFES,
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151 CSGEFALSHEYT Y « F— 4 24AENT 2 0HEOFE
1 Py Sy F—- s KT 5 4 (mor sedb)

By Ty F— s ERT e s Ak, BREBKTAEALT ) 174 7EHEFY T VT —
S EBLAR. FOEY T vF— s 2HVTCSGHBERETVAGRETV., L
WHE G I rEERLTVS,

HAT) I 54 7TEEHBRTHRY T vF— s 2RI EE, BEREOM L%
Mzto—mENEOEAD» LR AN EOZAROES  kE1sk SN2 70,
Bk kB LUCkHBEHOEAN I HOoZABOEAKCNTEZ DTS S, NEM ZHL
TSy I THEERT S LU LK, SRTABEGREZAHLESE LI 2D =
B> WTEAT, UTREANZASNELIVT T2 7L DFHAETRT

3 5 1 9

M1 =ZH#FH

1. 1 HEFV IFa 7
1. 1.1 BEAZY:s+70BEBLUER

A ERRTABEAT Y 1 F 4T HERTLI IREETHI, 2 -HELUVBKEU
FoEBLURKRT. cho7 Y 354 7OHERZ, HEIGHTOHRABIURD
BT il » TW 3,

#z 1 HAT7YV 15747 —8

F;MﬂTM&U% ¥ & No. BHEOHNE FOgVI I i
0 | BOX 1 WIDTH®x #i
2 ” v EE4F Y
3 s z B
4 DEPTHO®x Eiz
5 % y HEAR } - X
6 ” 7 HEE
7 HEIGHTO® x B
8 e y B } Z
9 ” z B AE
1 CONE 1 HEIGHT® x FEiZ
” y B z
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3 o 7 [ 4%
4 RADIUS®IE
CYLINDER 1 HEITGHT®x &
2 ” v B iR
3 s Ay
4 RADIUS DF
SPRERE 1 RADIUS®{#
ELLIPS 1 WI1DTHO®Dx A E
2 ' o y R
3 » 7 B
4 HE I GHT®D x EiE
5 ” y AR
6 ” z AR
7 DEPTHDx [&E
8 o y AR
g P 7z W pE
E_CLINDER 1 HE I GHT D x FEE
2 v y HE
3 v z HEEE
4 WIDTHDx #i#
5 » y EEAE
& ” z 2
7 DEPTHO®x &
8 ” y B2
9 o 2 [EiE
HYPER 1 HEIGHT® x B
2 ” y [E 42
3 o z B
4 WIDTHO®x EZ
5 s y HEEER
6 ” z ¥ EE
7 DEPTH®DXx HEIE
8 o y iR
9 ” z PE 4R
10 RATIO®
PARABOLA 1 HEIGHTOx JEEDLI/10
2 v y BB D L/10
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3 w z BED1/10
4 WIDTH®xZEEDL/1D
5 ” y BEDI/10 }Y
6 w zEEDLI/10
7 DEPTH®x KEiZ
8 ” y B R } - X
9 ” z &2

1 1 | TORUS 1 HEIGHT® x [
2 - y A } yA
3 ” z BIE
4 RADIUS DfE

1 2 | TORUS_E 1 HEIGHT®x EiE
2 ” y B } y4
3 s 7
4 RADIUSI
5 RADIUS?2

1 3 | TORUS_Q 1 HEIGHT®Dx B
2 ” y B } Z
3 ” z
4 START D x EiE ]
5 ” y BEAR Py
6 ” 7 B R J
7 END®Dx &%
8 vy EE } - X
9 v oz R

* HYPERORAT IO, —EWHEOR (x*/a*+y?*/b*—2z7%/¢c?=0) DA,
DEPTHZ%2a. WIDTHAbEBWREEZOcDATH D,

v HET AL, BAT Y I F 4 7 THERT LI e x y FEECFTCE D
7o & % . % ODEPTH, WIDTH, HEIGHTO RT R 7 B Eoigic s 20 %R L
EDTH Do
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X 10 TORUS(F—3 ) DK X i1 TORUS_E(#HF— > X)DFERK

““Zﬁ%
L START

X 12 TORUS_Q(1/4 b — 3 ) DK

1. 1. 2 BRIV 7% T2HEX

EEATY I F 4o 72 BRTEAFERRZLUTERYT TITHWTW SDEPTH, WIDTH,
HEIGHT IR . 84 FORZ P AOKEZZT(MEHE)EZRLTWV S,

(1) BOXoEg
6EE6 >POHFBERATHKT 5.

X = -DEPTH (0= y <WIDTH, 0= z <HEIGHT) (1)
x = 0 (0<y <WIDTH, 0< z <HEIGHT) (2)
y = 0 (-DEPTHS x <0, 0< z SHEIGHT) (3)
y = WIDTH (-DEPTH= x =90, 0< z <HEIGHT) (4}
z = 0 (-DEPTHS x =0, 0< y <WIDTH) (5)
z = HEIGHT (-DEPTH= x <0, 0< y <WIDTH) (6)
(2) CONEOHBS&
Bf : x*+y? = (RADIUS)? : (1)
@I : x2%+ y2%—(RADIUS/HEIGHT)?*( z —HEIGHT)?® = 0
(0< z <HEIGHT) (8)
(3) CYLINDERO®DESG .
BE@m : x?+y? = (RADIUS)? {z =0, HEIGHT) : (9)
WE @ x?>+y?2 = (RADIUS)? (0= z SHEIGHT) (10)

(4) SPHERE®DES
HAEOEEY: (Xo, Yo 2a)&EBL &
(X —Xo)?+(y —-Vo)2+(z —2o)% = (RADIUS)? {11)

(58 ELLIPSOBE
x 2/DEPTH? + y?%/WIDTH® + =z ?/HEIGHT? = 1 (12)



JAERI-M 94—001

(6) E_CLINDERO®DES
& : x3/DEPTH® + y?/¥IDTH* = 1 (z =0,HEIGHT) (13)
& : x?2/DEPTH® + y?3/WIDTH®Z = 1 (0= z <HEIGHT) (14)

(7> HYPERODOHES

BHE : x2/DEPTHZ + y?2/WIDTH® = 1 (z = £ HEIGHT) (15)
| @& : x2/DEPTH® + y?2/WIDTH® — =z?/RATIO® = 1 -
' (-HEIGHT = z =HEIGHT) (16)
| (8) PARABOLAODHES
BEH : x 2/(L0#DEPTH)? + y 2/(L0#¥IDTH)?* = 1 (z =0) S
@E : x?2/(10%DEPTH)? + y2/(10#WIDTH)® + (z -HEIGHT)/HEIGHT = O
(0< z SHEIGHT) (18)

(9) TORUSOHS
X¢ + y4* 4+ z* + 2x?%?y?% + 2x%*z?% + 2y?z?
— 2(RADIUS? +HEIGHT®) (x*+ y 2%} + 2(RADIUS2 —HEIGHT?) z ®
+ 2(RADIUS? —HEIGHT®)? = 0 (18)

{10y TORUS_EoHS&
Xx* 4+ y* + (RADIUS2*/HEIGHT*)z* + 2x7?y?
+ 2(RADIUS2Z/HEIGHTZ®)x?z 2 + 2(RADIUS2®*/HEIGHT®) y*z*
2(RADIUS12 +RADIUS2®)(x %+ vy ?)
+ 2(RADIUS12—RADIUS22) (RADIUS2%/HEIGHT?) z ®
+ 2(RADIUS1Z2—RADIUS2®)2 = 0 (20)

(1 1) TORUS_QoiEé
x4 + y* + z* + 2x%y? 4+ 2x%z?* + 2y?*z?®
— 2(END? +HEIGHT®)(x2%2+v?*) + 2(END? —HEIGHT?) z 2

+ 2(ENDZ—HEIGHT®)}?* = 0
(-END-HEIGHT < x <0, 0=y =START+HEIGHT) (21)

1. 1. 8 HAMNITHEORAFEBLIUREAR YT Y OEREE

SR TEFANOEREERRZHL., HPHAREO2 REOEARIE» £ Y T ¥
EERT AFEEEZREST 5. _

(1) HoLKEARE
MoiESicik, 34— L LTHEXE2E., —EAEOELEH LTRHREYT 2 F
YTy OFEEERKICL D Bo |
HECEIBAROBEESELAEEAE. 8n=22/d686,RBnEAVT, §2H
B(2zr)/nicB2nt 2R3, COnxWKHILALEEdoEAV, KRAZPLET
FHALtOoHROEERRKATEAoNS.

Xn+1 = recos{g +da) {22)
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Yaer = rsin(8 +da) (23)
e TRV, QD). QNRAEFERIL L.

Xn+1 = Xncosd 8 ~ ¥nsind @ {(24)

Yner = Xnsind & + yacosd @ (25)

BT (X2 vy)=(r.0)EHABIER LD, ROEBEFRDSN 50

(2) HHEAOSTGE

BOOESCRERA+*SHAEMNR CHET s L, BLOEOEVWAATREMAORER
THESEEILRE(CED, AEAEDNTEZIEVIHENINT S, CORBUTD
AT Y X AZAVT, BASTLEToRBABRLOSOBEZEZRD 5,

HHOEYREa. SLBEb LB . FETELIRAROREESLLE 3=
a/yIniciidn%dRkPE, COnEHAVTAdx, dy ERD 3,
dx = a/Vvin {26)
dy = b/YyiIn (zh

%]]EH{E%(XL Y1)=(3. 0)&5160
< b/ I B, Vasr=Yatdy &L, BHOFBERA» S xZRD 5,
v2b/VIEol, Xaa=xn+dx& L. FHOFEAL Sy ZXR® 2,

(3) MNWih@goa#RbE
FToxMAWNKMETIZLIOBEACPLOSANHBERETBEIEEELSL, H
HEEFRICLBE, v A Y v 2R E, UTORXTERYT L.

x*/a?® — y?/b? =1 (28)
ﬁﬁW%ﬁE%%ﬁTéﬂ%ﬁ@”ﬁ%bUwﬁiﬁ&LT\uT@ﬁﬁ%iénéa

X = acosh@ (29)

y = bsinh8 | {30}
Wi HERoEALANOMEERLD .

Xne1 = a{cosh@coshd & +sinhfsinhd 6) (31)

Vae:r = b{sinh@coshd 6 +cosh@sinhd 8) (32)
X2 ocHFERAS L,

Xn+r = Xncoshd 6§ +a/b-ynsinhd € (33)

Yner = b/a+Xasinhd 6 + ¥ acoshd & (34)

0<hsolcdlL. 2UBBEFELNE, WHGOoHAE*KEET L, BREG =
0 b EDDLLEND L, UHBEOE 1 BLUBAZRELAOLZEEOHNRLET D
CTEEL,. asxsat+tcoBHEHmLIoLTRE.,
O max = cosh™*{{(a+c)/a) (35)
AR TEIBRNOESZSELAEBA., 0=0L6=d0MOERESLUTIKELLLD
KAEIHEED 5,

(4) RYROSENTE
Wi LR, EoxmeExfide L, ﬁﬁ%¢bk£h%h#m%ﬁ&%ﬁ?%o
BEHEERCBIFE, v 34 Y » 7 RBPBRRE. RA LTS

y? = 4 ax (36)

— 94



JAERI-M 94—051

BRABEEREAATE /<34 P » 0 RBARKRATH %o

= ag:® ' (37)
y = 2a6é (38)
Bnvs = Ba+dé &FThid, (37), 38)R . KDL DL B
Xney = 862+2a6nd6+a(dg)? | (39)
Yaner = 2afat2adé : (40)
EXExEEHET &,
Xn+t1 = Xnt+t ynd8 +a(dg)? _ (41)
Vner = Yot 2add (42)

BKM@b, 0sfdsoidL2Estrhs, KROBELEES A LR, BAHE
0 = Baan A EDLNENSE B, chiRxBEEoGEEZHRLAL., yYEEOHEZ
HBF 2R EOEENSEN, A7 50T}, xEE0BEEBEZHRT 2, 0=x
S Xnax OO ERHL bOETHIE,

0 max = (Xmax/a)}*"? (43)

HRTELIBAKOESESELABE. 0=0£60-d0HoOEMEILTCELELS
A TNHEED 3o

(5) HBIUEHOEKRFE

(1) (2) TRO-HPEAOERE
EFAWTERYUT Y E2ERT 2. BA
SEHEE NmaxET B E, Nmax—21d
DFENTyEMERT E ST, 1
Ho=fRk & 5,

B 13 K 14
1. 1. 4 EBEAF7YIFs 70XV TrF—sElRA&E

FRTOEATYVIF+7RBOVT, T xyFHEFTRTY 174 THOERN
BEYTYF— 5 EPER L. RICDEPTH, WIDTH, HEIGHTEHH O FBEZ A VT, x vy 282 5.
DEPTH, WIDTH, HEICHTE i EE iR S € 2@z~ b Y » 7 2%k, BF@OF ) T v 7 -
P EAEELAREABBLT, EBOEEERTIAERZ LTI, BTV I F 47
OVERBEEELTFIRATe © CTHWTWADEPTH, WIDTH, HEIGHTIR . &4 T D X7 P
ORES(HEHAE)ERL TS,

(1) BOXOHBE& |

ES%0(0,0,0)& L. DEPTH, WIDTH, HEIGHT® 3 ARlic., 1 2o ® ) I v E{EKL
TV, 12O T voOEERILTORI TS, EFEEIMEL. 6 MDA
FTHERT 5.
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— 1. (0,0,0) (-DEPTH,0,0) (0, ¥IDTH,0)

AN 2. (-DEPTH,0,0) (0,WIDTH,0) (-DEPTH, WLDTH, 0)
£~ | 3 (0.0.WEIGHT) (-DEPTH, 0, HEIGHT) (0. W¥IDTIL HEIGHT)
N . {v | 4 (-DEPTH.,0.HEIGHT) (0, WIDTH HEIGHT) (-DEPTH, ¥IDTH,

HEIGHT| I T HEIGHT) |
reodeot) 5. (0,0,0) (-DEPTE, 0,0) (0,0, HETGHT)
DEPTH N, 6. (-DEPTH,0,0) (0,0,HEIGHT) (-DEPTH, 0, HEIGHT)
= 7. (0, WIDTH. 0) (-DEPTH.WIDTH,0) (0, WIDTH, HEIGHT)

¥IDTH §. (-DEPTH, WIDTH.0) (0.¥IDTH, HEIGHT) (-DEPTH, WIDTH,

B 15 HEIGHT)

9. (0,0,0) (0, ¥WIDTH, 0) (0,0, HEIGHT)
10. (0, WIDTH,0) (0,0, HEIGHT) (0,WIDTH, HEIGHT)
11. {(-DEPTH,0.0) (-DEPTH,WIDTH, 0) (-DEPTH, 0, HEIGHT)
12. {(-DEPTH,¥IDTH, 0) (-DEPTH, 0, HEIGHT) (-DEPTH.¥IDTH, dEIGHT)

Lok s eBANLTRY T vy F— s E2ERLAR, BROERERT D2 27T
Wao

(2) CONEODES
B AEAE0(0,0,00)& L. (0,0, HEIGET) @ At MH#EDES
§ 7 9 BEdET B, EREDOHIE, RADIUSZ r & B £3.1. 3 D (5)
— 10 DHET nax-2BOF VT »F—5 THMUT S, @EHR.
NN AAOx, y BELEAOBEEZHWT, (0,0, HEIGHT), (X .,
¥n0), (Xne1, Yne2. 0) D 3 ETHRT BH. ZHAF % Ek
13 B{RE £3/2% Nnax-1EORY T THEMUT 5, K3, 16 0@
3\ OEERETd. SRR, FITyBERLHEITH 3,
2.5%8, 11 Dol >CBFXNLF YT yr7F—-9 2ERLALE, &S
B 18 OEEEBRFDIZIT->TWa, ZARFR2ZHBERI NS,

(3) CYLINDERO®ES

EA%20(0,0,0)& L. (0,0, HEIGET) O A micHE O LEH & 5 &
+ 2, EKEBLULEIZ. RADIUSE r L EE1.1L.IEOB)DAFET.
z=0B XU z=HEIGHTO R —HO=ZARTHELT 2, filmir. AED
X, yEEE2HVT(Xa ¥n 0, (Xne1, Yae1, 0), (Xan, ¥ HEIGHT)
D3EE. (Xner, Yner, 0), (X n, Vo, HEIGHT), ( X n+a, ¥ n+1, HEIGH
NO3ETHITTRTLICERL, 1HOo=FAF 2T 5, U
ot >cBANRF YTy F—s 2R LAE., REOEELR
FO1ET->TW3,
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(4) SPHEREDHE '
FER%20(0,0,00&Lic&E.

\ z=0FF L CRADIUS 2 r & B &
2 .13 (1) FETHA LD
Xo VYoEBIEEZED L, RiKRt
Fh3c, BofllmEEREELH
BicsngH L., -2 KXy T~
6 F—sMb1EO=AREERT
2, GtT. nfBO=ZHRA BEEK
8 ' Ehis, RoBE&EEELTHE
B 18 I=0FEmCTOHME K 19 X-0FHETOWHE BEDLLRWOT., BYH» SER
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