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Fig. 1.1 Design process overview.
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Fig. 1.2 Conventional modeling concepts and model description methods.
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Fig. 1.3 Coverage for system design process.
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Fig. 1.4 Summary and problem of conventional modeling methodology.
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Fig. 1.5 Position of this study to the conventional technology.
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Fig. 1.6 Flowchart of this study.
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M; > 0; U D; (2.1)

WXEREF R AL i lzBIT 5 “Modeling” BT DIEHROES. OJFE RA AL ilZBlT

%) “Object WZEHT BIEHROES. DT RAA i lZB 1T D “Design” (ZBET D 1HHD
HETHD,

Domain i:

M;:
Information relating to “Modeling”
O; D;:
Information relating )( Information relating
to “Object” to “Design”

m

Fig. 2.1 Modeling image of domain 1.
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Domain i:

Oi:
Information relating )( Information relating
to “Object” to “Design”

T;
Information relating
to “Tool”

Fig. 2.2 Modeling image considering modeling tool of domain i.
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T 5L, Fig. 23, RQI)DEIITRTZENTE S,

Mgystem 2 My U My UU My, (2.3)
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=(0,U0,U~U0,)U(D;UD,U~UD,)U(T;UT, U=UTy,) (2.5

01~0, 1% k FEEDOKFHF R A A BT D “Object” (2B HIERDOES. D~DplE k
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Domain System:

/ M, 0, Information relating to “Modeling” \

Domain /:

MI:
Information relating to “Modeling”

01: D]I TIZ
Information relating ) ( Information relating )( Information relating
to “Object” to “Design” to “Tool”

Domain 2:

MZ:
Information relating to “Modeling”

0, D,: T,
Information relating ) ( Information relating )( Information relating
to “Object” to “Design” to “Tool”

Mk:
Information relating to “Modeling”

Dk:

Domain k:

Ok:
Information relating
to “Object”

/

N

Fig. 2.3 System consisting of multi-domain (k kinds of domains).
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Tsubs = T1 V) TZ U--U Tk (28)

Ogups | F4 97 ¥ AT LD “Object” 1CBIT D WEROILER . Doups 1 I5Y 7 ¥ A7 L5kE

® “Design” (ZPHT DIERDEE | ToupslIHH 7 2 AT LikEHD “Tool” 2T D IFHD

HLKETH D,

EIZED, VAT LA RAAL (VT RAALNNIEBIT D “Modeling” 1ZBET D FH O
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BB Mgyspem!E. Fig. 24, RQIYD X ITKRT LN TE S,
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T, BT VAT AT AERE VAT ANRBLEO O ZE T, VAT AT,
YT UAT AT AT LBEHE)EZNOBEHREMOBARNPMLETH L Y, £ THRIC, £ 7
AT LEEFO“Object” DRBMRICEI T 2 1E M DES Orration V7 ¥ AT L% aED“Design”
DRI B MO EAD, 1ations 5V 72 AT Li&EED “Tool” DOPRIZET B IEHRD
AT oation @ BNT 5 &, Fig. 2.5, X(2.10), QIND L HIIETZENTE D,
Mgy stem = (Oretation Y Osubs) Y (Dretation Y Dsubs) YU (Treiation Y Tsubs) (2.10)
= Osystem Y Dsystem U Tretation Y Tsubs (2.11)
Osystem T AT I A A D “Object” (BT DG HRDIESR . DystemTT AT L KA A
?D “Design” IZBHT 2B WMOES TH D, “Tool” IZEHT HIHFHRIZOWTIE, IWHBIICET
DGR AL NZHIET DL I RETV 7Y — B LU — VRBLR CIIn &
D, EBOY = KIS T ARERH Y | VAT ARAAL L LTHREIZTE R,

Domain System:

f M40 Information relating to “Modeling” \

Osubs:
Information relating to
“Object” of subsystem

];ubs:
Information relating to
“Tool” of subsystem

Information relating to
“Design” of subsystem

01: T1:
Information relating Information relating Information relating
to “Object” to “Design” to “Tool”

0;: T,
Information relating Information relating Information relating
to “Object” to “Design” to “Tool”

Okl
Information relating
to “Object”

Dkl
Information relating
to “Design”

Tki
Information relating
to “Tool”

N /

Fig. 2.4 Organizing information relating to modeling of multi-domain.
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Domain System:

M, .,,: Information relating to “Modeling”
Osystem: D system"
Information relating to Information relating to
"Object" of system “Design" of system

?relation: 0 bt ? relation Dsubs. T, relation" ]; ubs:
Information subs- Information B i .
. Information . Information Inforrpa‘uon Information
relating to ) relating to ; relating to :
WL e relating to D relating to relating to
Object . Design RN “Tool" “ »
y “Object” of g Design” of : Tool” of
relation of 5 relation of ol etom relation of subsvstem
subsystem subsystem subsystem 4 subsystem )

Fig. 2.5 Organizing information relating to modeling of system domain.
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®
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Modeling concept for system design

(II) Information relating to
system design method

(D (IID)

: . I1-1 I1-ii : :
Information relating (1) . ( . ) . Information relating
Information Information relating g
to product system . . to design tool
relating to to tool cooperation
design space algorithm

Fig. 2.6 Proposal modeling concept for system design.
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T, IS EEROBFEBRIZERN LTS 2D, b 4 SOFERITMZ, 4 5O
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Uk, AT LTHA L DEDOH LNET U U ITEEEIRE TEX 20T, KEICITE
WO AT LTHFA L FIETHHIERE OLEEITV, BELTZHLVET U U7 #E&
RRRET 5,

23 BELEETY VA LBRO Y AT AFPA VRETHE D HRE OB

2.3.1 SDSI-Cubic(System Design System Integration-Cubic)TF7E TH 5 15 & D Hig
ARKIETIE, VAT LTV A FED 1 5TH D SDSI-Cubic(System Design System
Integration-Cubic) FiE YT HFERE . BB LTH LWET U o> ZHEE T O 1 & D Luilig
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2179,

SDSI-Cubic FiE &I, VAT AT VA OIERFEFTEEIC LI 5 DOMRE A HHE L |
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< ILT R AL N DMK E R EIE L, BIEIC/E], BEHIER 28 I AL
T5ZET, DERBKEAFIRERZ & TH D,

L7235 T, SDSI-Cubic F{ETIL, EHEEETHERERERTET VU VT HLERD
%, SDSI-Cubic TV THW A ET /VOH % Fig. 2.7 28T, 7 Ltk ik & L Cid, SysMLY
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Product system model.

bdd Productl / par Part2 /

<<block>>
Productl

|| :Parameter3 :Constraint]
I_?_I ) :Parameter2

<<block>>| [<<block>> |}
Part1 . Part2 ©

:Parameterl

bdd iConstraint /

<<constraintBlock>>

ibd Part2 / ) " Constraint1

|
|
|
|
|
|
I
|
|
|
I
|
I
|
I
I ; - X :Parameter3 .
|
|
|
|
|
|
|
|
|
I
1
I
|
I
|

-Parameterl ‘Parameter2 :.Param_eter3 - a Parameterl 4
: . 2 - b :Parameter2 :

constraints

(xp={ab+b}}

- : I

: bdd Parameter / i bdd Optimization / :

! : = - I

: <<ValueType>> », <<design parameter>> <<objective function>> I

| * Prameterl . Prameter2 “ Prameter3d - :

: : : : :

: type:integer,unit:none, type:float,min:0,max:10 ] direction:max ] I

1 currentValue:3 :

|
I o T T o T T o o T T o o o T o T m m o m e e e
5\ ____________________

...................... A N
Information relating to product system l Information relating to design space

Fig. 2.7 Model example of SDSI-Cubic methodology.
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P TR D DR TR G RAA U~ EBRHENEBLTE TNV ERbnd,

SDSI-Cubic FIETIZ, v /VF R AL NN D EHEMERFRR A EIZCT 2L T, WIER
REF R AA NG EILEFHT A B TE LD, Fikit FA A OFKGEHY — /v & o
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Proposal modeling concept for system design

(IT) Information relating to
system design method

@ (IIT)

. . (II-1) (II-i1) . .
Information relating . . . Information relating
Information Information relating ;
to product system ) . to design tool
relating to to tool cooperation
design space algorithm

Model information of SDSI-Cubic methodology

ey .
: . (II-1)
Information relating .
Information
to product system .
relating to

design space

Fig. 2.8 Comparison of information of proposal modeling concept

and SDSI-Cubic methodology.
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THA L DT OB ANERTE LA REMEEZRT I ENTET,

2.3.2 SLIM(Systems Lifecycle Management)F{% T 9 fE# & D HLEg
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AU A PLM V7 MU =T tH) e OEHEEZIT S 72D, SysML TRLik L7 BT L DOf %
Fig. 2.9 (Z/rd, iy 27 A0 L, Fig 2.9 ZMo 7 v v 7 @#X Ttk 4 5 (bdd
ProductA), Ziuid, Wind 27 LCEATHIERTH L, N T A—ZHORARZ /T A R v
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: Product system model. :
I
: bdd ProductA par PartB / o 1
| |-
! <<block>> : ([ <<constraint>> ) : !
! ProductA : ConstraintNXa 1L
= 1| |
E ! : {x=atbtc} _l_ ParameterNXa : 1
! e ! a [ 1| |
! <<block>>| | <<block>> |- L - ] 1R
I PartA PartB -~ ParameterA o |X b [] ParameterNXb [i| |
i 1 ! |
i ! ‘LA, < Il |
| L ) arameterNXc : 1
I ___________________________ -
' LY !
|_._._._._._._._._._._._f _________________________________ \ ..................... !
___________________________________ . S —
E Information relating to product system ' l Information relating to design tool

_____________________________________________________________

Fig. 2.9 Model example of SLIM methodology.
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RAA L OFRGFHY —/VIZET 2 8IE SLIM FHETHH S, 2F D, SLIM FEICR LT
X, BELEET U U IR TEDOEREZ W2 L TWnD, #Z, SLIM FETIE, (I-1)
ARFHZE IR 2O - )% Gy — VEEE O T L 3 Y AN A AR L TE
5. HBELTAHIATATYEALA DTt AD )L, AR TOMIES 2T LEED
HHNEITETWRWZ LD d, ZHuL, SLIM FERT A U SR E S,

ERATLOTFETHY, VAT AT PA O HEOT R EAPREF SN TRV TH D
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Proposal modeling concept for system design

(II) Information relating to
system design method

(D (IID)

: . (II-1) (II-11) : '
Information relating . : . Information relating
Information Information relating .
to product system ; . to design tool
relating to to tool cooperation
design space algorithm

Model information of SLIM methodology

ey (11I)
Information relating Information relating
to product system to design tool

Fig. 2.10 Comparison of information of proposal modeling concept

and SLIM methodology.

LT B,
LIk, SLIM FEICH L TRRELEET Y U /7 Aa2RE L, AL T 2T AT Y
A DT AREBTE LWL R T &N TE,

2.3.3 PDI(Product Data Integration) -5 T 5 fF# & DLLER

AIHCIX, PDI(Product Data Integration) {5 ¥ CH 2 fH# &, BB LEHLWVWET U T
BT D IEHE DR AT 5,

PDI FiL&id, ®ihT AT LD CEM AR 2 RBGET R AL DT IV RTITHES
P BT VB IO =V HOEMERKFREREZES 2D, PO AT LD
7 /L% UML(Unified Modeling Language)” 9% Fi\CRiak L, ®5hT — & #6655 Fik
BXO7L—LU—7 Thb, UML &% CAD E7V(ET Y 7Y —)L : CATIA(X >~
Vo=« VAT A AN L O SolidWorks(4 > Y — s VAT AKX VY KU — 7 251
& DHHELIT S 72O, UML Tk L7277 Vv Of% Fig. 211 12T, ®ET 2T LD
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R

Product system model.

'\ In the case of CATIA (CAD tool).

class Producta / object Producta /

<<catiaProduct>>

producto _: Producta
Producta

|
1
1
|
|
1
1
I skeletonPart = skeletonInstance
1
|
1
1
1
1
1

skeleLonPZ?rIt)  Skeleton partoPart = partaInstance
partaPart : Parto partBPart = partBInstance

partpPart : Part partyPart = partyInstance
partyPart : Party

class Producta /

party 1| <<sldWorksPart>>
Party

i 1| -
1 1]
1 o
1 e
: <<sldWorksR ootAsm>> 1]
I -

: 3 Fioduced object Producta, / ' :
[} ] L
| E3 % ] 1
: features > Feature producto. : Producta |
| features = Ground,Center,Front, PartaLevel,PartBJointLevel, : i
: parta 1 | <<sldWorksPart>> PartyJointLevel,PartyRotationAxis,PartyOrientation : 1
: Parta parta. = Parto 1|
artp = Part o

: partp 1 [ <<sldWorksPart>> partp _p b 1 !
i > Partp party = Party Al
| 1 1
i 3
: 1F
| |
. '
1

Fig. 2.11 Model example of PDI methodology.

gL, 77 AL LT 7 XK Tidab 3 % (class Producta), ZAvik, AT A7 AT
HIEHTH D, Fig. 2.11 O NIRRT CATIA &EfET 5513, <<catiaProduct>>& VN9 A
T LA XA T a2 WL (Parta., PartP. Party)LIAM T Skeleton & V)9 BEE L EFT D,

7T AKT DA AL AL, ATV = MXTELIR T % (object Producta), Fig. 2.11 @
THNZR T SolidWorks & #5395 355 13, <<sldWorksRootAsm>>& W\ H AT LA X A T %
17, MR FEITIE<<sldWorksPart>>& W\ 9 2T LA X A T2 AT FLR T 5, HEREE DL
SMT Feature EVD 27 T ABEHRT D, 7 T RTHT A AZ AT, ATV =7 K

THE 7% (object Producta) 3, features & V™ 9 J@M: 21X, Ground, Center, Front, PartaLevel,
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PartBJointLevel, PartyJointLevel, PartyRotationAxis, PartyOrientation & N> 72l % EFKT 5,
It BREHY — BT AR TH D, ERROFTRAEEZ WD Z LT, UML TF%
AN — A OET AN TE | BT —Z(ET7 V)% UML Ttk L8 A7 A DE
TR ETDHZ ENTE S,

LLEICE D, PDI FETH D EHIE, B A7 AT 2F W & ety — g4 5
HWMTHDLZEDRWALNT o7, BT /MUERSE LT, B X7 AT D IFHRICEK
Y — BT AERPANE SN TR STV D

AIETCIRELETT U v ZHAOE#R & PDI FETH O EH E O, Fig. 2.12 12K
T, MELLETV VIHEDOERD S B, (1)L AT NMIEAT 2 E#H & (IDHA%EH R
AL DREHY = VZET HFEHIZ PDI FETHH S, DFE V., PDI FEICK LTI, &
ﬁbt%rj/&muf%®%%%ﬁtbfwéo%m\ﬁgzu@%%ﬁf%%%@@
X912, AU Producta &9 #EL T X7 A Z&FEl L TWB 23, CAD YV — WX » TR S
ETNERSTND, DFD, FIfICTHE KL LA, (IHDOFKKEY —/VIZBET 2
VAT ALAELTHAETHI LILTET, EREHY — /W L THERZHR O LERZH D

Proposal modeling concept for system design

(II) Information relating to
system design method

ey , - (1)
. . (I1-1) (IT-i1) . .
Information relating : . . Information relating
Information Information relating :
to product system . . to design tool
relating to to tool cooperation
design space algorithm

Model information of PDI methodology

@ (1)
Information relating Information relating
to product system to design tool

Fig. 2.12 Comparison of information of proposal modeling concept

and PDI methodology.

26



ZLAHRLTWD, PDI FETIE, (O-1)XFH2EHRICET 2 H M0 - i kG — /L
OTNTY ZANEATLHEREFTR L TELT, BEALT LV AT LATFAS DT rE X
DD H FEARFRF TOMWMIEY 2T MEEDOHEHPEH TE TWVRNWI LBADND, Zhix
SLIM FIERERIZ, PDI FENT A ENTERZEH, EHTHAFETHY, VAT A
THPA L O—HO T B EARBEINTNRWD THD EHETE D,

LLEPDI FEICH L CTIRELZET U 7S A B L BB T2 AT AT A v
DT ANEBTE LA Z R T 2 LN TE T,

24 FHLVWET Y U IHEOBELR LB
KETIE, VAT LT A OT v R ef@ETHET Y 7 FER RS, —BLEZE
TNR—=AD VAT LT YA U FEBTETWRWIEREROMEICH L, T U7 F
EDTDDET Y TSR ORR EMGEEIToTe, ZORER, LT O 4 SOFREH,
INOOEREEFRMAGT D, BTV ISR HEE LT,
(D) B AT ACBET D5 - BEERRGHCEH S o EEk, e, IR %V, BAR Y
2T MBI BT DA B R O AT HTBT S 1
() ¥ AT LTHPA UFEZETLHEHRTHY . LLTD 2 2OFHREFT,
(11-1) RFHEMICET 2 1EH AT AT A U ERITIRETHCREIERN, ©
FYEOFFATED L DRI ET D&V 9 RFHZEMICE T 2 1H ],
(II-if) V= VT LAY X LT D E R ARG R A A THWDREY —
VIEOBEMR, 2 F 0 ED X D RIEFETED X 5 ZeBEICH L & D%y —
NERNDLONE NS V= LEED DO T LI Y X AIZET D 1,
()&% 7Y — VIZBET 21 W« Fike R A A U TRV DG — W IZEET 2 1E .
BRELIZET V) U 7#AE. BRI O 2T A7 A U FETR I IHEREMEEL, 2
DED X BRBETHERELZ DRXEDNEPRICER LD TH D, BAEMICIE, B
VAT KT AE R, ARG 2 E Y AT AMEEOEH O 7= 0 OFRE 22/ B
THEHR, BLOEARBRE D OB MR~ E B D KRG — 1V ICBET R A M
X fo, Y —VHHEET L Y X AT A IERIC OV T, Z OFHREZ O BUREI T 8-
e, —BLEETARN—ZADY AT AT TA NI ERBRTH D, Fig 213 1Z7RT
I, ROV AT LATHA UFECBTLET ) I TIE, VAT AT A VNTHE

IERA I SENCITETT Y 7 TEX D00, HERBSAOERD W DOIZ, BFHOR
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Modeling in conventional system deszgn methodologtes

Mixed

In tbrﬁ‘;ation A
Information relating to Insuﬁ” cient
relating to design tool .

product system Infor mation ,

Information ...~ P relatmg\t,() tOOI
relatingto /= 7/ . cooperation .
dcs;gn space \___-Algorithm ~._ ~

Proposal modeling concept '—

(II) Information relating to
system design method

M . - (1)
Information relating (I1-1) . (I.I—u) ; Information relating
Information Information relating .
to product system . . to design tool
relating to to tool cooperation
design space algorithm

Fig. 2.13 Proposal modeling concept compared with conventional modeling.

ERREDOHDHET N LIRS TWNe, LIRS T, VAT AT A OTrtA%ELT
—HLEET YV U IBRTET, FRERDIBUNOBEERBIBEEL TNWDLZ LT, ETLVOHF
FIAREE LN E WS BENAE LTV, ZhucxiL, KET Y U 7T, HREEZD
BLRZHEICER L, BT LI ENTE L, INHOBLEICHED 2 & T, [HFROBIES
REDENET ) VIRAETH D, LR -2T, —HLEETAR—ADYV AT LT W
A URAREE 72D . BT AVOFFAMAMES RIAEND,

MELLETY VMG EEHE 1| ECHERXLIAT LTS o7 n X L ORRE,
Fig. 214 IZR” T, {EROETV VI FETIEH, VAT LT A OT7uv 20955, &
HAHBIOEAZRHETO-BLEET V7 THY, KM FA AL o ~DEEN Y F
TEEBELEETV 7 LT T RNEWIFEN D - 7=, £ OFEEIZx LT, Fig.2.14
IORT R, RLEZET ) SR WD T MEARGE, BEAEE. BX Ok
ARERF D D FEHIER G~ OHEEE N AIREARE T Y VT FIEEEBLT HZ L NARETH D,
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Marketing Detailed
&Planning>> Conceptual design > Basic design > desien >> >

System design in this study

System domain Multi-domain Mechanical

domain

[ Requirement analysis

Functional design ! Electrical

domain

Behavior design

Ideal system
structure estimation|

| Conventional modeling methodology

Software
domain

: System domain i Multi-domain Mechanical
o . . [ ) .
Requirement analysis [ domam _________
Functional design /' Electrical
. = : : ; domain i
Behavior d gn ‘\l) progriate T< Nl
* systemAtructr|]::
Ideg system : G M\ Software
e : : esign |\ domain :
strucifire estimation| : | N R VO
1 _Proposal modelmg methodology

Proposal
modeling concept
y 4 y 4 \
(II) Informatfon relating to
systemglesign method
ey = (11D
Information relating () ) J (I.I -iD) . Information relating
Information Information relating :
to product system : . to design tool
relating to to tool cooperation
design space algorithm

Fig. 2.14 Summary of proposal modeling concept.

TOEHCLT, FETFT VU FEOR LR AET Y U IBAPERINT-DO T, IRET
T BT ARBHEERF L, B LETTAN—AD VAT LT PA VN AERET Y v
T FEEHET D,
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WERINEET Y 7SI, WEREOET ) v /7 &E2EE L TR, o,
R BENMZbNZZ T, —BLEETAR=ADY AT LTV A & TiE
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BIE TTIGRBFEOELE L R
3.1 &S

F2ETIE, BTV FECMNERET ) U IBEEBPHBEINT, VAT ATV A
DI=DIZET U > 7T REFRIT, W AT MCBET DEH, RFH2ERICBE 5 15,
V= VT LAY X LT D E R, KR —ICBET A ERTH D, ET VT F
EEBETHDIZE ET ) VIR E DY TET AVRR HIE L ERTOILENH D,
ZZTAETIE, 7V U 7RI, 70 E LT T 2720 D0E T AR HiEE
BRtL, EFT UV REEHBE L, UTIC, TOREEZRRD,

3.2 ETNERBRGEOBIR & FRE
FTETNARB T ELZERT D202, BUROET AR FEICHOWTERL, 8%
HOENZT 5, 2 BTRELLEET Y VBB L OZOBRFNEIZES S, FIHFRICH
TRERNE L RENITERT L L, BTGB GIEICIILL T O 8 DOEREITH Z &N
TELUENDH D, 2B % Fig. 3.1 ITR7,
I B AT AL T
O FREE : MR ET LA AT AOHFMH, = —VEHR, W ATAHEL
T 723 N E TR R D E R
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-, SXEFERICE LT
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New modeling concept for system design

(IT) Information relating to
system design method

(1) — — (1)
Information relating =t ) ( - i) _ Information relating
Information Information relating ;
to product system . . to design tool
relating to to tool cooperation
design space algorithm

Required definitions for new modeling concepir

(I) ............ 1) (10
Definition of (II-1) (II-1)
requirements ~ :
: Deﬁnltlon Of "...-Bgﬁﬁiiiaﬁ.é-f ......
g @ functions and 1B : T P E P ELEL LT UL LTI
H behavi a1(E requlrements H | JREEEEEERERETRE TTTTTIPTII RPN Al Definition of
i ehavior HIIE ® Jest H|B Definition of  i|||: p .
s s Ielatingto =y 100l tion:lE information :
i  Definitionof i designspace i @ a(l)zo;(t)}(:ﬁlera e relating to each i
i (D ideal system  ffeceeeseeesniennn 15, GOTIIAM : :
i @ M Definition of .d€S1gIlt001 ........
structure @
designspace i
Deﬁnltlon Of E ................................
constraints

@ relating to ideal E

-------------------------------

Fig. 3.1 Requirement for new model description method.

EDRGFHY — a2 N D N D BRGEHY =V EBES T VT Y A LDER
1. A%ty —/VIZB LT e
® HEFHY —VHOEWES : FixihYy — 1V EEET 2720 OKEFHY — i
Kl LT B MO ER
UK LT, BUROET LGB HEZBIT 5, FH 1 mETHMNTR, AT W74
B coTT vtk ik E LT, SysMLY, IDEF?, FBS €5 7 ¥, 1D-CAE ® Modelica®
METF BND, LTI, ZNENOREZ R~ %

® SysML
SysMLVIZ, v AT AZEFK, i, REtB L ORGEET 272D O RHKXET U
SHTHY ., ET MBI E R BRI L 2 OMARBLEZER L TV 5D, SysML DOfl:
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FRORE., BAR L, FEUEL K OMG(Object Management Group)23{T-> T %, SysML (3,
V7 MU =T B TRIELIEET Y VI EHETHL UMLDZEARL LR, Y AT A
DRFCITHET & 5 K OHIER, 8, BINEZ1T-oTEY, 9 FBHEOK THRK S5, SysML
DR % Fig. 3.2 12~ 9, ZER[K(Requirement diagram) Cld, HEAEER, JEMEREE R %2 5
DIV AT HDA~DETOEREZLR L, BRO ML —F VT 4 2V R— 925, IROE

MZBH LT, = — X7 — X [X|(Use case diagram), 7 7 7 4 £ 7 1 [¥|(Activity diagram), > —
/7 > A [X|(Sequence diagram), A7 — k-~ I /[X|(State machine diagram)® 4 DD XN HE X
NTWnWsb, —A— AKX (Use case diagram) TlL, T AT ADB/EIZERMLT 2 HEEE & Foak
T 5, 777 4 7 1 K(Activity diagram) Cl, BERE %A KL 5 72 O DALBL DAL & Flak 3
%, v—/r v AK(Sequence diagram) TlE, ¥ AT LANOHANEM 25tk 425, AT — b~
 [X|(State machine diagram) TiX, BEFROIRE L ZOEREEFLIRT 5, HEIZE L T
s\ - — V¥ (Package diagram), 7 & v 7 £ #[X|(Block definition diagram), PN~ = v 7
(Internal block diagram),/~7 A kU v 7 [X|(Parametric diagram)® 4 DDA HE ST 5,
3y /r— K| (Package diagram) TlL, E7 VOB EREZEH L T35, 72 v 7 E
F2[X(Block definition diagram) Cl, ¥ A7 ADOKEE & 7l 3%, Wi 7 7 » 7 [X|(Internal block
diagram) Tl&, VA7 LABEFEONEHMEE, EREHOLCYVIY 258k T 25, NTA MY v 7
[ (Parametric diagram) TiX, ¥ A7 LADHIKIFERZ TR T 5, SysML D 4 DD Tdh L 3
K, W&, R8N, T A MY v 7B LT, SysML TRtk L 727 /W% Fig. 3.3 I
Y

Structure Behavior
g | Block definition diagram Activity diagram
g.o Internal block diagram Use case diagram
S | Parametric diagram State machine diagram Requirement diagram,
R | Package diagram )| Sequence diagram )| stereotype,
model view,
AP-233,
— XMI Metadata
]
é Structure model Behavior model Interchange format

Fig. 3.2 The structure of SysMLY.
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IR D@ Y . SysML (X A7 ADOFRIZHE L TR0, ®E T A7 AOFER, B I H
ENTWD O KRFFECTHELI-ET U U 7HELIBL LADbES &, OFERERITE
KK, QOtre, IBABWNVERITZ— A —AM, TV T4 T 4K, —Fr AKX, AT —
Fvv UK, @QHEAMY AT AMEROERITT v v 7 ERK, W71 v 7 X, @B 2
T LAERIAR D HIRIBRDOERITNT A N v 7R TRBTELHEEZXLND, £/, ©®
R ERNICAR D ERERITERK, OV —NVHEET LT XLADERIZT 7747 4K
BEAWTHRTE 50 TEARVNEEZOND,

S BT SysML 12T, MBS L TET VO ERORBLZILET 272 O OEERME > > T
W5, ZOMREIX, AT VAXA T BIXOEHORT LA XA T eE DT a7 A
NETEFRT DH I LT, SysML IZHT-7efE&z Nz, WETH2ZENTEHHLDOTHD 19,
SysML Z 3k L 7= & L C.SysML & Modelica % H 4 S H 2572012 OMG IZ LV EFK I

1. Structure 2. Behavior

bdd [package] VehicleStructure [ABS Block Definition Diagram] ] sdABS_ActivationSequence [Sequence Diagram] ) inte;raction
<<block>> <<blodk>> <<block>> stm TireTraction[State Diagram]) State

Library:: Anti-Lock Library::Electro machine

Electronic Hydraulic o T
Pr . Controller Ale act PreventLockup [Activity Dlagram]) . ti\]'i ty/

R d 1; \ ibd [block] Anti-LockController l function
[Internal Block Diagram]

<<block>> /
Traction
Detector

use

cl:modulator
interface

definition

ml :Brake
Modulator

req [package] VehicleSpecifications
[Requirements Diagram— Braking Requirements|

Vehicle System Braking Subsystem

Specification Specification ‘BrakingForce

Equation
<<requirement>> <<requirement>> [f=(*biy*(1-t)]
StoppingDistance Anti-LockPeformance

id=102" =337

text="The vehicle shall st(ﬁ)p text="Braking subsystem shall

from 60 mph within 150 ent wheel lockupunder all . ) .

onaclean dry surface.” raking conditions.”” : :VelocityEquation

; ] [a=dv/dt]

<<deriveReqt>> i

3. Requirements 4. Parametrics

Fig. 3.3 The Four Pillars of OMG SysML”.
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TeAT VA ZATDO—HF% | Fig. 341279 3B, Fio, HFH2ETHETBHRO AT LT
YA o FHED 9 B SDSI-Cubic FiE P Tl LB O E # 4 PDI F1E 19 TITARGHY —
IDIERE IR T A= DIT. FNFNARATLUAXA TEBMLTWAS, LER-T, G
FHEFOEFR, @OFRIY —VHOERERIT, AT VAY A TEERTHI LT, LE
L7 SysML Z HHWTREIR TE 5D TIERWINEEZ BV D,

PLE. Fig. 3.5 133 X912, SysML ZH W5 Z & T, AFEDET Atk HiEITxT
HZAETOERIZELT, li7cd. b LM T RBENRH D Z DB LNITR T,

® IDEF

IDEFIX, Y AT LRV 7 MU =T Zxtgel LT, BRESIE (T — %) e ED o L 3%F
DIZODOET VT EiE. BLXREOHER TH D, KEZEHED ICAM(Integrated
Computer-Aided Manufacturing) 7' 2 77 A TR B I N7 FiENEZ L > TE D
KBSI(Knowledge Based Systems Inc )2 &> T, ¥, MRS TS, ZORBEE =N,
BRI RO, 7Y U7 THIAKFHA IR TWS 1) IDEF %, Table 3.1
(2R L D12, IDEFO 775 IDEFI4 £ THY . E7 U 7925 HMIZIS L THEFEL ]

pkg [Package] Classes [ Modelica Class Stereotypes JJ
«metaclass» «metaclass»
Classifier FunctionBehavior
- isPartial is derived from isAbstract T
- isFinal is derived fromisLeaf
«stereotype»

-
-

ModelicaClassDefinition

+fisFinal : Boolean [1] = false

+fisPartial : Boolean [1] = false
+isModelicaEncapsulated : Boolean [1] = false
+isReplaceable : Boolean [1] = false

i
| |

«slereotype» ustereotype» astereotype» ustereotype» «stereotype»
ModelicaModel ModelicaRecord ModelicaConnector ModelicaType ModelicaFunction
+isExpandable : Boolean [1] =false +scope : ModelicaScopeKind [1] = none

+externallibrary : String [0.."]
+externalinclude : String [0..1]

«stereotypex «stereotype» «stereotypen» «stereotype»
ModelicaClass ModelicaBlock ModelicaOperator ModelicaPackage
astereotypen ametaclass» N emetaclass» ¢ astereotypen
Block Enumeration DataType ValueType

Fig. 3.4 Example of the stereotypes for Modelica Classes'
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Definable

Definition using SysML

(1)

Definition of
@

L

Q functions and

requirements

Deﬁmtlon of

behavior

&

@) ideal system

Definition of ]

structure

.

@ relating to ideal

constraints

Definition of ]

system structur

(I-1) (IO-ii)

Definition of
requirements |
relating to :

_desmguee O e

|’ Definition of

design space

1(7) tool cooperation;
|

(1)

Definition of
information
relating to each
design tool

Be able to define by constructing new
model description method using SysML.

Fig. 3.5 Summary of SysML for new model description method.

Table 3.1 IDEF family'?.

Outline
IDEFO | Function Activity Modeling
IDEF1 | Information Modeling
IDEF1X | Data Modeling
IDEF2 | Dynamic Modeling
IDEF3 | Process Description Capture
IDEF4 | Object Oriented Design
IDEF5 | Ontology Description Capture
IDEF6 | Design Rational Capture
IDEF7 | Information System Audit Method
IDEF8 | Human-System Interaction Modeling
IDEF9 | Business-Constraint Discovery Method
IDEF10 | Implementation Architecture Modeling
IDEF11 | Information Artifact Modeling
IDEF12 | Organization Design Method
IDEF13 | 3-Schema Architecture Design Method
IDEF14 | Network/Distribution Design Method
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T 5, B @ETPOFEL H D72, FI2IX IDEFO, IDEFL, IDEF3 25l &/ T\ %, IDEFO
X, HRROET Y U7 ThY | HRECENE & ZICERT 2 AT, HIRKSME. H, BiR
LR 2. PEBEICHEAME Ltk %, IDEFL 1%, fEWEEOET ) o7/ Thy, BHER
FOEZMOBAR AR T S, IDEFIX (X, Vb —va FAT =2 _N—2OGmEEE D7
WIZ IDEF1 ZYLRL72b D TH 5, IDEF3 1L, YuBRADET IV 7 ThV | FEHNR 7
n—% a3 %, IDEF2 (3/1%%E7 U 7, IDEF4 (347 ¥ =7 ManEkEHFIL, IDEFS
34~ b e DRRR RS FE IDEF6 [ LR GHRIVELS VL IDEFT (X1EH S A 7 LA A,
IDEF8 |32 —H A > % 7 = —2ET U > 7 IDEF9 |3 F ¥ MK % 7 95, IDEF10 133457 —
X727 FxET Y7 IDEFILIEEHRATHET U 7 IDEFI12 [ ZH#%E% 5 T4, IDEF13
X3 AF—~T7 —F%7 7 Fvi%sl 1A IDEF14 (3% v b U — 7 /it@s% st 715 T 5, IDEFO,
IDEF1, IDEF3 Citib L7=% 5 W% Fig. 3.6 I2"7,

AR THERELI-ET YV 7SRO LabE 5 & QKGR Ik 5 %\ EFIL IDEFO,
IDEF3, QHAHT 27 AR OEFHIT IDEF1 Citidk T& 5 Ex 515, LinL, OER

. @QHAH 2T LERRICR D HIRREROER, ORGHERITR D ERER, OFaH2E
WMoER, OV — VT LT XLADOEFR., OFKFY —VHOBEHRERIZT OV TIL,
IDEF CTiEitik 35 Z LM T& 2wy, BLE, Fig 3.7 12”779 X 512, IDEF 122\ T, AFSE
DET VLR TTE~OWE A T REMEZ BT 5 Z LN TE T,

Program Charter

Issups —————— PLAN NEW
INFORMATION
Operations

A PROGRAM
Data 0

T

Program Team

™= program Plan

PURPOSE: The assessment, planning, and streamlining of information management functions.
VIEWPOINT: The Information Integration Assessment Team.

QA/A-0 | MANAGE INFORMATION RESOURCES

(a) Example of IDEF0'?.

Fig. 3.6 Example model of IDEF.
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USED AUTHOR: I.M. Modeler DATE: 30 OCT S0 L WORKING READER: CONTEXT
AT: PROJECT: IDEF1 Workstation DRAET
o ) RECOMMENBER DATE:
NOTES: 12345678910 REV: DRt ICATION -
BTock \
Location Fers \ Appears As
Appears As
Is Used As Is Stored At
/- ‘ /
Stock Serialized ( Part Lot
Location UsH Part Instanc
Is Used Is Stored At
as | Is Stored At
/ ®
sSerialized Pari
Stock Loc.
<
Is Used AS — -
\. A
A
Stock Loc.
NODE: p3/p14 TITLE: Part Stock Location Traceability NUMBER: DSC1056
(b) Example of IDEF1%7.
ldfﬂttifyl Request Evaluate
potentia - -
suppliers — ] bids — bids —
2 ] 4| 5 1
Request s Ordered
. st
| material  H| X[ M| X Tateral
-
] ~ _ 5] "
2]
| Identify ™ G
cumrent | J g
| supplier ~ g
| 3 1 = ~ Z
~ ]
I = a
| ™ @
fias =%
| ~ &
| = =
~ a
~ =
e B,
p]’l'c pare Obtain Accoun Sug:lmthﬂglled
ur¢hase Manager's — -1 Fola st
Request ’ appmg\-al X X Request
1.1.7 | 1.1.8 | 1.1.10 |
Obtain

authorization
signature

1.1.9 |

(c) Example of IDEF32Y,

Fig. 3.6 Continued.
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Definition using IDEF

(1) (1D (IID)
L “z (I1-i) (IT-11)

{ @ functions and

([ Definition of ]

% / _ behavior
E < Definition of
S i @ ideal system 2

(__structure

Can't define using IDEF.

Fig. 3.7 Summary of IDEF for new model description method.

® FBSET T

FBS €7 7 %, HERA &2 3BT 220D HEMm TH D FBS 7 J v ZIC kS & F2dk
ST, BTNV FIEE LY — NV ThD, FBSET 7 TliL, HEE. IRHE W, RIE, B
FOENbOMFBEERIE L, BiEZa L Y a—% ETH Y, BEEICHOW T, Z D@
(2 7= D15 H A BEE / — R(function node). % ® HWIFHIZ Y 7= A 15 %2 HAUFE / — R(object
node) & L. DA X 0 RKHT 5, 4R DE IOV TIL, E A (entity), EAME DRI (relation).
B L O EEEL G (physical phenomenon)D % v U — 27 TRIELL b Z/FR L THH) /) —
R (behavior node) & FE5, FBS &7 7 % W% 2 & C, BEEE D IE-CHERE D B 2 FRRET 5
ZLEMTED,

AR THE LT ) 7RO LabE s & ORe. IRDEVEZRILFBS £
T TR TELLEAONS, L, OERER., QMM ZXT LEROER, @HL
M AT DHERUTAR D HIRIBAMR D E R, ORREIEMIIR D ERER ., ORGHEM DO E .
@Y = VlEEET LT Y X LDEFE, @F &Y —/VHOFRERICHOWVTIE, FBSET 7
TIFFLd 325 Z EMT& 72y, LB, Fig. 3.8 12k 7 X 912, FBS EF 122\ T, AHF5E
DET VLR TTE~OWE T T REMEZ T 5 Z LN TE T,
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Definition using FBS modeler

(I) (ID (II0)
of 7 of (11-1) (11-ii)

’./ 29 >E)Al

Definable

(5

7
efiqition

Ade O

CS1 ?‘5'»»4'4

S

Can't define using FBS modeler.

Fig. 3.8 Summary of FBS modeler for new model description method.

® Modelica

Modelica (X, ¥ A7 AOEBZR 2@ 2 E ., &it. #Hilid L OWEET 2 72 ORI 722
ET VI EETH D, Modelica DIEERDOKE, BiAfIEX, FEEFIF{A Modelica Association
D175 T %, Modelica TiE, 5y, W5, BERCTRATRILTE 2MHBIRIZER L,
KEZOBMRIZE Y, AT LOHIKIBERE 7T 7 4 WVICREBLIT 5, LToh - T, B,
B TR, B T DRk A BB A VAT AL LTIRE LTI D 2 ENRTE,
YNVTF RAL VB LETV VI RARETH D, TORENG, BEjE, =x1¥— &
KNI 72 B RE & 72038 R T D 2P, Modelica TRtk L7=E 7 /L%l % ., Fig. 3.9 2
N

AR THELLLET Y V7R ERS LabE, WHENARMECRLS &, @FHET X
7 DAERUCER B HIFIBISR D EFIE Modelica TRUBTE 5 L BEX bd, £, BB L3
T A= ERZ DM ETT VNSRS 5 &0 ) 8T, @FFZEMOERDO S FIKFIC
TbhivdeEZ D, LnL, WEHHBRAELRTZRWY 7 MU =27 2 FDIZ VAT b
(AR ETORIKIBMRITFRR TE I, £, RETEMOERLWMICTRTHZLHTE
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e, b, OFERER, OfRe, IROEVVER, @M AT AMEROER. Oika!
ZERNAR D ERERR, OV — LV HEHET LT XADER., @FREY — L HOERERRIC
DNTH, ik T 52 LB TERY, LLE, Fig. 3.10 (27779 £ 912, Modelica (22T,
AT DT VERIR STk~ AT REME A BB 5 T E N TE T,

Vb, BUROET LRk 5T D SysML, IDEF, FBS €5 7. Modelica {22\ T, %
DR A LT, ZOREEZEE 2, AFZETIE, SysML 2 X—2 & L7-EF /Lt
WHEAMRE T HZ L35, Lo LAGRO@EY | EHERICET D), > — /T
LY R AT B &Y — LT B A ST T . ER S DT T 7 A L
BERTOMEND D, £ T, BT NVLBRTGIEOHE L FZITHS T, RETTIE, v 2R
T AT HA CFEBIOREY —VEREL, 70T 7 A NVEEERT D,

lossyRavigneaux

Star2

c4 lossyPlanetary —
- —
_It_-;' e-10 >_ fm
Gnads [—I‘ R=0.0001 £ i

3
1 Peal ok . ) AlMC1 . i_0=-1.9189
electrical circuits electrical machines

drive trains, e.g. planetary gears

<
[7 2
J» o ’ A > (% N II“fv-'vlcmSource Volume Sink
Ol O e @
T —; 0
puglp > X - Valve
_| ‘_ w . .
‘ . thermo-fluid pipe flow, e.g.
hydraulic circuits power plants, air conditioning systems
b
fiter Pl intialStep transition! _step transition2
feedback 1 1
77 / i
7 = ; .
5 k=2 timer !

T=0.1
ing il -
state machines ERS 3-dim. mechanical systems

block diagrams

Fig. 3.9 Example model of Modelica®.
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Definition using Modelica

(D (ID) (1I0)
Do 11 of (11-i) (11-ii)

Definition of ke
I constraints
I @ relating to 1dedl :

2

7
y a—_a

Partly definable Can't define using Modelica.

Fig. 3.10 Summary of Modelica for new model description method.

3.3 SysML % W= EF I GER G IEORESE L =ik
331 FEEICWIT T NERFIEOEEBOREE
AWML TIX, FH2ETHELLET U U Z7BEEICK L, SysML 2 W TE T Vil ik
AHEL, ET VI VAT AANEFERTH, T2 TET, T VS THEIS
G 27 LT 2R, RETERICET 1w, Y — T LY X LT L 1F
WMEZL VAT LT A CFEICHET OE R, KRy — BT A E®RE. T E
MLTEETANEL, ENOLDETNVEBESITLZ LT, VAT LATTA L DIDDOET
NEFRIRT HZ L T2, WU AT HMIR/ERRENTEDLLRVD, TNLSNOET
WIE, BV AT LT WA FIESRKHRG Y — VKT 2 CHRADOERE R LZH O
Thb, EZTAMIETIE, LFOLIITEFR L, SysML O X 7 — K2 W TRRR L
7= &A% % Fig. 3.11 (2”7,
o MU X7 AET /L(Product system model) : B AT AT HIERAERBE L2
D,
® AT AT YA U FEEAE T /L (Specific model of system design methodology) : 3
AT AT FA L FIRICETAEREZERI L LO T U TORGFEMEFTT VE
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V— VT L T Y X AEEET LV EE T,

® EtZEfiE A &7 /L (Specific model of design space) : aXat 2B T D #Hi 2 KB
L7eb D,

® V— LEEET LT Y X AEA ET /W(Specific model of tool cooperation algorithm): > —
JVEHET LAY X LT DR ERILLIZ D O,

New modeling concept for system design

(II) Information relating to
system design method

ey _ - (110)
Information relating (=) . (I.I-u) . Information relating
Information Information relating .
to product system . . to design tool
. relating to to tool cooperation :
design space algorithm

pkg [package].'-_System design modef [System_.:design model]: /

Product system model

r\\ <Kimport>>

Specific m}\del of system d_i.esign methodology
\ . :
Specific model of design space Specific model of tool cooperation algorithin
>
<Kimport>>
<import>> \\ :
< :
Specific model of design tool

Fig. 3.11 Entire model for system design.
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® EHY —/LIEF T /L (Specific model of design tool) : &% FH>Y — /VIZBET B 15 & 3%
BLZbo,

WIZ, SFATATRERET VB TIEL THLDI, TR 7 7 A Ve ERTLHVAT LT
A U FEB LG — V2RI 5,

EFTVATLTHA CFEICOWNTHRET 5, 82 BTHET A, BLREdR &S LT~
RT T —=F N VAT LT PA CFEPMER SN TN D AIFETIX, VAT LT A
DT rEADHIZ, WIES AT MMEEORFEZEEL TWD, T, " A7 La2%E
Bl UAMRE & de RAL S 2 W ERREHF OB AT L WVWH 2L ThDH, ZOHKITH L,
F{LFIEEZRANET e —FRBEG21Th 5 2, M A Moo Bk % HIRE TF
BLL, REPRZHRFTARTRET 22 LT, BRI L RE LSBT 5
WIEfRZRD D ZENTED, £ TARMIZETIEL, BEARRRGHBE TR RELERFT D3
ARE7R Y AT LT YA U FETH % SDSI-Cubic Fi& P &JEHT 2,

SDSI-Cubic FE DTk, #ET AT ADOET V7 FFHF A7 i, 0 TIEEE
At — 7 T u—HEE . Bl b FEITE VD 5 ODOREA L. W EMROE R AT, <
T RAA N D EHERRFRER AR EIE L, WIERSE, REHEFOMEEEZITS 2
ET, BRERBIENTTRETHD LWV REER D, FLXLDFEIT7L—L0 T =713
HAYE, JEEMEZ BB L THREES N TWD 72D, AR CTHETET U v 7 Fike A
L. #FTT2Z2LMAMETHDLEBEZOND, LD > TARIZETIL, &EHEMEAET
IZIF OB LRIEDE TV Y — Ll T L A ) X LA E T V21 SDSI-Cubic FED T
T Y XL THY =V @ T 2720 OFT VAL T 5,

WITHFEY = VOV THRT 5, AFETHET B LIEETAR—2AD VAT LT
YA AZBNT, N=F T =TT DTIRCBLE & WV o T RKIEROTT U > 73R8
Thod, I TAETIE, KitY—nAD 1 2L LTCAD V—1LaEEL, TOET/V
LR TIEE ST D, BRI E LT CAD YV — 3L <RI TV DB R, AIFFET
A =7 Y —ADY—)LF v b Th D Geantd(Geometry and Tracking 4)** 29D CAD FHE
WD,

Geant4®* 2%, [EFEHERE T & 2 BN R 72 2e86HE CERN(ZR3E4 : Buropean Organization
for Nuclear Research)iZ & > TIEEED R E, BRI THON TS, @R/ X —PEzoft
FHEHREY — )L TH D | FH ., BER, NEER72 Eoa8 b R ICHIH S Tuv %, Geantd

L. 3DV Uy RET Y I NA[ETH Y . CGS(Constructive Solid Geometry)E 7 /L C
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R OFREIT S, CGS TT N EiE, B TELLETY 7 14 TR OEAHE I,
i, B)TERERIT L H51ETH S 29, X512, VRML(Virtual Reality Modeling Language)
DA T, EERFEHROHDNAHETH S, VRML L iE, 3 WITOWIKIZET 5 IEH Ao
TEHDDT 7 A )VT p—~ v hTHY, ISO/IEC 14772-1 THHEEENER STV 5D 2D, £
72, %< @ CAD/CAE Y — VIZEBW T, VRML O A IEREN RSN TR Y | EIREHR
DZFFELNARETH 5,

ERO X 9T, EARGER TS K 9 ZREANAR CAD #EENMED > TWVH I &, /3
FZARY 70K, BELZBDEREREZBRAD L, =T Y —ATHY 5% DM
*., BEALESTHLZ LMD, Geantd 2 CAD Y —/LD 1 DL LTEHEHRHLE, LMo
T, &ty —VEAEET/VIZHE Geantd H D CAD OET )V EFER T 5,

ULk, REFFETIE, AT A7 A o FikIL SDSI-Cubic Tk, HEET 5545 — LI
CAD(Geantd) & L, ET NEIB HEEZHET 5,

RIZ, VAT LT YA T HERE—BLTET Y 7357012, HFETLVOR
R 7R & OB IEF 2 BT 2, SysML A W ET NR— AV AT KA L V=T Y
7 BI0RLBUEL S AT A OEFHETE Y, SDSI-Cubic FHEICKIT 2 EHRTIE DAL, £/-
AT TO Z N E TORGREREZBE 2. Table 3.2 (279 BAKR 7225 LAk & | Fig. 3.12
(RTNEF TETNAORRR 2T 9 2 & Z2RET D5, Table3.2 13, AWETERLTZ 45D
EF L SysML T 4 SOFTZET HAL 5 ER, HERE - IR B, HiE, RFT A R v
RO I TET MEREZEHE LD TH Y, O~Q@DEFLIEL Fig. 3.12 DIEF LR U T
»H D,

FTBERF OO, BT RAT AETVOFTREITH, BT AT LAETLOHIC
X, OFERDOER. OKRE - IROB|BOOER, QUM T LEROER, @HEL R T
DRERIZ B D HRIBIR DER NS £ D, IRICEEARRBFH L OEARRGEH)> b R FT~
LT D0, REZEMEAET L, Y EET LT X LEAET L, REFY —
AT T VORI 21T 9, ZEHZEMEA T T 0PI, @22 5 ER DO ERE,
O@XFH2EMICET 2 BRI R U AT MEEOER. OFDEKNR v AT MEEICET 5
FIRBIR O ER,. ORELIIEDOERN G EN D, YV —/L#ET LT X AFHAEFET LD
FUZiX, QfFHY —VOEROER., OFNDLORGHY — LV E2EET L7 0 —0ERNE
EFND, Rl —VEAEET ALOFIZIE, OFEFY —/L(ARFETiE CAD(Geantd)) D72
IZERE LT v AT 2EE D EFE, Q%EHY — /W (CAD(Geant4)) D& A ZEHL 3 5 7= O D]
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KIBIMROERN TG LD,
Table 3.2 DE T /UAERLNGEY LR WE IS OV TR RS, RG22 R[4 T 7 LN O RE -
BAHENDOHEBIZOWTIE, WA AT AETLNOQTHITER L, £7-BA MR
AT DHEEIZ Ko TR E 2872 LIZ@OHFIBRICIE W TER T D72 Di% Y L, v —
JEHEET LT Y ALEFETNVNOER, N7 2 MY v Z7HIFIOEBIZONTIE, T
U R LZRERRT DT DOERIFHEE S AT LADERND BRSNS O TN &
YV VHEDO O DOHKIBMRIEH LN LD T e I I TSI nNALDTHY, KET Y
TRETETMET DR TIERNWZ LB LRy, &Y —VERET VN OER
DEBIZONWTIE, FFHZEMEAET ANICBNT, @%% 1 TO THESEMEIL S i,
ZOMEEE R — VI H S TET ST D720, NS THARDPENEEZ 2 OND, #
AE * IRDBEVOIHB ISV T, REHEMEAAET /L TOHEE &R, QOfKIRERIC
BOWTERTDHOEY L,

L ED X5 7T WAERL L EF TET L OFLIR & 17

179, BT VIR HIEO G 2 HEEE
TEOT, LUTNICEOFEMARFER FEICONTIEA S,

Table 3.2 Concrete model composition of new modeling methodology.

(H) Specific model of system design methodology

O (1)

(H'i) (H'ii) Specific model of

Product system model Specific model of Specific model of tool design tool
design space cooperation algorithm
Requirements E(DRequirements i }®Design requirements N/A N/A
RIS RS
. ‘ g@Flow of tool :
Functions & |: . .t H ~ .
Behavios @ Functions & behavior: NA : cooperation for : N/A
: : : SDSI-Cubic :

: i @ Composition of design §®Specific system
Structure é@ldeal system structure§ @ Specific system stl‘ucturegg tools for SDSLCubic il structure for CAD

: _ (Geant4)

.........................................................................................................................................

-------------------------------------------------------------------------------------------------------

Paramietiic §@C0nstraints relating : §®C0nstraints relating to §®Constraints relating t0§
orStants : toideal system : .s S:cnfic _s_y_sHtﬁ!r_l- _S_t'l;l.l_c_!l.l-l:g_g NA specific system structur(’;
i structure {i®Optimization problem ; for CAD (Geant4)

-------------------------------------------------------------------------------------------------------
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Marketing
& Planning

< Conceptual design <

Basic design

«K

Detailed
design

<

System design

Describe product
system model

C Da

4
Describe specific
model of design space

ba

Describe specific model of
tool cooperation algorithm

Describe specific
model of design tool

ba

Using following diagram

[ Define requirements )--
@ req D

Context diagram
Requirement diagram

V%
Define functions
and behavior

Q

Use case diagram
Activity diagram

State machine diagram
Sequence diagram

Deﬁne ideal
system structure

Q

Block definition diagram

Define constraints
@) relating toideal )
system structure

Block definition diagram
Intemnal block diagram
Parametric diagram

Requirement diagram

[ (6 Define requirements '\
relating to design space /
v

Block definition diagram

Define specific system™ .
@Stmcture relating to )~
design space -

Block definition diagram
Internal block diagram
Parametric diagram

v
Define constraints
(7) relating to specific )
system structure
v

Define optimization '\ Optimization diagram
problem (Block definition diagram)
@ De(ﬁ'n;e?i)glzlgzi]tsion ) ~~~~~ . Block definition diagram
Deﬁne flow of

. Activity diagram

@

tool cooperation

CAD(G4) diagram
(Block definition diagram)

[§

Define specific
system structure )
for CAD(Geant4)

@

for CAD(Geant4)

Block definition diagram
Internal block diagram
Parametric diagram

Define constramt
relating to specific |
system structure

Fig. 3.12 Model description flow for new modeling methodology.
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332 BEYRT LETFTILOLRGIEDOHEE

X WY AT AETNAORBFIEEAEG T D, T AR FIEREDOH TON
BT %, Fig. 3.13 123777, 2O DOFLRFIEIZOWTIL, ERNLREESINTVDLF
151015 8302 g5 BUROER, IR, IRD2 BV OER, HET AT LERDESE,
PR AT DRI BT 2 HKIBAR D ERIZ OV T, BUTFICik~ 5,

3321 HESATAZETAIEROES

FI. R LR ‘/XTA&%JB(%%S‘/XTA’?J%JB B Y HRICERT 5
e, ar7TxF A MIERWTERRZIT O, Bz, SNE AT A LT 20ERH D
BAIE AT L OA v 2 —T = — ZFRE. B BREE O T #1238 B A 1IN B
~OMMERFNEE TH D L o2, XEHEHORAMBLITbbAAD Z & &ilT 5 LT

(I1) Specific model of system design methodology
() (11-i) (I-ii)

Product system model Specific model of Specific model of tool

design space

(I11).
Specific model of

design tool
cooperation algorithm

[©Design requirements NA N/A

@ Flow of tool i
cooperation for : NA
SDSI-Cubic :

‘@Composmon of design } : ﬂ:r:z::::;::eg AD

i tools for SDSI-Cubic :j:

,,.‘t

[2 Constraints relating to

d sgecnﬁc system slructure NA
H D S D T

:@#®Optimization problem ;

................................

onstraints relating to
speclﬁc system structure:
; for CAD (Geantd)

Parametric JIf:
constraints j:

Using following diagram

\\/ @Deﬁne et ) ..... Contht dlag[am
&
]
o]
=
jm}
a
3
b=
(@]
@)

Requirement diagram

Use case diagram

@ Define functlons _____ Activity diagram
and behavmr State machine diagram

Describe product ] Sequence diagram
system model

Deﬁne ideal A
@ et are Q) | D.ock definition diagram

Define constraints Block definition diagram
@) relating toideal ) Internal block diagram
system structure Parametric diagram

Fig. 3.13 Focus of this section.
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PR BROMIZED L ST /3 FEKUT LTV DD, KU LT UTWIT 2 & Flal
T 5, ar7XA ML, WE7 e v 7 XE D AZ~A X LK THD, Fig 3.1412FT
N & 7Rxd, Fig. 3.14 Tk, BEHREHIS 2T AR RO AT LA THY , FME L
TlEa—%, B E Vo 3SR, BN, BANOREE, REZR EOIMNBEREE 2 il &
. R AT L ESNREZ B L TV 5,

WIZ, B AT A~DOERZTERE L, S DISFHMARERA~ L i, ST 217 9 72912,
ZRK 2 AW TRR 21T 9. BRI, KR AT LT 28R ER, JEREZ k%
B ETOEREZFTRT 5, Fig 315 (ICETFTAGIE2RT, BEHICKRTSHZ LT, &
ROBHBROREZAMEICT 5, S HIT, ERZMZ L TWONOMEET 272012, 7
AN r—A%EFL lverify] ORRAEE L EF L [satisty] OBRHFLRT 5, Fig. 3.15
TIE R E T 5 2 & B EALOZERTH O | IEESCERO OO —F ) 7 4
EWVD BRI B D, IEMEMEE FEBLTZOIZ, FHIII DV R E2BOT 2 L0/ A XA K
LT ELEVOERMNEHINTWD, o, FROLDOA—YFE VT 4 2 FETLH720
12, o SRMEAMFE &) BERMNEHEINTWD, ZDXKHIT, BREMEEIORE.
Fri. A7 LDERNTZ I RTIER 620 ERE TR T 5,

b, ERROXSRTFIETRIET 22 LT, /T AT LIETLERZERTDHI &
NTE D,

ibd [Package] Radiation measurement system [Radiation measurement system Domain] /

: Measuring object

: Radiation measurement
system

: Radiation

:User

: Environment

: Indoor environment : Outdoor environment

: Temperature

Fig. 3.14 Example of context diagram in product system model.
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req [Package] Radiation measurement system [Requirement1] /

Radiation measurement system |

D

<<requirement>>
Radiation measurement

<<requirement>> <<requirement>>
Accurately Usability for residents
ZERAN ZERY
/ \ / \
<<deriveReqt>> <<deriveReqt>> <<deriveReqt>> <<deriveReqt>>
/ \ / \
/ \ / AN

<<requirement>> <<requirement>> <<requirement>> <<requirement>>
Increasing counts Reducing noises Easily Low price

Fig. 3.15 Example of requirement diagram in product system model.

3322 HGV AT AICET O, ROBVOERE

FRAG 2T L 9 70, WA AT AT LK, IROBVWEERT HHOIC, 2—X
=AM, T I T A ET 4K, AT — b~ UK, = AR ERAWCRREITY, 22—
Ay —AE, VAT LI T DERRE A FLR T D T L AT E . RENITHEZ X
WY D, 777487 KT, VAT LORE, REORNZLRT D, —7 v AR
AT — b= NIV AT ARNOHAERORERS L DEBZRLRT 26D T, v X
T ANEIZE T D LR IES O ORBICE L TWD, T2 TR, 22— A — XX %
BNz, LR FEEZIRAND, 22— — A% W TRk L 72 E 7 Vil % Fig. 3.16 12737,
Fig. 3.16 TiX, BRI A7 2%, —WFITk LT, B3 2 2 et 2 7
HEVIMRERIRHE L TV D Z L 2RI LTV D, BEHRICT 52 et 2 il 4 5 b
XML K OFEE LT 5 & ) e & & T, SNBHIE < OB Z AT D HREIE.
SO EBIR L TR Y . HRREREORIE, HAHEEREOHEE, 22 i s o Hl

ELWoTHREEZ G2 E2RH LTV 5D,
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uc [Package] Radiation measurement system [Use case] /

Radiation measurement system

Observe the effect of
external exposure

Check the safety to
radiation

<Kinclude>>

User Radiation

/ \ N
/ \ N

/ \ R
<Linclude>> <Linclude>> <<inc|ude{>

K ‘ X\

stimate the radioactive Measure the ambient

Measure the radioactivity

nuclide radiation dose

concentration

Fig. 3.16 Example of use case diagram in product system model.

Uk, ERROL I, 2—=A 7 —ZAK T, A7 A0SR e L . > 27
LN CEBT D REDRERERZFLIRTHZENTED, IHIT, VAT ARFOMWHEIC
LoT,. 77747 4K, =7 A, AT — b UKL HAWT, #8 2T A
BT HHERE, IRD2BVWEERT DN TE D,

3323 BEURT AEROESE

TR AT L, HERE, RO BWA B CE 2N v AT MR A ERT D7D
7y 7 K E AW TR Z1T 9, <<block>> & W9 FHEZ W CHEBIIIIZ S AT b O
REFEEZRBT D, WL ATAIN—RU =T, V7 N2 T ORI 2 LN
<, ZOMBGEELE TV AT MMER AR T 5, FLERETHIRAZA, EREFE
BdfR(satisfy) & 215 2 & T, LOEREZEBT L0 DR ONE FL—RAFT 52 LN
T&5, ZITHEELEWZI EIX, L ETHANR VAT LAERTHY | ZDR 2 DK
FHC L > TEE SN DHERITFLR T RE TRV EWVWS Z L TH D, 2F 0, EIEE L
LTA—Ko =T, Y7 77 O@RBATRERGAC, ~N—RY =7 T 2T, ¥
W BLER EIC R > TEOHERNED D L9 RGEIE. 26 ORGHRITHRGHEME A £

TINIRRREN DT THD, Lo, IEFFICLVROSN TV LESR, Wkt
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bdd [Package] Radiation measurement system [Radiation measurement sy... /

<<block,system>>
Radiation measurement system

¢

<<block>>
Control part

<<block>>
Calculation part

<<block>>
Measurement part O-O

¢

<<block>>
BGshield O

<<block>>
Sample case OO

<<block>>
Detection part O-O

Fig. 3.17 Example of block definition diagram in product system model.

B 2 C— BN ER 2l 7 T REBUE RS E DV e EE X BN DI OV TERR LT
LD, 7 a v 7 ERKE AW TR L7E T V4% Fig. 3.17 12777, Fig. 3.17 T,
FSTBREHR S A7 DS, A, FHRES CRER S 4L, S DIZEHIIENIZ, Ny 7 7T
U v NS SR AR, REE ORI D 2 EERBLL TV D, FIZIEX, ZofIT
BB & BURBREHA OB ClE, BURRRIRE OFHN D72 DIZIT NNy 7 7T U v R OB
VIETHY, TOEBUERE LTy I 7T 00 RERMIZED L 2WEREETH 5,
Uk, FiEoLHiz, 8T AT AOBBY AT MEREERTHENTE S,

3324 BB RT AERIZETAHINBEMROER
BIR OB B LB 2T ARRRICE L T, HIBEIROERZIT ., HIFERIL,
Tay 7 ERK., NE7Tay 7K, XF AR v 7 ERAWCTEREZTT 9, FITIT
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IR ARCRE AL ED VAT MMEREFRN S L UTEZRBNZH HHiIKIER LR T 2,
FlEE LT, 7ry 7 ERRERNT, "7 A—2OHEB L OHKROFTRZITH, K
iz, N7 a v 7K, T A M) v 7 KERHWT, EolET e v 2B T S0 E R
L. "I A= L AOBRZ AIHIICERET 5, ThEhzon T, UTIZHAT D,

T, TRy I EREMNEHNT, RIA—FOMETLRT S, ZITNIHINRTA—ZD
AL, BRE 2 MEE BUECHAL e ONTFF T, ED XY R T A= RBDHNE NI
LT, <<ValueType>>& W\ 9 ER &= HWTRR T 5, /X7 A —F D EKRF72 B IX, %5
WX TEDL -0 GREHZEMEAET VIR S5 O Th 5, 5lil L7 % | Fig. 3.18
27”7, Fig. 3.18 Tik, FHl = A b, Nw 7 7 Z 0w Rigbf 2 2 b 3B a2 2 K,
BHEEa 2 R WS RITA=FDORRRBLINTND

Wiz, 7uy 7 EEKEHNT, fRXE2Rd 5, XEMlkT 537 A —2 I ZiFF0nd
TEFRLIZNNT A= ORI ZF|H L., <<constraintBlock>>& \ 9 BFE % W Ttk 4 5,
A2 Fhalk L7l 2. Fig. 3.19 [Z/” T, <<constraint>>& KRR I N TWDH A, i
<<constraintBlock>>" = & T# %, Fig. 3.19 TiL, sHE 2 A M3 v 7 75 0 RilEfht
AR b, RAEEHETA N, REHaA MO THDL ZENRIEEINTND

WIZ, W7 vy 72 HWT, EOMEICRT 27 A =2 ThH L0 Zilk T 5, Hf
WCERLIZANTA—=ZOREFIH L, =7 a7 0 L WHEREHWCELRT 5,
FCalk L7=f % | Fig. 3.20 (Z7:9, Fig. 3.20 TiX, FHAEEONE 7 o v 7 XIZFHAER = A b
Ny 7 779 REFMONTT vy 7S Ny 7 750 REM a2 b, 3BARO
WERZ 1 7 UCREIAE R 2 A b BHEEONE 7 v v 7 ITHRET = 2 S R3ERBL ST
W5,

bdd [Package] Radiation measurement system [Parameter] /

<<valueType>> <<valueType>> <<valueType>> <<valueType>>
Measurement part BG shield cost Sample case cost Detection part cost
cost

Fig. 3.18 Example of parameter type definition in product system model.
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bdd [Package] Radiation measuremen... /

<<constraint>>
Measurement part cost

- a: BGshield cost

- b: Sample case cost

- ¢ Detection part cost

- Y: Measurement part cost

constraints

{{Y}={a}+{b}+{c}}

Fig. 3.19 Example of constraint definition in product system model.

ibd [Block] Measurement part [Measurement part]/

ibd [Block] BG shield [BG shield]/

: Measurement part cost

: BG shield cost

ibd [Block] Sample case [Sample case]

Sl e e ibd [Block] Detection part [Detection part]/

: Detection part cost

Fig. 3.20 Example of internal block diagram in product system model.

I, "TARMY vy 7 MERNT, ~T A —2 LXOBRE SRR 2, Ailf
EFe LIzl Xz BRI L, #ilF 7 T 0 LS ERTRERRT D, Ak IcHE~
Ry 7TERLIC/AN— M TN T S ERPNTA—Z2REAT L, "TAMN) v X%

55



par [Block] Measurement part [Measurement part cost]/

: BG shield cost

: Measurement partcost | : Measurement part cost : Sample case cost

: Detection part cost

Fig. 3.21 Example of parametric diagram in product system model.

MWTRELT 52 & T, BHERHRIRESR, AL DBEREZAMICEE, RS2 L0 T
%, foab L7=#l%& . Fig. 3.21 ([Z:%, Fig. 3.21 TiE. AT v 7 7T 7 v Nillikkt = 2
Mo ARBAS = A b, BRI = X b HEEFHEE = 2 b0 AR o XBIER IR
<<constraintBlock>>T/E# L7l =2 2 P ATH L Z L BRRFINL TV D,

Vb, EREO XS RFNET, BB X7 MMERICE T OHEREZ ERT DI &N TE
Do

Vb, ZEROER, e, IROBOVOER, BT AR OER, B AT LM
FRICBIT D HIIBR O EH# & Atk FIEICHE > TITH 2 & T, BT 2T AT L&k
TAHZLENARETH D, B AT AEF OB GENEECX =0T, KIZHHZEM
E A ET VO HIEOREREEIT I,

333 REIEMBEAET VOB GEDOHEE

Z 2T, EMEMEA T T VOFLR FIEAEET S, BT VIR FIESEO R ToOAL
BT %, Fig. 3.22 127, eMEMEAE T V2R T 2 BHR9X, RS E
ZBAfEIC L, BRETZEM AR, ELERFT A RS T2 8 Thd, DT, &El%E
FICEET D8RO ERR, RFTZEMICET 2 B AR AT AMEEDER. TOEE 2

AT LMEEIZBT SHFIBEROESR, RECHBEOERZ1T 5, LIS, FllZl~25,
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(II) Specific model of systen design methodology
@) (11-i) (1-ii)
Product system model Specific model of Specific model of tool
design space cooperation algorithm

(I1I)
Specific model of
design tool

Requirements

Fll;ncl:wlils & 2 Functions & behavio cooperation for NA
chavior SDSI-Cubic :
.............................................. g il i Specine syotem
Structure R CompCSHICRof Cesten "k structure for CAD

tools for SDSI-Cubic ' (Geantd)

. |@®Constraints relating
Parametric i~ .
; : to ideal system
constraints |
; structure

§®Conslraints relating to
i specific system structuré
; for CAD (Geantd)

"4 - .
G}Deﬁne requirements '\ : : :
relating to design spac; | Requirement diagram
2
Define specific system ™\ . - .
g (6)structure relating to )+ Block definition diagram
g Describe specific ) - demgl\:,space
£ meddel of design space Define constraints Block definition diagram
S (7) relating to specific ) Internal block diagram
g || & = , system structure Parametric diagram
2 .......,.T
3 Define optimization \ Optimization diagram
4 problem (Block definition diagram)
2]
<

Fig. 3.22 Focus of this section.

3331 FREMZEMICEATHEROER

IS AT AETNVTER SN ERZ IS, BRI 27 2EER 2 3B L)
FET D XD RERE THEMLT S, ZOEREROEE AL, HEHERSHRE T
APASMNIL, REATRICEDLIRWZAMICTHRT L2 THD, TOEHITTHI LT,
REAMERD FL—H B Y T 1 ORERRORFERLORGMZEBLT 5, Ll ITEREZ Hv
TIT9, #tab L7=#l% . Fig. 3.23 127”9, Fig. 3.23 TiL. L3 >OFERONY 7 7T 7
RRCEHRR i, AN CRIFL, N T2 2 Mid, #EL 2T AT TIVOEREFE Thoad S
Nzt OThHd, ZOFITIE, Ny 7777 N ZERR L, 22BN CTEHHT 5 2
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i Deﬁned in :
product system model

................................................. -

req [package] Specific model of design space [Requirements] /
S ————— B e :
<<requirement>> <<requirement>> <<requirement>> i
Shielding the background Measuring outdoors Low machining cost
radiation
(from Radiation m&kurement (from R(ﬂ%ﬁon measurement (from Rqﬂw’on measurement
i system::Requirennts) system::Requirements) syspem::Requirements) :
VU URIUCUNUI. (U (fisimsasnsussss i ms st e eSS lesssissssnsssaass s e s s s
<{<deriveReqt>> <<deriveReqt>> /
\ / /
\ / /
\ L /
<<requirement>> /
Structure for shielding Ksatisfy>>
radiation from all directions //
N /
\ /
. /
{satisfy>> /
\ . /
<<block>>
BG shield
(Cylinder+Top
+Bottom)

Fig. 3.23 Example of requirement diagram in specific model of design space.

LR T I 0IC, R D ORI AR DHixE L V) BEREEI LTV 5, 2L
T, BB S OBSREIERR L. MO TI A k&S R & =T 27 LHEE &
LT, MEE EFHEEVIBRAE SOy 7 VS50 Rl A2 B3R L TWAD,

PLED k10, BRIy AT MEEICE S ETO, REHERICBRE HI0ICBIR T 5
BB BT B 2 LN TE B,

3332 FREMZEMICET 5 RMEMRI AT MMEEDER

WIZ, BB B D BB L SNV AT AMEEDEHREITH, bz 7 v v
JEREXEHNTIT), BT AT 2T ANTRRICER ST 1y 7 ERITH LT,
itk L7 ey 7 8ELY, MbeEAWTER T &35, b LT, AkE =
ARANTEHEIND DT, ZAREANFOTOHANTIRESLE, REIDHO T2 M
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bdd [package] Specific model of design space [Specific system structure] /

<<block>> <<block>>
BG shield BG shield (Cylinder
+Top+Bottom)
(from Radiation ’
measurement system)
<<block>>
7 BG shield (Top)

Defined in =
<<block>>
product system model B Gshisld (Cylinder)

<<block>>
BG shield (Bottom)

Fig. 3.24 Example of block definition diagram in specific model of design space.

MBGHERTHLHZ L ERT, DFEV, BEC AT AR E L TERSNTZ VAT AEHE
., L0 EBERR AT AERE L TERTHI LT, TOXRHIBIT HREIRZ I
L2 2 ENTED, BRNRV AT ABEHR LI, N— U =T &2FIcT5 &, BT
DI, BlE & W o e EERERE FLER TH D, 5tk L7zl %, Fig. 3.24 1277,
Fig. 3.24 CiX, ®WHI AT AET A TRIB SN TNy 7 7T o v RlEfHICx L. [
ffe ETFEDOIKRE DNy 7 7T 7 Nillgbf &9 K0 BRIy o 27 AELEE A il
LTWa, Enl, Ny 7 77y Rlgfptix, Em, ME. FTaEo 3 DO H AR
ENHETHDLZ L ETLIR LTV D,

LbED X oIz, BEFERRREHMHEH | B IN /-2 ORGHIB T D B2
VAT LMEERERT DI ENTE D,

13

Tl
=~

paisty

3333 BRI AT AEEICETLHIKNBEROER
WIT, AR CTER L7 BRI 72 v 27 2EEICET 2 HIRBIR O ERIC DWW TR 5,
B AT AET RS BRATR SN TV A28, BRI v AT MMEED
EFRINIUE, KV FEMARGRBRORBR A FRETH D, SVRX 7201, " AT
LETNTERLIZARTA—ZOFHMMETH D, ERT HHFORITFEITARERXNTH D |
PR T —F _R=2FIHX R EbEEND, fikid, BAES X7 2RI BT 2 il B
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par [block] BG shield (Cylinder+Top+Bottom) [BG shield (Cylinder+Top+Bottom)] /

: BG shield (Top) cost

: BGshield cost : BG shield cost : BGshield (Cylinder) cost

AN

: BG shield (Bottom) cost

Fig. 3.25 Example of parametric diagram in specific model of design space.

REFB LEEFIEE RIS, 7ry 7 EERM, N7 wy 7K, "7 A Y v 7 K% A
TIT9., TO—HTHH/NT A MY v 7 KTRER L7#l%z | Fig. 3.25 127”7, Fig. 3.25 T
X, RNy 7 I s Rlfpa A by, ki, A, TERENZENLO A MbEHI
HERAETE LT D, Zauk, AR CTESR LIz BRN 722 o 27 A EE I BT 5 il B
RCTh b,

LLED XSz, BEERSHEE ENIC L » QRE SN BRI A7 MMEEICET 5
FIKBRRAE ERT D LB TE D,

3.3.34 xE{LFEEDOER

WIT, B b at 2 ZTT 57200, X7 2A—2OFH, RE{LREOEFRIZ OV TR
~%, SysML 21X, wiEbiEE ERXT 70O HFIEITEN, LhL, AT LAFA
7T BILOHEORT VAR A T eE DT R T s ANV EEFRT H I & T, SysML ITHT
T EIN A, JEET D2 LN TE D, SDSI-Cubic FIETHEE LM Z k35720
DAT LAZATHRREFT SN TWER, "L AT AET VHICHE SIS TRlak &
TLEI D, KL TlIH-IcRKEEMEEZFTR T 27200707 7 A v, B LOFR
HEEEERT D,

FT RE(CMEA TR T 27200707 7 A VEERT D, —MRANT - & 13,
HAOBIS, RREMEE. HIRRMEN DR S LD Y, BIKSM2 7o 3 <, BB %
/N B WITIRRICT DRRGHEROME, S>F V) FifEz k5, Z 2 TIHIHEBREHI 2
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T LB T D e LRE A BN, S bEZ T 55 EFEDOER & EHRM OBR L
M, Im 77 A NVEERK L, Fig. 3.26 IZ17,

B AL RRE OB 2 i3 5 BT RRGHI S 2 7 AT, SO T D% FHEE R H Y |
ZOHTHEHIE Y ERD ORREN T AT AOXEN KB E 22D, I mEEE
TR A MBRDOND, BTy T L—2 2T, RIS 2 i
G L CRAAT 9 28, T ORKE G I3hE SO BH x [ZHFlT 5720, mEL
IR LD RO BN D, LovL, O KREREIICHEN, 22 N HIZEAKLTLED
e, BEE X NI T A2METH L, UUTIC, g1k LckbEbfE L =3,

G
maximize 0 = f(x) = T (3.1)
G=gx)=a-x (a=1320) 3.2)
H=h(x)=b-x+c (b=1000, c=3000) 3.3)
subjectto H < 50000 3.4)
4 <x <50 (x:integer) 3.5

OIZ BB OR R AR T HMREE AT A =2 f)IZEMEEK, 6. HIU&E, =X %
RIBENT A—=H gx). hO)ITEE, 22 OB, T4 LT HR S 2 Fo
AT a. b, clFEERLA X MIRDHIHEZFFOER/ AT A =2 Th b,

e b & B U7 A5 R & . Fig. 3.26 OEBMERCY v aNDL4 ) & A Tt
% . B8 % (Function) 1% . 7% #t % %% (DesignVariable) & 8 & . & 12 L v #5514
(ConstraintCondition), /N7 A — 4 (Parameter) % £f->, H #JBI%k(ObjectiveFunction)i, BI%K%
(Function)Z B L L72 b D TH Y FER 2R T HBUREIE YT A — % (ObjFuncParam) % £5-2,
WIZ, BIEZERT 572012, ZH(Variable) & WV ) IR EHZBINT 5, a2 Ba—X I
TEEFHET L2 L EET D L B (Variable)ld, FEESCEE & Vo TED R (type). fE
O AL (unit) Z FF>, HIBEE/YF X — ¥ (ObjFuncParam)i%, Z %% (Variable) D Jg& M (fiE DY
(type). EDHAL(unit)\ZHZ., He/Mb, KA, BERAE & Vo 72 e {b O FEAl 2 % (criterion)
DJEMEZE R, il 514(ConstraintCondition)|%, Z& % (Variable) D J& M4 (fE D% (type). ED
BAZ(uni) 1202, BERE (discrete), A Kff(max). H/IME(min) & W 9 K REORNE D&
PE&FFD, /3T A —XF (Parameter), ZH(Variable)D J& (A DR (type). I D HAL(unit))IZ
Nz, FIHE (initial value) %z FF>, X FHZE % (DesignVariable)lL, /%7 A — % (Parameter) D&

PE(E DR (type). E D HAAT (unit), #JHE (initial value)) & . HIFKISAED NEE O & M (BER
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(discrete). A (max), #z/IME(min))Z £,
UbZzE s &, RECMEIT, RElORMEEZRTHNBER AT A —X
(ObjFuncParam), #7124 #(DesignVariable), fil#5{(ConstraintCondition), #JHIE % -2 /3

class Optimization /

<<metaclass>>
Class

+ isActive: Boolean

<<stereotype>>
Block

A A A <<stere0type>>
>

ObjectiveFunction

S

<<stereotype>>
Function

ey

1.% <<stereotype>>

ConstraintCondition <<stereotype>>
<<stereotype>> ObjFuncParam

DesignVariable |[@— . jiscrete: string

1

= may: strin g = criterion: string

A - min: string

0.1

<<stereotype>>

D Parameter

M - initial value: string

v

<<stereotype>>
Variable

A

- type:string
- unit: string

Fig. 3.26 An optimization profile for specific model of design space.
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7 A — & (Parameter)D 4 DO R TFLR T H I ENAIEETH D, AWFETIEZ. ZNnbH 4o
DATVHHATEF%E, SyyML D7 vy 7 BREFMELIEERE LG+ L &7
2

WIS, BIRDAT LA S A T2 iz, Bl bfE OB ITEDOERZIT 5, Mih A
TLET I, b LUTREIZERBEAET VAT, EOXIRNRTA=ZRHD), BIW
N7 A=ZEOHIKIBERIZOWTIBEICER SN TV D, £ 2T, RELEZEETD
EWVND Tl NTA=ZITH LT, mECEEE WO REE A TIN5 2 L2 E
K95, Ldid7my 7 ERMZ DTV, Tz b e s, BiZRikshi
<<ValueType>>EHZ&* H W RXT A —FORIZH LT, BEMLEEAT VAX AT
(<<ObjFuncParam>>, <<DesignVariable>>, <<ConstraintCondition>>, <<Parameter>>)D J"
NDOEFZ, b MW TR T 2 2 & &35, ik z a0l L7fl %, Fig. 3.27
(Y AL R A TE Al L7 BRI o 2 T AZBIT 5 b D TH %, Fig. 3.27
O EMNZIE, "W AT LAETARICERR ENTZANT A R v 7RG TRE L TV
%, Fig. 3.27 TiE. XGB.HDOTH % SDSI-C &\ H /8T A —Z1Zxf LT, HIWEEE T A —
4 (<<ObjFuncParam>>)? SDSI-C_param &\ 9 B3 & AL L T 5, :(3.2). (3.3). (3.5)
DxTd % ScintiSize & V95 /NTF A — X |Zxf L T, & il % $(<<DesignVariable>>) O
ScintiSize param &\ ) EHRE 2B L T\ 5, (3.1). (3.3). 3.4)PDHTH D ScintiCost
EWVINRTA—=2ITR LT, #ill#IGF(<<ConstraintCondition>>)® ScintiCost_param & )9
BRI L T b, EB.1D)~B.5)DGETH D Sensitivity, a TH 5 SensitivityPerSize,
bT&% % ScintiCostPerSize, ¢ T& % PackagingCost &\ 95 EINZEIND/NT A —HX|TxF LT,
WIHME 2 FF> /T A — H (<<Parameter>>) D FF# 2 I bHEki L T\ 5,

FROX I RFIET, AR TER LIZAT VAZ A T E2HNT, EiELRGH & FEITT
Ll DOREMMELERT L LN TED,

VIb, BREHEEICET 22 ROER, BEtERICET 2 BT 2T AEEDESE,
Z DO EARI 722 27 2SI BE 4 2 HiIK BAGR O E 58 | S [T 0D 7 38 2 45 LR B -
17952 &T, REMERBEAETNVERLIRT 5 ENARETH 5, RalZEREAET LD
LR TIEDPHEEE T E DT, RIS, Y —/vilET LA U X LE AT TV DOREIR T ik 2 i
2o

~

ol
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par [block] Radiation measurement system [Radiation measurement system] /
)
. = a: SensitivityPerSize
_. g(x) :
: Sensitivity Sensitivity_ConstS
f(x) : SDSI- \ ) x: ScintiSize
0: SDSI-C )
- C_Const =3
) 'h(x) : < b: ScintiCostPerSize
ScintiCost_Const
—_— ] .
N I A . c: PackagingCost |
i Defined in product system model i —7f———————————————
bdd [paokage'l'Speoiﬁo models of design space [Optimization] /
_.........................\‘.1.........................., <<ObjFuncParam>>
- i SDSI-C_param
<<valueType>> <]_,_ tags . .
SDSI-C criterion = max <<D.e51_gr_1Var1able>>
— : type = float ScintiSize_param
(from Radiation : unit= cpm/((uSv/h)*yen) T
measurement system) : 9
: discrete = false
<<valueType>> < 5 initial value = 4
ScintiSize : max = 50
: min = 4
(from Radiation <<Parameter>> type = int
measurement system) Sensitivity_Param unit= cm3
<<valueType>> Q tags
Sensitivity initial value = 5280
.. ; type = int
(from Radiation unit= cpm/(uSv/h) <<Parameter>>
measurementsystem) SensitivityPerSize_param
<<valueType>> < tags
SensitivityPerSize nitialvalucet520
: <<ConstraintCondition>> e=int
(from Radiation ; Scinti typ‘
: cintiCost_param = *
measurement system) =P unit= cpm/(am3*(uSv/h))
tags
<<valueType>> <] : discrete = false
ScintiCost maz= 5000
S : min =0
(from Radiation type = float <<Parameter>>
measurement system) unit= yen ScintiCostPerSize_param
<<valueType>> <} H tags
ScintiCostPerSize H initial value = 1000
i : type = int
(from Radiation : <<Parameter>> unit= yen/cm3
measurement system) PackagingCost_param
<<valueType>> Q tags
PackagingCost initial value = 3000
(from Radiation : typ.e .
unit=yen
measurement system)

Fig. 3.27 Example of optimization diagram in specific model of design space.
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334 YV—VEETLITY XLEFETLORRRGEOREL

TR, YV VEET LT ) RABEETAOLIRFIEAERT S, TR T E
RO TONERT &, Fig. 328 (IR d, Y—/LEET )L I3 X AEAHETT VA GLIRT
HHEIE, FEHY —VORRENEFZERT D2 LT, FiYy— L LoEEE AR TS
ZETHD, DT, KEHY — VO DERR, TN ORGHY — v adfE 57 n—
DEFEATD, LATIZ, FElEIE~5

3341 REY—NLOBEROESE
TP, BRI VOO EREEIT Y, FRliET e v 7 EEKEANTITY ., AHFET
I%. SDSI-Cubic FIED T L — LU — 7 ZFIH L THEIEZIT 5 72, SDSI-Cubic FiENR D
BRBICKT LT, EORGFHY — VAR L CERTLINETRT D, 71y 7 BREHNT
7l L 7= SDSI-Cubic F+£72% & DHEHEIZ kT L T, <<SDSI-CubicTool>>& W\ H A7 LA X A 7
DY N biEwe L TRtk 92, ol L72fil4 . Fig. 3.29 \ZRd, ARUFZETIL, TR0

Requirements [{D Requirements §E@Design requirements NA N/A

................................

§®Flo\\' of tool
i cooperation for : NA
i SDSI-Cubic

Functions &
Behavior

..........

. . :/@DSpecific system
9 Compasition Ofdes.lgn i|{ structure for CAD
tools for SDSI-Cubic 3

‘[l (Geantd)

Structure {3 Ideal system struclureg §©Speciﬁc system structur

..................................................................

. ®Constraints relating ESCDConstramts relating to Constraints relating to
Parametric = HH . -
et to ideal system :; P sﬁl'l; .c"(n ls't.e.{r'l"s't'r'tlllc;('l.llrﬁ N/A specific system structure
structure ' for CAD (Geantd4)
& D fin it
¢UNC COMpoSTIOn. ). - Block definition diagram
of design tools
Describe speclﬁc model of v
tool cooperation algorithm
p— Define flow of 1 . Activity diagram
tool cooperation

Fig. 3.28 Focus of this section.
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bdd [package] Specific model of tool cooperation algorithm [SDSI-Cubic System] /

<<block>>
SDSI-Cubic System

¢

<<block>> <<SDSI-CubicTool>> <<SDSI-CubicTool>>
Function of system profile Enterprise Architect (SysML) Geant4 (CAD)
definition

<<SDSI-CubicTool>>
Design task extraction
program

<<block>>
Function of design task
extraction

<<block>> <<SDSI-CubicTool>>

<
<—

Functionofdesign [} | Designworkflow decision
<—
<—

workflow construction program (DSM)

<<SDSI-CubicTool>>
Evaluation method creation
program

<<block>>
Function of evaluation
method construction

<<block>>
Function of optimization

<<SDSI-CubicTool>>
Optimization execution
program (I-sight)

Fig. 3.29 Example of tool composition definition in specific model of design space.

B LWV o T RBIRERZ T /LT 572012, CAD(Geantd) & #HEEETTH, T D=, £F
Vo7 —no—a ek LT, Geantd Hitik LTV 5,
EROX I, REFY—VOMKEERTDH I ENTX S,

3342 REY—NLEZEETLI IR —DOER

RIZ, BarY =Vl 570 —DERZIT I, siblIT 77 4 €7 4 A HWTIT
W Y VIS RICTHERE E E DN A ERT Do Fik L7l 4| Fig. 3.30 (2779, Fig. 3.30
(21X, SDSI-Cubic FEOHEDOTNZBILL | ok LT\ %, F72. CAD(Geantd)” — b
ZEE L C 3 ROLTBIROBEE BT O 72, ZOMRE BRI LT D,

ERoOX T, BEY AR THE L T oMM EER L, EET S 70— 2 ER
HIEWTED,
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act [package] Specific model of tool cooperation algorithm [SDSI-Cubic flow] /

( Modeling )
S A—

CConstruc 3DGe0met0ry>

( Extract design task >
Construct evaluation
method

Enterprise
Architect
(SysML)

Design task
extraction
program

Geant4 (CAD)

Construct design
workflow

Design workflow
decision program
(DSM)
creation program

Evaluation method

il

=
=

-

= —

$® -
5% Construct optimized
o =

g E workflow
I

<

N B \I/

£ £

é' = Optimize

®

Fig. 3.30 Example of tool cooperation flow in specific model of design space.

Ll B&EHY — VO DER, T 0 ORGHY — V2 T 57 1 —OERE KLl
FECWE-TITH 2 & T, V—L@ET L) X AEAET N ZRERT 5 2 ENARETH
Do Y LEEET NI Y X AEAET VORI TIEPERTEX =0T, Wi, #ity—v
[ AT NVOFEIR TIEORESEEIT I,
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335 BEHY—NVEEETTNAVORBREEDOHESE
T, R VEAEETVORRTIEOKEEITH, ET AR TIESEO R T

ONCESTT %, Fig. 3311277, Rty — A EAET VEFRT 2 BAVIL, &itYy—né
T D0 BRE U~ BB L BT EREM ST EThD,
ARWFZETIL, @5 —/L & LT CAD(Geant4) & 8 U | FEHIEXEHZ BN A IR E & o
T RREROFLRZFREE 95, ZDT2DIT, CAD(Geant4)0)7”:&)0)“/7<?‘A%iﬁ@ﬁ%\
CAD(Geantd)D 7= 8O D > A7 MEIEIZ T 2 HlIRIBIHR O E &R & LIFIT, Ml 4 b
Do

— )z

S =

1T 25

Fig. 3.31

Focus of this section.
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3.3.5.1 CAD(Geantd) D72 DY AT IMEEDEE

F9°. CAD(Geantd)D 7= D v AT MMEEDEFHEETT 9, SysML (21X, CAD D KL 5 72
RSOELE & W o T EIRIEREZ EFRT D200 H kTN, £ Z T, CAD(Geant4)(Z i
LIZEMEZFLR T D72 ODAT VA ZA T BIO—HEORT VA S A T a7 n
Ty ANEFIZIZEFRT H I LT, SysML Z4E5E L, CAD(Geant4) & O 2 FEHL T 5,
Sl 7 e v 7 BEX AW TITV, CAD(GA)IK & FESS, iR EF22ME A £ 7 VN CTREIZ
WEN7=7nm vy 7 BHEIZX LT, CAD(Geantd) Zitilk T 272D AT LA X A TS FFoH
Tk, WLERWTERT 2 & &9 5,

Fig. 3.32 7° 5 Fig. 3.42 |12, CAD(Geantd)Z ik T 72O DAT VA Z A T E L T
077 AND—%ERT, Geantd DIEERAZZEIZ, CAD DEKFHE LT, TR, Wk,
B 2 Flal C& % & 912 L7z, Fig. 3.32 Tid. Geant4 @ Geometry {Fi#f & LT, RE 3T
T, [EEA £ T G4RotationMatrix, BLE G H 4 & T FEIL%Z KT G4PhysicalVolume, JEIK &
MPEHE % & T in PRAY 72 320K 2 3¢9~ G4Logical Volume. JEIRTE 1 & 269 G4Solid D AT L 4
A AT HFIR LTW5D, Fig. 3.33 Tl FHsEFEEZRBLT L7200, BEHRHA, X, Y., ZHh
XS DR A ZFER T D7 OD AT LA X A T xR LT 5, Fig. 3.34 Tix, FEEHE
RaeRBT L7200, FRERL, B, BEROEE, X, Y., ZOMEER L4500
HIeODAT VA S A T EFRIR LT\ 5, Fig 3.35 Cit, Bl ERE2 R TH-0O0OEFE
4. BB TBIRE W o T Z R LTS, Fig. 3.36 TiX, MEHEMZ TR T D720 D,
T _X=2&FMT 27 7 4V MEHEE. | MEHEE. BEEMEHEEDFIRER DN H
52 EHERLTCWD, Fig. 337 Tk, 7 74/ MEHEE. | MEHEEICHLE 2 FH %2
W DImDDAT LA XA T &7k LTW5, Fig 3.38 Tik, EAMEHEEICLE R EH
BRI 570D AT LA X A T EFER L TW5, Fig 3.39 Tk, BiRkoRkix, 7V 2
TATR, TV T URIROFTERERZE N SHDH T L AR LTS, Fig. 340 TiX, 77—V
T UTGIRIC LBy T VA OFRE, HET D 2 DOTIRDOIEE .. HEXT RN E R & %
FLRT DI ODAT LA L A T EFEIR LTS, Fig 3.41 Tk, FBIROEL L 725 25 FED
TV IT 4 TIROTERERENSH D Z L EZ/RL TS, Fig 3.42 Tk, 7V 7 4 7R
D1 OTHLFMPRICLE R X, Y, ZROWHEREZFLR T HTODAT LA Z A T 450
WL TWD, ZZTIIRLTWRWA, Fig. 342D X512, &7V 7 4 7R EZRIRT
HImODATLVAEA T HERZ LI, FFRDOATLAZA TE2HNWS Z LT, BIRCELE
EWV o e FRIER A TR T H 2 ENHHRETH D,
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class Geant4Geometory /

<<metaclass>>

Class

t

isActive: Boolean

*

<<stereotype>> <}
_|> Block <}
<<stereotype>> - T
G4GeomParam P sl DY s
G4Geometory
- type:string
<<stereotype>> sssSlelcoypezz <<stereotype>> <<stereotype>>
G4RotationMatrix G4PhysicalVolume G4LogicalVolume G4Solid
Fig. 3.32 Geant4 geometry profile of top level.
class Geant4Geometory(G4RotationMatrix) /
<<metaclass>>
Class
l+ isActive: Boolean
[>> <<stereotype>> <7
> Block <}
G4Geometory
<<stereotype>>
G4RotationMatrix
<<stereotype>> <<stereotype>> <<stereotype>> <<stereotype>>
G4RotmName G4RotmAngleX G4RotmAngleY G4RotmAngleZ
- name: string - unit: string - unit: string - unit: string
- value: string - value: string - value: string

Fig. 3.33  Profile of rotation matrix.
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class Geant4Geometory(G4PhysicalVolume) /

<<metaclass>>
Class

+

isActive: Boolean

*

<<stereotype>>
Block
G4Geometory G4Geometory
<<stereotype>> <<stereotype>>
G4PhysicalVolume G4LogicalVolume
<<stereotype>>
G4SinglePlace
<<stereotype>> <<stereotype>> <<.stereotype>>
G4SinglePlaceCopyNo G4SinglePlaceYPosition G4LogiVolWorldName
- value: string - unit: string - name: string
- value: string
<<stereotype>>
G4RotmName <<stereotype>> <<stereotype>>
- G4SinglePlaceXPosition G4SinglePlaceZPosition
- name: string
- unit string - unit string
- value: string - value: string

Fig. 3.34 Profile of physical volume.
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class Geant4Geometory(G4LogicalVolume) /

<<metaclass>>
Class

+ isActive: Boolean

)

<<stereotype>>
Block

JAVAYA

<
<
I

G4Geometory <<stereotype>>
<<stereotype>> <7 G4LogicalVolumeWorld
G4LogicalVolume
<<stereotype>>
G4LogiVolWorldName

<<stereotype>> GaGeometory
G4LogiVolName
<<stereotype>>
- name: string G4Solid

name: string

<<stereotype>>
G4Material

Fig. 3.35 Profile of logical volume.

class Geant4Geometory(G4Material) /

Class

<<metaclass>>

+ isActive: Boolean

<<stereotype>> <
Block <
<<stereotype>>
<<stereotype>> G4MaterialName
G4Material
- name: string
<<stereotype>> <<stereotype>> <<stereotype>> <<stereotype>>
G4MateDefault G4MateOneElem G4MateMixt < G4MateElem

Fig. 3.36  Profile of material.
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class Geant4Geometory(G4Materiall) /

<<metaclass>>
Class

+

isActive: Boolean

*

>
>

<<stereotype>>

Block

A\

G4Material G4Material
<<stereotype>> <<stereotype>>
G4MateDefault G4MateOneElem
<<stereotype>>
G4MateDefaultName SR Rl ) :
G4MateOneElemAtomNo G4MateOneElemAtomWeight

name: string

- value: string

- unit: string
- value: string

<<stereotype>>

G4MateOneElemDensity

unit: string
value: string

Fig. 3.37 A part of profile of material definition.

73




class Geant4Geometory(G4Material2) /

<<metaclass>>
Class

25

isActive: Boolean

<<stereotype>>
— Block
G4Material G4Material
<<stere0typ.e>> ‘ <<stereotype>>
G4MateMixt G4MateElem
1:*
<<stereotype>> s<stereotype>> <<stereotype>> <<stereotype>>
G4MateMixtDensity G4MateMixtElemProportion G4MateElemAtomNo G4MateElemSymbol
unit: string setno: string | - value: string name: string
value: string value: string Lt
<<stereotype>> G4MaterialName SR
G4MateMixtNumComp —_— G4MateElemAtomWeight
B G4MateMixtElemName - unit strin.g
I — - value: string

Fig. 3.38 A part of profile of material definition.
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class Geant4Geometory(G4Solid) /

<<metaclass>>
Class

l + isActive: Boolean

*

<<stereotype>>
Block

N

G4Geometory

<<stereotype>>

<<stereotype>>
G4SolidName

G4Solid

‘ - name: string

<<stereotype>>
G4PrimitiveSolid

<<stereotype>>
G4BooleanSolid

Fig. 3.39 Profile of solid shape.

class Geant4Geometory(G4BooleanSolid) /

<<metaclass>>
Class

+ isActive: Boolean

<<stereotype>> <
Block <
G4Solid
<<stereotype>>
G4BooleanSolid
<<stereotype>> G4SolidName <<stereotype>> <<stereotype>>
G4BoolSolidOperation <<stereotype>> G4BoolSolidXPosition G4BoolSolidZPosition
- name: string B RO T - unit: string - unit: string
value: string - value: string
<<stereotype>> G4SolidName <<stereotype>>
G4RotmName <<stereotype>> G4BoolSolidYPosition
- name: string T L (B e - unit: string
- value: string

Fig. 3.40 Profile of Boolean solid shape.
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class Geant4Geometory(G4PrimitiveSolid) /

<<metaclass>>
Class

+

isActive: Boolean

A

<<stereotype>>
Block

A

<<stereotype>>
G4PrimitiveSolid

A

76

<<stereotype>> <<stereotype>>
GATwistedBox [ 1] G4Box
L <<stereotype>>
| G4Torus
<<stereotype>> <<stereotype>>
G4Tubs —> G4Tube cLELeotynESS
| G4Polyconel
<<stereotype>> <<stereotype>>
G4TwistedTubs G4Polycone2
| <<stereotype>>
<<stereotype>> <<stereotype>> G4Polyhedral
G4Cons G4Cone
<<stereotype>>
e SLEXEOIvRES S G4Polyhedra2
G4Para
<<stereotype>>
G4EllipticalTube
<<stereotype>> <<stereotype>>
G4TwistedTrd _D G4Trd <<stereotype>>
: G4Ellipsoid
s <<stereotype>>
<<stereotype>>
<<stereotype>> —> Gl;to:zp G4EllipticalCone
G4Sphere
<<stereotype>> <<sté;:{oty:e>>
G4Trap M
<<stereotype>> <<St‘2’:;typ‘3>>
G4 TwistedTrap et
<<stereotype>>
G4TrapSimple
Fig. 3.41 Profile of primitive solid shape.




class Geant4Geometory(G4PrimitiveSolid,G4Box) /

<<metaclass>>
Class

+ isActive: Boolean

?

[ <<stereotype>> <}

Block <} |
A A G4Solid
G4PrimitiveSolid
<<stereotype>>
G4Box

¢

<<stereotype>> <<stereotype>>
G4BoxX G4BoxZ

unit: string - unit: string
value: string - value: string

<<stereotype>>
G4BoxY

unit: string
value: string

Fig. 3.42 Profile of box shape.

WIZ, EFRRORAT VA A T % H TRk L7=fl% ., Fig. 3.43 (Z/~9, Fig. 3.43 Tl
Ly 2T DTV, RETZEREAET LV CERINTEERL MR L TND, &al2E
MEAET /L TERINTZEFIEIRIL., Geantd TIIFHEIIRICH -5, £ T, FHE
WAERT<<G4Box>>L W I AT LA XA T ZHH L, & HIZ<<G4Box>>NFf D4 /37 A —
ZIZOWTHAT UAFATERAL, stk L TW5, £lo, TNENFHTICFEE L2
FICONT, FHFEHEATT NV CERINT-ERICH L, I EERE AT, Z0R%
Rtk LT\ 5,

ZOXHIT, BREEREAET NV CERINIZERICH L, Ry —ATIEED LS 72
HEHICE YT D00, DF VD CAD(Geantd)D 7= DY AT L©EEEFTIRTE D, X HICH
WO RNL—HEUT ¢ LR TE D,
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bdd [package] Specific model of design tool (Geant4) [ScintiGeometory] /

sAiEEEe | | %
Solid scintillator 4 Defined in product system model
tags 3=
isEncapsulated O-O

Defined in specific model of design space

(from iation

measureméent system)
o
<<block>>
Rectangu.lar <<G4Box,G4Solid>>
pareflle.leplped <} Box shape scintillator
scintillator
tags '
isEncapsulated =
<<G4SolidName,G4GeomParam>>
(from Specific model of Scintillator sensor name
design method (SDSI)::
Specific model of design | tags
space) i name = Scintillator shape
: type = string
<<DesignVa...
Scintillator
height_param <<G4BoxX,G4GeomParam>>
Scintillator height_half
<<valueTy... tags <} i )
Scintillator (<} discrete = false : — 2
height initial value = 15 type = float
=R - unit= mm
(from Specific T ;DﬁﬂVa value = 7.5
model of design type = float wi(;ltlh :roal;n
method (SDSI):: unit = mm o <<G4BoxY,G4GeomParam>>
Specificmodel of tags L M Scintillator width_half
design space) discrete = false =
<<valueTy... ; initial value = 15 — 3
Scintillator (from Specific model max =75 type = float
ek (SDSI)::Specific | min=15 ““l“‘j“;“s
- model of design type = float yIres L
(from Specific space) unit = mm
model of design <<DesignVa <<G4BoxZ,G4GeomParam>>
method (SDSI):: Scintillator Scintillator thickness_half
2 ec:ﬁ entodelof thickness_param| (from Specific model
design space) of design method ] tags
. tags (SDSI)::Specific s
<<valueTy... discrete = false odel of design unit=mm
Scintillator  {<}H initial value = 10 < e value = 5
thickness max = 20
min = 10
(from Specific type = float
model of design unit=mm
method (SDSI)::
Specific model of
design space) (from Specific model
of design method
(SDSI)::Specific
model of design
space)

Fig. 3.43 Example of specific system structure for CAD(Geant4).
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3.3.5.2 CAD(Geantd)D 7= D AT IMEIEIZ T 2 HIBEHR D EE

WIZ, CAD(Geantd)D 7= O D> A7 AMEIEIZEAT 2 HBEREZ EXRT D, Hizlcv AT
LG AR ER LT Z & CREICR S T EIC T 2HKBIROER L . REHEMBEAET
N E DML DHFIBRDOERN DD, BEIZHOWVWTL, REPERBEAET LV TERL
TeXT A= OMWHE L, CAD(Geantd)|ZHF H/3F7 A —Z OWENR LT LH—F LRV
5Th D, BRI, Geantd IZBNT, FMAERTI2HOD/NT A —2 1%, FAEOHELZFA
IZBE, X\ Y. Z DI K> TBIREZRET 5, 2FEV . X, Y, Z#HAOLORE
“HO—DOETERBRED, b L, REERBERAET LV THORITNRT A—4 ZBE
ELTWIUX, ZONRT A—FOFFOWEIIRR D Z L2 b, 22T, 7 v 7 EEK,
W7 a v 7K, X7 A MY v 7 K& AT, CAD(Geantd) D 7= D AT MEEIZEET
HHFIBIR A LR T D, AW, B AT LAET L, BLORGHZEREAET LT
OHFIBROFER L EFRETH D, ZNE TORRIBFIEE B i, 7 2A—2DH!
ZFLIR T 5 72 I, <<ValueType>>DEFH A FIH] L TWzA3, T Z Tl <<G4GeomParam>>
DEFEHND, 71 v 7 ERK TOHKI (<<constraintBlock>>) D ik, N 7 & 7 X,
NTANY 7 HTOHE~OENY LT, A EORRIE, FERIZAT 9, "Ll L7zflz,
Fig. 3.44 IZ/”¥, Fig. 3.44 Tl AR THNZHF T 72, REFEMEAET VHNOE T IR ZE
FTNT A= L Geantd ([ZBIT DM A KT /T A —Z M OHIKIBERZ LR L TWD,
FROX I T D LT, HEMZERMEAET IV CTER LIE/NT A —F L OfilFIE%
BT D Z LN TE D, £72, CAD(Geantd) D726 D 3 AT AEEIZBET 2 HilFIBEFRIZ.
B AT KET IV, B L ORREHERIE A T 7 /L TRtk U722 B3 2 il B fR O Foak
ERIBRIZAT D 2 & TE %,

LI E. CAD(Geantd)D 7= D AT LEE D EFE. CAD(Geantd)D72b D 2 AT LEIEIC
B9 2 HRIBIMR O EFRZ AFLR FIEIHE > TITH 2 & T, Ry —VEAET AV EZFLRT
HZENFRETHD, TNETORFERIZLY, BT 2T AET L, RFEMEAT
T, Y )VHEET LI A LEAET IV, R —VEAET IV OETOFLIR FIEEE
ETET, Thbb, R TIRELZET UV U 7HERICXT 5, 7 ViR ik & 4
THZENTET,
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bdd [package] Specific model of design tool (Geant4) [Constraints for G4] /

<<constraint>> <<constraint>> <<constraint>>
Scintillator height_half Scintillator width_half Scintillator thickness_half
- a: Scintillator height - a: Scintillator width - a: Scintillator thickness
- A: Scintillator height_half - A: Scintillator width_half - A: Scintillator thickness_half
constraints constraints constraints
{{A}={a}/2} {{A}={a}/2} {{A}={a}/2}

(from Specific model of design (from Specific model of design (from Specific model of design tool
tool (Geant4)::Constraints) tool (Geant4)::Constraints) (Geant4)::Constraints)

(a) Example of constraint definition.

par [block] G4Geometry [Parametric] /

<<proper...

: Scintillator : Scintillator
: Scintillator height_half height half height

(from Specific
model of design
space)

<<proper...

s o : Scintillator : Scintillator
: Scintillator width_half width_half B

(from Specific
model of design
space)

<<proper..

: Scintillator : Scintillator
: Scintillator thickness_half thickness_half thickness

(from Specific
model of design
space)

(b) Example of parametric diagram.

Fig. 3.44 Example of constraints relating to specific system structure for CAD(Geant4).
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34 ETNANRBFEOBERERLEBE

ARETIE, B2ECRELLET V) VIR R, =7 VB HEERF LT,

FTBROETNVGRGIEZFEIR L BREEP O Le, AFSECTRELIZET Y v
TS ZFRT H7OIIE ROERNPLETH D, B A7 AT LT, ERERER.
PeRE, IRDBVWVER, BT AT MERDER., T DV AT LRERITHR D HIKIBER O EFH
Thd, VAT AT A U FEICE LT, REFERICBET 2 ZRER., B L OKGH2EH
DEFK, V—/VEET LI XAOEFRTH D, Kkt —/ICBE L UL, FxGHYy —
ADEROEHRETHD, TNOLOERICE LT, BRI 2T L, £2TOEHENA
RE72E 7 VELIB AT VDS . SysML OJLIEREREZ W5 Z & T, RO BfETET /L
LR IEDRENFIRE T L LR STz, £ 2T, SysML & XN— R ZET LRtk k%
fREt L7z,

SysML CET VAR TH7DIT, 4 DRy r—VENTET LV EEHTL L L
Too W AT DTEATDIEWMERB LG XT ATV REHEMICEAT 5 1F#RE
R LM EGET L, Y LEET LI X AT A ER AR — L
T AU ZLEAET NV, RKEHY —VICET D RE R L CREHY —VEAET LT
b5, WIT, FATARERET AR HIE L T 57010, TNENOET LT & itk 3
DINEVDFEMRTERE R D DMEN D H,Z T VAT LT A U FiEB L OREHY —
WERE LTc, TORER, AKFETIX, A7 L7 %A o FiEL LT SDSI-Cubic FiE%,
FEARSCBLE &\ o 72 ARG 28 25 72 O I2i% Y — 1 & LT CAD(Geantd) % fii2, &
TN TEEMET D28 L LT,

TGN FEOREOFNE LTI, RO I RFIATHS, T, BEXRFOD
[CHL S AT AT ADORIBEIT O, B AT AT IL, BEROER, i, ED
BODER, AT AT AMEROER, AV AT AERICET 2 HIKBEROERNE £
D, WIT, HARFG B L OEARRG N Ot~ L BT 572012, XKEEMEAET
o Y= VT LAY XAEAET NV, REEY —VEAET VOB AT O, il 2EH
EAET /M, REFERICET 2 EROER, REHZ2EHICET 2 BARR e v A7 L
DEF. EOEMEHIR T AT MEEICBET 2HIKBEROER. R LEEOERNE Eh
Do V—/VEEET LT Y XALEHAET AOHFITIL, RKitY —VOWROER., TN DK
YN EEET S T 0 —OERNPEEND, REHY —VEAET ALOPITIE, RKEY —
/L CAD(Geant4) D 7= IZ B LT v AT 2B D EF, %5 — /L CAD(Geantd) D1E#
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[CEBT D12 DOFIFI RO ERENE END, 2O X I BRFIETET NVETTIRT 272012
FERZ ED XD RFLRFTETIT O DEMG LOLETHIUIAT LA Z A & BML T,
ENO OB FHTIEE R LT,

Pbizky, 827 A7)0, REFZERBEAET LV, YV —/##ET LT) X LEE
EFTN, REHY—VEREETNAORTORBFIELHERTE, AR THELZET U~
TSR T 5, BT NGB FIEEREE T H 2 LN TE e, 72, CAD(Geantd)x HV 5
Z LT, BIROBLE & W o EEERFHRICONTH, VAT ALYULTOET V> 7 % AlHE
EFTDHIENTE, Thbb, BUROBEEZMRIL LV AT LT VA 2 —X@EDOET
NNR—=ZATITHITEMTEDL, ET VUV FIEEEET L ENTE,

35 &8
—BLEETNAR—ADVAT LT P U EFEBTLHET ) T FRIELHEET L7290
2 ETHER LT VAR RIS, BT VR FIEERG Lz, LTI, fme b
D
1. ETNRRGFEOBURBEM N B S JL, SysML 2 _X— R IR CHETET /LA
WIFEPREE I T,

2. B 2T AET IV, REFEMEAEET L, V—LE#ET LT XABAET L,
RELY —VEBET LD 4 ODFT V% SysML ZJEBE L CREik L, £ b 2o
HZET—HLTETAR—RADY AT AT P A VR ARERE T LRIl FIE DL
STz,

3. EHIT, BIRRELE & W o EERFERICOWVTIE, /XT A MY v 7 ITJBIR, BLE A
W% % CAD(Geantd) & T, VAT AL~YLTOEKFEROET Y o 7 HRulfg L
ol

RKETIE, —BLEETAR—ADI AT AT A U EEBT L7000, 7RG

EERBELL, Zhicky, 7V IRt e7 v vidbd hliEEz G, €7V 7 F
B RET LN TEL, RETIEBELZET )V VI REEZHNT A~ Ry =T,
VI RNU 2T INORDEHERV AT LATHY, FHZV AT AT A B W THERED SR
K+ Tdo D FERDOBEBRAIR T D BEBREHIIT 2T L&t RIT, FIEORGE, SR
BlZAT 72D T, ZTORRIZONWTIERS,
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FAE BEBRHHS AT LDV AT LTVA U ~OERET Y VI FHEOBEAKBER
4.1 HS

552 BT, BEEEREN ARG, BRXUSHHERGHIER 2V AT AT A 0T rk X
E—BLTET I 7350007 ) U IBEENEESN, FIET, Z2OB&ICKL
THRL S AT AET 0, REPEMEAEETT L, V—/VEET LI XAEEET L, &
Y VEAET VD4 ODET VTR HET VR HIEDHEEI N, 2 bl kv,
VAT AT A B LTEMRICESE, ETAR—ATITOTODET Y o T FENR
HEIhT,

ARETIE, BEINTEET Y U7 FEZHOT, BRI AT A0ET ) 7 %47
Do BERRGHAIS AT KX, N—Ro =T, V7 U= T nb R LML AT AT
HY ., FFZVAT LT A VICBDTHRO XBLR 7 Th D EEDEZENRA R TH D,
ZHCEY, KETFTYV VIS FRIBICEI DAV AT ATYIA T ATO—E LTZET /L_—
ATWA U EBEE LT, LTS, ZORIRZBR~D

42 BEREFHRT AT LAOEREAET V VI FEOEAES

FP. BEREHIS AT L OERIC OV TR D,

# 46 (RAEAMIC HIER DSFEAE U 72 I 22 AR LTo kR 2 B & & b1, B TEmE
HHIERIZED AENTe, DFED, FxOHFOEID T, < FBITHSHBRP RO, Hy
B W2 DTS EFE L TV D, AMERLEHIC b BUR MW E I EI AT
Do FINHEIL, FHBREFHEN D FHN O OBSHRBHN 2T D, 25 Ot
IR LT HRIS R &V,

HIER FI2iE, A TO B ST 2, BT E I T3, B3, ERA Ohkx
LI CRNRINTIRS FIH SN TV D, RS, IEFEOHRM 22 = 3L F—FREOHRIf
W, Fig 4.1 IR T KO IRFIFEINEREZ BRI NATWD Y, RN TIIREDK
SHEE AR S L, ZOPITTARFUSAE LR WIBEHEME b E S5, @, JFT

FEEATIHEH S 2 RN E I FE S TR Y | BUEDE AR ~TRALH & 7
FOWER, EHINLTWD

L2rL, 20114, AARIIRAARKEK E WO REFOREKIZHEDIL, HiE, BRIZ

KV ERBEEEZ T2, MAT, @EE BT HREEIICT, REDKSEYE DN R

TOHEHDIAE L, BETEME OFRBUSE 5 SMRHIE < CHRERBIE <2 & D AMEA~D R
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Fig. 4.1 Equipment capacity changes of nuclear power plants in the world".

MR & 7r o7, IREZEZ DO EL 2T 72556 . DNA $10 8, A ~DHEE
RENEZD, bbAA, TTEARMITZ DNA OEEENEZBELADE TS, LirL, b
L Z ORI G NAE CTeat RN E 72 EORIEIRE & 72 5 Al RetEn & 5 722,
SNHRIE < PEIBIE I R D . EOREANERPEELZIT TV LI0EEL T 2L
ITEETH S,

RO B AR T 57D, FHEIT I LERH D, SMBHIE < IC L 2R A
BT D 7-01ciE, EAFH & ORISR EOFHINTOI D, EHIE I XL 5%
R T D720, B OBEREREFHNN TON D, Filth. 1TEHEBICSPIREES .
EEIC Lo T, BAGHIREMRE R EM T, BIELSIEREEmIN TS, Lo
LZZ CHOMNI 72 Tof T R 72 WERS, B OE[Y OB E R T X 20,
BREMRTEDENI LZIAETEHES TSI ETHD,

LMo T, ORI ORL, BELXHRTE DX 5 7, AIHRECHEHR B3 L O
RERE DFHAIZAATREZ2 . @2 A hNT o —< U ABURBREHAIS 27 L3R D BTV 5D,
IHNFETHEZE L OMSBEHUEGESE, BB INTWDR, EEiEERD 2 H E VD &
FlZ 72> TV D H D, KIS THERENBRINZ 2> TWVWAH D7 &, [EROIFRIZINZ B
TWRWEWSFHENRH D,

FHREHRI S 2T 2E, N— R =T, VY7 b =T LR AEMERELY AT A TH
D, HRESLAANED N —FET7E2BETLLERD DL, DF V., FEROERITSX
HZENTEDLEMER S AT AEREST HT-DITIE, VAT LT A L &21TH 2 LR
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T D, F o BHREHI S A 7 JZ B0 5 W B 72 515 AR XL S i Bl & 7 o
TWDHN, ZOME, BRMRIZL > T, BIRSOHMEZRE, 2DV AT LOFEBLFIEITKR
ELEDD, DFEV, VAT LTYA U EATH LT, WERRMERE D LR T TdH D EK
DBEIIMBERARTHD, T T, EEREZEL, » O RRFCRFELITHIGT S
eIl FEHERZET LV TRIL, ETNAR—ATUVRT LT A U E2ITI T LB
BETH D,

Z ZCARIZETIE, BEHRETHIS AT DDV AT AT WA K LT, KET U T F
BEEAL, B LEETAR—ADV AT AT VA U ERIELTZ, LRI, ZOR%
w5,

43 BEHBERIS AT ADY AT LATFFAL VITBITAETY v IR
4.3.1 AREERGR)OME

ZIZTIE, VAT LATYA 7 AOMEEGE~E AT SN D BURENOFE & E
R D BERAARIC OV TR D,

BUETTIR STV D BRI BEHAIRR 2 £ L D72 O Tabled.1 TH D, T SIS
OB, EIZ y MERHET B THY . FHARICE > TEW TR TV
LB200(BERTHOLD #tf) & CAN-OSP-NAI, SEGe(Canberra #-5) I3 it eI EEFHAIZR T H
%, F1-. ML LTI, LB200 & CAN-OSP-NAI 78 Nal(Th> > F L—va v
% T, SEGe 28 Ge A tHias & 72 > T 5, LB200 1%, BUNRBIREIFEFIHITE 56 DD,
AR SN TES | BEEME ORFHRIL TE 22y, CAN-OSP-NAL, SEGe I35
FETH, AT MAGHINTE D720, EEOHRINAIEETH L, £7-. SEGe 1FIE
HICRREN R L, KV BECERERSINARTH D, L, T 02 HREITHERH
D Pb WELMOKREL, BEEEZR->TEY, EEIIEAES L2 5, 0. BIFETHE
P e < ik b Sl TH 2720, FMFELRIIEEORERE - otrHICHVWHeRT
V5%, EMF211(EMF Japan fE8) 13, M5 Nal(T)> »FL—a sy o2 28HA L
TR, KEOHTITZER B EZ . Hfiks Po 2 A2 2 & THRETRERREE DO FHAY 7T
RBCThD, £z, AT MUGHTIZ XY | BREOHBINFETH S, L LR L, ik
M Pb BNIEEICEHERTHLEORTE WD, HHBHBSHIRSNS, £/2, &liTh
%, RDTX-PRO(Scoshe fE:#), TGS-131(HITACHI ALOKA #:#1), PA-1000 Radi(HORIBA #t

B ITZERBAREFTTHY . FFHEOARETH D, LaL, ERIZHEEHBEDOHTH Y |
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EREOHFNITE 220,
AR—L, #ERtTHIET
Y BNNETH DD, FBEIIEN,

(NG oRAV/AN

RDTX-PRO 1%, Si 8K T

PN RLT LS FNRT N, IS EKL L TWD, Ll

EORZWIRERA T U ARKETHY |
FlL—rarhyrFZEHEHALTED, CTHY > TFL—F

72D, TARNT F—< 2 ADBE,

VI bZHHS 5 L

2 & HTRE
FHHIER X IER 12
% Z T,

BUR O B R a 28 D
FED M EHHIS FTRE AR HHIES 23 72 2

22 T ST R B & TR RETR P D
WNITH D, a3 A NT o v ARG

DUV, Table4.2 12k, LATIZ

EinliIN

~D,

TGS-131 IX., GM

. I-Phone 72 E\27 7 & A
FHAINFRECTH D, MHEERDOHADIIE TH D7D, EFITE
HHEE T, £

. EBIE TR R D, TR

BFam e VO MEERH 5, Radi (X, Cs(TH)T >

(CHIFRPED 2 < mFFf TH D

A E LTE, FFHEORE

& JBURRETR EEFHR &
EiCTHY, BEETHL I LRENFETOND,

A

ZE AT IR R
EZAEIB 23 FTRE 72

BEREOHRINTE, £, KA, i,
DEIDRDO LD, B2 EERAAARIC

Table 4.1 Comparison of radiation measurement instruments.
. HITACHI .
Manufacture BERTHOLD Canberra EMFJapan Scoshe ALOKA HORIBA
CAN-OSP PA-1000
Model LB200 - SEGe EMF211 RDTX-PRO TGS-131
-NAI (Radi)
Measurement object Radioactivity Radiation
. Spectrum Spectrum Spectrum B . )
Qutput Value &Valie &Value &Value Value Value Vale
Detector NaI(TD NaI(TD Ge NaI(Tl) Si GM CsI(TI)
scintillators | scintillators | semiconductor scintillators semiconductor tube scintillators
Detector size Sem® 100cm’ ? 350cm’ 0.12cm’ $20mm | 23cm’
Detection limit 20 25 " 6.4
(Bg/ke) (/15min) (/10min) j (/10min)
M i
et 0.0001~50 | 0.01~10000 | 0~300 [0.001~9.999
(uSwvh)
Energy range
60~2000 4010000 0.03~3000 60~
(keV)
Energy resolition 7.5 2 6.5
(%) (/662keV) (/662 keV) (/662keY)
Measurement error 2 £20 2 +5 +45 2 +3.3
(%) (funder 20uSv'h) (/0.4uSv/h) (/0.3uSv/h)
Vet 10 166 1100 1.5 + 240(Ph) 0.2 14 0.175
(kg)
Price ” — . o
(ven) 1,500,000 5,150,000 ? 1.500,000 30,000 283,500 125,000
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ZEI R AR B OFHIEEPH & L CiE, HO R ELZET 2 2 L3k b b7
HARIZE T D BREHRED 0.05~01uSvh BRETHLZ &, BEOEBRELREI T
20 SVh BRETH o722 25, 0.01~30 1 Sv/h PFHUFEFH & L TRD B D, SEHRIE
S RNEHIE L DAMRA~OFEE TR 5 720 D E OFEOHBNI R AR TH 5,
HIER 1213 9K <0 226Ra 72 £ BRI & U B FAE L, 17Cs R0 134Cs 70 E DR 3k
DOFHEDE L XHT 52 ERRDBND, £, v MOFOZ VX —NRR D720
A U RO RRIRIE Th > Th . AME~OREE IR0 5, 22T, AFHINZIX
TR F =AY MVREBGRIRET, D OEHRINFRETH D Z ERD D, Cs
1% 662keV. *Cs 1% 600keV & 800keV. “°K 1% 1460keV DT RV X —ZFFHOZ L b, v
TRV —FHIELPE & LTI, 0.05~2000keV &F 5, 72, 137Cs D 662keV & 13Cs D 600keV,
800keV BIEFINZHL NV RN F—FFFOy R THY | TRLF—AXT "V T 7 AR O
EORRIZRDZEEZEBEL, ZROLDZRLF =AY MEGHET 572012, =X
X —GREEIX 10% L FTHDHZ ENROON D, REEEIZE LT, FRH, R THlE
THZENRDLENTWD Z &, BURER OIS, BEREIZOW T, 1uSvh (2
FV T 1300cpm(counts per minute), FUHAEIREEIZ DV TIX, 100Bg/kg (Zxf L 40cpm % H 1

Table 4.2 List of requirements specification.

Item Content

1. Measuring object Radiation(uSv/h), Radioactivity(Bq/kg)
2. Efficiency

(1) Measuring range Radiation : 0.01pSv/h~30uSv/h

. 0.05~2000keV
(2) Measuring range of y-rays energy
[Cs-137(662keV),Cs-134(605keV),Cs-134(796keV)]
(3) Energy resolution Within 10% [FWHM of Cs-137(662keV)]
(4) Sensitivity : Radiation 1300CPM/( 1uSv/h)

ANCDNA /(100D ~ Mrex)
IV L IV/ Avvnying)

(5)Sensitivity : Radioactivity G0min) | o o006 of Background:0.01jiSv/h]

(6) Detection limit Under 50Bq/kg
3. Weight Under 10kg
4. Measuring time

(1) Radtiation Within 1min

Within 60min (100Bq/kg, Radiation of
Background:1pSv/h)

S. Price Under 1/3 of the current measuring instruments

(2) Radioactivity

90



D, BATREIL 1 FHRIT, BGEEIREEIE 30 FHIITT, v v ML 1000counts A
X DT, BAEN E3%LINICe 5, F7z, FHIIRFRIZE L CTid, FRICEHRIL, 227 U —
=V T EITZDE DT D720, 60 5 LIN E T 5, HAREREOFANC W T, Eoib
Yok JEUEDS 100Bg/kg T V), ZDHMER B2 57008 9 i fHIlF4 % = L 2R ST
L7z, 50Bgkg L FORMHRAS KD HiD, EHEmE LTI, FFHEVL, B 2qH
GRS TE D LI T 272, EfHM A2 E 0, 10kg LN THDH Z EAROLND, i
Bix, Z2<OADBEALSCT KA B R TE D L), BUTHAIZMEK O 13 BED
K30 THRETHD ZENROBND,

VLED LD BRI EZ AT & L, BB AT LDV AT LT WA BT 5E
TV T EIT O,

432 BRI ATLETFTALDETY VIR L EE

Z 2T BEBREHRS A T AOMERGHI H T /WM AT AET N KRBT 5720
2, BTV T EITH, BT V7R, BROER, Mg, IBO2BVWOER, HEAC AT
LHERRDEZS ., BARY R T AHERIC BT 2 HIFIBIR O ER DI TITV, T ARG LIS
o> TET NI T 5,

4.3.2.1 BEREHRIC AT HJCBET 2 EROER & ET AR

£, AWROER R TH 5 HEREHHT AT L O#PAZ ER L, MR AT L L4
& A RIS D, ABFGE I 653 AT 4 % H-SRBC(Handy-Smart Radiation & Becquerel
Counter)) & FESY, H-SRBC OfEHE & LTIk, Ema EoER, ikt ¥ — &EkE.
PRYUSES 70 EQE S, THVE TR FiI 2R U R RSO R IR A FRICEI T E S
ZEMRDOENTWVWD, £z, ROLIWTWDLAGMU T AT AOMESIT E LTIE, Bih
TOMGFHL G EREORTERE O FHifER, A7V —= 7 HiEThH b, £ Z T,H-SRBC
OENEEE L LTiX, BATOMRICET2EBENERE, B CofiHICET 5 BANRE,
BIE DBCAFET D AR & TR B RO SR & BTNy 77T 7 REUHR.
BERHIATI SN D ATEE, AR FOIRE, WA, HERIIMHET DK, e

) H-SRBC %, Handy-Smart Radiation & Becquerel Counter DI T, AAFEDEEI R TH D
BHBREHR S AT LOBEELHTH D, Uk, —MRAIZRBEBEHIS 27 &5 & KB 572
DIZ, H-SRBC ODA4FREHERT 5,
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IZE 2 DN DIRE, HEAREZHND,

R BIRREFHIC LD EE ORI TEE LW e W R0 EiX, B EITHe
PEMVE DN EAVTORE TR L AEIE 25| S Z TR H L 2 & Th 5,
TR, IS L S E SR L TS, HER SICHRIL, AR ES
TLEIARMEEZBELTWD, £, THEZR CICHERE U2 B EE S B RBIRIC XY
BEIL, @BMEDOR Yy P ARy bR T DR b H L, £ 2T, MENRE LT
1, SMTONE K OB AR 2 72 DI ZZ MR & . IR < O EEREC A v b &
Ry hEFHET L2010, BECLEET 5,

UEDERAEEHE L, 27 %A MXZHW TR L72R5E R %, Fig 4.2 1IT7-7,

<<block,domain>>
H-SRBC domain

: Background radiation

<<property>>
: Measurement object
< <property>>
: H-SRBC <<property>>
: Ambient radiation
:User
<<prop erty>>
<<property>> ] :Foods
: Environment
<<property>> <<property>> <<prope.rty>>
:Indoor : Outdoor gSoll
environment environment
<<property> >
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<<property>> <<property>>
: Input voltage : Temperature
<<property>> <<property>>
: Humidity : Moisture
<<property>> <<property>>
: Vibration : Inclination
Fig. 4.2 Description result of design range.




I, BERARRICE D& BUORZ M FEMARZRA~ & ff, o %247V, H-SRBC (T
KD BNDEREWMEIZT D,

H-SRBC (2RO HNDH Z ik, ERMDLDERTH S, FRICH IR 5%
D, BEFHERTXDHE A MNT 4 —v U ARFEHIY 27 A Th D 2 L NEETF 5
N5, ZOBERICIE, FEREICEREZHHTEREEMETE L2 L, FRICHIT/2REREE
M EFHAITCE D Z L LWV ) ERNVEAE S TWD, Fig 4312, EREKAZ HW Rk L7z
EHRERT, ZO2-o0HEBICEALT, ERkEEKLT 5,

F P IEME /R BATR O ESRICE L Tk~ 5, Fig. 4.4 1279 X 912, Fig. 43 THIF-E
T R IR & 9 BR A - - 012 1E, IEREIC SR AZHITE 5 2 & RO A
RA~DOEBNE R DORGEN TE D Z & BEDD ORSHRE, A HERE & R

req [package] Product system model (H-SRBC) [Requirement] /

H-SRBC

D

<<requirement>>
Radiation measurement

id =

text = "Checking the safety to ambient radiation

easily.

Being a high cost-performance radiation

measurement system."

<<requirement>> <<requirement>>
Accurate situation grasp Usability

id= id =
text = "Being able to accurately measure text = "Checking the safety to ambient
radiation and check the safety." radiation easily."

Fig. 4.3 Top requirement of H-SRBC.
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FITHIETE DL Z LW HEERPEHIND, S HIT, FERVILEZ T 5 722id, JlE
T2 ERFL, FHTE LNk,

Fig. 4.5 127”9 K 912, Fig. 4.4 THET T EMRFHAE W D BRZ 723720121, FH
DS/NIZWE ESEEZMNERH Y 7 F M LTI Oz mmcE sz L b,
JARICEL TR, /A REZECTELETIRET 2L &) ZFRMNEH XD, HRA
TGRS 7 v MR AN SE D - 0ciE, BIES SRR 2 KE B UG % % <
T52 8, FHZERREITY 2 & TRAKZESCTZ L, FHIREREZ&ED 5 EREL L
WHBERMNEHEND, /A XZET 5720120, AT ANICBIT S /A X EERT
DL, ANBERENDZT OB A T 52 L L) ERNEHN I D,

Fig. 4.6 (27”9 K 912, Fig. 4.5 TR TANBERE OB AR 5 7201213, SNMBEREE
ThbHN\y 7 770y Mgk, ADEE, IRE, IREBAZZETLILERHY, Ny 7T
70y ROBEHREZ R 22 L. ANBEOEE), REZ, RN L CERINR R
MEBLRNWE T DI EBRETH D,

req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
Accurate situation grasp

id =
text = "Being able to accurately measure
radiation and check the safety."

AN WS

N
| N

.
<<deriveReqt>> <<deriveReqt>> <<deriveReqt>>
/ | o
<<requirement>> <<requirement>> <<requirement>>
Accurate measurement Safety check Time series comparison
id = id = idi=
text= "Being able to accurately measufe | text="Being able to check thatthe text = "Being able to compare radiation
radiation." radiation influence to human body is in dose and radioactivity concentration
a safe range." from the pastin time series."
I\
<<deriveReqt>>
1

<<requirement>>
Measurement data storing

idi=
text = "Being able to store and use the
measurementdata.”"

Fig. 4.4 Requirement of accurate situation grasp.
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req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
Accurate measurement

id=

text = "Being able to accurately measu

radiation."

@

77

74

<<deriveReqt>>

<<requirement>>

Increase ofradiation detection number

id=

text= "Being able to detect a lotof radiation
signals.”

ZAN AN

/ | \
<<deriveRe<<deriveRe <<deriveReqt>>

AR

N
<<deriveReqt>>
B, S

~

<<requirement>>
Noise reduction

id=

possible."

text = "Reducing the noise as much as

7

N

/ \
<<deriveReqt>>eriveReqt>>

Z | N\ Vi \
<<requirement>> <<requirement>> <<requirement>> <<requirement>> <<requirement>>
Increase of measuring Longer measurement Higher sensitivity System noise Reduction of influence
sample capacity time reduction from external
id= environment
id= id= text = "Increasing id =

text="Increasingthe
measuring sample
capacity.”

text="Increasingthe
detection number by
measuring for along
time."

measurementdose rate.'

text = "Reducing noise
included in system"

id=

text = "Reducing the
influence from the
external environment."

Fig. 4.5 Requirement of accurate measurement.

req [package] Product system model (H-SRBC) [Requirement] /

77

<<requirement>>

Reduction of influence

from external
environment

id=

text="Reducing the
influence from the
external environment."

B

text = "Being measurement
result not affected by input
voltage fluctuation."

text = "Reducing background
radiation dose."

text= "Being measurement
resultnotaffected by
temperature fluctuation."

/ /1 ‘\ AN
7 / / \ \ N~
<<deriveReqt>> / \ <<deriveReqt>>
a <<deriveReqt>> <<deriveReqt>> ~
Ve / \ N
<<requirement>> <<requirement>> <<requirement>> <<requirement>>
Tolerance to input voltage Reduction of background Temperature Vibrationresistance
fluctuation radiation influence compensation
id =
id= id= id= text = "Being measurement

result not affected by
vibration."

Fig. 4.6 Requirement of influence reduction from external environment.
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Fig. 4.7 12”9 K 91T, Fig. 44 THEITTLROMR LV D BRZW 272012, B
RDONE~DZEELZHRTELHZ L ENEDTRMDERIENETH S 100Bg/kg % FHHI
TEXD L9 T 5012, MHIRAZ 50Bgkg LLFTHD ZENKDOLND, AME~DE
MR &\ 9 R AT 72T 72012 1E, NMENE2 b2 T 2 i R(E I E EN DK
SR ZFHAITE 52 & SMBD B2 D R B (BB R E) E Rl & 5 2 &
MNRIZ B 5.2 2 SHEWE OB Z PRI TE DL Z L RARLETH D, R, FIEFiH
DO TEFHEWE T 5 Cs 72 EHH OB WY E 2 1B TTE D LERD D,

Fig. 4.8 IZ/” 7 K 912, Fig. 4.7 THEIT 7o NEHIL S L AN < OFHAAT 9 72121,
y MOMEREZFHUTELZ NN ETH D, £, WEHHIXITE L TS ERE %
AT A2MENDY AEOEELZFHNTHZ L L METH D, Fig 4.7 THET TS EY

req [package] Product system model (H-SRBC) [Requirement] /
<<requirement>>
Safety check
id =
text= "Being able to check thatthe <<rationale>>
radiation influence tohuman body isin | [n orderto measure the
asafe range." safety standard (100
Bq/kg) decided by the
{1 v\ P country.
/ \*
<<deriveReqt>> <<deriveReqt>>
/ N\
<<requirement>> <<requirement>>
Influence rate check on human body Lower detection limit
id = id =
text= "Being able to check the influence text= "Being the detection limit of 50
rate of radiation on human body." Bq/kg or less"
F 4 N R
/ \ N
<<deriveReqt>> <<deriveReqt>> <<deriveReqt>>
/ \ s
<<requirement>> <<requirement>> <<requirement>>
Internal exposure (radioactivity External exposure (ambient Radionuclide discrimination of
concentration (Bq/kg)) radiation dose (uSv)) measurement radioactive material
measurement
id = id =
id = text= "Being able to measure the text= "Being able to discriminate the
text = "Being able to measure the radiation dose received from outside, radionuclides (long half-life) that affecf
radiation dose received frominside thg | thatisthe ambientradiation dose." the human body."
human body, thatis the radioactivity
concentration contained in food etc."

Fig. 4.7 Requirement of safety check.
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EORFEHBIEAT O T2 DI2E, BEMROZF A=Ay NVERIGTE 5 28 &, K
IZ RS TR RN F—2 R OB E T2 2 800, B— 7 = x)LF —fl % 5]
L, BEEZHECTEXDLIEN/METHD, B —7 TR FX—DHBIEIT O 72DI121%, P*Cs
D 600keV B— 2 & B1Cs @ 662keV B'— 7 Z43HfE L, JRIEFHH KD B4Cs & BTCs 234151
TEDEIIC 10%LL FOESGFREN KD b, Fo, 10%LL FOSEETH>TH E—
JITERDIZO, TRVF—AXT MLZGEEL, E— 7 Zx L FXF—JIITE 2L b
KkobN 5,

WIT, Fig. 4.3 THEF 72—V U T 0 OERICEH L Tk 5%, Fig. 49177 X 91T,
a—PF YT ¢ OERICK L TE, FRICEHRICEHIITE 2 2 &, A/ 2R HIA T
BEA TR T D 2 &, BRREAOMEHREICHS LERTE S Z ERkD b
Do

req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>> <<requirement>> <<requirement>>
Internal exposure (radioactivity External exposure (ambient Radionuclide discrimination of
concentration (Bq/kg)) radiation dose (uSv)) measurement radioactive material
measurement
id= id =
id = text= "Being able to measure the text = "Being able to discriminate the
text = "Being able to measure the radiation dose received from outside, radionuclides (long half-life) that affecf
radiation dose received frominside thq | thatisthe ambientradiation dose." the human body."
human body, thatis the radioactivity
concentration contained in food etc."

/\ R /) A N

1 N 1 1 \
<<deringcqt>> <<dcrichc\ql>> <<dcriv’ccht>> <<dcri\fccht>> <<dcrich\cqt>>
<<requirement>> <<requirement>> <<requirement>> <<requirement>>
Sample weight measurement | | Radiation (gamma ray) dose Peak energy discrimination | | Energy spectrum acquisition.
rate (uSv/h) measurement
id = id = id=
text="Measuring weightof the| | id = text = "Being able to discriminate| text = "Being able to acquire the|
target sample to grasp the text= "Being able to measure thp the peakenergy and identify energy spectrum of radiation.”
concentration.” radiation dose rate (uSv/h) of radionuclides.”
gamma ray."
<<rationale>> ﬂ h\
. . o R

The energy resolutionis10% or | _____.--- <<deriveReqt>> <<deriveReqt>>

less, in order to separate the 800keV / \

energy peak of Cs-134 from the

662keV energy peak of Cs-137. <<requirement>> <<requirement>>

Higher energy resolution Energy spectrum separation
id = 1d =

text= "Being high energy resolutiop | text= "Beingable to discriminate thie
(10% or less) to discriminate Cs-13@ | peak energy by separating energy
and -137 derived from nuclear spectrum.”

power plantaccident.”

=

Fig. 4.8 Requirement of internal/external exposure measurement and radionuclide discrimination.
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Fig. 4.10 \Z7” 9 X 912, Fig. 4.9 THEIT7ZFE THE L 25HA & v o ZRITx LT,
RTVWRESITHD 5000cm® L FO/NTH D Z L FRRIZ 1 REREILIN & W 9 IR TR
MTEDZ L, FRIZEZDI0kgU FTORETHDH Z L O N T U — P —
AV HE—=T2—ATHDHIENROOLND, ZNDOEMRP RIS, Bie 7Y >
7 DFEFITES  ERAFROEAETH 5,

Fig. 4.11 \Z” 9 K 51T, Fig. 4.9 TEF TR O BER 2372 72 DIiE, AR 23
30 FAU T EIEME CTHD Z & AT T U AERANLZNZ ERRO LD, A
DOFIFIGRIEE, BAEOBSTREFHIZR O 1/3 FRE O T, BLREATE v 7 U 7 O R %
ZEUT-ERMMEBROBMTH 5, WAMKEZZL T 570121, Mg, BRxEE, fEg
AR THZENKRDEND, A LTF U ABEHOBEREZTE 720100, FBE D H
LHFEE TOMBNE < THOFHAZOMEREREMNE W Z & IHFELAEELIC 2l T
PTEHZ L, BRI KFHIZRENTE D Z kD b D,

Fig. 4.12 |29 X 912, Fig. 4.9 THIF 7o HBREXHE D BR 2 7372 012, & o
A LSRR S BN TR RN RS A B L7 2 & AEISBIKRE OBIAMER S 5 Z & |
ER IS4 U DR OB 8ISt U iR S 5 2 & 1Lk E OB CEHAIT 5 729

BN TOFHNZRHSETE A Z kD BILD,

req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
Usability

id =
text = "Checking the safety to ambient
radiation easily."

-7 A X
7 | N
<<d/eriveReqt>> <<derivel>Reqt>> <<deriveReqt\>>

<<requirement>> <<requirement>> <<requirement>>
Easy and convenient Lower price Usage environment
measurement correspondence
id =
id= text = "Being able to purchase by id =
text = "Measuring easily and individualsand small organizations|" | text="Corresponding tothe usage
conveniently." environmentindoors and
outdoors,and being able to use and
measure."

Fig. 4.9 Requirement of usability.
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req [package] Product system model (H-SRBC) [Requirement] /

<<rationale>>
Required specifications
based on the results of
on-site hearings.

<<requirement>>
Easy and convenient
measurement

id =

conveniently."

text= "Measuring easily and

~

SN A
g™ /"*~,~ /‘“-~

NN
A N

~

] . \
eReqt>>1eriveReqt>>1eriveReqt>>
i {

<<deriveReqt>>1eriv
/ 7
/ \ N
<<requirement>> <<requirement>> <<requirement>> <<requirement>>
Smaller size Shorter time Lightweight Good operability
measurement
id = id = id =
text = "Being small size tq | id = text="Beinglightweight| | text= "Being easy touse
handle easily (5000cm3 | | text= "Being a shorttime| | tohandle easily (10kg or| | userinterface."
orless)." to measure easily (within| | less)."

lhour)."

Fig. 4.10 Requirement of easy and convenient measurement.

req [package] Product system model (H-SRBC) [Requirement] /

<<rationale>>

Required specifications
based on the results of
on-site hearings.

<<requirement>>
Lower price

id=

text = "Being able to purchase by
individuals and small organizations."

S

<<deriveReqt>>
7

<<requirement>>

V\\

Lower purchase price

id=
text= "Being low purchase price
(300,000 yen orless)."

7 A

<<deriveReqt>> riveRe<<deriveReqt>>

<<deriveReqt>>
<<requirement>>
Lower maintenance cost
id=
text= "Being low maintenance cost."

ZA A

/ | \
<<deriveRe<<deriveRe <<deriveReqt>>

/ | \ / [ \
<<requirement>> <<requirement>> <<requirement>> <<requirement>> <<requirement>> <<requirement>>
Lower material cost || Lower development || Lower manufacturing | | Longer performance Exchangeable Good cleanliness
cost cost life consumables
id= id=
text = "Being low id= id = id= id = text="Being stain-
material cost.” text="Being low text = "Being low text = "Being long life of | | text = "Being able to resistant, and being able
development cost.” manufacturing cost.” measurement instrumert| exchange consumables | | to clean easily."
performance.” easily."
Fig. 4.11 Requirement of lower price.
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req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
Usage environment
correspondence

id=

text= "Corresponding to the usage
environmentindoors and
outdoors,and being able to use and

measure."
-7/ N XX
4 / \ N
Ve N
<<deriveReqt>><<deriveReqt>><<deriveReqt>><<deriveReqt>>
7/ /
<<requirement>> <<requirement>> <<requirement>> <<requirement>>
Inclination resistance Water resistant Shock resistance Outdoor measurement
correspondence

id = idis idis
text= "Corresponding to the || text="Being waterproof text = "Being resistant to shocl| id =
change of the inclination,and || structure almost for a water thatoccur during use." text= "Being able to measure

instrument.”

outdoors (on-site such as
forests)."

not breaking the measu remenﬂ resistantlevel."

Fig. 4.12 Requirement of usage environment correspondence.

LED X9, 8L A5 L THDH H-SRBC ITIRHERAZEFHE L., EF N AT 52
ENTE Iz, WIT, BEREWZT X9 eE, IRDBVWEERT D,

4.3.2.2 BEHEBEHRIC X T MICET DH#EE. IROBVOER L ET AR

2T, EREET LS R, WY AT ACHET K, IROBVWAEERL, T
NEFERT 5, H-SRBC (B L TiE, 2 EWICEIR T DM 72 7o 1372 < L it
MERHT D2 NN— R 27O U THREE VY 7 b = 7 OFRE, LESIEN TR I
5, £Z T, 2= A7 —AH-EHNT, RENPLEEZFTLHRTHZ & 95, ik LR
K& Fig. 413 12" L, LLTFICEEMA IR~ S,

H-SRBC 78— FICHR AT HHERE 1T, BRI T 2 R ezl e Td 5, €D
HREEN LA T DAREEL L CiT. AMHIE < OB AR+ DHEAE &L IR < OB & T
BT DHERER D D,

AT < DB AR T DIEREIR. AT DM ThH 5 Z2 M & 135 & BfR4
HIEEETH D, ZZMIH R EIZEAMR L7 AN IR < OB A eiE + 2 HRBICIT. Z2MIAGH
MEAZFHT 2MREN S TN D, F7- HHICEIR L AT < DR 5 e D HEREIC
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X, ZEMA R E 2GR DI, SIS O G REIREE & AT 2 H80E & . e R A
T 2BEREN T D, NI OB Z GRS DAL, AT LMo R & B
RS HHERETH D, Z OREREICIT. XIS DO FGREIRE 2 515 28808 & . B MEEETE
HBIT HHEREN G E D, Fo, AMBBIE . NEHIE < OB A iR DRI IT.
FNENOFFERZ R IHE LB EN D, FHIFERZ R IHRBICIZ. IRRMRE L L T,
AT MVETRTHEREDR D D,

KR OB RERE A FHNT 2 HEREICIZ. Ny 7 7T U FORBEZRET LEEN S
FND, HEHEEFEZHBIS 28REI2IE, FHIRERZE X M7 I b L=k F— A7
M ZEBRHT HMREE . B Z L IRV — 2T ML ESBET DHEEEN G £
Do TANF—ART NVEGEET DBIEIZIX. /A AR0ART MVOERY) e 8 x5
BT D700, HEHMERREN O RN =27 M EHEET DIERENEG TN D,

ko X e, Wi A7 MCEAT L RENREIEZERL, ETLEZEBRTLHZ LN
T&E T, W, BRAEMZ L, e, IR BV A ERBCTE 2L AT MM E ERT D,

4323 BEHREIHIC AT AOBEBE L R T AEROER L T AR

2T, EREEZ L, BRE, IROBVWEBTLHMAL AT AEREER L. BTV
ZRLIRT D, FDOTOIC, ETIRER, HREL I, BB AT LMEROHEEEZIT I,
B FREHR S 27 BB 2 MRy 22 5 H G AL S 7o Bl & 7e > TH 0 L FHAE
LM HIOENT K o TR & 23 HIBR 3 & 5, B RMTE G 2 Z &R TE e
7o, HEHRE EOM TR Z 2 AEFEREZFIA L CEHIIT 2, BOHBROFHNT, HBOH#
DFEAEZT TR L BEROMBERL =RV F— & D WIEE DMO B D & OME
EIAET L LI END, AR T 2 EESRIC KAIT 5 &, Table 4.3
(R RO 3 EEIC s D Y, EBHHERICE2EFEARMAT b0 L LTIE, B
. HBIEHEAE . GM(T A T — < = 7 —)FH . KRR, S/, 1. BeERR L
Nobe A o FOMEICEYBETLIHNEZFHTL260L LTE, Yo FLb—ar
J10 4 Cherenkov BT U235, {LFEKISEFAT S0 E LTE, K,
bR EF R ENH D, ARROEY . 16 OFHIG D 6 EHAKRE G0 B #9IZ /S C T
BETOLEND D,

H-SRBC DFHHIx G & 70 2 R T y R Cd D, v #R1E, FERICTEMED & < SMHHIE <

DERIFETD 5, HINZ D DB E D DI SN HUR RS F R & @il 7 5 BRI
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Table 4.3 Classification of radiation measurement instruments.

Physical phenomena Measuring instruments

Ion chamber

Proportional counter

GM counter

Electrons by ionization effect Semiconducting detector
Cloud chamber

Bubble chamber
Spark chamber

Fluorescence by excited Scintillation counter
atoms or molecules Cherenkov counter

Nuclear plate

Chemical reaction

Chemical dosimeter

X<, DEVINBEIEL T D720, y MOEEFHT 2 Z & THHIT AT L D ANE~D
%@%%ﬁ#é:kﬁ?%é“uﬁ%ﬁ%@ BHEE R 2SR T2 O M AR < FREEREIX
FLODS, S 2 (RNICE D SAATZSA, WEIE< IS 3 5, LasL, aff. B
Bho oy AR TRFICEHIT 2 2 L 132 0E F# LV, 22T WERIE<IZEAL T,

y MaFHRIT 5 2 & T BRI O TR 2Rl L, NERIE < IS X D NME~ D8 % gl
THZEET D, vy MOFHEFRE LTI, FiCvrFr—rarhvrg, fEkh
2. GM EHEE N R ENTWA T, FNHDHEBATT S,

VT L= a U HIE YRR ART A LIk THENERT OIME T L —
Ve MWT ZDN a2 LERE SICEHRT 2 2 L THEMEZFHIIT2 b0 TH D, v
FL =TI, y MBARNTHZ LT, EIR, a7 MR, EFRAIEE VI
HERZEZ L, vy ML X—0RINATOID > o F L—2 DI DI
Fig. 414 \ORT X912, Oy MAASF LYE T THEENZEZ 4, OMETFHIZHDE

FI+D X —2 /[ TUREHF BT 5, @O Z0EHIM=EHNE BHHICE X E 5,
HERLICH D 2 b, BWEICE DV FMERER~RL Z bbb, OMiE FHICE-T-
EALUIHE A2 BT 2, OFEFITIEELE O REEM O HGEE T2 B WSS L.
JEYENLIZZEN A U D, OBERIZH 2 HHECITEECE OREEMIC TR S, @S
HIZZ DB FITZEMOILERENITER T 5, @ DERIZ L - T, EME(EE O Fhik HEhL
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Fig. 4.14 Principle of light emission.

EREMEN O L F—EN T o F L—a e LTSNS, LLERFEEFEHTH
Do VU F L—FITREHEIC L o THEMEALWE ORI HERL S E > TWAH T2, vy FROAE
TR —ZHBFI LT, Yo FL—va O TENEIT 5, Yo TF—var vy
TR, v F L= a UHRORIEO BT L —FHANS . FEOLEIEIIAR R EHI
CHAT D2 ENTE D,

PERRRHERIT, yREPEARCEERET 25 THD 9, BHFEIX, Fig 4151
AT X DI, EEARIC y BB ART D L. TORBNCD > CTEEOBE T IEL B ER S
Do ZOERERRICIE, y MAEEE T AET @R L. BEINEEBETFAMBEEHRO T
FIZTFD T DBRICRD 72T VT =DV BRI & LT S, £ OERLIEIC X - TR D

R UAMOELDBRE SN DBBROMFNEEND, ERSNDEELSOBESIE, Ah
YROTZ RN X —IZHYT 5, ARSI NDEFIEALSOFEHEEEZN AF=R VX —FE,
—XF OB IEAX ORI R L T RNV X —F el T 5 &

N =— (4.1)
€

DRV ST, elTF DHERDO N ¥ v v FITHYBT S, Lo T, A HERICE
WTC, HEME S REEEIX, FAFEN T 3L —EHA EBREEHINCR S b, Bl
EEHZRE., EROFEIZ K> THRHEZOHEERNED Y | AR L DL LT, Ge 3

RHitgs & SRR H D, Ge FEEMPEGIT, Sy Py v 7/ NE<EL D
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Radiation

el N

_______ 7 ge
R 2N
Depletion Electron-hole
layer pair
I
_______ Silicon ware
n

.

Fig. 4.15 Principle of semiconductor detector.

BWARHTE D720, TR MENIERFICE . BAEED GRS D i 72 &
RO G 72 FHANC N TV D, L L, ANy RE¥E Y v TR/ SN2 & TEUZ K B fhiEd
MRKELEET 5720, HEERTORHANRARTHD, kSR ATHE A2 S m
EENRE L, B, REMOFHIIZAET 5728, HIZITEMAEZLE ST 5, SifEE
gL, PIN B8R CTETERY , /IMUITZMICFHIHTE S, Ll Si ORFH
T 14 T, BENNIWED . y BLIEENMES , ANy BROZIBRZRAXF—2HEY

HEETEZBLTCLE S 2, BREHRIZR SIERMETH D,

GM FHEIE., o & b WO HREEGED 1 >TH Y, BHEHIE ST AAD
FRHER T, W AR X > THEHBRORBNCIR > THES NI D A A 5t a2 K& < HEIR
#6\ﬁ%ﬁ—m%@L%ﬁmﬁﬂ%éMTmémﬂkHg4m_T¢i9 o NI
FRIZ K > TERSNTCEFIZ L > TEFRIEND ISR Z SR 2 R4 A 1Tz T
DN AT A5y TISETERIZ L > THEL LD, T ORE S 71X, $ns DL T ORFREIC
T EHBE L CHEREICES, K TOZRAF—I2LoT, L AAHINT-BEHET
DBGHRIZ A 52> TRHENT 512 T, BIOEFRIENEZRAICTIER I L, B AR
FISERZ T, GM S TIIIEFICEWERBEHMEN TR Y . A T — B R
(CHREBARIICHE Z 0 | B BIIiT, ASTHBURBRAN AR L T2 B D A A 2 5t OB BAfR 72
VIRER CAERMEICKEE L, A T—HENET T 5, LIz -> T, GM FHUE Ti
HEFHICRERBMELANELTE, ELEENZ/L LN TE S, o, SMBTOHIE
M JENEFRIEEZHHEICTE, FEERAERDZMTH L0, EEAAKRE LT
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Cathode

Anode Wire

Electron
avalanche

Cathode

Fig. 4.16 Mechanism of Geiger discharge.

Table 4.4 Comparison of measurement method.

Measuring Object Distinction of
Radiation Radioactivity nuclides
Scintillation counter @ @ @
Si semiconductor detector @ O O
Ge semiconductor detector - @ @
GM tube counter @ - -

Afifs CRIACX 2, LarL, FEOMWE L, BUROAS =3 L ¥ —OF RISk
W, FTo, BEESNTH ARFHINC R OEREZ BT L fEEET 2720, IRxICEBR SN
EWOHEHEFEMN DY, —EHIREICE ORI AT F U AT D,
PLEDRFEN 22y BROFHAIG U2 T H-SRBC ~DE R T 5 ZE [ U #r O
FEHREIRE DGR, REFRHIBINICEI L C Ll L= & D % Table 4.4 (2”3, BRIEH 20729
AREMED H HEHITRE LT, o FL—var vzl SiREEmtnthsd, =
D 2 I OWNWT, y BROT R X —RINRIZHOWTERT D, v SROWINIBER)ITIE,
WIMEAE T & 2 SRIBERAR L & ASS T M OB (E DBk 2, 22Tl LT, ¥ F
L—ya v ZICHAENTHS CsI(Z Uikt y o)y o F L—FiEi & SiEk
BHEHCRI &5 Silc DWW T 5, Table 4.5 12789 X 512, 662keV, 100keV DT
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Table 4.5 Relation between linear attenuation coefficientand Half-Value Layers(HVL) of Csl or Si.

Llinear attenuation HVL Linear attenuation HVL
coefficient near flsieln ans () coefficient near fhicknasstma)
662keV(/mm) 100keV(/mm)
Si 0.01799226 39 0.0427788 16
Csl 0.03511486 20 0.917785 1
————— 1 - om == == == —‘
I Input o | | | . | | Waveform shaping | | AD I Output
L@ vaiiition) Jr D] Scintillator PD Preamplifier e converter [P @izia aits) J|
{ 1
l Scintillation Counter J

Fig. 4.17 Configuration example of scintillation counter.

FNF—ZFFONI y MEAE LTZHE . TR F— 200007 2 llE OJE & % ik
L8, Gl TFL—2DHNRS L0 2 EOBEWERE Ty MABRINTE D2 L0130
Mh, LTchio T, BRZm 2 L, 2 omiizh RIS TE 5o b o FL—ra v
A H %, H-SRBC OFHAIFRE LTHRHAT 2, v FlL—rarhy s Zomko—
%% Fig. 4.17 {27,

WIT, UL EoOBF s E 2, BB AT AR A ER L, ETNAVORBEITI, TRy
7 K% W TRt L7- #5534 | Fig. 4.18., Fig. 4.19 [Z7"9°, Fig. 4.18 (THEBEEMRE AL 2 Feab L7
H DT, Fig. 4.19 13— R U = 7R AIE T AT MR EZFLR L7 b D TH D,

Fig. 4.18 |Z/”7 & 912, H-SRBC Z A HEEEZE R & LTI, y MEHI LIE LT 5
y WUE B HUSHEEE, v BME S OBELEHN D U — 7 BIE A BT 5 S MBS EEE . W e
BT AKX —EICEBL LR T 5 A7 bLT — 2 ERSRE. AT RLT — & SOnHAlRE
ROT — 2 RAFHERE, B REIREE 2 HEE LR M 2 U RERH Bk RE . UM EZHEE LA
9™ 2 U BRI RE . Bk~ 7B . BUR MR OHR] A 1T 5 ZFREHRIEEE . BED A
HRMEROM NI EDa—H A 27 = A ZABERE, BEIGHIZL ST 1T DALEHEEREE,
IREZGICRIGT D 72 O OIREEMERRE, HIERR & B0 & OBERETH D,

Fig. 4.19 |[Z7” 7 X 512, H-SRBC Z#pT 5 HH & LCiE, FHANCBIfRT 2 5HAIE, &
B72 & ORI AT 5 HIEIES, FEx QA 217 9 51, = —F I 2 A 217 9 For
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i, EIRICBIR T D EIEE, MEEWROIS R E&21T O Lk ¥ H-SRBC O/ — AT
b5, FHUERIEZ, Ny 7 7T 0 RIERRES, o TR AL %, BAENE,
YUV, BRI T A 2 Z S OMIESCEBG 21T 5 15 SALEES ., AR ERIRE &
FHAIS DIREE o BRI — A6 5, B YENL, o L—ZfEah. B
Bk, N T — b D,

WIZ, ZNHDO VAT MMERETR & ER & ORGERE R ~%, foik L7 RO—#%
Fig. 420 |Z/7 7, 2 2 THEHE TV W D OFLalFE R IZ DWW TR ERITR T,

Fig. 420 Ti&. Fig. 4.5 CEFEERELE WO ERIZH LT, Yo FL—rarbhvr
B ~DER~EFEME L, B T L —FERTEOEREZMIETRETHDL Z & AR

bdd [package] Product system model (H-SRBC) [H-SRBC system (SW)] /

<<block,System>>
H-SRBC

¢

<<block>>
Gamma ray signal acquisition <<block>>
Nuclide discrimination
<<block>>

—— <<block>>

Crest value acquisition
User interface

<<block>>
Spectrum data creation <<block>>
Input
<<block>>
Data storage <<block>>
Output
<<block>>
Radioactivity measurement <<block>>

Position estimation

<<block>> !
<<block>>

Radioactivity estimation .
Temperature correction

<<block>>
Radiation dose measurement <<block>>

Temperature measurement

<<block>> ’
<<block>> J

Radiation dose estimation _— S
Communication

Fig. 4.18 Description result of ideal system functional structure.
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LCW5, ERELE WD BR AWM -9 720121, AL &S W E 2R H+ 5 2
L. IR AERET 2WEERELSTDHIENROOND, EERILIERED B RIZH L
TIE, BRNEORE W FL—2ERIAT 22 ek b, BERIEWE DK
A MEDOERIZK LT, Y FL—FDOREZRELTHZ L0 kDD, 2D
BEWIRIER & KRIAR L L VWD R E | ERY F L—XICLvilid, 2F0., [Eiks
FL—FIIEVRINEEZF L, KEBETHIMLERDH D, Z0XIIC, EOERIZHLT

EDX DR BERZTHT-TONEWI R E . F7-F DR ER N -3 & k42 B
fEIZiaR 45 2 LN TE 5,

bdd [package] Product system model (H-SRBC) [H-SRBC system (HW)] /
<<block,System>>
H-SRBC
’ <<block>>
<<block>> Control part
Measurement part
<<block>>
’ Calculation part
<<block>>
BG shield part
<<block>>
e Display part
Sample container =
<<block>>
<<block>> [ | Power supply part
Detection part
’ <<block>>
<<block>> Position sensor
<<block>> 1.8 Light detection device
Sensor part 7 % " : e
<<block>> H-SRBC case O-O
’ N Signal processing part
<<block>> L.
Solid scintillator OO [ |
<<block>>
Temperature sensor
<<block>>
Light shielding material
<<block>>
o Detection part case
Reflective material [ |
<<block>>
Housing case [

Fig. 4.19 Description result of ideal system structure.
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req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
Higher sensitivity

id =
text = "Increasing measurement
dose rate."

71 R

7 \
<<deriveReqt>> <<deriveReqt>>
7/ AY

<<requirement>> <<requirement>>
Higher radiation absorption Larger size ofradiation
capacity absorption material
ld = ld =
text = "Using material with high text = "Enlarging material to absor}
radiation absorption capacity.” alotofradiation."
I\ I\
<<deriveReqt>> <<deriveReqt>>
1 1
<<requirement>> <<requirement>>
Higher linear absorption rate Larger scintillator volume
id = id=
text="Using a scintillator with high text = "Increasing the scintillator
linear absorption rate." volume."
LS 7
\ 7
<<satisfy>> <<satisfy>>
AN Z
<<block>>

Solid scintillator

tags
isEncapsulated O-O

Fig. 4.20 Relationship between requirement and solid scintillator.

b £ 50, EoRaiTs L, M, RO MV EBT DA AT AR EHEE . ER
L. EF A& 5 2 L TRz, Fio, BRE VAT A L OB L BT
B LATEE, WIC, FHRY AT AT S HRBIROERETT S,
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4324 BB RT AERICET SHIKNBEROESR L ET AR

ZZTIE. BNROE Y EFE LR X T AT A IR R EE L, TSR
R 5, IR L Vo T FERITE L E ENR VoD, & LTI BEAORK
HEe E oKk A TR 5,

F£9°, H-SRBC ORI T 562 EFKT 5, 4L, H-SRBC ~DER E L
T, EBRERATHDL Z L E WO ERBH Y | BERFUCEL TERLL T LE RS
%o MHIBAT, FHIREEGEERZ)ICBER LT\ D, F-, BMEICsT 2 EHEKEICL -
THRHRAMEIT LS S D, FEKEIE AR ERE SR L 20 D#iPH TEEEIL 95%. 30
OFPH TEFEET 99.7% TH D Z ENMBN TS, ZOEEET, FHll L7l 5
ZDOHPANICINE > TWDH Z & AR ET DR TH S, BHRADLBgke)IL.

axo

(%) (4.2)

TRIND, alXMEHEXMZRD D155, ol THIEHEMRZE(cpm). Spg 1S HUR RER B2 FHN k5
LIEE (cpm) TH D, EUERF oI,

Sgqg + CR CR
a=\/ Bq BG | LIBG (4.3)

DL =

MT MT
TRD BHND, CRylIFHUERNER D/ 7 775 07 o ROF R (cpm). MT X FHHIEEH] (min)
ThbH, dHENERDO Ny 7 75 0 REHEECRp6 1.
CRpg = S X Svgg (4.4)

TRD BN D, SITRHERDIEEE (cpm/(uSv/h)), Svpe XFHAEINER DNy 7 77 F 7 o R
MRE(USV/h) TH 5, BEHREREFHIZ BT 2L Sp,. MR OIS, FHUEPE DS
70T R ESvpa IOV T, Yo F L=y 7 7T 0 RERRE OIS
MIMEEDR E S 72T UTRO D Z N TE W), 2 ZTRHERT 5 Z LT TE R0,

UL EDOHIFIREGR & fiak L= 4% % | Fig. 4.21~Fig. 4.24 |Z/~"9°, Fig. 421137 1 v 7 ©F%
X & HWT/T A —& ORI Z R LizfER, Fig. 422137 2 v 7 K% v Tk Z fiik
L7258, Fig. 423137 0 v 7 MEHWTENRT A= N EORER IR T 501 %
RO L7 R, Fig. 4.24 1337 X MU w7 A& TR BRI B0 5 iR B £R % R
IZFEIR LR TH B,

RIZ, H-SRBC ® = A MIET 2K AL EFRT 5, T4, H-SRBC ~DFER & LT,

AL E WO BERAH Y, aX MIELTERME L T MERH D, H-SRBC £/ T
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bdd [package] Product system model (H-SRBC) [Parameter type] /
<<valueType>> <<valueType>> <<valueType>>
BGradiation inside BG Sensitivity(Sv)cps Counting rate to
shield background radiation
<<valueType>> <<valueType>> <<valueType>>
Bq measurement time Sensitivity(Bq) Error (standard deviation)
(output)
<<valueType>> <<valueType>>
o value(Confidence Detection limit
interval)
Fig. 4.21 Description result of parameter type.

bdd [package] Product system model (H-SRBC) [Constraint] /

<<constraintBlock>>
Counting rate to background radiation

<< constraintBlock>>
Error (standard deviation)

<<constraintBlock>>
Detection limit

A: Counting rate to background radiation
a: BGradiation inside BG shield
b: Sensitivity(Sv)cps

constraints

{{A}={a}*{b}*60}

- A:Error (standard deviation)
- a: Sensitivity(Bq)

-« Bgmeasurementtime (output)

- b: Counting rate to background radiation -

- A:Detection limit

- a: Error (standard deviation)
b: 6 value(Confidence interval)
-« Sensitivity(Bq)

constraints

{{A}=SQRT((({a}+{b}) /{c}) +{b}/{c})}

constraints

{A}=({a}*{b})/({c}/100)}

Fig. 4.22 Description result of constraint.

ibd [block] BG shield part [BG shield part] / |

| : BG radiation inside BG shield |

ihd [block] Solid scintillator [Solid scintillator] /

| : Sensitivity[Sv)cps

Lo |
| : Sensitivity(Bq) |

ibd [block] Measurement part [Measurement part] /

: Counling rate Lo
background radiation

:Error (standard
deviation)

: 0 value(Conflidence
interval)

: Bg measurement time
(output)

: Detection limit

Fig. 4.23 Description result of assigning to system structure.
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par [block] Measurement part [Detection limit] /

<<proper...
: BGradiation
inside BG <<property>>
shield : Counting rate to : Countingrate to
— background radiation background
radiation
: Sensitivity
(Sv)cps
<<property>> <<property>>
: Bq measurement : Error (standard | :Error (standard
time (output) deviation) deviation)
S — <I:ptro;::r...
: Sensitivity(Bq) : Detection limit E elizlcitlon
<<property>>
: ¢ value(Confidence
interval)

Fig. 4.24 Description result of constraint relationship.

DA ME, KT AT LIEREZO 2 2 - OFFN,

16
Cziki (4.5)
i=1

TRDBHND, ClE H-SRBC BIETO R M), CUIHEMERERD 3 A M (3B
FHF LD, H-SRBC OHEREFE L, Fig. 4.19 D@V . v o F L—F ks, HEH .
RS, NO DT = A SR T N A G E B, IR o M — R
Ny 7 7T 0 REERES. T TV, IS, B, FoREl, mIRE, AER P,
H-SRBC D7 — AT 5,

a A hR &G L7 R % | Fig 4.25~Fig. 4.28 |Z/~7°, Fig. 425137 v v 7 €KX % H
WCRT A =X ORI 250k U2 RE R, Fig. 4.26 137 v v 7 X% AW CHIKZ Sk L7k
B, Fig 427 13WE 7 a2 v 7 EHAWTENRT A =N EOHERERICET 20 &2l L
ToiER. Fig. 428 13/%F A MU v 7 MZEHAWTa A MDD HIKRGRZ AR L
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TRERTH D, FRIZ L THOHIFIERICOWTHER LT, 22 THETWARWED O
HIFIBAR D EFR., Tl RISV TR T,

bdd [package] Product system model (H-SRBC) [Parameter type] /

<<valueType>> <<valueType>> <<valueType>> <<valueType>>
Cost Scintillator cost Light shielding material Reflective material cost
cost
<<valueType>> <<valueType>> <<valueType>> <<valueType>>
Housing case cost Light detection device Signal processing part Temperature sensor cost
cost cost
<<valueType>> <<valueType>> <<valueType>> <<valueType>>
Detection part case cost Sample container cost BGshield part cost Control part cost
<<valueType>> <<valueType>> <<valueType>> <<valueType>>
Calculation part cost Display part cost Power supply part cost Position sensor cost
<<valueType>>
H-SRBC case cost

Fig. 4.25 Description result of parameter type.

bdd [package] Product system model (H-SRBC) [Constraint] /

<<constraintBlock>>
Cost

- A:Cost

- a: Scintillator cost

- b: Lightshielding material cost
- ¢ Reflective material cost

- d: Housing case cost

- e: Lightdetection device cost
- f: Signal processing part cost
- g: Detection partcase cost

- h: Temperature sensor cost

- i: Sample container cost

- j: BGshield part cost

- k: Control part cost

- 1: Calculation partcost

- m: Display part cost

- n: Power supply part cost

- o: Position sensor cost

- p: H-SRBC case cost

constraints

{{A}={a}+{b}+{c}+{d}+{e}+{f}+{g}+ {h}+{i}+{j}+{Kk}+{l}+{m}+{n}+{o}+{p}}

Fig. 4.26 Description result of constraint.
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LED X oI,

T/ AL 257 AT LR

ibd [black] H-SRBC [H-SREC] / |

BB AT LRERICEET D HIRRERE EE L, TV ERRR T 52

VST E T2 D T ORICERGHZEREAT £ 7 L OFREI 21T

ibd [block] Solid scintillator [Solid scintillator] / ‘
: Cost

: Scintillator cost

ibd [block] Light shielding material [Light shielding material] /

ibd [block] Housing case [Housing case] /

ibd [block] Reflective material [ Reflective material ] /

: Light shielding

material cost

‘ : Housing case cost

. Reflectivematerial cost ] ibd [block] Light detection device [Light detection device] / |

: Light detection device cost

ibd [block] Signal processing part [Signal processing part]

ibd [block]| Temperature sensor [ Temperature sensor] / |

: Signal processing part cost

ibd [block] Sample container [Sample container] / L LR AR L LS T /

[ : Temperature sensor cost ]

( : Sample container cost J

: BGshield part cost

ibd [block] Detection part case [Detection part case] /—l ibd [block] Calculation part [Calculation part] /

: Detection part case cost

ibd [block] Control part [Control part] /

[ : Calculation part cost

|— ibd [block] Position sensor [Positionsensor]/I

ibd [block] Display part [Display part] / |

ibd [block] Power supply part [Power supply part] /

: Display part cost

: Power supplypart cost

ibd [block] H-SRBC case [H-SRBC case] /

‘ : HSRBC case cost

Fig. 4.27 Description result of assigning to system structure.
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par [block] H-SRBC [Cost]

: Scintillator cost

: Light shielding material cost

: Reflective material cost

: Housing case cost

: Light detection device cost

: Signal processing part cost

: Detection part case cost

: Temperature sensor cost

: Sample container cost : Cost : Cost

: BG shield part cost

: Control part cost

: Calculation part cost

: Display part cost

: Power supply part cost

: Position sensor cost

: H-SRBC case cost

Fig. 4.28 Description result of constraint relationship.
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433 REEMERETNOET Y U IER

Z 2T BEREH S AT A OEARFHI H I DG ERE AT T VAR 5720
o BT VT EITO, BT U 70E, REIERICET 2 EROER, RAFZEHEICETS
HARRY 22 AT MG DESS. £ DO BRI 2T LIEEICE T 2 HKIBREMROESR, A
ERTEDERDNETITV, T TR TIEICNE > TET NV Z itk T 5,

4331 REFZEMICBETIEROER L ET NG

F9 BB VAT AETIVCTER SN ERE I, BIRNR 2 T MEEB] 2 12K
I EYEEMT D KO RERE THAMET 2,

Fig. 429 2R L9212, BT AT AETVOERTER SNV T L—F ORIKHE
L&) BRICOWTIE, BERB AR T 2L KE T 5, BAHRBSAST 5 7 H O
VUFUL—EDREIZELSTLHLEWIERPFEHEND, OFV, mE, BEEERELT
ELEOBREHOL U TFL—ERROLND,

Fig. 430 (2”7 XL 91T, W AT AETI/VOER TER SV 2 i3 2 BRiEE

req [package] Specific model of design space [Requirement] /

<<requirement>>
Larger scintillator
volume

id =
text = "Increasing the
scintillator volume."

(frofp|Product s%tem
mpdel (H-SRBG)::
/ Requirement)\
<<deriveReqt>>:<deriveReqt>>

/ \
/ \
<<requirement>> <<requirement>>
Larger area of Larger scintillator
scintillator thickness

id = el =
text="Enlarging the area text = "Thickening the
of the radiation incident scintillator thickness in the
plane of the scintillator.” radiation passage direction."

Fig. 4.29 Requirement of larger scintillator volume.
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req [package] Specific model of design space [Requirement] /

- <<requirement>> <<requirement>>
<<requirement>> Reduction of Outdoor
Longer rac!latlon background radiation measurement

shielding distance influence correspondence
id = —— — = —=> ;

" . <<deriveReqt>> id = id=

te_xt = Length_emr_lg text= "Reducing text="Being able to
distance Of shielding background radiation measure outdoors (on-
radiation. dose." site such as forests)."

(from Profjict system (from Pmductkstem (frofg|Product system

model [ H-SRBC):: model (H-SRBC):: mpdel (H-SRBC)::
Requirpment) Requirement) / Requirement)

|
I <<deriveReqt>>l1eriveReqt>>
\ /

<<deriveReqt>> . /
! L
<<requirement>> <<requirement>>
Larger shield Strucuture for shielding
thickness radiation from all directions

id= id =
text = "Thickening a text="Being a strucuture to be able
shield thickness to be to shield radiation from all
able to shield radiation.’ directions."

Fig. 430 Requirement of shilding radiation.

ARLTDE0VDERITIT EHRHM ORI ZESTLL NI ERBRDOND, £/o, Ny
7777 NSRRI T 5 BRSO EBA G A~DO XIS &y 9 ERIZOWTE, &
S TITHE RN T OFH RN D ANHT D AREMEN H 572, & TOF D O HUR % 1
it CE D LD EEN RO HND,

ZOEIICLT, "L AT AETNOERE S OO, T2 2 LT, BE72
WIEICEN LHEREZERT LI LN TE D, FERICL THOERIZOWTHER, Lk L
7o THEHAETWRWIRY DESRODOEFR, FLIlbHE RIS OV TIITERITTR T,

- >
—

RETEMICEET 2 HERBREHAIS 2 T LD BRI R T 2T AEEDER L ET VLR

Z 2T, REFEMORFEMN L B LS NI AT AREEEAER L, BT VAR
T 5, WY AT AET VTR Lo AT MMERKIZXT LT, H-SRBC O BRI AT
LS & fial L7z —¥ % . Fig. 4.31 12”9, Fig. 431 Tix, EET T L—% 0 BRI 72
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bdd [package] Specific model of design space [H-SRBC specific structure] /

<<block>>
<<block>> :
Sensor part Rectangular parallelepiped
sensor part SO

(from Product;’tem model (H-
SRBC):{Block)

<<block>> <<block>>
Solid scintillator OO <'_ Rectangular parallelepiped Csl
(T1) crystal

(from Product system model (H-
SRBC)::Block)

<<block>>
<<block>> Hollow rectangular
Housingcase OO <, parallelepiped housing case (Al)
SO
(from Product system model (H- /
SRBC)::Block)

block <<block>>

[ BG< :hizlcd :);rt o0 }<} Cylindrical BG shield part (Pb)

(from Productsystem model (H-
SRBC)::Block)

<<block>> <<block>>
i Cylindrical sample container
Sample container OO

(from Product system model (H-
SRBC)::Block)

<<blodos <<block>>
Rectangular parallelepiped H-
: oo <l gliar p Pip
[ H-SRBC case SRBCcase OO

(from Product system model (H-
SRBC)::Block)

Fig. 4.31 Description result of specific system strucutre.

gL LTEAED CS(THY »F L —FfEfh, UV 7 — A0 BRI kEE & LTH
EHEEDO AN Tr—A TN b b EFEE o TnD, Ny s 75
¥ v RIERGER ISR U TIIM B O Pb B, Mo 7 VARSI L UIHFERO Y 7 v
e, H-SRBC 77— A (Zxt L CIXE S D H-SRBC 77— A 2 BRIy et & L CRlak S
TWo, FRRICL T, BAERRREMCIR, MEIZR EAFLR T2 2 L TE 7, F%0 OFL
WEEFIZOW T, FHERITRT,

4333 BEMRT A7 AEEICET AHINBEROER LT AR
I T, AR TTER L BRI U AT ARSI T AKINEREER L, TSR
ST S, IR, BRI AT ARENERTE 2L T, BRSOV B ER T 5
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KBERLERTDI LN TEDREDTH D,
I AT HET LT, BIROHMEBHZBRT 2720 Z N EOEFRD TE Do 7o
REMR EEGHANC B3 D IR EESp, DERALEAT 50 T DIKREESp, X, TRRIC K > TIRE S 115 %
IR & AS LIcth s v F L—Z fEm N C y M S WIS 2 7> & v 9 st
NRIZ X > THHERPIE S, BEICH LFORIZL > TENZITHBHE TE 2 CTIkE
END, RESp,lE

Seq = Nymin X E (4.6)
TRIND, Ny [ IAS vy B (min), EZZIETH D Nypinld,. REP S S y
FROBCT, AW CIIEE R TENEL L CTEOEHETH 5 100Bg/kg DFEHZE L TV
5. WEREIT

E=E;xE, (4.7)

L7200 | E ITRERIRN R E IR TH D, BT AN RE, 1T

E, = # (4.8)
TR®O B, cos Ol
cosf = Dse

Tﬁ@%ﬂ&l&ﬁﬁﬂk?y?v—ﬁ%%@E%TkéoWm\l%ﬁ%ﬁﬁ%KE
FIAZ AL Tty iZJ(mm) T,
=VW xH (4.10)
TROHND, WIiEy v F L —2Emm), HILY > F L—Z {lEmm) Th 5, Haxizhs
E 1%,
E, = 1 — e Mm*To05"0 (4.11)
TROOND, unlTEEREFRE(m?kg). DIZY > F L —Z DO S(mm), plIEE (kg/m?)
f%éohkpﬁvy%v~&@ﬁ\::fmcmnmgof&méhémf%éo
FROHRRICE LT, 7y 7 EHET/RT A =2 OREB X O, NE7a v 7
X CHEEA~DOEFID YT, T AN » 7 HCHIKBEROTLER AT o572, ST A M v 7K
TRl L7ofE R % Fig. 43219, FERICHOFFKIBERICOW T H iR 56 Z LN TE 1o,
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4334 EECBEBEOER L ET VIR

Z 2T, LR E AT O D, NI A—F O, EbfEEER L, TV
ZRLN T 5, BRANW T L O REIERRFHR A BT 272012, RO & 9 g biiE
AERGE LTz, £9. BMIBISE UCid, BB, RHRA, ofigee, =X b, E&E, EK)
A X, FHUEER & UL TR R, 780 o BBIRUIR/IMET 5. FHIEEE SDSI-C 1%
WAD L HITERT S,

SDSI—C = Slepm) 4.12
T DL(Bq/kg) X R(%) X C(yen) x W(g) X V(cm3) X MT (min) (4.12)

SITKEE, DLITMHIRA, RIZAMFRE. Cld= A b, WITER, VIXARE, MTIXFHIIRM %
F L., (LTI SDSI-C e RI6T %, RXEIEEIL, o FL—2oft, M, B, Ny
7770y N OR S GHARH, BRSO JES L Lo, ENEND/NT A —

ZIXTTICERINTWADOT, ELEEZ TR T D720 DAT VA XA T HHNT,
Fig. 433 DX O IRk LTz, £72. TOMD/RT A—=Z|ZHONThH, HIHIESSHEAL L Vo
To/XT A =2 DIl Z 2 TRl L7z, (83 i)

Pl b, BRHEMBEGET VELRT 22 ENTEZOT, RICY —/LE#ET LY X A
BHEETNLVOET VT EITI,

434 YV—NLEETNLIT) ZLEFETLOETY U IRER

Z TR BB S R T OB G0 BEEER GBS Te o oY — L T L =
JRALERET NV ERBET L7202, €TV U7 %179, 7 VU 71E, &KbYy — Lok
ROEFR. TN DOEGFHY — V2@ 5 7 0 —DEZRDNETITV, TF Vit FiEICHE -
TETNVEZFLIRT 5,

43.4.1 BREHY—NOEROER L ET NV

AL TIL, v AT LT YA o FikE LTSDSI-Cubic FiEZ WD, £7-, RO E
E WV T2 BIKIGHRZ T T LT D7D GG Y — /L Th D CAD(Geantd) & DEHEEIT 5,
L 7273 5 T, SDSI-Cubic FIEDFFOBERBIZ KT L T, EORRGFHY — /v &2 FH L CTEBLT 50,
LT — VO EZER L, Ty 7 ERMEHOVTRARZITo 70, bR IT
BT/ Fig. 3.29 LRIEETH D=0, ThaBf 45,
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bdd [package] Specific model of design space [Optimization] /

<<0bjFuncParam,ConstraintCondition>>
Sensitivity (Sv)_param

<<valueType>>
Sensitivity (Sv)

o

(from Productsystem
model (H-SRBC)::
Parameter type)

tags
criterion = max
discrete = false

max = 100000
min = 0
type = float

unit=cpm/(uSv/h)

<<valueType>>
Scintillator height

<<DesignVariable>>
Scintillator height_param

R

<<O0bjFuncParam,ConstraintCondition>>
Detection limit_param

<<valueType>>
Detection limit

o

(from Productsystem
model (H-SRBC)::
Parameter type)

tags
criterion = min
discrete = false
max =50
min = 0
type = float
unit = Bq/kg

<<0bjFuncParam,ConstraintCondition>>
Energy resolution_param

<<valueType>>

Energy resolution :]

(from Specific model
of design methodology
(SDSI-Cubic)::Specific
model of design space:
:Parameter type)

tags
criterion = min
discrete = false
max =10
min = 0
type = float
unit=%

<<0bjFuncParam,ConstraintCondition>>
Cost_param

<<valueType>>
Cost

(from Productsystem
model (H-SRBC)::
Parameter type)

tags
criterion = min
discrete = false
max =200000
min =0
type = float
unit=yen

<<0ObjFuncParam,ConstraintCondition>>
Weight_param

<<valueType>>
Weight

<

(from Productsystem
model (H-SRBC)::
Parameter type)

tags
criterion = min
discrete = false
max = 10000
min = 0
type = float
unit=g

<<0ObjFuncParam,ConstraintCondition>>
Case size_param

<<valueType>>
Case size <
(from Specific model of
design methodology
(SDSI1-Cubic)::Specific
model of design space::

tags
criterion = min
discrete = false
max = 10000
min = 0
type = float
unit=cc

(from Specific model of
design methodology (SDSI-
Cubic):: Specific model of
designspace::Parameter
ype)

tags
discrete = false
initial value = 15
max =75
min = 15
type = float
unit=mm

<<DesignVariable>>
Scintillator width_param

<<valueType>>
Scintillator width

L

(from Specific model of

design methodology (SDSI-

Cubic)::Specific model of
designspace::Parameter
type)

tags
discrete = false
initial value = 15
max =75
min = 15
type = float
unit=mm

<<DesignVariable>>
Scintillator thickness_param

<<valueType>>
Scintillator thickness

S-

(from Specific model of

design methodology (SDSI-

Cubic)::Specific model of
designspace::Parameter

type)

tags
discrete = false
initial value = 10
max = 20
min = 10
type = float
unit=mm

<<DesignVariable>>
BG shield thickness_param

<<valueType>>
BGshield thickness

(from Specific model of
design methodology (SDSI-
Cubic)::Specific model of
designspace::Parameter
type)

<<valueType>>
Bq measurement
time (input)

(from Productsystem
model (H-SRBC)::
Parameter type)

<<valueType>>
Sample radius

<

tags
discrete = false
initial value =5
max = 20
min =5
type = float
unit=mm

<<DesignVariable>>
Bq measurement time (input)
_param

tags
discrete = false
initial value = 10
max = 60
min = 0
type = float
unit=min

<<DesignVariable>>
Sample radius_param

|

Parameter type)

<<0bjFuncParam,ConstraintCondition>>
Bq measurement time (o utput)_param

<<valueType>>
Bq measurement
time (output)

(from Product system
model (H-SRBC)::

Parameter type)

tags
criterion = min
discrete = false
max = 60
min =0
type = float
unit=min

(from Specific model of
design methodology (SDSI-
Cubic):: Specific model of
designspace::Parameter

type)

<<valueType>>
Sample thickness

(from Specific model of
design methodology (SDSI-
Cubic)::Specific model of
designspace::Parameter

type)

tags
discrete = false
initial value = 50
max = 60
min = 30
type = float
unit=mm

<<DesignVariable>>
Sample thickness_param

=

tags
discrete = false
initial value = 40
max = 40
min = 20
type = float
unit=mm

Fig. 4.33 Description result of optimization problem.
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4342 REIV—NEZEETLT7n—DOERL ET AR

W, Bty — N mdfET 57 n—DEREITI, slkET 77 1 ©F 4 KEHNTT
W, Y= AR RICTHERE & Z O E EFRT D, T 2 TlE. SDSI-Cubic FIEDEERED it
ZEKEE L. F 72 CAD(Geant4)” —/L %@ L C 3 LR DML 1T ) HERER & CEH
L., itid&217-o7, FabfsRIL, 3 T/ Fig. 330 LREETH D20, ThasRe
T5,

Tl

PLEGGREEY — VO D EFR. TN O DG — Va2 HET LI 7 o —DERL G0 —
JVEEET LT Y X AEEET IV ERLRT D LN TE DT, RIZ, CAD(Geant4) % iH
TAHEOOREY —NVEEETNAVDOET Y T HITH,

435 FTEHY—NVEEETFTALOETY U IIER

Z 2T, BOREREH S A T A ORI~ & EREHE R A E T 5 7o D OFEY — L
HETNZRBETHEDIC, £FT V7 %179, BT U o 71%, CAD(Geantd) D72 D
2T IEEDEFE. CAD(Geantd) D72 D 2 AT AEEIZ B4 % HIFI R O E FE DONE T1T
W, BT ILREIR HIEICHE > TET VAR T 5,

4.3.5.1 CAD(Geantd)D7= oD AT LMEEDERE L ET VLR

FP., HEEMEAET LTI LS 2T LEEIZH L. CAD(Geantd) D 7= D DA &
EmEERL, TNV ELRT D,

H-SRBC BRI 72 27 AT LT, CAD(Geantd) F DA 1E & 5ok L 7= —#H % |
Fig. 434~Fig. 439179, 2N b, BEHE CS(TH)Y v F L —ZfEMmICBE L T, BlE.,
Ik, Mzl L=t o TH D, Fig. 434 TlL, Vo F L—FFELOBEIZOW TRt
LTWo, YUrFL—ZEETET T P EICEEN TS 2D, B D 1 DO
e LTHEIND, MEICKNERIERTH D, EEL R HRHADEE, FiEE 1< Ol
B 5003 —5%, FEROEE, BOLO X, Y, Z (iE., BET D5 EEROREOEHRE
FLIR LT\ 5, Fig. 4.35 TlE, o F L —F O ERIZOWTRIER LT\ 5, FERITIE,
kL, FBROFEE, MEIOIREDERPLETHY | T b EFalk L TW\W5, Fig. 4.36
TliX, Yo F L= ERORIZONWTELR LT\ 5, REFZEMBEARET LV CHEAE & E
BINTVWDHOT, ZITIHFEMOBREZRIRNL, BARRICON TR L TWD, AR
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bdd [package] Specific model of design tool (Geant4) [Scintillator Geometory] /

e <<block>>
Rectangular
Sensor part allelepiped
< paralieiepiped sensor < <<G4SinglePlace,G4PhysicalVolume>>
tags part Scintillator placement
isEncapsulated =
isEncapsulated = O-O ’
(from Product system <<G4SinglePlaceCopyNo,G4GeomParam=>>
model (H-SRBC):: (from Specific model of Scintillator sensor copy number
Block) design methodology (SDSI-
Cubic)::Specific model of tags
design space) type = int
value = 0

<<G4LogiVolWorldName,G4 GeomParam=>>
Environment name

1 tags
name = World
type = string

<<G4RotmName,G4GeomParam>>
Rotation name

T tags
name = R0O00
type = string

<<G4SinglePlaceXPosition,G4GeomParam=>>
Scintillator sensor X position

I tags
type = float

unit=0

value = mm

<<G4SinglePlaceYPosition,G4GeomParam>>
Scintillator sensor Y position

tags
type = float
unit=mm
value =0

<<G4SinglePlaceZPosition,G4GeomParam>>
Scintillator sensor Z position

tags
type = float
unit=0
value = mm

<<G4LogiVolName,G4 GeomParam>>
Scintillator sensor name

o— tags
name = Detector
type = string

Fig. 4.34 Description result of placement information.

AR, ks, TLEEAE L X, Y. Z OEBOEEALETHY ., 206 %5

R L TWB, Fig. 437 TlE, VT L —ZfEROMEHZ DWW TEIIR L TW 5, % a2 ][

HEFNT Gl LEHRSNTNDOT, 22T CI OFRHZ OV TRIEL TV 5, Csl
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XCs L ID2IEEMNLRDIMERTHDITZD . 2 TR EEDLELERTH D ML, E
JLFEEL, Cs JLRDIEE, Cs DEEM, 1 £HEOfE, | OEEHLOFRZFLE L TWD,
Fig. 438, Fig. 439 Tl&, Cs u#E. [ LHRDOERLZNZENELIB L TWD, MEILHRICTHE
72, JuFERA, wFEiE, RTES, RPEOFREZFTE L TS, ZALDFEHRIZED
Geantd TV U T L—FHFEGO 3 IRIL CAD ET NV EAKTHZ ENTX D,

P bo X i, #FHZEMEATT VTRl Lz 27 AEEICx LT, Geant4 T 3 KT
CAD ET /NVEAEKT D12 OREEITHRAFTLR T 2 2 LN TE T, v 27 AEREERIC
BLTHRBRICEER T 5 Z N TE 72, 26 OFLRHERIL. IR T,

bdd [package] Specific model of design tool (Geant4) [Scintillator Geometory] /

<<block>>
<<block>> Rectangular -
Solid scintillator parallelepiped CsI(TI) — G.4Log1calV01u At
<] crystal Scintillator sensor entity
tags
isEncapsulated OO isEncapsufgtiSd _ ’ <<G4LogiVolName,G4 GeomParam>>
(from Productsystem Scintillator sensor name
model (H-SRBC)::Block) (from Specific model of — tags
design methodology (SDSI- name = Detector
Cubic)::Specific model of type = string
design space)

<<G4SolidName,G4 GeomParam>>
Scintillator sensor shape name

— tags
name = Scintillator shape
type = string

<<G4MaterialName,G4 GeomParam>>
Scintillator sensor material name

— tags
name = Csl
type = string

Fig. 4.35 Description result of entity information.
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bdd [package] Specific model of design tool (Geant4) [Scintillator Geometory] /

- <<block>>
Ssblodes Rectangular <<G4Box,G4Solid>>
SodeCnEator parallelepiped CsI(Tl) <} Scintillator shape of
- < crystal rectangular parallelepiped
isEncapsulated O-O tags ’
isEncapsulated = <<G4SolidName,G4GeomParam>>
(from Product system Scintillator sensor shape name
model (H-SRBC)::Block) (from Specific model of || e
deszgn metho.dt?logy (S name = Scintillator shape
Cubic)::Specific model of type = string
design space)
Scintillator height
<<DesignVari... <<G4BoxX,G4GeomParam>>
Scintillator Scintillator height X half distance
height_param <} }_ s
tags type = float
discrete = false Scintillator width unit=mm
initial value = 15 <<DesignVari.. value=7.5
maxs 75 Scintillator
LS width_param <<G4BoxY,G4GeomParam>>
typ.c = e Scintillator width Y half distance
unit=mm tags
discrete = false | tags
(from Specific model initial value= 15 typ'e = float
of design methodology LS 75 <'—f\_ unit=mm
(SDSI-Cubic)::Specific | min =15 value=7.5
model of designspace) | pe = float
unit= mm
<<G4BoxZ,G4GeomParam>>
s ? = Scintillator thickness Z half distance
Scintillator thickness (from Specific model
<<DesignVari... of design methodology [ | tags
Scintillator (SDSI-Cubic)::Specific type = float
thickness_param | _model of designspace) unit=mm
value=5
tags

discrete = false
initial value= 10
max = 20

min =10

type = float
unit=mm

(from Specific model
of design methodology
(SDSI-Cubic)::Specific
model of design space)

Fig. 4.36 Description result of shape information.
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bdd [package] Specific model of design tool (Geant4) [Scintillator Geometory] /

<<block>>
Solid scintillator

tags
isEncapsulated O-O

<<block>>
Rectangular
parallelepiped CsI(TI)
crystal

<

<<G4MateMixt,G4Material>>
Cslcrystal

(from Product system
model (H-SRBC)::Block)

tags
isEncapsulated =

(from Specific model of
design methodology (SDSI-
Cubic)::Specific model of
design space)

¢

<<G4MaterialName,G4GeomParam>>
Scintillator sensor material name

— tags

name = Csl

type = string

<<G4MateMixtDensity,G4 GeomParam>>
Csl density(G4)
tags

type = float

unit=g/cm3

value=4.51

<<G4MateMixtNumComp,G4 GeomParam>>
Cslincluding two elements

— tags

type = int

value=2

<<G4MateMixtElemName,G4 MaterialName,G4GeomParam>>
Cs element name

tags
name = Cesium
setno.= 1
type = string

<<G4MateMixtElemProportion,G4 GeomParam>>
Cs element proportion

|| tags
setno.= 1
type = float
value=0.51

<<G4MateMixtElemName,G4 MaterialName,G4GeomParam>>
Ielement name

| | tags
name = lodine
setno.= 2
type = string

<<G4MateMixtElemProportion,G4 GeomParam>>
Ielement proportion

L tags
setno.= 2
type = float
value = 0.49

Fig. 4.37 Description result of material information.
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bdd [package] Specific model of design tool (Geant4) [Scintillator Geometory] /

[ <<G4MateElem,G4 Material>> ]
Cs

<<G4MateMixtElemName,G4MaterialName,G4GeomParam>>
Cs element name

tags

name = Cesium

setno.=1

type = string

<<G4MateElemSymbol,G4 GeomParam>>
Cs element symbol

tags

name = Cs

type = string

<<G4MateElemAtomNo,G4 GeomParam>>
Cs atomic number

tags

type = int

value =55

<<G4MateElemAtomWeight,G4 GeomParam>>
Cs atomic weight

tags

type = float

unit = g/mole

value=132.9

Fig. 4.38 Description result of element information (Cs).
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bdd [package] Specific model of design tool (Geant4) [Scintillator Geometory] /

<<G4MateElem,G4 Material>>
I

¢

<<G4MateMixtElemName,G4 MaterialName,G4 GeomParam>>
Ielement name
tags
name = lodine
setno. = 2
type = string
<<G4MateElemSymbol,G4GeomParam>>
Ielement symbol
tags
name = |
type = string
<<G4MateElemAtomNo,G4GeomParam>>
Iatomic number
tags
type = int
value = 53
<<G4MateElemAtomWeight,G4 GeomParam>>
Iatomic weight
tags
type = float
unit=g/mole
value =126.9

Fig. 4.39 Description result of element information (I).

4.3.52 CAD(Geantd)D 72> DY AT LEEIZET 2 HIKBEROESR L T AR

WIZ, B O CAD(Geantd) D7 b DL AT ©MEEZ TR LT Z LI L > THEICR-T=
EEICBT HHI0BR & MRV AT AET AR LI ORFHEMBEATT VEDOMIZAL S
HKIEREERZ L., XL 2R T 5,

CAD(Geant4)(Z 7 2 il EIt% & 5ok L 7= —# % | Fig. 4.40, Fig. 4.41 (2”7, 251
REFZEMEA T T L L AR TER L72 Geantd D720 DL AT LEGEEH & O OHIKIE
RIZOWTER L7 b D TH D, BEMIZIE, T L—ZERmOft, B, RS /XT7 A —
2 DR E . CSLDEERT A —2 DR EFLIR L T 5, Fig. 440 TiX, 7 vy 7 E
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EHWTHIFIAN LT LTI Y| Fig. 441 TE, "7 A MU w7 E AW THIFIBEISR O A]
BULZIT> TV D,

bdd [package] Specific model of design tool (Geant4) [Constraint for Geant4] /
<<constraint>> <<constraint>>
Scintillator height X half distance Scintillator width Y half distance
a: Scintillator height - a: Scintillator width
A: Scintillator height X half distance - A:Scintillator width Y half distance
constraints constraints
{{A}={a}/2} {{A}={a}/2}
<<constraint>> <<constraint>>
Scintillator thickness Z half distance Csldensity(G4)
a: Scintillator thickness - a:Csldensity
A: Scintillator thickness Zhalf distance - A:Csldensity(G4)
constraints constraints
{{A}={a}/2} {{A}={a}}

Fig. 4.40 Description result of constraint.

par [block] G4 Geometry [Constraint relationship for G4] /
e )
: Scintillator height X half + Scintillator heightX . .
distinee half distance : Scintillator height
& 4 (from Specific model of
f ™ design space)
: Scintillator width Y half : Scintillator width Y r—r .
distance el clismmas : Scintillator width
\_ Y, (from Specific model of
a ~ design space)
: Scintillator thickness Z half : Scintillator thickness Z
distance half distance : Scintillator thickness
& J (from Specific model of
e N design space)
 Csl density(G4) : Csl density(G4) : Csl density
_ ) (from Specific model of
design space)

Fig. 441 Description result of constraint relationship.
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LLED X 912, Geantd T 3 KT CAD 5 /LA AL+ % 720 O & HIC B4 2 K9 RS
FRAEFIRT 2 2 N TE R, MOMEERICBEH L CHRKICRRERT 22N TE, Th
B OFEIAE R, FHRICRT,

ZINE TORFT, &EHY— A EAOE#HR, Z 2 Tk Geantd T 3 ot CAD E7 /L &4
KT DI DDEREET VT THT ENTE T, &ty — VEFEET VISR L7 EH
ZHWT, Geantd D AT 7 7 A VDRI LEH U T-#5 % Fig. 4.42 12, Geantd THARk L
Hi 71 L7z 3 %ot CAD €5 /L(VRML B X) % Fig. 4.43 [Tk T, 2 2 CTlE, BRI 27

DORETCTHERE VI o TFL—F Rt N\ T r—2)ET ML TV 5,

J74MIUF) #wEE) BR(0) TR(V) NLI(H)

:SOLID Wor IdShape BOX 50 50 50 -
:YOLU Wor Id Wor |dShape G4_AIR

:ROTM ROO0O 0 0 O

:ELEM Cesium Cs 55 132.9
:ELEM Iodme I 53 126.9

MIXT Csi 4.51 2 Cesium 0.51 lodine 0.4S
:SOLID ScintillatorShape BOX 7.5 7.5 5
:YOLU Detector ScintillatorShape Csl
:PLACE Detector O World ROODO 0 0 O

:MATE Aluminum 13 26.98 2.7

:SOLID HousingCaseOuterShape BOX 9.5 9.5 7

:SOLID HousingCaselnnerShape BOX 7.5 7.5 5

:SOLID HousingCaseShape SUBTRACTION HousingCaseOuterShape HousingCaselnnerShape RO00 0 O 1
:VOLU HousingCaseEnt ity HousingCaseShape Aluminum

:PLACE HousingCaseEntity O World RO0O0O 0 O -1

Fig. 4.42 Input file of Geant4.

Housing case

Scintillator
\\

Fig. 443 3D-CAD model.
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4.4 JSHREORKRLELE
4.4.1 SDSI-Cubic 7 L' — AU — 7 W BB OEITHRE L BE

AR CET U 7 LizfER % H T, SDSI-Cubic 7 L — AU —7 & H\ = faifbak it &
fTo7=, ZZ TSRS, H-SRBC IX Fig. 4.44 (279 X 5 s cdh v | ik
M Table 4.6 IR HBEE, REHEHTH D, AR TR, N@ 12T FHEfERE
SDSI-C %l RIZH L fifa i Bk HR & 32,

F£ 7, H-SRBC ICNE SN D MR IR FRIR A B FL 2 72D ikGH# A 7 il 21T o T,
A% Table 4.7 |Z7x 9, Table 4.7 12”3 L 912, 16 [HOEGZ A7 NI TV 5, D
£ Y. H-SRBC IZNE T HFREIL, 16 HORFF A7 TEHETE L ERbroT,

KIZ, DSM(Design Structure Matrix) & /X—7 4 > a =7 ZHW\WT, &ilV—72 7 —
WS 21T o 1=, FJ% Fig. 4.45 \Z5~7, Fig. 4.45 T, 16 OEFZ A7 102 T, &K
{bD7 4 — KNy 7 % 5 T2 DFRFHESL # A 7 (designTask00~deginTask06) 23 B 1 &A1 T
W%, Fig. 4.45 T/d KL 912, designTask1/13/2/15 [Xi%FHEEIZBIMR LaWEkEt# 2 7 TH
HTORELIZITE ENT, KD OGEHF A7 132 TRE(bICBEfR T D2REIV—27 7o —
DREE T2, F72, ZOREREIEIC, Lsight IR I KECFEITY—7 70 —%
Fig. 4.46 |Z7~7,

Sample thickness

- Sample container : Sample radius
N /

. H-SRBC case :

.Control/Calculation/Display part |

BG shield thickness
\

. BG shield part —

. Light detection device —

Sensor part =1

- Signal processing part :

Scintillator thickness / Scin\tillator width
Scintillator height

Fig. 4.44 Schematic of H-SRBC.
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Table 4.6 List of objective function and design variable.

QObjective function Unit Criterion | Constraint condition
Sensitivity cpm/(uSv/h) Max.
Detection limit Bq/kg Min. DL=50
Energy resolution % Min. R=10
Cost yen Min. C=200,000
Weight kg Min. W=10
Case size cm? Min.
Bq measurement time min Min. MT=60
Design variable Unit Range
Scintillator height mm I5=x=75
Scintillator width mm 15=x=75
Scintillator thickness mm 10=x=20
BG shield thickness mm 5=x=20
Sample radius mm 30=x=60
Sample thickness mm 20=x=40
Bq measurement time min 0<x=60

Table 4.7 Result of design task extraction.

designTask No. | Design task detail
designTaskl | System specification input
designTask2 | Light detection device characterization
designTask3 | Sample container design
designTask4 | Sensor part design
designTask5 | Sample radioactivity calculation
designTask6 | Measurement part design

RG chield
i\

o
1I\J S1uv

designTask9 | H-SRBC case design

designTask10 | Solid scintillator design

designTask11 | Detection part design

designTask12 | H-SRBC cost and weight calculation
designTask13 | Ambient radiation calculation
designTask14 | Sensitivity calculation

designTask15 | Light detection device design
designTask16 | Measurement part performance design
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2 < [2 < 1 < < s s s < < < = = 1 [ 2P S i S M S
5 € 5IEI5E 565555 EEIE E E S ENE S S E
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MEINE IR IR IR I AR A AR AR AR AR A R A e i B el el
8§ 1216 14 1 2 3 4 5 6 7 9 10 11 13 15 17 18 19 20 21 22 23

designTaskl 8§ [

designTask13 12 1

designTask2 16 1 Ovptimizati

1mization
designTask1S 14 1 P

designTask00 1
designTask01 2
designTask02 3
designTask03 4
designTask04 5
designTask0S 6
designTask06 7
designTask10 9 1
designTaskll 10 1 1
designTask12 11 1 1
designTaskl4 13 1 1
designTaskl6 15 1
designTask3 17 1
designTask4 18 1
designTaskS 19 1
designTask6 20 1
designTask7 21 1
designTask8 22 1
designTask9 23 1
Fig. 4.45 Result of DSM partitioning.
ol
SDSI-CI}M‘
—E—E—E—E ~l—
i i i | Optimizationl
design'TaSk 1 i 4esignfask 15
designTask13 ! °—'IE—'IE]—4@—4@—*@—4@—*@—'@—'1@—'@—'@—'@—'@—"
designTlaskZ demgnfask 3 i Ide31gn'Task6 . .de31gnTask9. desmnTasklZ i Feedbackl
designTask4 | : des1gnTa5k7 i desmnTasklO : de51gnTaskl4 i
designTask5 designTask8 designTask11 designTask16

Fig. 4.46 Result of constructed optimization execution flow.
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i bix, Isight | TZ% HMEwEAL 15 NSGA2 (K%L 40, 4% 250 254 E) % AW
THEAT LT, FETRR O/ — Mg L OGHlEEE SDSI-C # & KIZT Hff% | Fig. 4.47~
Fig. 452 2~ d, &7 7 7 T, BRORWEBE A IR L TWD RN, ey bL
TWAE T —Z IR UL — METH D, Fig. 447 132 A b LIEEORBRERL, Vo FL—
Ao RELTAHZETHREATEAEN AR MIEMRKLTLE D &V oMK HE%MN
KN TWD, Fig. 448 T ME L REOREZRL, Y FL—F &2/ THZ L TH
fRAEZ B ECEXDNREITME T LTCLE ) E Vo M T 2B AEN TV D, Fig 4.49
TR EEEOBKRERL, Ny 7 7T 00 FEMMZELS T2 & THRIERAZ M
ETEANERIFTELS RS TLED LWV T 2BRAFRILTV D, Fig. 4.50 (X3
RE] & MR A OBMR 2R L, FHUEER 28 < 372 ERHIRBARFEL Lo TLE I Lo
ToAR T D BIRBR RN TN D, Fig. 4.51 [LFHHIRERH & EREOBMRZ R L, FHIUIRRH] 2 45 <
THOIIEINy 7 7T 0 N 2 JE< L CEMIR LT RO L LEN H Y, HENE
K725 TLED LWV KT ABEBRNEN TV S, Fig. 4.52 1T HIFRR &% O RfR %
R U RHERA &R IS E &N D 2 R TE 08, F Ot BB ORHEIZ L -

. HAESUIZE VT BB IEAR ST e > T RN ERENR TN D

1.0
— SDSI-C
= .. (X1071%)
> 2.0 o ! - 53
72 %ﬁ% .
% \t,f,_& ! 4.8
LA Y 4.4
= A8
5,99 N 3.9
S [ — 3.4
X = 2.9
4.0 <. SDSI-C Max. N,
3} 5 ,"~,‘: .
= N | 20
Z 5.0 N L5
(2 b ;-.:.',‘-'ib;; 1.0
:’_Ideal point A 0.5

A
=

15 16 17 18 19 20
Cost (X 104 [yen])

Fig. 4.47 Comparison of cost and sensitivity.
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Fig. 4.48 Comparison of energy resolution and sensitivity.
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Fig. 4.49 Comparison of detection limit and weight.

137



SDSI-C
( x10%)

5,3

5ideal point

wﬁd?icﬂéa T
3 e
et . ‘anan.t m n..en ita.tl ﬂhﬁ\
S S &.1‘ .u. ﬁ .J»i |ao~\. so .w.w..»‘-
- 2 | fP - . F ool
S TR W i N_.f.. o
s, wa st Lesgeere RINER .~o~
g L | S, e Cu® N poe e b
voon R » oo
2. ri- - ‘et €oo *
O g A o o
R %d-.-\-
-l .
Ll ot o, ° X
o A3 b
TSR ) ’
S ™
o 4o 2 .
LR TR R T P
¥ Ve
e m
. ;N - -
e his : -
v & pi<l :
. 00 q..a....”a
J\&.w.ar AL o
TR L T .,
P o
W e Q
-odn. I- Mo
b ltrn..:; ........ m M
v S 7]
< < e

[3>1/bg] yruurf wond32Q

30

30 40 50

Measurement time [min]|

20

Fig. 4.50 Comparison of measurement time and detection limit.

..J'v \uhm. - (-1‘* TS s une

SDSI-C
Max.

6ideal point

=

(=)
[331] 3ySrom

7.0

50

30 40
Measurement time [min|

20

Comparison of measurement time and weight.

Fig. 4.51

138



=
=

_ . SDSI-C
= (x10 13)
310 5.3
S 4.8
g 4.4
£3.0 o
= — 3.4
X 4.0 o 29
> —~ 2.4
= 2.0
é&o 1.5
N K
Idealf-?g'éao‘ 35 40 45 SDS"C
point Detection limit [Bq/kg] Max.

Fig. 4.52 Comparison of detection limit and sensitivity.

INHDOFRERIZTT XL 912, H-SRBC O EAE T2 2 &3 T&E 7z, #EMIL, >
F L —ZFEE DO A XN 5Tmm X 57mm X 18mm, /N> 7 75 v R OJE X725 8mm,
REFRZR DO A XD ¢120mm X 35mm, FHHIIF2S 23 43 Th 5, Z OFRED HBIBAE DA}
JREE DY 5.0 X 10%cpm/(uSv/h)LL L, #ﬁ@ﬁﬂmmﬂg\iXW%*AW%ﬂgﬂﬁ‘ZXF
2519 HH, EEN 9.4kg, A AN 48X10%em® THY, 2 TOEREMZL T\ 5D, &
U 7 B 2 BRI BRI AT 21TV FEERIZHIE L 72 H-SRBC OAMBLE H % Fig. 4.53 IR
iR

UbD XSz, RET Y 7 FEZHAWTRIE L7 VI A I, RibEbakeha E
T35 ENTET, AR TIL, SysML TRtk L7=E T MEROHHIZOWTIXFEIT
1Tolze RETV VT FEICHIETEDET MERIMH T VTV X AOHEEE L A8 LS
BORETH 5,

Pag
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Fig. 4.53 Photograph of the radiation measurement system.

442 FEECHEEERICBIT2ET VBN AEORIERER L BE
PERFIETIIVAT AT A BT DB LEEET Y U T RIENRRWZO, XGHE®
PIRAE L CRiib &, ET VOFFARHELNEWIHERDH T, 2T, RETV
T RIEICLDHEREEOBEOET VOB ERIEL -, WA AT LAETANERS
NDEDBRRERBERELRDE AT, 2RZBELTHILICET IV VLY AT AT A
ITH 2Ll D, DD, T TIHREMMEOEFIZENT, "mT AT LET IV
WHEFATE 20 ERHFE Lz, LTS, fERE2BRR2
AR Tl IEfi# 2 3R 8 72 H-SRBC(Ver. 1 & A)WZBAL T, D LR 5 HHERITINZ DT
i LB 2 28 5 U7, Bz ikt 9% H-SRBC % Ver. 2 & L, ZER(H BB
D H#: % Table 4.8 (2R, FEEE /& L, Ver. 1 TILZE R #R B (uSv/h). B ETE FE (Bg/kg)
O SFRFHHTE D5V AT AT 72DIZxt LT, Ver. 2 TIHEAGRERE OFHANZ R L L .
SHAEEF OB LK 3 X ME2 ERT 52 L TH D,
B AT AT NVOFFAMEREET 572, ikl LT, KD SDSI-Cubic F£T
WLMEOERE 2T V7 LIz R % Fig. 4.54 \ORT, 22 TR TERT I L VEE
mkb\@M@ﬁmmmmmmm@@E ZHER LIEE S DA EZRT, RiE{bREDE
K%wf\@M@ﬁmmmmmmmmﬁﬁﬁék\@E%ﬂmﬁﬁﬁEﬁ%bOT<ék
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Table 4.8 Requirement comparison of Ver. 1 and Ver. 2.

Measurement Object Ver. 1 Ver. 2
Ambient dose v , -
Radioactivity concentration v ' v
Objective function Unit Criterion Constraint condition
: Not an
Sensitivity cpm/(uSv/h) | Max. : objective
' function
Detection limit Bg/kg Min. DL=50 | DL=50
Energy resolution % Min. R=10 : R=10
Cost yen Min. | C=200,000 | C=187,000
Weight kg Min. w=10 | W=10
Case size cm’ Min.
Bq measurement time min Min. MT=60 | MT=30
N (CBT 2R TORBELZAT 5 LENDH D, Fig. 4.54 OH T, JKEDHTRLT

o NAELREIT CTd D, BARRNTIE, ERHIFHI O 72 DI FHARE R O & KAE A 60 537> 5
30 AR NMLIETH Y | Fig. 4.54 D(a) MeasurementTime ZREWNIZFF O KME “60” &\
) & % R € L. Fig. 4.54 ?D(a’) MeasurementTime 235 N O % fie KA “30” (A E L 7=,
FAK 2 A MED =012 2 A b O KAE % 200,000 FI7> 5 187,000 FIIZEFERSMLEETH D |
Fig. 4.54 ™ (b) Cost RN DIEFHFE KM “200000” )% K5 E L. Fig. 4.54 D) ERN O H
(KA “187000” YD X HICEH Lz, I 61T, EEXHMBEMTIIR hoTelz®d,
Fig. 4.54 ?(c) Sensitivity & V9 HHIBIE O EIFIT, (¢”) Sensitivity & W 9 FIHME Z & > — ik
W78 A — X OBFRITET LTz,

Fig. 4.54 TIIEFZENOBFREZ L ZALTKHLTWDED, TG EROHFITHEM I T

VHIERTHY, PHERSTONDIERTHD, ZOFTHLDLND X HIT, HflizeZR
EFICKFLTYH, BT AT LET VNOKEENFORELIEO ERIEME R, &
HETEFET DMNENDH D, LovL, ERERNITFOERIT B CHFELICS S, —
ORFELEE LTI 2 L1E, HEFIHEMETRETH D, FoRkEbMEDOEE T, Wi
AT LETIVOEBRRLERPFHFOBFRELELT L LW Z&iF, "W AT LETLED
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Conventional modeling of SDSI-Cubic

Product system model

: Confidencelnterval

(a
[ <<objedive function,design pammeter>>“}'_‘ min:1,max:60,type:int,discrete
d

2, MeasurementTime :false,unitmin,currentValue:1,
direction:min

: DetectionLimit

) |

4
_H (c) ik =4
. Me Ti <<objedive function>> 4 14 type:floatunitcpm/(uSv/h),
e e / Sensitivity direction:max
7
P2 Rt .
<<valueType>> sV =Py type:floatunituSv/h,
: BGCountingRate 1 o5 BGAmbientDose currentValue:1.0

P 7 =a
: Sensitivity 1 g il [ § E
1 [ <<objedive function>> ,.\'1- - mln.O,max.ZOOOOO,type.ﬂoat,j

’ Cost discrete:false,unityen,direction
: BGAmbientDose (b) :min

— . DS *
: PbShieldingEffect l . ';—--- T - T

- SO It
1 2" Theelements included ~~y

Change the ‘\ in the product systent ;—
7’
optimization proble ~<model are changed. _ .=
Product system model e o
2 P

o’
@)
L
L
- : SensitivityToSample

: BGCountingRate

re

MeasurementTime :false,unit:min,currentValue:1,

[ <<objective function,design parametep;ﬁ}' o| min:1,max:30,type:int,discrete
4

va

y direction:min

: DetectionLimit

9
- (€2) [fprrs ¥
<<valueType>> —as"t= 13 type:floatunitpm/(uSv/h),
m : Bg] rementError s Sensitivity currentValue:0
4 H
. -
4 [ <<valueType>> “]" type:float,unit:uSv/‘Pi
[ ¢ BGAmbientDose currentValue:0.5
z o N
: Sensitivity Ny <<objective function>> _at%[s 4 min:0,max:187000,type:float,
=7 Cost disarete:falseunit:yen,direction
: BGCountingRate HL LY 2aa 22 o

)

: PbShieldingEffect

Fig. 4.54 Comparing example of the models (ver. 1/2) using a conventional modeling.

LONREEINTLESTEBYHHMHATETHRNEN) ZETH D,

T LT, RET YV I FiEZANT, [ UkE(bEOER 2ET Y 7 Lok
% Fig. 4.55 127°9, Fig. 4.55 ® L Ver. | TV, 43 HOET VU v IR TR~
TTFNDO—ETH D, Fig. 454 TRLIEZBDO LRI UAEOFRFFET TIIH 52, fGLT A
TAETVEEDOEERULET VEHFAMATE, FKitEMBEAET VOAREER TET,
Fig. 4.55 DT, IJKEDOH TR LI DELEHEGT CTh 5, BARRIIZIE, Fig. 4.55 D(a)
nH@), DN HM) TR LULEREFTO XL 912, BREHERBEA T T VN OEFEDBFFOIEH D I~
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New modeling in this study

Product system model |

Specil-'ic model
of design space

<<ObjFuncParam,DesignVariable>>

<<valueType>>
J MeasurementTime

<<valueType>>
Sensitivity

/
: Confidencelnterval -hj
1
: DetectionLimit : SensitivityToSample I
/
/
: BqMeasurementError : BgMeasurementError /
4

MeasurementTimeParam

tags
criterion = min
|| discrete = false
initial value = 1
max =60
min=1 (a)
type = int
unit=min

<<ObjFuncParam>>
SensitivityParam

{
= (c)
criterion = max
type = float
unit=cpm/(uSv/h)

<<Parameter>>
BGAmbientDoseParam

/]
/
»
-

: BGCountingRate

Z
: BGAmbientDose
: PbShieldingEffect

Same product
system model

Product system model I

<<valueType>>
< BGAmbientDose

<<valueType>>
Cost

tags
initial value = 1.0
type = float
unit=uSv/h

<<ObjFuncParam,ConstraintCondition>>
CostParam

tags

(b)

criterion = min
discrete = false
max=200000
min=0

type = float
unit=yen

,4

Change th

(¢

imization problem

| the Specific model of

N design space are changed Ls
-

v

~
Specific model N
of design space ’

-

foet . S
The elements included in >

v~
!

<<ObjFuncParam,DesignVariable>>

4

<<valueType>>
! MeasurementTime

/
-.
,I <<valueType>>
. Sensitivity
: BgMeasurementError /

MeasurementTimeParam

tags
aiterion = min
discrete = false
initial value = 1
max = 30 )
min =1 (a )
type = int
unit = min

<<Parameter>>
SensitivityParam

tags
initial value =0
type = float
unit = cpm/(uSv/h)

<<Parameter>>
BGAmbientDoseParam

/
L
1
h
7|
: BGAmbientDose' |
: PbShieldingEffect

: BGCountingRate

<<valueType>>
" BGAmbientDose

<<valueType>>
Cost

tags
initial value = 0.5
type = float
unit=uSv/h

<<ObjFuncParam,ConstraintCondition>>
CostParam

tags

)

criterion = min
discrete = false
max = 187000
min =0

type = float
unit = yen

Fig. 4.55 Comparing example of the models (ver. 1/2) using new modeling in this study.
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EEECE, ERFPIELERTEZOERN AL SN TWED, BEEEENES T
bbb, £lo. NI A—Z BT REHEHEF T 0 7 7 AL TEFRETE TV S720, Fig. 4.55
D) H(¢) T LIZEFT(HRIBIE N BT A= FICHFELEF)O L HIZ, EREEXDOH D
EEETLGELES ThD, MA T, R ZEMEGET VNOBERZOLONREE I
Th, TOEZENGHL AT AET VNOEE~OBEM T EZ LETZITTHY
VAT LETIINHNOBERITEE IR,

DX, RETFTV U FEEANDZ LT, EREAEFICELC, ZiEREAETT
VIR SN o B bREO EREROER &2, BHIRE, ZETE T, DED,
R ZEMEATT NVOHDOERE T WL AT AT VIFOEEHMNHATE AKET U &~
TRIECL DG AT LT VOFAAMEIZ OV TRIAETE 72,

IHIT, RECEZERE LIZET Y U 7R Z AW TR 21T o TofE R, v v
F L —ZfEdm DY A X3 4lmm X 52mm X20mm, /Ny 7 77 0 RlfkAf OJE S 7% 9mm,
REFEER DY A XY 120mm X 32mm,  FHAIFFRIZS 12 43 & W ) BN S b, Z O
O BB OMEIZ, BHRADY 49Bg/kg, = R/VF —3fFRED 8.0%., = A s 18 JTH,
EgﬁQﬁg#4xﬂ4%ummyﬁ%D\mzmmif@%ﬁ%%tfzkﬁfﬁéo

b Xz, REFTV U7 FEICLD, BEREE(EME)ZEIZBIT 8L AT A
ET/VOFF MOV TREET & 72, 763k SDSI-Cubic FIEDET V o 7 TlrIf i 2
TAETNVEFMHHETE 2V LT, KTV 7 FIETITRL Y AT AT V25
ZIZHEAHATE, ETAVOFAAERM E L, Zud, B AT ATV, BRGHZER
BAEETF I, V— /L HEET L) XLEGET IV, R —VEEA ET LA B
TR TETWAEDTH D, 4D X S i bMEOEEL T Tk (&REY —
NOEERE FBETLETNVHAOEREEL T HETOHEIE. MOETNLVEEET S
R ARRICEET VOBAANARETH D, DEVARET Y V7 FEICED | REHE
BIZADETCEET VEHAHATE, T VOFMRALEN LT eRnTE,

4.4.3 FEHRFHGE)BEEER)OFER L BE

ZZTCIISAER E LT, Biidd H-SRBC OEFT VY » iR A2, o F L—F b
OB 28T SRR EH~ & FIRIGREZZITIE L, FMERECTh 5 GE)BEEN 21T -7
R Ak~ 2
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F£9. H-SRBC DY AT AT HFA BN CET Y 7 LG EMEAET LV, BX
DY — VEAET VEZEE LT-, T2 CTORGEFRIL, Mk LIz i T =4
Vo 7B IO R X — R A @RI T ) 7o D, U TF L—F B0, MR
DERTH D, EHRBHBEET =4V T ZITITDIT, HHDD RN GO RESHHR % [F
FHEOFETHRHT D702, BEHEOAS I cxt3 2 ik FEk 42/ S < 32 MR %
BRI LC Uiz, b THRREEN/ NS OWOITERE TH 528, KoM TR L 0H
HTNSA ZADOFERHE LN LD, AR TIIMFERE & Lz, MEHT, =3 F—/3R
fEZ T LT ESED10, BRELOZODREBIENTE DY v F L —FfERmD
F T T R X —SRRED S VEID 1 D TH 5 | Stly(Bu)s v F L— & fdh 13 9% v
HZLE LT, ENLOFHRERFZEMERET V., &Y —/VERET VIZEIR L2k
FoO—% , Fig. 4.56 IZ" 7, Fig. 4.56 [Z79 L9212, WY AT AT VIR ST
WAHREERY o TF L— 2 ORI iEE & LT, BREHERMEA E T VICHEEE Srl(Bu)fdh
RN L, & DIZEEEHY — VEFET LT CAD(Geantd) THIE 2 RKEBLT 2 DI L E 2 1E
WAL L TWD, 22T, MR EZRERTL720DAT VA S A T2 AW TR LT
W5, FERIZ, SI(Bu) DM EHEHRIZ DWW T HELR L7c, 2 b OF T AAF#H A ZIT, Geantd
T3WIL CAD T VAR L, Mkt~ &Z T LT,
WU, 3 WIC CAD E7 /v Z W T, BESREHIS AT LD OFFEMEREI D 1 > TH 5 G(E)
BAECE N A1T 572, GBI L 1%, BEHREHAI S A7 203Gl L 7e =L F— A7 f L
BT, HERR NI G- 2 2 B GO R(SY)EEZ &= R L X — DR 2 B8 LR
THREOOBTHD D, WA GFXOGE. BEREHI S 2 T LG U 723880
5. EWERR PCs TKOE Lo MEE#RE A VT, EMgIMEZEH L T\ D, L
L ZDOHTROEE, R TORSFRPEF O RV F — 2RI 17Cs D= RV F —
m&mw&ﬁmbtﬁmﬁofbiﬁo%@Kﬁ%ﬁ&m*w¥~%%om%%ﬁAmm
A G2 TWDTe), X0 ERBERFHIZAIT O 729I2iE, Table 49 IZRT X912, K=
FAXF LS TCARICHEZ DHEBNERD 2 L 2BETILERS D, £ 2T, R
FHAlS AT AOFEMEREED 1 oL LT, TOMREE MR T 57290 GE)BEEKOFEH 1’ TTH
nTns ),
GE)REZEHT 272010, BT 2T 20385, HE= R LF—ICHLTED
INIEBELZ RNV FX =AY ML L TH T 50, TORMEZROLILENH D, L
ML, EDINERMEZ RO DT, FRx R AS =L X — 2 FFOIEMERIRA LE ThH
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bdd [package] Specific model of design tool (Geant4) [Scintillator Geometory] /

Sl Col <<blocsblz E
Solid scintillator OAlmnar t;l (Eu) <<G4Tube,G4Solid>>
<_ s Scintillator shape of
tags column
. tags
E lated O-O
. isEncapsulated = ’
(from Product system (FromSpedcmodelior <<G4Solid Name,G4 GeomParam>>
B - Scintillator sensor shape name
midel. (H-SRBC)::Hlocid) design methodology (SDSI- B
Cubic)::Specific model of tags
design space) name = Scintillator shape
type = string

<<G4TubeRMin,G4GeomParam>>
Scintillator inner radius

tags

type = float
unit=mm
value =0

<<G4TubeRMax,G4 GeomParam>>
Scintillator outer radius

tags

type = float
unit=mm
value=12.5

<<G4TubeZ G4 GeomParam>>
Scintillator thickness Z half distance

tags

type = float
unit=mm
value=12.5

Fig. 4.56 Description result in specific model of design tool.

D, EOEBRIIIEF ICRERLOTH D, T2 CONERHMEFa v Ea—4 ETyIalb—
FLEHT 2 FENANLN TV D, BEBREHS AT AR FFOIRERE, TR B
EVSTEEERIZESTREL LD THY . EREFGRIIAFTRTH D,

ZZ T AR CHEELIZ3RITCAD ET LV EZHANT, I 2b—Yar%i1), VI =
L—3 g U OkEF % Fig. 4.57 {2557, Fig. 4.57 I2BW T, L0 HIRIR ORI FHEH Y —
NVEBTT NVOFEBRN SRS LTZ 3 kI CAD T /L TH Y | ZDMOFELHROMN T

THNLBEY I 2 b— g U ETH> KA OB O TH 5,
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Table 4.9 Relationship between photon energy and radiation dose!®).,

Photon energy H*(10)/®
(Mev) (pSv cm2)
0.01 0.061
0.015 0.83
0.02 1.05
0.03 0.81
0.04 0.64
0.05 0.55
0.06 0.51
0.08 0.53
0.1 0.61
0.15 0.89
0.2 1.2
0.3 1.8
0.4 2.38
0.5 2.93
0.6 3.44
0.8 4.38
1 5.2
1.5 6.9
2 8.6
3 11.1
4 13.4
5 15.5
6 17.6
8 21.6
10 25.6

Va2 b—y g E, 925mm X 25mm D Srly(Eu)s > F L—ZFEECk LT,y B T
T AEBIF LIEGED, faNCB T 53X — (5% I 2L — b5, fHaN
TOMEMERIX, vy BT 2B HE, a7 Fo#&iL, BrAAER, BT - BETIC
x4 % 7 — v HGEL, FEBE. BIBIAECR | RIS Vo T AR ER A BRI BEAE R A BT 5.
MR = /L ¥ —IL Table 4.9 D=3 /L¥F— & L, BEEITA =R F—I12D0T 100 HFE &
Lz, Yalb—varV— Ll Geantd DI 2 b—a U EEEZFEE LT v s T A
W, v alb—va MR ROIISERMEOR R % Fig. 458 12”7, £7o. Ko
TSERME L B RN X —IC K OB, BN BT LY GEBEEEEH L, £
DFER % Fig. 4.59 1T,

147



Fig. 4.57 Appearance of gamma ray simulation.
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Fig. 4.58 Response spectrum result.
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Fig. 4.59 Result of derived G(E) function.
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FHESRZZITEL, BFLZENARETHD Z LR T,
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Fig. 4.60 Photograph of the radiation measurement module.
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&N TE T, Z D% SDSI-Cubic FHEIZ L DM E/2 v AT AMEEZEHT H720D /8T A —
2 O LA FLR 2 Z LN CTE o, — T L 3 ) X AFEAE T VT,
SDSI-Cubic FIEDERE & GG — /L OBMRZ TR T2 2 &N TE T, REY —LVEAET
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JES B TlX, SDSI-Cubic FEIZ X Dl baX sl 24T\, WIEMRZ 8952 LR TE
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BRCEM 2175 Z LN TET,
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ek A BRI AT LDV AT LTFTHFAL VBT EET Y U IRER
Al BESRTFAETLVDOETY VITHER
ALl BUNBEHBIT AT AOBBL 2T DEROET U v ITER
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RKOBR, Fig. A2 133y 7 77 0 2 Nl & BROBIfR, Fig. A3 IXREE B LD
A (B AR & ZROBAfR, Fig. A4 1R, HEEH . SR T /31 R & RO BIR,
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Fig. A.7 137 — Z {R1FHEGE & R OBAMR, Fig. A8 ITiAEIA R & ERDOEAMR, Fig. A9 X
H-SRBC 7 — R & ZROBR, Fig. A 10 [XEPE & BROBREFLR L7l a2 R LT
%,

req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
System noise reduction

id =
text="Reducing noise included
in system”

Z N

<<deriveReqt>>leriveReqt>>
/ \

<<requirement>>
<<requirement>> <<requirement>> Tolerance to input voltage
Signal stabilization Noise reduction of fluctuation
analog signal
o= id =
text="Stabilizing the id = text="Being measurement
signal” text= "Reducing the resultnotaffected by input
noise of analog signal.” voltage fluctuation.”
R \ 77
AN I 4
<<satisfy>> <<satisfy>> <<satisfy>>
\ 1 7
ya
<<block>>
Signal processing part
tags
isEncapsulated =

Fig. A.1 Relationship between requirement and signal processing part.
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req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
Reduction of background
radiation influence

id =
text = "Reducing background
radiation dose."

Z R

<<deriveReqt>> <<deriveReqt>>
/ AY

<<requirement>> <<requirement>>
Higher radiation shielding capacity | | Longer radiation shielding distance

id = id =
text = "Using shield material with high| | text="Lengthening distance of
radiation shielding capability." shielding radiation.”
R 7
<<satisfy\>> <<s/atisfy>>
<<block>>
BG shield part
isEncapsulated OO

Fig. A.2 Relationship between requirement and BG shield part.

req [package] Product system model (H-SRBC) [Requireme... /

<<requirement>>
Temperature
compensation

id=

text= "Being measurement
resultnot affected by
temperature fluctuation.”

Z I\

<<satisfy>> <<satisf¥>>
/
- -

<<block>> <<block>>
Temperature sensor Temperature correction

tags tags
isEncapsulated = isEncapsulated =

Fig. A.3 Relationship between requirement and temperature sensor/ temperature correction.
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req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
Higher energyresolution

id=
text= "Being high energy resolutiop
(10% or less) to discriminate Cs-13
and -137 derived fromnuclear
power plantaccident."

A

<<derive%Reql>>

=

<<requirement>>
Higher detection efficiency of scintillation light

id=
text = "Improving detection efficiency of scintillation

light without attenuation.”
| N——
\ S

7 7l

’ \ S~
<<deriveReqt>> <<deriveReqt:<<deriveReqt>> <<deriveReqt>>
- . N ~
<<requirement>> <<requirement>> <<requirement>> <<requirement>>
Higher concentrating light Larger light detection area Appropriate wave height Higher detection efficiency
rate characteristics device

id =

id=
text = "Concentrating
scintillation light efficiently."

text = "Increasing the area for
detecting scntillation light."

id =

text = "Using light detection
device with wave height
characteristics matching

id =

text = "Using light detection
device with high detection
efficiency (High S/N ratio)."

sdntillation light."
/) R \ N 71
<<deri‘7éReqt> > <<de1‘ivéRe\qt> > S \ ) \'\ .//
<<requirement>> <<requirement>> <<satisfy>> <<satisfy>> <<satisfy>>
Scintillation light reflection Light shielding N \\ //
id = id= <<block>>
text = "Reflecting and text="Shielding the light that Light detection device
concentrating scintillation enters the scntillator crystal =
light." from the outside." . 98
isEncapsulated =
I\ M
<<satisfy>> <<satisfy>>
<<block>> <<block>>
Reflective material Light shielding material
tags tags
isEncapsulated = isEncapsulated =

Fig. A.4 Relationship between requirement and reflective material/ light shielding material/

light detection device.
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req [package] Product system mode... /

<<requirement>>
Energy spectrum separation

id =

peak energy by separating energy
spectrum.”

text = "Being able to discriminate th

A
N

1
<<satisfy>>
v

<<block>>
Nuclide discrimination

isEncapsulated =

Fig. A.5 Relationship between requirement and nu

clide discrimination.

req [package] Product system mo... /

<<requirement>>
Energy spectrum acquisition.

id =
text = "Being able to acquire the,
energy spectrum of radiation."

A\

<< satilsfy> >

<<block>>
Spectrum data creation

is

tags
Encapsulated =

Fig. A.6 Relationship between requirement and spectrum data creation.

req [package] Product system model (... /

<<requirement>>
Measurement data storing

id=
text = "Being able to store and use the
measurementdata.”
A\
1
<<satisfy>>
<<block>>
Datastorage
tags
isEncapsulated =

Fig. A.7 Relationship between requirement and data storage.
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req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
Good cleanliness

<<requirement>>
Inclination resistance

id =
text = "Being stain-resistant,
and being able to clean easily.

id =

text="Corresponding to the
change of the inclination,and
notbreaking the measuremenit
instrument."

N

7

.
<<deriveReqt>> <<deriveReqt>>
\ 7

id =

text="Increasing the measuring
sample capacity."

sample."

<<requirement>>
Sealable sample
- container usage
<<requirement>>
Increase of measuring id =
sample capacity text= "Sealing the

sample, and preventing
contamination of the
instrument by the

)
\
<<satisfy>>
AN
<<block>>
Sample container

71

/
<<satisfy>>
v

isEncapsulated = OO

Fig. A.8 Relationship between requirement and sample container.

req [package] Product system model (H-SRBC) [Requiremen... /

<<requirement>>
Water resistant

<<requirement>>
Shock resistance

id =

resistantlevel."

text= "Being waterproof
structure almost for a water

id =

that occur during use."

R

A

Z

\ /
<<satisfy>> <<satisfy>>

L

<<block>>
H-SRBC case

isEncapsulated =

tags
SO

text= "Being resistant to shoclg

Fig. A.9

Relationship between requirement and H-SRBC case.
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req [package] Product system model (H-SRBC) [Requirement] /

<<requirement>>
Outdoor measurement
correspondence

id =
text= "Being able to measure
outdoors (on-site such as

forests)."
/:\ <<rationale>>
| In order to measure on-site

<<deriv?Reqt>> without charging during the day.

<<requirement>>
Battery drivable

id =
text = "Being able to use for more
than 6 hours with battery drive."

A\

<<satisfy>>
1

Power supply part

tags

[ <<block>>
l isEncapsulated =

Fig. A.10 Relationship between requirement and power supply part.

ZOEoiC, BEVAT IR EET Y 7L, SHICVAT AERNEESR L ER & O
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Al2 BBV RT LERICET SHINBEROET U VIR
T A4 ETORUEHEBE S X T AERICET D HIRBER O R R AR ~D, 7
0y 7 ERKTNT A= O HKXEFER L, A7 0y JRTHERTA—=ZNRED
MRERICBET20E25R L, XT A MY v 7 K THIFIBEMRZ AIEAIC R 95, 4 =T
TR~ FR RS R LM OW T, Fig. A.11~Fig. A22 IZRT, /3T A—X O LIzk
FRIZEETHOEK L, SHERERICELT, 7o v 7 @8XERAWEHKIR, N7
2y 7, NT A MYy 7 MERRl Lo R ZNEIZ R T, Fig. A.11~Fig. A.13 |3 H-SRBC
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RO EEICET HHKIBMR. Fig. A.14~Fig. A16 133y 7 7T v RillEikER o E &I
T HHFIEFR. Fig. A.17~Fig. A.19 [XZEMBUN R O &I T 2 HilKIBIfR, Fig. A20~
Fig. A.22 [ 370EF O v BRI BI 3 2 filRBIfR 2 5ok L7 iR 2R LT\ 5,

ibd [block] H-SRBC [H-SRBC] /

<<property>> <<property>> o
: Los
: Case weight : Weight
other than BG
shield

Fig. A.11 Result of assigning parameter to H-SRBC.

bdd [package] Product system model (H-... /

<<constraintBlock>>
Weight

a: BG shield weight
A: Weight
b: Case weightother than BG shield

constraints

{{A}={a}+{b}}

Fig. A.12 Description result of constraint relating to weight.

par [block] H-SRBC [Weight] /

<<proper..
: BG shield
weight

—
<<proper..

: Weight |
: Weight

<<proper...

: Case weight
other than BG
shield

Fig. A.13 Description result of constraint relationship relating to weight.
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ibd [block] BG shield part [BG shield part] /

<<property... <<property... <<property... X
) ) ) : BG shield part
: Density of BG : BG sheild : BGshield s
shield material volume weight

Fig. A.14 Result of assigning parameter to BG shield part.

bdd [package] Product system mode... /

<<constraintBlock>>
BG shield weight

- a: BGsheild volume
- A: BGshield weight
- b: Density of BG shield material

constraints

{{A}={a}*{b}}

Fig. A.15 Description result of constraint relating to BG shield weight.

par [block] BG shield part [BG shield weight] /
<<property>>
: BGsheild
volume
<<property>> ] <<proper..
: Density of BG : BG shield weight : BG shield
shield material weight

Fig. A.16 Description result of constraint relationship relating to BG shield weight.
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ibd [block] Ambient radiation [Ambient radiation] /

<<property>> <<property>> <<property>>

: Source intensity of : Constant of 1cm Gamma ray number

1uSv/h dose equivalent rate| | of source emission

<<property>> <<property>>

T . Gamma ray number

: Gammaradiation : Distance between £ I
d =i of source emission
rate source and crys per area
Fig. A.17 Result of assigning parameter to ambient radiation.

bdd [package] Product system model (H-SRBC) [Constraint] /

<<constraint>>
Gammaray number of source emission per area

<<constraintBlock>>
Gammaray number of source emission

<<constraintBlock>>
Source intensity of 1uSv/h

a: Gamma ray number of source emission -
A: Gamma ray number of source emission perarea | | -
b: Distance between source and crystal -

a: Source intensity of 1uSv/h
A: Gamma ray number of source emission =

b: Gamma radiation rate

- A:Source intensity of 1uSv/h
a: Constant of 1cm dose equivalent rate

constraints

constraints

{{A}={ay*(1/(4*P10*{b}"2))}

constraints

{{A}={a}*({b}/100)}

{Ay=(1/{ap*(10"6)}

Fig. A.18 Description result of constraint relating to gamma ray emission.

par [block] Ambient radiation [Gamma ray emission from source per unit area] /

: Gamma ray
number of
source
emission per
area

S

<<proper...

: Gammaray
number of
source
emission

: Gamma ray number of
source emission per
area

<<proper...

: Source
intensity of
1uSv/h

: Gamma ray number of
source emission

<<proper...

: Distance
between
source and
crystal

<<proper...

: Source intensity of : Constant of

1uSv/h 1cm dose
equivalent rate
<<proper..
: Gamma

radiation rate

Fig. A.19 Description result of constraint relationship relating to gamma ray emission.
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ibd [block] Sample container [Sample container] /

<<proper..
: Gamma ray

number of
crystal inciden

<<proper...

: Attenuation
by sample

container cost

: Sample

<<proper... e
:31?;]’11: : Gammaray
number of
sample
<<proper... emission
: Object
radioactivity
<<proper...
: Sample
<<proper... source
. Gamma intensity
radiation rate

Fig. A.20 Result of assigning parameter to sample container.

bdd [package] Product system model (H-SRBC) [Constraint] /

<<constraintBlock>>

<<constraintBlock>>
Sample weight

<<constraintBlock>>
Sample source intensity

<<constraintBlock>>
Gamma ray number of source emission

Gamma ray number of crystal incident

a: Sample weight
b: Sample volume

a: Object radioactivity
A: Sample source intensity
b: Sample weight

constraints

{{a}={b}*1}

a: Sample source intensity
A: Gamma ray number of sample emission
b: Gamma radiation rate

a: Gamma ray number of sample emission
A: Gamma ray number of crystal incident
b: Attenuation by sample

constraints
{{A}={a}*{b}/1000}

constraints

{{A}={a}*{b}/100}

constraints

{{A}={a}*(1-{b}/100)}

Fig. A.21

Description result of constraint relating to gamma ray incident.

par [block] Sample container [Gamma ray number of crystal incident] /

<<proper.. <<proper...
Sal.nple : Sample weight : Sample
weight volume
: Sample source
intensity
k J\\ <<prOpEr...
: Object
radioactivity
<<proper..
: Sample
source <<proper...
intensity : Gamma ray
: Gamma ray number of number of
source emission sample
<<proper... emission . Lerof <<proper...
: Gamma ray number o :
: _Gar.nma crystal izlcident ' gz:::gz-:?fy
radiation rate s
<<proper.. crystal inciden
: Attenuation
by sample

Fig. A.22 Description result of constraint relationship relating to gamma ray incident.
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req [package] Specific model of design space [Requirement] /

<<requirement>>
Signal stabilization

id =
text = "Stabilizing the
signal"

(frdi Products
model (H-SRBC)x;
/ Requirement) \
<<deriveReqt>> <<deriveReqt>>

/ \
<<requirement>> <<requirement>>
Digital signal processing Analog signal stabilization
id = id =
text = "Processing the signal as text = "Stabilizing the analog
much as possible in a state of signal by amplifying signal."
digital."
7N I\
/ \ |
<<satisfy>> <<satisfy>> <<satisfy>>
/ \ |
<<block>> <<block>> <<block>>
ADC FPGA for signal Amplifier
processing
tags tags
isEncapsulated = tags isEncapsulated =
isEncapsulated =

Fig. A.23 Relationship between requirement and signal processing part component.
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req [package] Specific model of design space [Requirement] /

<<requirement>> <<requirement>> <<requirement>> <<requirement>> <<requirement>>
Reduction of Outdoor Lower material cost Lower facturing Lower development
background radiation measurement cost cost
influence correspondence id=
text = "Being low id= id=
id = id= material cost.” text= "Beinglow text = "Being low
text= "Reducing text= "Being able to manufacturing cost." development cost.”
background radiation measure outdoors (on- (from Prudlé& system
dose.” site such asforests)." model (H-§RBC):: (from B%ductsysrem (from Profict system
Requirement) mode] (H-SRBC):: model (H-SRBC)::
%rom Praq&ctsys% (from Prolt)asystem \ Requirement) Requirgment)
/ model (§-SRBC):: \ model (H-SRBC):: \ I |
Requirement)  \ Requirgment) | I |
<<deriveReqt>>:deriveReqt>> | \\ ! !
/ i \ | | |
/ I \ I ! / I
/ 1 \ | | / |
<<requirement>> <<requirement>> \ | \\ | |
Higher radiation Longer radiation \\ |\ \ ’I :
shielding capacity shielding distance ; K .
\ | <<denve\Reqt>z<deriveReqt>> <<deriveReqt>>
id = id= <<deriveReqt>>  <<deriveReqt>> \ " :
text = "Using shield text="Lengthening \\ \I \ ] |
material with high distance of shielding \ | \ / |
radiation shielding radiation.” \ | \ i |
capability.” \ | | I |
(from Prafjdct system \ | \\ 1 |
(from Profj\ct system model (§-SRBC):: \ | \ ” :
model (H-SRBC):: Requirement) \\ \I \ |
Requirement] !
: '1[9 Z <<deriveReqt>> \ | ! / |
: \ \ \ |
: <<requirement>> <<requirement>> <<requirement>> <<requirement>>
| Larger shield Strucuture for shielding Application of Stable supplyable
| thickness radiation from all directions commercially available material
| products
| id= id = id =
| text="Thickening a text= "Being a strucuture to be able| id= text = "Being a material fo
| shield thicknessto be to shield radiation fromall text = "Reducing materi be supplied stably."
<<satisfy>> able to shield radiation.’ directions.” cost by applying -
: ~7| commerdally available e Zd
- "
I ‘} {1 7 products.
< \ 4 - =
~So - \ / ‘./ e
~ <<satisfy>> <<satisfy>> <<satisfy>> -
g = \ / P _ - <<satisfy>>
S~ N / s el
S~ BGshield part -
<<blodk>> -7
Cylindrical BG shield part
(Pb)
tags
isEncapsulated =

Fig. A.25 Relationship between requirement and cylindrical BG Shield part (Pb).

173




<<requirement>>
Higher sensitivity

id=
text = "Increasing
measurementd ose rate.

(from ProActsystem
model (H-SRBC)::
Requirement)
|

<<deriv?Reql>>

req [package] Specific model of design space [Requirement] /

<<requirement>>
Water resistant

id=

text= "Being waterproof
structure almost for a
water resistant level."

<<requirement>>
Low blocking material for
incident radiation

id=
text = "Being a material not to
block incident radiation.”

<<requirement>>
Higher concentrating
light rate

<<requirement>>
Higher detection efficiency
of scintillation light

e Sy

ids " . <<deriveReqt>>
text = "Concentrating

scintillation light

id =

text = "Improving detection
efficiency of scintillation light]
without attenuation.”

efficiently."
(from Produc&te
model (H .S‘RBC) N (from Productsy%m
Requirement) N model (H-SRBC)x,
« Requirement) \
<<deriveReqt>> <<deriveR\eqt>>
N
~ \ /
N \ /
N <<requirement>>
Sealed crystals
structure
id=
text = "Beinga structure
to be able to seal crystals|"
AN b2
N 7/
<<satisfy>> </<satisfy>>
Housing case
<<block>>
Hollow rectangular parallelepiped
housing case (Al)
isEncapsulated = (© )

(frofnIProduct system model (H-
/ SRBC)::Requirement)
/

<<deriveReqt>>
/

Fig. A.26 Relationship between requirement and hollow rectangular parallelepiped housing

case (Pb).
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bdd [package] Specific model of design space [Light detection ... /

<<block>>

Light detection device

|

<<block>>
MPPC

SRBC)::Block)

(from Product system model (H-

Fig. A.27 Specific system structure of light detection device.

bdd [package] Specific model of design space [Signal processing part] /

<<block>>
Signal processing part -

(from Product system model (H-SRBC)::
Block)

<<block>>
ADC

<<block>>
Amplifier

<<block>>
FPGA for signal processing

Fig. A.28 Specific system structure of signal processing part.

bdd [package] Specific model of design space [Control part] /

<<block>>
Control part~ ~

(from Product system model
(H-SRBC)::Block)

<<block>>
Communication
controller

<<block>>
Control circuit

<<block>>
USB controller

<<block>>
LAN controller

<<block>>
FPGA for control

<<block>>
CPU for control

Fig. A.29 Specific system structure of control part.

bdd [package] Specific model of design space [Power su... /

<<block>>

(from Product system
model (H-SRBC)::
Block)

Power supply part <]

<<block>>

Battery

<<block>>
AC adapter

<<block>>
Bus power

Fig. A.30 Specific system structure of power supply part.
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bdd [package] Specific model of design space [Calculation part] /
<<block>>
Tablet
<<block>>
Calculation part <<block>>
Laptop PC
(from Product system 2 <<bl_0Ck>>
model (H-SRBC):: <<block>> 5o Low priceboard
Block) MPU L
= <<block>>
Embedded board

Fig. A.31 Specific system structure of calculation part.

bdd [package] Specific model of design space [Display part] /

<<block>>
PETIET |_ Main unit display < <blocko>
Display part | Tablet display
<<block>>
O Do 1. & b o S TESEROREUL, T | DY T /l—
(Jjrom Product LXternai aispiay [~J <<block>>
system model (H- — Laptop PC displa
SRBC)::Block) e ——
<<block>>
—| Generic display

Fig. A.32 Specific system structure of display part.

bdd [package] Specific model of design space [Position ... /

<<block>>
<<block>> |_ Network
Position sensor <}
L <<block>>
(from Product system GPS
model (H-SRBC)::
Block)

Fig. A.33 Specific system structure of position sensor.
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HilKIBEFR | Fig. A.45~Fig. A 47 [ THREEEAR DO = L F — 43 iRl BT 5 il B4R Fig. A48
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ibd [block] Rectangular parallelepiped H-SRBC case [Rectangular parallelepiped H-SRBC case] /

[ <<property... <<property... ] |( <<property... |
: Width margin : Lid thickness : Height margin
between body between lid and
and BG sheild BG sheild lid
[ <<property... <<property... 1 ( <<property... ]
: Case width : Case height : Casessize

Fig. A.34 Result of assigning parameter to rectangular parallelepiped H-SRBC case.

bdd [package] Specific model of design space [Constraint] /

<<constraintBlock>> <<constraintBlock>> <<constraintBlock>>
Case width Case height Case size
a: BG sheild lid radius - A:Case height - a: Case width
A: Case width - a:Lid thickness - A:Casesize
b: Width margin between body and BG sheild - b: Height margin between lid and BG sheild lid - b: Case height
- c: BG sheild lid thickness -
constraints - d: Sample container lid height constraints
{{A}=(fa}+{b})*2} - e:BG sheild lower height {{A}=({a}*{a}*{b})/1000}
f: BG shield bottom height
constraints
{{A)={a}+ (b} +{c}+{d}+{e}+ (D)}

Fig. A.35 Description result of constraint relating to case size.
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par [block] Rectangular parallelepiped H-SRBC case [Volume] /

( < <property> >
: BGsheild lid radius

<<property>>
: Width margin
between body and BG
sheild

: Case width

<<property>>
: Lid thickness

<<property>>
: Height margin
between lid and BG
sheild lid

<<propert..
: Casewidth

: Case size

<<property...
: Case size

< <property> >
: BG sheild lid
thickness

<<property>>
: Sample container lid
height

[T

: Case height

<<property...
: Case height

F
|
F

<<property>>
: BG sheild lower
height

<<property>>
: BG shield bottom
height

Fig. A.36 Description result of constraint relationship relating to case size.
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ibd [block] Cylindrical BG shield part (Pb) [Cylindrical BG shield part (Pb)] /
<<pr0pe[‘ty>> <<pr0perty>> <<p[‘0pe[‘ty>> <<pl‘0pel’ty>>
: Ray absorption : BGshield : Sheilding effect of | | : Shielding effect
coefficient thickness BG shield side (bottom+lib)
(Pb,662KkeV)
( <<property>> ( <<property>> ( <<property>> <<property>>
:Assumed BG : Assumed Pb : BGambient : BGambient
ambient radiation scattering radiation dose radiation dose
dose (bottom) (side)
<<property>> <<property>> <<property>> <<property>>
: BG sheild lid : BGsheild lid : BG sheild volume : BG radiation
thickness volume inside BG shield
( <<property>> ( <<property>> ( <<property>>
: Vertical direction : BGsheild lower : BGsheild bottom
margin width height volume
between crystal and
BG sheild
<<property>> <<property>> <<property>>
: BG shield inner : BG shield inner : BGshield outer
margin radius radius
<<property>> ( <<property>> ( <<property>>
: BG sheild lid : BGsheild lid : BGshield bottom
radius margin radius thickness

Fig. A37 Result of assigning parameter to cylindrical BG shield part (Pb).

bdd [package] Specific model of design space [Constraint] /

<<constraintBlock>> <<constraintBlock>>

BGradiation inside BG shield Sheilding effect of BG shield side
- a: Assumed BG ambientradiation dose - A: Sheilding effect of BG shield side
- A: BGradiation inside BG shield - a:Rayabsorption coefficient (Pb,662keV)
- b: BGambientradiation dose (bottom) - b: BGshield thickness
- c: Sheilding effect of BG shield side - ¢ Density of BG shield material
- d: BGambientradiation dose (side) -
- e: Shielding effect (bottom+lib) constraints
- f: Assumed Pbscattering (=R R A )

constraints

{A}={a}*({b}*(1-{eP+{d}*(1-{c})) {f}}

Fig. A.38 Description result of constraint relating to shielding effect.
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par [block] Cylindrical BG shield part (Pb) [BGradiation inside BG shield] /

<<property>>
: Ray absorption
<<property>> coefficient
: Assumed BGambient (Pb,662keV)
radiation dose
( <<property>>
<SProperby>> _ | :Sheilding effectof BG | |  :BGshield
: Sheilding effect of BG shield side thickness
/ shield side
<<property>> <<property>>
<<proper.. :BG zmbie‘l:t tl;adiation - D_ensity of B.G
 BG radiation |_— | : BG radiation inside BG 2=ci(botiom) shield material
insid'e BG shield <<property>>
L : Shielding effect (botto
+lib)
<<property>>
: BGambient radiation
dose (side)
<<property>>
: Assumed Pb scattering

Fig. A.39 Description result of constraint relationship relating to shielding effect.

bdd [package] Specific model of design space [Constraint] /

<<constraintBlock>>
BG sheild lid volume

<<constraintBlock>>
BG sheild lid radius

<<constraintBlock>>
BG shield outer radius

<<constraintBlock>>
BG shield inner radius

a: BG sheild lid radius
A: BG sheild lid volume
b: BG sheild lid thickness

a: BG shield outerradius
A: BG sheild lid radius
b: BG sheild lid radius margin

- a:BGshield innerradius
- A:BGshield outerradius
- b: BG shield thickness

{{A}={a}*{a}*P10*{b}}

constraints

{{A}={a}+{b}}

constraints

constraints

{{A}={a}+{b}}

- A:BGshield innerradius
- a:Scintillator outer radiug

- b: Sample radius
- c: BGshield inner margin

constraints

{{A}=MAX({a},{b}) +{c}}

<<constraintBlock>>
BG sheild volume

<<constraintBlock>>

<<constraintBlock>>

BG sheild bottom volume

BG ssheild lower height

A: BG sheild volume
a: BG sheild lid volume
b: BG sheild bottom volume

constraints

{{A}=({a}+{b})/10"3}

A: BG sheild bottom volume
a: BG shield outerradius

b: BG sheild lower height

c: BG shield innerradius

d: Measurement partheight

A: BG sheild lower height
a: Measurement partheight
b: BG shield bottom thickness|

constraints

{{A}={a}+{b}}

constraints

{{A}=({a}{a}*P10*{b})-({c}*{c}*PI0*{d})}

Fig. A.40 Description result of constraint relating to BG shield volume.
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ibd [block] Cylindrical sample container [Cylindrical sample container] /

<<property>>
: Sample radius

<<property>>
: Sample thickness

<<property>>
: Sample volume

Fig. A.42 Result of assigning parameter to cylindrical sample container.

bdd [package] Specific model of... /

<<constraintBlock>>

Sample volume

a: Sample volume
b: Sample radius
c: Sample thickness

constraints

{{a}=({b}"*2)*PI()*{c}/1000}

Fig. A.43 Description result of constraint relating to sample volume.

par [block] Cylindrical sample container [Sample volume] /

<<property>>
: Sample volume

: Sample volume

<<property>>
: Sample radius

<<p roperty> >
: Sample thickness

Fig. A.44 Description result of constraint relationship relating to sample volume.

ibd [block] Detection part entity [Detection part entity] /

182

<<property>> <<property>> <<property>> <<property>> <<property>>
: Aperture ratio of : Attenuation : Attenuation : Attenuation Attenuation value t
opening part coefficient1 to coefficient2 to coefficient3 to aperture ratio of
aperture ratio of apertureratio of apertureratio of opening part
opening part opening part opening part
<<property>> <<property>> <<property>> <<property>>
: Geometric energy | | : Energyresolution : Polycrystal : Energyresolution
resolution unit crystal superposition
coefficient
Fig. A.45 Result of assigning parameter to detection part entity.




bdd [package] Specific model of design space [Constraint] /

<<constraintBlock>> <<constraintBlock>>
Apertureratio of opening part Geometric energy resolution
- a:Read area of lightdetection - a: Energyresolution to aperture ratio (100%) of opening part
- A: Aperture ratio of opening part - A: Geometric energy resolution
- b: Opening partarea - b: Attenuation value to aperture ratio of opening part
constraints constraints
{A}={a}/{b}} {{A}={a}+{b}}
<<constraintBlock>>

Attenuation value to aperture ratio of opening part

- a:Apertureratio of opening part

- A: Attenuation value toaperture ratio of opening part

- b: Attenuation coefficientl to aperture ratio of opening part
- ¢ Attenuation coefficient2 to aperture ratio of opening part
- d: Attenuation coefficient3 to aperture ratio of opening part

constraints

HA=(CDMby(1/{a}-1)"3+{c}*(1/{a}-1) "2+ (-1)*{d}*(1/{a}-1))}

<<constraintBlock>> <<constraintBlock>>

Energy resolution unit crystal Energy resolution
- a: Geometric energy resolution - A:Energyresolution
- A:Energyresolution unit crystal - a:Energyresolution unit crystal
- b: Efficiency factor of light detection device | [ -  b: Polycrystal superposition coefficient]

- - ¢ Scintillator division number
constraints

{{A}={a}*{b}} constraints

{{ay={a}+{a}*{b}*({c}-1)}

Fig. A.46 Description result of constraint relating to energy resolution.
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par [block] Detection part entity [Energyresolution] /

< <p]‘0p el‘ty>>
: Read area of light
detection

: Aperture ratio of
opening part

<<property>>
: Opening part area

iy

<<properly>>
: Aperture ratio of]
opening part

<<properly>>

: Attenuation

coefficient1 to
apertureratio of

opening part

<<propeny>>
: Attenuation
coefficient2 to

<<property>>

: Attenuation

coefficient3 to
apertureratio of

opening part

<<prop erty>>

: Attenuation value to
aperture ratio of
opening part

apertureratio of
opening part /

<<property>>
: Energyresolution
to apertureratio
(100%) of opening
part

: Energy resolution

: Energyresolution

<<propeny>>
Attenuation valug
0 aperture ratio o
opening part

<<property>>
Energyresolutio
unit crystal

: Geometric energy Geometric energy

: Energy resolution unit : Efficiency factor

<<property>>

: Polycrystal
superposition
coefficient

<<property>>
: Scintillator
division number

Fig. A.47

Description result of constraint relationship relating to energy resolution.

ibd [block] Rectangular parallelepiped sensor part [Rectangular parallelepiped sensor part] /

: Sensitivity
(Sv)cps

<<property>>

: Sensitivity (Sv)

184

Fig. A.48 Result of assigning parameter to rectangular parallelepiped sensor part.




bdd [package] Specific model of design space [Constraint] /

<<constraintBlock>>
Sensitivity (Sv)

<<constraint>>
Sensitivity(Sv)cps

- a: Sensitivity(Sv)cps
- A: Sensitivity (Sv)

constraints

{{A}={a}*60}

- a: Gamma ray number of source emission per area
- A: Sensitivity(Sv)cps

- b: Ray absorption coefficient (Al,662keV)

- ¢ Housing case (Al) thickness

- d:Aldensity

- e: Scintillator short width

- f: Scintillator long width

- g: Rayabsorption coefficient (Cs,,662keV)

- h: Scintillator thickness

- i:Csldensity

constraints

{{A}={a}"EXP(-{b}*({c}/10)*{d})*({e}*{f) *(1-EXP(-{g}*({h}/10)*{i}))}

Fig. A.49 Description result of constraint relating to sensitivity.

par [block] Rectangular parallelepiped sensor part [Sensitivity (Sv)] /

<<proper..
: Sensitivity : Sensitivity (Sv)
(5v)

: Sensitivity

(SV)cps : Sensitivity(Sv)cps

Gamma ray number o
source emission per
area

: Housing case (Al)
thickness

: Ray absorption
coefficient (Al,662keV)

: Al density

<<property>>
: Scintillator long
width

<<property>>
: Scintillator short
width

Scintillator thickness]

: CsIdensity

<<property>>
: Ray absorption
coefficient
(Cs1,662KkeV)

Fig. A.50 Description result of constraint relationship relating to sensitivity.
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ibd [block] Rectangular parallelepiped CsI(TI) crystal [Rectangular parallelepiped CsI(TIl) crystal] /

<<property>> <<property>> A o - ; A o
L . ) : Scintillator thickness : Scintillator height : Scintillator width
: Scintillator short Scintillator long width
width
<<pr0perty>> <<pr0perty>>
: Crysial incidence areg | Crysial assumed widii
<<property>> <<property>>
) : Csl density )
: Ray absorption : Absolute efficiency
icoefficient (CsL662keV]
<<pr0perty>> <<property>> <<property>> <<property>> <<property>>
: Distance between : cosO to sample Geometric efficiency tq | : Efficiency to sample : Sensitivity(Bq)
sample and crystal sample
<<property>> <<property>> <<property>>
: Scintillator division : Scintillator height : Opening part area
number (division)
<<pr0perty>> <<property>> <<property>> <<property>>
: Opening part area : Opening part area : Opening part area : Opening part area
coefficient1 coefficient2 coefficient3 coefficient function
<<property>> <<property>> <<property>>
: Opening part aspect | | : Opening partaspect : Opening part aspect
ratio coefficient1 ratio coefficient2 ratio function
<<property>> <<property>> <<property>> <<property>> <<property>>
: Thickness factor1 : Thickness factor2 : Thickness factor3 : Thickness function | |: Energy resolution to
aperture ratio (100%)
of opening part
<<pr0perty>> <<property>>
: Scintillator volume : Vertical direction
margin width between
crystal and sample
Fig. A.51 Result of assigning parameter to rectangular parallelepiped CsI(T1) crystal.
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bdd [package] Specific model of design space [Constraint] /

v ~ s

<<constraintBlock>> <<constraintBlock>>
Scintillator short width Scintillator long width
- a: Scintillator height - A: Scintillator long width
- A: Scintillator short width - a: Scintillator height
- b: Scintillator width - b: Scintillator width
constraints constraints
{{A}=MIN({a},{b})} {{A}=MAX({a},{b})}

Fig. A.52 Description result of constraint relating to scintillator conditions.

par [block] Rectangular parallelepiped CsI(TIl) crystal [Scintillator constraint of height/width] /

<<proper...
: Scintillator short : Scintillator
width short width
: Scintillator height

==

: Scintillator width <<proper..
: Scintillator long width : Scintill_ator
long width

Fig. A.53 Description result of constraint relationship relating to scintillator conditions.

bdd [package] Specific model of... /

<<constraintBlock>>
Scintillator volume

A: Scintillator volume

a: Scintillator short width
b: Scintillator long width
c: Scintillator thickness

constraints

{{Ay={a}*{b}*{c}}

Fig. A.54 Description result of constraint relating to scintillator volume.
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par [block] Rectangular parallelepiped CsI(TI) crystal [Scintillator volume] /

<<propert.

: Scintillator
short width

<<propert.. <<proper...

: Scintillator : Scintillator volume : Scintillator
long width volume

: Scintillator
thickness

Fig. A.55 Description result of constraint relationship relating to scintillator volume.

bdd [package] Specific model of design space [Constraint] /

<<constraintBlock>> <<constraintBlock>> <<constraintBlock>>
Scintillator height (division) Opening partarea Opening part area coefficient function
- a: Scintillator short wid th - a:Scintillator height (division) - a:Openingpartarea
- A: Scintillator height (division) - A:Openingpartarea - A:Openingpartarea coefficient function
- b: Scintillator division number - b: Scintillator thickness - b: Opening partarea coefficient3

- ¢: Opening partarea coefficientl

constraints . constraints - d: Opening partarea coefficient2

{{A}={a}/{b}} {{A}={a}*{b}}
constraints
{A}={b}*((-1)*EXP((-1)*{c}*{a}) +{d})}
<<constraintBlock>> <<constraintBlock>>

Opening part aspect ratio function Thickness function
- a:Scintillator height (division) - a: Scintillator long wid th
- A:Openingpartaspectratio function - A: Thickness function
- b: Scintillator thickness - b: Thickness factor3
- ¢ Openingpartaspectratio coefficientl - c: Thickness factorl
- d: Openingpartaspectratio coefficient2 - d: Thickness factor2

constraints constraints

{{A}=IF({a}<{b},(-1)*{c}*({b}/{a})+{d},(-1)*{c}*({a} /{b})+{d})} | | {{A}={b}*(EXP({c}*{a})+{d})}

<<constraintBlock>>
Energy resolution to aperture ratio (100%) of opening part

- A:Energyresolution to aperture ratio (100%) of opening part
- a:Openingpartarea coefficient function

- b: Openingpartaspectratio function

- c: Thickness function

constraints

{A}={ay{b}*{c}}

Fig. A.56 Description result of constraint relating to geometric energy resolution.
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bdd [package] Specific model of design space [ ... /

<<constraintBlock>>
Absolute efficiency

A: Absolute efficiency

a: Ray absorption coefficient (Csl,662keV)
b: Scintillator thickness

c: Csl density

constraints

{{A}=1-EXP({a}*({b}/10)*{c})}

Fig. A.58 Description result of constraint relating to absolute efficiency.

par [block] Rectangular parallelepiped CsI(Tl) crystal [Absolute efficiency] /
<<property>>
: Ray absorption
coefficient
(CsL,662KkeV)
<<proper...
: Absolute : Absolute efficiency : Csldensity
efficiency
: Scintillator
thickness

Fig. A.59 Description result of constraint relationship relating to absolute efficiency.

Zo &Iz, BRIy AT AMEEICET MRBEREET Y LT N TEI,

A24 EECREDOET Y o 7RER

NE. FBAECTR LEERE(LRFTZITH) 120D, NT A —XDIER, Sos{biED
RLIRAE R AR~ D, 4 FETIL, mE{LEOE RLTEDT, 22T, NTA—=ZD
RIFEREZRT, T ey 7 EREMNEZANT, "G AT LET VB X OREHERBEAET
M TEFRINTZ/RT A —H DFI<<ValueType>>DETHOEHEIZXH LT, 3 ECTEHZLE
<<Parameter>>& \\ 9 AT LA X A TEFE T, NI A—FDIFHREFLIRT 5, LlkERa
Fig. A.60~Fig. A.64 (Z57E| L TRr7,
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bdd [package] Specific model of design space [Parameter definition] /

<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Constant of 1cm Source intensity of Distancebetween Gamma radiation rate | | Gammaraynumber Light detection Gamma ray number of
doseequivalent rate| 1uSv/h source and crystal of source emission device choices ource emission per are
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Constant of 1cm dose Source intensity of Distancebetween Gammaradiation Gammaraynumber Light detection Gamma ray number of
equivalent 1uSv/h_param source and rate_param of source device source emission per
rate_param crystal_param emission_param choices_param area_param
tags tags
tags initial value = 10787486 tags initial value = 85.1 tags tags tags
initial value = 0.0927 | | type = float initial value = 1000 type = float initial value=0 initial value=2 initial value = 0
type = float unit = Bq/(uSv/h) type = float unit= % type = float type=int type = float
unit = (uSv/h)/MBq unit=mm unit = photen/sec unit=none unit= (photen/sec) /mm2
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
cos0 to source Geometric efficiency Efficiencyto Aldensity Density of BG shield Housing case (Al) Ray absorption
tosource source material thickness coefficient (Al,662keV)
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
cosfto Geometric efficiency Efficiencyto Al density_param Density of BG shield Housing case (Al) Rayabsorption
source_param to source_param source_param material_param thickness_param coefficient
tags (AL662KkeV)_param
tags tags tags initial value = 2.7 tags tags
initial value = 0 initial value = 0 initial value = 0 type = float initial value = 11.35 initial value = 2 tags
type = float type = float type = float unit= g/an3 type = float type = float initial value = 0.07459
unit=none unit=none unit=none unit=g/an3 unit=mm type = float
unit=an2/g
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Object radioactivity Sample weight Sample source Gamma ray number of | | Attenuation by sample|| Gamma ray number of Counting rateto
intensity sample emission crystal incident background radiation
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Object Sample Sample source Gammaraynumber Attenuation by Gamma ray number Counting rateto
radioactivity_param weight_param intensity_param ofsample sample_param of crystal background
emission_param incident_param radiation_param
tags tags tags tags
initial value=100 initial value = 0 initial value = 0 tags initial value =10 tags tags
type = float type = float type = float initial value =0 type = float initial value =0 initial value = 0
unit=Bq/kg unit=g unit=Bq type = float unit=% type = float type = float
unit = photon /sec unit = photon/sec unit= cpm
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Error (standard o value(Confidence Read area oflight Efficiency factor oflight Aperture ratio of Attenuation coefficient1 to
deviation) interval) detection detection device openingpart apertureratio of openingpart
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Error (standard o(Confidence Read area oflight Efficiency factor of Apertureratio of Attenuation coefficient1 to aperture
deviation)_param interval)_param detection_param light detection opening part_param ratio of opening part_param
device_param
tags tags tags tags tags
initial value = 0 initial value= 3 initial value = 0 tags initial value = 0 initial value = 0.00052889427565116
type = float type =int type = float initial value = 0 type = float type = float
unit=cpm unit=none unit=mm2 type = float unit=100% unit=none
unit=none

Fig. A.60

Description result of parameter definition (1/5).
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bdd [package] Specific model of design space [Parameter definition] /

<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Attenuation coefficient2 to Attenuation coefficient3 to Attenuation value to Geometric energy Energy resolution Polycrystal
apertureratio of opening part apertureratio of openingpart | |apertureratio ofopening resolution unit crystal superposition
part coefficient
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Attenuation coefficient2 to Attenuation coefficient3 to aperture | | Attenuation valueto Geometric energy Energyresolution Polycrystal
aperture ratio of opening ratio of opening part_param aperture ratio of resolution_param unit crystal_param superposition
part_param opening part_param coefficient_param
wgs tags tags
tags initial value = 0.0685378164284327 tags initial value = 0 initial value = 0 tags
initial value = 0.03734051714275 || type = float initial value = 0 type = float type = float initial value = 0.1
type = float unit=none type = float unit= % unit=% type = float
unit=none unit="% unit=none
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
BGsheild lid height | | BGsheildlid width | |BGsheild sidedepth| |BGsheild sidewidth| [BGshield side height BG sheild side BGsheild side
thickness volume
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
BG sheild lid BG sheild lid BGsheild side BG sheild side BG shield side BGsheild side BG sheild side
height_param width_param depth_param width_param height_param thickness_param volume_param
S tags tags tags tags tags
initial value = 155 initial value = 155 initial value = 122 initial value = 122 initial value = 41 initial value = 10 initial value = 0
type = float type = float type = float type = float type = float type = float type = float
unit=mm unit=mm unit=mm unit=mm unit=mm unit=mm unit=mm3
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Horizontal margin Sensor part height Case base width BG sheild bottom Sensor part width BG sheild bottom
width between crystal height width
and BG sheild
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Horizontal margin Sensor part Casebase BGsheild bottom Sensor part BGsheild bottom
width between height_param width_param height_param width_param width_param
crystaland BG
sheild_param tags tags tags tags
initial value = 0 initial value = 160 initial value = 0 initial value = 0 initial value = 0
tags type = float type = float type = float type = float type = float
initial value = 10 unit= mm unit=mm unit=mm unit=mm unit=mm
type = float
unit=mm
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Lid thickness Sample container BG shield weight Case weight other H-SRBC case cost
height than BG shield
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Lid thickness_param Sample container BGshield Case weight other H-SRBC case
height_param weight_param than BG cost_param
tags shield_param
initial value = 20 tags tags tags
type = float initial value = 50 initial value = 0 tags initial value = 5000
unit=mm type = float type = float initial value = 1000 type = float
unit=mm unit=g type = float unit=yen
unit=g
Fig. A.61 Description result of parameter definition (2/5).
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bdd [package] Specific model of design space [Parameter definition] /

<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>

Light detection device Light detection device | |Light detection device Light detection ADC cost Position sensor cost
material cost implementation cost development cost device cost

<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>

Light detection Light detection Light detection Light detection ADC cost_param Position sensor

device material device device development device cost_param cost_param

cost_param implementation cost_param tags
cost_param tags initial value = 1800 tags
tags tags initial value = 0 type = float initial value = 1800
initial value = 0 tags initial value = 0 type = float unit=yen type = float
type = float initial value = 0 type = float unit = yen unit=yen
unit = yen type = float unit= yen
unit=yen

<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>

Scintillator cost per Casebase depth Scintillator material Scintillator Scintillator cost Light detection Control circuit cost
unit volume cost machining cost device unit cost

<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Scintillator cost per Casebase Scintillator material Scintillator Scintillator Light detection Control circuit
unit volume_param depth_param cost_param machining cost_param device unit cost_param

cost_param cost_param
tags tags tags tags tags
initial value = 1000 initial value = 160 initial value = 0 tags initial value = 0 tags initial value = 3000
type = float type = float type = float initial value = 10000 | | type = float initial value = 0 type = float
unit=yen/cc unit=mm unit=yen type = float unit=yen type = float unit=yen
unit=yen unit=yen

<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Communication Amplifier cost Calculation part cost | |Power supplypart | | BGshield part cost Sample container Display part cost
controller cost cost cost
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Communication Amplifier Calculation part Power supply part BG shield part Sample container Display part
controller cost_param cost_param cost_param cost_param cost_param cost_param
cost_param
tags tags tags tags tags tags
tags initial value = 4800 initial value = 39500 || initial value = 4500 [/ initial value = 10000 | | initial value = 100 initial value = 1000
initial value = 2800 type = float type = float type = float type = float type = float type = float
type = float unit =yen unit= yen unit= yen unit=yen unit=yen unit=yen
unit=yen

Fig. A.62

Description result of parameter definition (3/5).
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bdd [package] Specific model of design space [Parameter definition] /

<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Opening part area BGambient BGambient Csldensity Ray absorption BG shield bottom BG shield inner
coefficient3 radiation dose radiation dose coefficient height margin
(bottom) (side) (CsL662keV)
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Opening part area BGambient BG ambient Csl density_ param Ray absorption BGshield bottom BG shield inner
coefficient3_param radiation dose radiation dose - coefficient height_param margin_param
tags (otiom) (skie) parsn initial val%se =451 (€23662:e) paxan tags tags
initial value = 0.573604739183748 tags type = float tags initial value = 10 initial value =5
type = float initial value = 0.7 initialvalue=0.3 | [ unit=g/an3 initial value =0.07786 | | type = float type = float
unit=none type = float type = float type = float unit=mm unit= mm
unit=none unit = none unit = an2 /g
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
BG shield inner BG shield outer Ray absorption Case width Case height
radius radius coefficient
(Pb,662keV)
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
BG shield inner BG shield outer Ray absorption Casewidth_param| |Case height_param|
radius_param radius_param coefficient P -
s
tags tags EbEGIH) ravn initial value = 0 initial value= 0
initial value =0 initial value = 0 tags type = float type = float
type = float type = float initial value =0.111 unit=mm unit=mm
unit= mm unit=mm type = float
unit= cm2/g
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Scintillator Scintillator Scintillator outer Scintillator short Scintillator height Scintillator long
volume division number radius width (division) width
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Scintillator Scintillator Scintillator outer Scintillator short Scintillator height Scintillator long
volume_param division radius_param width_param (division)_param width_param
number_param
tags tngs tags tags tags
initial value = 0 tags initial value = 0 initialvalue = 10 initial value = 0 initial value = 10
type= float initial value= 1 type = float type = float type = float type = float
unit=mm3 type = int unit =mm unit = mm unit=mm unit= mm
unit= cut
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Height margin BG sheild lid BGsheildlid BG sheild lid Width margin BG sheild lid BGsheildbottom | | BGsheild lower
between lid and volume radius radius margin | |between bodyand thickness volume height
BG sheild lid BGsheild
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Height margin BG sheild lid BG sheild lid BGsheild lid Width margin BG sheild lid BGsheild bottom | | BGsheild lower
between lid and volume_param radius_param radius betweenbodyand | | thickness_param volume_param height_param
BG sheild margin_param BG sheild_param
lid_param S tags S @
initialvalue = 0 initial value =0 tags initialvalue=7.5 | | initial value=0 initial value =0
S type = float type = float initialvalue =10 initial value = 10 type = float type = float type = float
initial value =5 unit=mm3 unit= mm type = float type = float unit=mm unit=mm3 unit= mm
type = float unit=mm unit=mm
unit=mm
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Assumed BG Assumed Pb Sheilding effect of Lightdetection || BGsheild volume Thickness factor1 Thickness factor2
ambient radiation scattering BGshield side device mouting
dose thickness
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Assumed BG Assumed Pb Sheilding effect of || Light detection BG sheild Thickness factor1_param Thickness factor2_param
ambient radiation | | scattering param BG shield device mouting lume_param
dose_param side_param hickness_param tags tags
tags tags initial value = 0.124863302971868 || initial value = 4605.2045187146
tags initial value =1 tags tags initial value = 0 type = float type = float
initial value = 1 type = float initial value =0 initial value = 10 type = float unit= none unit=none
type = float unit= none type = float type= float unit = an3
unit = uSv/h | | unit=none unit=mm

Fig. A.63 Description result of parameter definition (4/5).
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bdd [package] Specificmodel of design space [Parameter definition] /

<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Thickness BGshield bottom Shielding effect Sensitivity(Bq) Vertical direction Crystal assumed Thickness factor3
function thickness (bottom+lib) margin width width
between crystal
and BGsheild
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Thickness BGshield bottom || Shielding effect || Sensitivity(Bq)_param | | Vertical direction Crystal assumed Thickness factor3_param
function_param | | thickness_param (bottom margin width width_param
+lib)_param tags between crystal tags
tags tags initial value = 0 and BG tags initial value = 0.00381644835417558
initial value = 0 initial value = 20 tags type = float sheild_param initial value= 0 type = float
type = float type = float initial value = 0.92|| unit= cpm/(100Bq/kg) type = float unit=none
unit=none unit= mm type = float tags unit=mm
unit=none initial value = 5
type = float
unit= mm
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Crystal incidence | | Vertical direction Absolute Measurement part cosB to sample Efficiency to Geometric Sample volume
area margin width efficiency height sample efficiency to
between crystal sample
and sample
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Crystal incidence | | Vertical direction Absolute Measurement part cosf to Efficiency to Geometric Sample
area_param margin width efficiency_param height_param sample_param sample_param efficiency to volume_param
between crystal ple_param
tags and sample_param| tags tags tags tags tags
initial value = 0 initial value = 0 initial value =0 initial value =0 initial value =0 tags initial value = 0
type = float tags type = float type = float type = float type = float initial value = 0 type = float
unit= mm2 initial value =5 unit=none unit=mm unit=none unit=none type = float unit=an3
type = float unit= none
unit=mm
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Sample container | | Distance between BG radiation Opening part Openingpart Opening part
lid height sampleand crystal| | inside BGshield aspect ratio aspectratio aspect ratio
function coefficient1 coefficient2
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Sample container ||Distance between BGradiation Opening part Opening part aspect ratio Opening part aspectratio
lid height_param sample and inside BG aspect ratio coefficientl_param coefficient2_param
crystal_param shield_param function_param
tags tags tags
initial value = 10 tags tags tags initial value = 0.402677716300846 | | initial value = 4.77800044240024
type = float initial value = 25 initial value= 0 initial value = 0 type = float type = float
unit= mm type = float type = float type = float unit=none unit=none
unit=mm unit=uSv/h unit=none
<<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>> <<valueType>>
Energyresolution to Openingpart area Opening part area Opening part area Opening part area Sensitivity(Sv)cps
aperture ratio (100%) coefficient1 coefficient2 coefficient
of opening part function
<<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>> <<Parameter>>
Energyresolution Opening part Opening part area Opening part area Openingpart area Sensitivity
to aperture ratio area_param coefficient1_param coefficient2_param coefficient (Sv)cps_param
(100%) of op g function_param
part_param tags tags tags tags
initial value = 0 initial value = 0.521396045014994 | | initial value = 0.161817640546202 tags initial value=0
tags type = float type = float type = float initial value = 0 type = float
initial value= 0 unit= mm2 unit=none unit= none type = float unit= cps/(uSv/h)
type = float unit= none
unit= %

Fig. A.64 Description result of parameter definition (5/5).
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bdd [package] Specific model of design tool (Geant4) [RotationMatri... /

<<G4RotationMatrix>>
No rotation

’ <<G4RotmName,G4GeomParam>>
Rotation name

tags
name = R000
type = string

<<G4RotmAngleX,G4GeomParam>>

Around rotation X axis
tags
type = float
unit= degrees
value =0

<<G4RotmAngleY,G4GeomParam>>

Around rotation Y axis
tags
type = float
unit=degrees
value =0

<<G4RotmAngleZ,G4GeomParam>>
Around rotation Z axis

tags

type = float
unit= degrees
value = 0

Fig. A.65 Description result of rotation information.
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bdd [package] Specific model of design tool (Geant4) [Housing case Geometory] /

<<(G4LogiVolName,G4 GeomParam>>

Housing case name
1 tags
<<block>> name = HousingCaseEntity
<<b1.°Ck>> Hollow rectangular type = string
Housing case parallelepiped housing <<G4LogicalVolume>>
) case (Al) <}— Housing case entity -
isEncapsulated =~ ~ <<G4SolidName,G4GeomParam>>
isEncapsulated = Housing case shape name
(from Product system 1 tags
model (H-SRBC)::Block) (from Specificmodel of name = H‘ousingCaseShape
design methodology (SDSI- type = string
Cubic)::Specificmodel of
design space) <<(G4MaterialName,G4 GeomParam>>
Housing case materianame
| tags

name = Aluminum
type = string

Fig. A.68 Description result of housing case entity information.

bdd [package] Specific model of design tool (Geant4) [Housing case Geometory] /

<<G4MaterialName,G4GeomParam>>
Housing case materianame

tags
name = Aluminum
type = string
<<block>> <<G4MateOneElemAtomNo,G4GeomParams>>
<<block>> Hollow rectangular Alatomic number
H H . .
e parallel:gslst(z:ll]musmg <<G4Mate OneElAelm,G4Material>> tags
isEncapsulated =~ ~ type = int
isE lated = value=13
p— isEncapsulate
om Product system
model (H-SRBC)::Block) . <<(G4MateOneElemAtomWeight G4 GeomParam>>
S (from Specific model of Alatomic weight
design methodology (SDSI-
Cubic)::Specific model of tags
designspace) type = float
unit= g/mol
value=26.98
<<G4MateOneElemDensity,G4GeomParam>>
Al density(G4)
tags

type = float
unit=2.7
value = g/cm3

Fig. A.69 Description result of Al material information.
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bdd [package] Specificmodel of design tool (Geant4) [Housing case Geometory) /

<<block>>
Housing case

isEncapsulated = ~

(from Product system
model (H-SRB()::Block)

<<block>>

Hollowrectangular
[parallelepiped housing

isEncapsulated =

(from Spedificmodel of
designmethodology (SDSI-
Cubic)::Spedificmodel of
design space)

<<G4SolidName,G4GeomP aram>>
Housing case shape name

tags
name = HousingCaseShape
type = string

<<(G4RotmName,G4 GeomParam>>
Rotation name

ase(d)  [<H

<<(G4BooleanSolid G4 Solid>>

Hollow rectangular parallelepiped
housing case

tags
name=R000

type = string

<<G4BoolSolidComp1Name, G4SolidName, G4GeomParam>>
Housing case outer shapename

tags
name = HousingCaseOuterShape

type = string

<<(4BoolSolidComp2Name,G4SolidName, G4 GeomParam>>
Housing case inner shape name

tags
name = HousingCaselnnerShape
type = string

<<(4BoolSolidOperation,G4GeomParam>>
Housing case outer-inner shape

tags
name = SUBTRACTION
type = string

<<(4BoolSolidXPosition,G4GeomParam>>
Housing case inner shape Xposition

tags
type = float
unit= mm
value=0

<<(4BoolSolidYPosition G4GeomParam>>
Housing caseinner shapeY position

tags
type = float
unit=mm
value=0

<<(4BoolSolidZPosition,G4GeomParam>>
Housing case inner shape Z position

tags
type = float
unit=mm
value=1

Fig. A.70 Description result of housing case shape information.
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bdd [package] Specific model of design tool (Geant4) [Housing case Geometory] /

<<G4BoolSolidComp 1Name,G4 SolidName,G4GeomParam>>
Housing case outer shape name

tags
name = HousingCaseOuterShape
type = string
<<G4Box,G4Solid>> Housi <<G4 BOXX'G‘LSef"EP;rﬁ:;;_
Housing case outer shape ousing case outer height istance
tags
type = float
unit=mm
value=9.5
<<G4BoxY,G4GeomParam>>
Housing case outer width Y half distance
tags
type = float
unit=mm
value=9.5
<<G4BoxZ,G4GeomParam>>
Housing case outer depth Z halfdistance
tags
type = float
unit=mm
value=7

Fig. A.71 Description result of housing case outer shape information.
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bdd [package] Specific model of design tool (Geant4) [Housing case Geometory] /

<<G4BoolSolid Comp2 Name,G4Solid Name,G4 GeomParam>>
Housing case inner shape name

tags
name = HousingCaselnnerShape
type = string

<<G4Box,G4Solid>>
Housing case inner shape ® <<G4BoxX,G4GeomParam>>
Housing case inner height X half distance

tags

type = float
unit=mm
value=7.5

<<(G4BoxY,G4GeomParam> >
Housing case inner width Y half distance

tags
type = float
unit=mm
value=7.5

<<G4BoxZ,G4GeomParam>>
Housing case inner depth Z half distance

tags

type = float
unit=mm
value =5

Fig. A.72 Description result of housing case inner shape information.

-

ZD X HIT, CAD(Geantd)D7=b D v AT MG ik 45 Z LN TE 1=,

A3.2 CAD(Geantd)D 7= DI AT AEEIZEAT 2HIMBIROET U V7GR

ZZTlE, B 4 E TR LTZ CAD(Geantd) D72 D 3 A7 L& B9 2 HKRR ot b
FEREZBRRD, ZOFFIBIRICIE, BT AT AT VB L O ZEREAET L E DM
AT SHKBEREET, 7y 7 ERMTHIFXZETE L, N7 r >y 7 T/RT A —
BDYAT MEEER~OFNV Y TEFIR L, /X7 A~ v 7 R THIFKIBIRZ FTHEICE
W5, 4 F TR FERFER LM OV T, Fig. A.73~Fig. A.7512R7, T HIEH%E
B AN O T — ZADEE RIS B 23T A—ZIZBT AR 2R~ L TEY |
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ibd [block] G4 Geometry [G4 Geometry] /

: Environment name | | : Environment shape : Air default value : World height X half | | : World width Y half
name distance distance
: Rotation name :Around rotationX | | : Around rotationY || : Around rotationZ || : World depth Z half
axis axis axis distance
: Scintillator sensor | |: Scintillator sensor X]| [: Scintillator sensor Y| |: Scintillator sensor Z
copy humber position position position
: Scintillator sensor | [ : Scintillator sensor | |: Scintillator height X | | : Scintillator width Y | | Scintillator thickness
name shape name half distance halfdistance Z halfdistance
: Scintillator sensor : CsIdensity(G4) : Cslincluding two : Cs element : [ element proportion
material name elements proportion
: Cs element name : Cs element symbol | | : Cs atomic number : Cs atomic weight
:I element name : I element symbol :Iatomic number : Iatomic weight
: Housing case copy : Housing case X :HousingcaseY : Housing case Z
number position position position
: Housing case name | { Housing case materiz] : Al atomic number : Al atomic weight : Al density(G4)
name
L
: Housing case shape | | : Housing case outer- | | : Housing caseinner | |: Housing case inner | | : Housing case inner
name inner shape shape X position shape Y position shape Z position
: Housing case outer | | : Housing case outer | | : Housing case outer | | : Housing case outer
shape name height X half distance| | width Y half distance | | depth Z half distance
:Housingcaseinner | |: Housing case inner | | : Housingcaseinner | | : Housing case inner
shape name height X half distance| | width Y halfdistance | | depth Z half distance
Fig. A.73 Result of assigning parameter to Geant4 structure.
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bdd [package] Specific model of design tool (Geant4) [Constraint for Geant4] /

<<constraint>> <<constraint>> <<constraint>>
Housing case inner height X half distance Housing case inner width Y half distance Housing case inner depth Z half distance
- a: Scntillator height X half distance - a: Scntillator width Y half distance - a: Scintillator thickness Z half distan ce
- A:Housingcase inner height X halfdistance | [ - A: Housing case inner width Y halfdistance | | - A: Housing case inner depth Zhalf distance
constraints constraints constraints
{a)={a}} {a)={a}} {{A}={a}}
<<constraint>> <<constraint>> <<constraint>>
Housing case outer height X half distance Housing case outer width Y half distance Housing case outer depth Z half distance
- a:Housingcase inner height X half distance | | - a: Housing case inner width Y halfdistance | [ - a: Housing case inner depth Zhalf distance
- A:Housing case outer height X half distance | | -  A: Housing case outer width Y halfdistance | [ - A: Housing case outer depth Zhalf distance
- b: Housing case (Al) thickness - b: Housing case (Al) thickness - b: Housing case (Al) thickness
constraints constraints constraints
{{A}={a}+{b}} {{A}={a}+{b}} {{A}={a}+({b}/2)}
<<constraint>> <<constraint>> <<constraint>>
Housing case inner shape Z position Housing case Z position Al density(G4)
- a:Housing case (Al) thickness - a: Housing case (Al) thickness - a:Aldensity
- A:Housing case inner shape Z position - A:Housing case Z position - A:Aldensity(G4)
constraints constraints constraints
{{A}={a}/2} {{A}=-{a}/2} {{A}={a}}

Fig. A.74 Description result of constraint relating to housing case geometry.

par [block] G4 Geometry [Constraint relationship for G4] /

S
o g : Housi i : Scintillator height X half
Housing caseouter |« | : Housing case ater Housingcaseimner Ly | o e [ distance
height X half distance height X halfdistance height Xhalf distance
-/
) )
: Housing case outer < | :Housing case outer : Housing case inner : Housing case inner : Scintillator width Y half
width Y half distance width Y halfdistance width Y half distance < width Y half distance < distance
@
—
) )
: Housing case outer = : Housing case outer : Housing case inner < : Housing case inner : Scintillator thickness Z
depth Z half distance depth Zhalfdistance depth Z half distance depth Z half distance half distance
- —
( \ : Housing case (Al)
/ thickness
: Housing caseinner o | ° Housing case inner
hopetposton R T )

—

)
: Al density(G4 : i o i
Housing case Z positio : Housing case Z l ey Ll densityiGy) LAl dessity

position
(from Specific
\ ) model of design
space)

Fig. A75 Description result of constraint relationship relating to housing case geometry.
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