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PRSI H BR%E B
1) BEHMEEERFHC | Ay R —BEZXXBCTOCT Y S 2 L—Z D% (A
TV =2 L—2 BENTWAY I 2L —HEDAX< A AT HI L LB
AND)
2) AV A—ZHED | RHBMO=Y A—FFEICLDC TEHEALESEZ, =
At Aifl FRBR L VI 2 b—va VERAWTRE
3) WHAROBHIEE | CdTe, ¥ F L— a VRS (GOS:Pr, LYSO, GAGG)7e &
% VAR 8 0 L 26— X SR O B R
“RTTRR R DBFE

50




2.1.4 PSRRI

# 2-1-2-7 FAERRBIROALREEE &, AR XA C T E oM RER R
(OFIDSW=TH H B2 2 fEPT)

N HH % z JEH] it Hf it A $
o i fH % ] 1 UN v &
fiE 5 SN i3 Fi P va v
7] i ke [ I P e
HE fHl z
1 | EFEFA X O O
2 | EBYAX O
3 | BT VY O
N
4 | V7 MEIE O O

LT, HREToO#maem 5,
BB A X, WY A XICOWTEXFRC TOFRMEN S, BRI XHRC TIHEE L LT
RKERHLORH D,
< V7 MHEIZOWTIE, EHET o Y —2EEDO DN HAENFHORFEIEE & 72 5,
«3DET/MLICHE L FER TIEOTRA & LT, DRZFCTHESNET v VRN
PRI FFRERCE 7 UL T X 5 FEZRFT & Th 5,
- FRERE R OB R R, RHOG P UIEHWS A X2 2 2 13, MY OREM % 5
MHTE D, ZOMETHRE LD RNKHIZ IS & TH 2,

I b OigamORE R, FHERBILR DOBHFERE & LT ORRIZERE LT,

* 2-1-2-8 FHEAKBIFROBAFEIAH & ¥ A AR

PJEH H P H AR

1) WS ZHfiIE XMRIRAALIE, R HAEE AL E DAL Z MV A A T RS
HT7 NI X LOR%E

2) HELBRERZE A Y A =2 2p  BWELRR DS PNIELL T & B 2 T

BELRRZ Y 7 MHIET D7 03U X LADORA%

3) PR O BORESEY A X 12,000X 12,000 ©C THEEE % . 2 45 LINICHE
HA B+AT7T LT XLhENN— R T ORF

Tt
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4) 3DETAKICHE
L 7= BB A E ONE
JiE!

BEIZH ATy VHRFAFBRK T LI XD, AR C T~
FEt
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3. KM XHC THBIZ I 5 BFENE

3.1 XHREICBE HBI%ERE - B HAE - BAFEANEA

311 MEERT v
(1) BAFEHIE

PARANRREL 2 DT E, ENOHEFBRT H7-OIEHWNTRLF — O XA LI L 72
Do BRRIEOMBEIZL > TH R D, XBBHEKROFELR ﬁ%%o@iﬁ%ﬁﬁ6ﬁ+
MeV D= VX —Th 5, HENHZ LI y<%w6méﬁ® . K9 MeV Tt 13
K&ed, 12 MeV 2D LD L, WHEFIC %%ﬁ@ﬁ@%é#%%#é
t@@L T, 6 %&W®W%k@%m%ibf<éoX%@ﬁ%%ﬁ%%h

R OFFAGEE I E RN B L | ESEN K E WV EZ OB T B9 5, ARUFERH
FETIEX BT R —9 MeV, FRER 60 Gy/min (400 PPS) & AHE & 325 XM OB % H
BT 5,

(2) BAFAE

XHBAER CTITHEHOMEIRZ CTMNE LB E—2528RmY—7 v MBI 2 L
TXMEAEKT D, XBOZRAFXF—INMELZETE—L2OZ VXTI T5 2
EMH, 9 MeV ERERFE TR —XMEFDIZDOIZ, v A 7 2l CEMET HE I
kg & &E 2 —7 > NERET 5,

BRI a2l —var Y7 FEFIFL, M MEHE OIROEE, LEET), v
— LA XERE L, 9 MeV OIHR @7%4/%W@m¢é 9 MeV DE S E—AIZE
HH8 =0y NTOREBINIKN OA—F—IZET D, 2O LT F—7 > NORIRIZ S0
D120 R A ORI L 725, B ST O I 2 L —2 a3 2k
WHIRO X NFZ =7y FOWEEZRES D, KSR, ¥ —7 v PORRICHESE | BAE
ARERXBEEAZY I 2L —3 a3 XV REET 5,

3.1.2  ZJmBREEER
(1) BAFSEAE
v h)—RCT TIEXHBIEIIHT bV —IZEE S, RO A RS 2, 20
728, XAROZEBIIE S H N L T—E TR R DN, DR ﬁ‘ifﬁ*f*/”f@
X#pafiacx 5 2 EnEEND, RBAFE T, EHHMICHT 2 XHRO B %245
E— LGB A I L. AL ENE A REET b,
(2) BHRENE
X MRIE D LB A [Al#E S H50 B — AW T & 5 XA EESEE OB 72 b ONSRE
AT 9 o XHRIERIRREE E HA COBERBR A 0 KT, BEZS T2 50— LRI H
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WO E W, XEZ B E IR AN, 22 < A LiT D, XBROEEEZZ(L S
ﬁﬁﬁEE—Aﬁ%ﬁ%%ﬁw\%% EMEZ BREET 5,

3.1.3 X g
(1) BHEBEE
XARFIEA > b U —IZHD fH, B S 2 0B RS 5720, XEFIET o N U —0ik
BRI R & 2B % RIE X2 WM OB BOVLERH 5, XIROKE X, HElT
IEIZHW D~ A 7 2 IR JERE OISR E <KTFE L, BEEREWIE L, /N L)
AREL 72D, ~A 7 uEAREEOMEE LT, RIE AL TS SRV R (2~
4 GHz) & L0 JAWEBOE WX N R (8~12 GHz) Z WA DB REREDLEZ1T 9,
SNV RIZHOWTIEHilgh & b el U, BE R 2 B3 5,
(2) BHIENE
X MR 2GR T D BB OEEIZOWT, SNV R, XNV RTRESERL L OEHE
HT 5, TNENOXBFEZ L RICHRS TS S AN RXFRE bRERO KRS
T90 SAY RIZOWTITREREZIMEICT 5, 2 b 2B E 2 T HER ok 4
WEL, 1) MEET v 7 TR LMY I 2L —2a V&7,

3.1.4 IR D BARMT A >

(1) BHEEE
bV —ORESHEEIX 1.6 RPM 2 TE L TEY . XHFITA > b U —[aldsHO st
LT, 3.8mOMEEZE#, ER2ABLIO~A 7 ol @KL ZEICANL, TR
—CFEETTRE 2 XBRIR O BARI 72 7 A 2 RIET D,

(2) BAFAR
R ZBI L, BRERREZIT O, #x ORBERICESERIZREL, o bY—
\CREETRR R e T A VR RET D,

3.1.5  XHRIR DM /A MR
(1) BAREIE
HENE 1 A2 A% v 9512135 BRRE (120 FFf) 2905 RIAATH Y | 4Ff 20 %%
BOAX Y L EFRIAATWD, £ 2 CHRMBH KRR % 3000 Kl & GE L T, XBIEOFH
MAEFHMIT 5 & & blT, AT F U RAFIEIZOWTRETT 5,
(2) BHRENE
ARG RIS X XHHROFM A TMT 2, FMEZREL TWDIDIE, v A 7 RS
Z—7y NETRIN, ENODOREPA T F U AFEBREFT 5,
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3.2 Wy hU—ICBETHBRAFRIER - BAZE BEE - FIENEA

3.2.1  [EIHAHEE D Al

(1) BHIFEAE

[FHAEE ; Max. 1. 6rpm (9. 6° /sec) . NNJEEKER] ; 5 LI T

(2) BAFANE

ARBAFE OB X C T 2LE TG ATRE R KRR A XX R T A a0 T F &2 TELT
BO, BER M)AV A XT3 ¢3. Tml EEBESNDS, SHIZ, 3. Tm DBIN
A XEH/ L, TN ORI - ISR 7 o X — T U RS L, E ORI Z
FFLZ22 5 360 EEHATE 54 b U —AEIERO R E S I3 1. 5~2 {FFREE O EAN WA F
o, OV A RXEEA LTz BRI E) & U5 L OBRIC R & 728 )0 O ) 2 AT
D72, HBIRESCEBRREORESE L BB L, ATREZRIR D R0 TR B) K O 1Lk %
R ENEE LU,

—Ji T, XHC TEE L L COBGHERICLERT L— AL — hOFERSE AL —T >
R RBDIATIR E 72D,

LoT, AR TIIXMMC THEL L TOMRESCAL—Ty NeRKRKICHKL T R
— I D [BIHA R E O e b 217 9,

3.2.2 Hrv bV —Tobiilfi

(1) BAFSHAE

XHFRERS b, REEEREE4 P LT, DY H—RTUAETEDTH Y b
V—Tebdhi/MbT 20 MY —MERE, v ab—va Y ERWTRFT S,
(2) BHRENE
ARBAFEDOBRIXBC THE CHEHSNE > ) —i%, BT AICBED 5 360 EH
B P HALE T XMHR & B EEE NI R CALEBIR & PR FF L2 R B R T 2 MR & 5,
%Kﬁ%%fﬁ%éhéﬁyhu~u%mﬁ4f¢&7m%ﬁbtﬁ@®%ﬁ%K&5

o [EHE UL DB m BT B IS HEER S D X BRSO S E O A5 TRERS (R38R Y
A= MV DT2DHBAECTTET T, RGBMERICEEREAET DL LT D,

—H Cle bR a2 MEIT 5 7o OIiE, HIEEERT AIMBIORELIES 52 LT £
tbﬁ%%ﬁ#é%%%%%héﬂ BRI CREEE—2A VN T v 7 T52 8
T, B L e 2 BRENCHIENRE 1 O RoHE O KAUL IS N D

iof\K%%®%k@XCT%§Tﬁ%éhéﬁ/hj~ Bﬂbo%mﬁﬁﬁﬁ
OB A2ITH) 2 LT, BUMERE L 2 —TF v A FEHAREL 725, X501, AlkE

IRV R 5 2 & T, RFME~DBLRE 2D,
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3.2.3 TobHFHITFE

R X #RC T EEE T XHR & Mg OXF oML BN, JIEFIZEENTBEIT L, =
DB ES THY P —D7 L—AZizbAH AT, 1RIEFIZE T D SRD (BRE -
{REERE) . SDD (RRJS - M BREERE) . MU A ENEBT 5, BAR XM C TEE TITXHR
ER O HEROBEENRKE W2, ZOLEHELZBRET L2 LIXTE RV, EMRXHRC
THEDIZDIZIE, T DOEBEAZMIE L THERZIT O LER S L.

BRAFEFERETIE, Zobhzmid 2k, b LR, EbAERXHC THIEID
5.2 2585 T 2 FIEICOWTRAE L RET a2 T 70, 22 Tlkkebi (RnwL, 20
W) OFNFIEEY, RESATIALFHNE Y T NVZ A KFHANZ T, ERERDHE
IZOW BRI X C THEICHEMA TR FIER S D0, Mt Lz, ORI
FEA T TA CFHIITCERNICHE L, WEZ IR ET LT X ARESIEY T2 A A
FHUCHIET 2 2 & &S,

F7 T4 EHITIEFRNC, T P —E XSRS EBB S, ZhictEo T
Ty R —=DT7 L —KZED X S 7 =Wt BTN A U, X X O s DAL
REDHGR EOMLENOEL L T L0 EREL, ikl Tk, £O7—F% &ML
T, X#RC THEIEDSRGREORERT G, XBIR, MR O OLERRAZMIE L, %
FEH RIS S 5,

M) =7 b —LbDOEREZRET HI12IE, 7 b— 5 RICERE LT SRR OZENL 2 5 HH
T2, FRRICL T, XH#EB L OMESROERICSREEZ I (117, 20BN 2 3Hd 1
X, ZNHONE, BBEERODZENTE D, XHREB IO HERE S B ARR X#RC
THEE2LZ L —FAX ¥ T TT VX NET HHEICONTHELE LT, LML —F =R
X v O ZRGTEAER EREE T 10 m OFFEEHCE LT 2 mm BRE LKL, AFETERS
NDHMREE IR NEB X bNTld, A7 T4 O FEOEBERM» O IXER -,

o ) =T b= bR EOZREENREIER RS AT LD—D2L LT, L—
PRI v INRDHD, V=% T 0O =ITEEREREIX, 10 m ORISR LT 50
pm BREZZERLTHWDEIb0LH5, L=V T v B EEHTLIEHEG, V7L 2 LR
NHLV—YPHENF 2SRRI TS5, V—F 7 o BIZEDMETIE, T b
AENS Y 7 L7 ZETOMICHBEEDL LORRNWZ ERVETHD, TDH, Hv
) =7 L—ARRERET 72012, —BOL—% T v W2 EERONEICBEE LT
WEEITI D, BEEDOL—VF N T o WL D Fy N7 2HEETHILNERH D, 2O
EORMEFZL—F T v DOERIZBNTEB LWL O TIERL, EBEOBARXFRCT
EEOWEICHEARRETH 5,

® =% :B. Muralikrishnan fth, Laser Trackers for Large Scale Dimensional

Metrology: A Review, Precision Engineering, Vol. 44, pp. 13-28, 2016.
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SRS EICER TR L= N7 v B LSO AT L L LT, [E NPL 2358% L
7= 27 2 (OPTIMUM) 235, ZD AT A% 10 m SEHFEE ORISR LT, 50 um
BEOARHENS T EWEZERTHZ L2 HNE LTHBE IO THD, L—F
NIy AW —EIZ1 2D 7 L7 ZOME LPHIE TE Vol LT, OPTIMUM iX# 4k
DH =4y NONEEZFERICHETE S, ZOYAT LOMEEICHOWTILRA Y PTB D L
—HhT o IREMRMAMEH L TRIESIL, 50 um FREO RN S DER SN & #H
HER TS,

o I
https://www. 3dmc. events/modules/static/archive/media/files/2017/PPT%20D%20
~%20NPL%200PT IMUM%20-%20Tracking%20using%20Multilateration%20-%20Campbell-
M. pdf

I EIFANS, ARITE—va vy 7Ty R EOHBIZHBEINTZ LD TH LD,
10 m SEHRREOZEMNICB T 24—y hOZRTLEE 100 um FEE O CHlE R
BER Y AT AMHIRENTEHY (i : Optitrack Prime X41), FEMOEFEHIE 72 & TFH
HEhTnsd,

® =% : https://optitrack. com/cameras/primex—41/

INHDVATAEMHT LA EICLD, BAXBC TEEDO 7 L—2A, XHRERB X
O HERONLE, BB, ZBAiE 100 um LV EWKECTHIET S Z LIXFETHDL L E
ZHID,

U7 NE A LFHITIEIERRO X C TRIERIC, BIREBRFICRT 2HE x5 & XHRIE,
Rettids & OASHLEZC 2 B0 ETHRIE L, G RICKR ST 5, SEZITY
Y MU= Lb—LDEN (BEERDOINEREE) 2 TAZA NIRRT L AT L 4
AR 31T D ERH DO A E) (EEROWNEIAE) 2T 23 A7 AL &5 THh
L7z,

TL—LEROY TS A SN, BE#S TIEEROEEE LY B E LTiThh
TWABIRH D, ZDOL I RARIHEHENTND AT LD0F & LT, EEOIMUITER
TSR T7 L— 2% L —F 2 T, 2EE Lo SR RO 28 2 [EJ 5 kN
bb, ZEL—VEHND AT 2 (] - ETALON LINECAL, RIBHEIE 24 ch) T, HIE
AIREZRFEME SRR S m T THD L OO, WEREE (CRHENE) 13 0.3 pn/m L&
VAP LD ZRTEPE LD bERETY L— A EBE MR T D REERD 5,
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0 BE K fhl, NTULARAD= AL D 7 L— L DETAHIEICBE T 50758
(7 v _OJFEIHES SHHEREORR) . AARM =M CHECHw, 79 & 808
5 p. 5103-5116, 2013

® X% : https://www. etalonproducts. com/en/products/linecal/

BRI CBIT HEEEH OO AR TE H AT AL LT, EEEITR AL
THBEINZHACOKER e —X ) —x > a—X VAT A (Selfd) BdHD, TOVAT A
XA OEZFIERE (FrEfEEs) ICbEH S TR, B T b RERl O [E iR =
TR FUiEOHRIL (BHHEES) 1 um LAF) 2V TV Z A DI TE iR
ZHLTND,

INFETICHMEIN TWAIHCKER r—% ) —2 v a—X 27 L%, FEFITH D
FEENER SN DEEET — 7 VAT Oz, EEHE m ObDTHDH, LirL, 0¥
2T KAWL TV D JFEITI R O [EEREEY) T H EBATRE TH V| R XHC T2
B L D HRAGREO [BIEEH L ZE T O EICRIH TE 5,

® =% : https://regcol. aist. go. jp/data/outcome/3-06. pdf
® =% : https://www. e-motionsystem. biz/company—profile/history/

BRI XMC TEEO DA AT 5 HE, b LIE, ZbANXHEC THIEIZE X
DB RNT 2 B OV TORNEITo7e, HY N —T7 L —ADizbd, XfHRE
F ORI OALE | BEOREIZOWTIE, ANRO ZRCE Y AT AL > T+ um
BREOHETHZ 74 AENFTRETH Y . TOFMREZ HBARGHRICKBSE5 2 LT,
XHC THEDIEE R LR TE D, £, EEORBIFIZT V4 AR ETDH 7 L—
LD Tz HREEE L O BB OV TIX, 7 b— 2 EORENESMEERAE Z ) T X A
LZEHAIT 5 v AT AL SR ISR E B O ER r — X ) —o v a— X VAT L%
HRRXHRC TEEISHART Z LIk i, fMERFRETH D, REELUFEOERE
TlE, TNHDOV AT LAEERICRA L, SREXHC TEELZEET DHICHlzoTED
VAT LERMT 20 OBEEEIT O,

3.2.4 AT A FEEHEORERAIME

(1) BHEEE

MAERES oz, Wb —RNIZATA R T58EOT-bAhazx i/ MET DG %,
Vial—varEHANTHRHNT D,

(2) BHRENE
ARBHEOBRKIXARC TIHECTHEHSND AT A REEIX, 5 o ORIEEK 6. 5m
A7 RSEHMEEREZHEL TVD, ROOLNDHEREL LT, MiEZ T v b Y —[Eldsih
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FHINZAAT>, EHHFMO LT8R <, *EHV?T2?4Péﬁé*kfﬁéo:@
BERE A IR IERR IR ST D IR WL D ICT D7, mRAIMECTERER R 7 A4 FEEN
WL D, KR mr_owf@\ﬁﬁ&oﬁm%ﬁ%%ﬁbtﬁ/%)—%m%EL
TOMEND D Z b, [EHEREERIC T LW FEE O SC, [BliE & Rk 2
KFEHEE DR LB R D b D EBE R D, HITIE, AT7A FHEEIZOWNTH, X#CT
gL L COMREEHERT D LT, WA TA Ry TFRMEILRDZ L, AT A K
HERRL D 2 &0t REEDOANL—T"y M EOBLEND HARERIRV M AT 4 R
Hkn Z EnEEn2,

LoT, REAFEOBRAUXMMC TEETHEHINDI AT A NI, cbhiEz iMe
L7-MEED AT A FREENEREE, ol E nlfE/ B NN L 72D,

3.2.5 v MU —HERE Dt ANEREAT

(1) BHFEEE

Hr b —REEEE=R A 1200 [z B E LT, A MY —FmiiHi+ s & &bl
AT U ATFEIZOWTRETT b,

(2) BAFENE

K%%@ﬁﬁmXﬁCT%%T@ﬁéhéﬁyFU—ﬁ A EE D[RR 2 = IR MERE 9
BT, KEPOEHMOEERMORENEE L 725, ¢ 3mbl F O Z RO
B ThHIUL, AN =—v g UL BE T, REMMMOAFRTLARETHDL, L
L7en b, ABFEORERT > N Y —IZB8 0T, B A X0 ¢3. TmPl B2/ 5 Z &
O, BEEMTOMISHEE LWZIT TR FRAEE TORAEE LW A XL D,
Fo, BAEEBHOFMICE L TX, AROEEICELIDbOET TR, EMMRA T
FURCLDEFRGREL, AT UHOBRFIOEBERER LD, TR—DHETSH,
R TR IE 2 B FTRRICHIkR D 2 & C BHFmbb¥in b,

X oT, RBABTIITHHAED & O UL BERZWBMHE R Lz BT, fl 72 EEE5m o
BEXITI,
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3.3 MHILEICEET LB HA - B A - BIEAR

3.3.1 EMIARMEHC T X =2 L— 2 B
(1) BAZEHAE
HRBXHRC TEEETIE, BT R —EEBOT DI L D XHEHIOEE N H Y |
ZDTDLHDORESIZES>TCTHEHIRIZED X D BREENH L 0% FRNTHE 5 EiE 0N
bbb, ZOED, BARXBCTEBOCT I I 2 L—2 2R L, XHH, BEY > -
U—, MR, FHER COERHMAEOT LTI LT, BROEEEZCT VI =
L— X2 LA T 5,
(2) BHENE
CTYIalb—ZELTE, WO AHINTWEbDbH 5, LN ERE R
KR
@® =% : https://www. artist. bam. de/
® =% .
https://www. ndt. net/events/ECNDT2014/app/content/Paper/336_Kasperl Revl. pdf
@® Z% : https://tomopedia. github. io/software/
NEAINTVWLHCTYI 2 b=, RELIDIEKIIEND, O EDiE, XtEilz
Ial—varTi560, bHOEDITHEROFICELANHDHLDITRD,
BABRXMMC TEEBETOCTYIab—#ELTL UTOFRE IaL— b T25
ERH D,
© XA XBRARZ oL (a7 GEfEARY NV )
RIS A X XER L LT, Db %A R
FREFRRER « XA ML E bW T, R4 X 75 & 1
IR KRR O X B & i (A8 # A X2 400E)
BELBR « MR D OHGELIR A 51 R, BELIRO A TOI 0 B 2 32
- FRHER  RIER A R R Hh SR A iR
FES RGN BT DA 7 5 & AR
cEERT Y — s XRRRALE, RS IE A, T b Y —RIERA IR E TE D,
(FzbHDY 2 2 b— MMIHE)
- BRI DB IE A RS LT A R 2 L — X
CHHDOBIRXMMC THEEDOCT VI 2 L—Z ICERENHBEN, ABIh TV
CTYRalb—HTEATES, LLLEHIAZYA RXATELOTHIUE, TDOCT
2ab—HEFEH LB TELN, £ RbAVEAITITEBRM XM C THEEIZRELZC
TR 2 L—X OFHBRRE T 5,
ZD%, CTYIal—X L L TORERBRAR T, FH Ial—ra v 2FE L,
R X C T T C T Hig O EE AR IE )T,
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3.3.2 23U A—HHEEDFAM

(1) BHIFEAE

BtHEl= ) A —2 OFEEZRET D,

(2) BHEENE

IMV DR =R F— X FOWELIRE DT DR MO 2 U A =2 BUETH LM, —
FT, BmEEOa ) A—=20355 LEERYT b Y —D b KD X & a0
SHLEAND S X MHEME = U A — & ISEA~OE L 72 0 B 2T XERIRDS S L 72V ATRE
MERDH D, RN ) A—X 2L, &@&fxﬁﬁﬂ_%%#fé@# CE
BRI al—ya Ak ViHizd 5,

IHIT, M2 A =2 ORI L 5HEMR Y I b—va v EERL, ZO/RR
1) THET OB XBCTEEDCT Y I 2L —F LAbYE, HBiiga ) A—Z 0
BEZ XD CTEHBRA~DREZHRFT 5,

3.3.3 WA HZRBE %
(1) BHEEE
1B L S — XOR R g B 36

(2) BHRNE

KETT 2 B Y —=CTOEZRAF—XMOME TR E 22 003WE & OMAE/EH X -
THRAT DHELIR O 2RI ZEI D RREDHLTH D, AT RPN CTHGEL L 72 X#R
ﬁ\IX”#*E@ﬁﬁW#%%T%ﬁ@\ﬁﬁﬁuﬂ@ﬂ%l%bk R 73 175 108 1 R D
PerglE 3, £, BNUEZ AL F—DCT THEHAINTND 7T v h3xL
AR 28 (FPD) 13K = /L% — XHRC O ZE M 0 RE A B Je L 72 /63, M HER DR A28 260~
400 pm L2372 <, @R F— XBROM DR PR 2 & b TR 22 M /3 ff R DR T I %88
T 5, AR THIET DmHERIE, BEWRO A X2 F EFiR X ﬁ’ié%m/b@#%#
ARARET2 D, ABFZETIET ) a v mifH#E &, —EICE = X —XHRUITE L T D
LEDLN TV CdTe BB FDOHEHRF 217572, VI 2L — a VOFE, CdTe EF
ITEERGIFRE - BN EERRICE < BRI EEIE B o, K 2-1-2-1 (B
IR (R & B0 FOBMIE 200 keV LA F OMRT R F— Xk L THEETH
V. 1 MeV D XFROM N OMERHEZ i35 &, BELBRON & L, BEE#RZ S &L
REIZ, Si & CdTe TIESI ODFMS/NELBRDEND T ENGhoTl, ZDIZDEWHEGIR
AiFEm L CEEXBIE, Si RTEHAVD Z L TEIRAERREIZEY S/NEEOFEWED &
BT ENRBEND, SiFEFIZCEMEFHOCT THLHEBENDHY, KIS R —CTT
bEHTHLEBEX DD,
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Si
CdTe

cefficient

01

001 T N

100 1000
Energy (keV)

Mass Attenuation ¢

SICIHETRILF—RIELETS BEWVEEHREBBLTExEE. EFRHER
BRELRRTRELIZCL ZIZKYBF-BEFICTRLHELGRE

X 2-1-2-1 CdTe & Si OB BRIV R D i,

[ 2-1-2-2 1% 3 MeV D% CdTe ¥, Si B FICAF I ETREDOA N M &g LT
LOTHD, 2 b— 3 ITIT GEANTA & V72, CdTe Tl 2 ML LEEL+ 5 =
YT RUANRY ERKRIBIZHEZTEY, ZOYIalb—ra R0 6E S FFOHN
S/NHIFENTWD Z LAVRE S LT, BIFE, FEEEFZ2TDICHE L TV DR, 4%
X F L—F b IO 2 TRBERBAFE 2D T <,

Cdle

2200
- CdTe
1@BOaAVTro ARV
(HHEXER)
tg ;Imlb:"._
%00 \
AA-(:(I)
400
200 ‘
% ‘."." ED 1000 1500 2000 2500 3000
2EULOAVT P ARUK, frem 9
-, si
(RELER) :
Si
BFHER
511keVA R
80 1000 1500 2000 2500 3000

Encrgy (keV)

X 2-1-2-2 GEANT4 Z 7= 3 =2 L—3 3 R

JEE 5 cm ODHFEFIZ 3 MeV DRFNAF LIZBmEDA Xy &2 L, Si ok~
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Figure 4: CST Pipeline flow-chart showing the processing plugins used for the
physics-transport based scanter correction 3D VSHARP. The blocks colored
in orange will be key components of an upcoming Varex software release,
Cone Beam Software Tools (CST2.1)
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Quantitative Characterization of Large—Scale High Energy Computed Tomography
Systems,” , Proc. 11th European Conference on Non—Destructive Testing (ECNDT 2014),
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https://www.ndt.net/search/docs.php3?id=16704
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DI, A TILE T RF —XCT Thd XXL-CTOFHED T2 DEFEAR-REL , 2D
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13H 100 p m FREDFGETHHILZIRL TS,

TR F —CTICL DB R D ZRD BN v o L AR RO B

[+ —7 —NK High energy X-ray, Computed Tomography, Compton scattering, multi-material
objects]

Nils Reims, Tobias Schoenb, Michael Boehnela, Frank Sukowskia and Markus Firschinga,
”Strategies for Efficient Scanning and Reconstruction Methods on Very Large Objects with
High Energy X-ray Computed Tomography,” Developments in X—Ray Tomography IX,
edited by Stuart R. Stock, Proc. of SPIE Vol. 9212, 2014
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Michael SALAMON, Nils REIMS, Michael BOHNEL, Katrin ZERBE, Michael SCHMITT,
Norman UHLMANN, Randolf HANKE, “XXL-CT capabilities for the inspection of modern
Electric Vehicles,” Proc. International Symposium on Digital Industrial Radiology and
Computed Tomography - DIR2019, 2019
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TTCARX T DHEEREL, TSI TEE N W L, EiteE OfRG 13 rIREIZ /2572
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([ZOWT, Z DB LIRS NI RIVFIE DOV TR 5,
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Dmitry Ulyanov, Andrea Vedaldy, and Victor Lempitski, “Deep Image Prior,” in Proceedings
of the IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), 2018
[arXiv]

KL TR, 20X AR+ 2L T BAriAH=2—T /L2y MCNN) /A ZD
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R R AR TIEOHBREZZEALES LI LM KO BRI /A X EREREELZE
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HEDFEZE | DETHHETEFRL , EDZEN Stein’ s unbiased risk estimator (SURE)DHAH AT
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Timo Aila, “Noise2Noise: Learning Image Restoration without Clean Data,” in Proceedings
of the International Conference on Machine Learning (ICML), 2018 [arXiv]
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Alexander Krull, Tim—-Oliver Buchholz, and Florian Jug, “Noise2Void - Learning Denoising
from Single Noisy Image,” in Proceedings of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR), 2019 [arXiv]
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Yuhui Quan, Mingqin Chen, Tongyao Pang, Hui Ji, “Self2Self With Dropout: Learning Self-
supervised Denoising from Single Image,” in Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR), 2020 [CVF Open Access]
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JARNFEFNRT — 2 ~D N LH732 AR INZ LD IR /A RNk I FTREZR 5/ A A
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Jun Xu, Yuan Huang, Ming-Ming Cheng, Li Liu, Fan Zhu, Zhou Xu, Ling Shao, “Noisy—As—
Clean: Learning Self-supervised Denoising from the Corrupted Image,” IEEE Transactions
on Image Processing, Vol. 29, pp. 9316-9329, 2020 [arXiv]
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A NGB 595 /AR —E DM EZARE T 52 L THANMT & 58 LM 7o Rats
bNDLTLaRUIIE (7L H)
Tongyao Pang, Huan Zheng, Yuhui Quan, and Hui Ji, “Recorrupted-to—Recorrupted:
Unsupervised Deep Learning for Image Denoising,” in Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR), 2021 [CVF Open Access]
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TWDZEEAEL2STh, FE D EFEMET DT LA BERRAY - EEAYITRL TV D,

BHREOY 732 TV 7 LHIFIEOZ ALY Noise2Noise L5 /g 5T/ A bR L4 P HE
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Conference on Computer Vision and Pattern Recognition (CVPR), 2021 [arXiv]

ARG ST AN E722% VD /AXN EEED DI Z T 7TV 74528 T, (F
ARXD/NSIREERARE /A XL DFEE DR AR R o7 2 MO EG 2155, O
NI DRTELT=a—T 02y Ml 952 LT Noise2Noise E[RIFRIZ /A A fREE2FE
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Generalized Anscombe Transform Z & L7272« T RG] ) A X %8 o BRI T 5%)
AR/ ARREIE (B2 L)

Jaeseok Byun, Sungmin Cha, and Taesup Moon, “FBI-Denoiser: Fast Blind Image Denoiser
for Poisson-Gaussian Noise,” in Proceedings of the IEEE/CVF Conference on Computer

Vision and Pattern Recognition (CVPR), 2021 [arXiv]
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A SCTIART Vo JARET T A ) A XD J5 % G T e LT BRI R T~ D502 178 /A ABx
FEEREL QD ZOIHRME /A XD DD T A—E N THDOE AT
Generalized Anscombe Transform (GAT)EWV)HFET LD A BB AT L0 | HifR 258
D1 DIARE GG T BT HIENTE, ZOWRIZHER DT T A AR, (EKIED
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T M OERSC, THAME, FEM DTN OUNTIL, FIFHIPE SRR BLIR DD . BFZCHSRE <0
BHEETELOMTE, BB M THOI TET, ZOHIET TIZE RIS HSTRIIL TWD
BIH 2\, ZOMAE T, BRI ACCTIZEDWNEBIE B DY 12— a3 AR A8 E
LIeBitfiz FITHEIT 95, o, TNOEEBRIISH LY 7 by =72 DWW THIRT T2,

1. By FEfo- R FHELE Q1)

2. REANyFICHTDREEZMERE  vab—var~OisH (4 14)
3. MEIEMRNTS a2l —Tar - BE Y 7y =7 (5 )

4. BFEI Rl —TalEil - EEY 7R =7 (1413 1)

5. HITADT VAT Ralb—va Hiffr (4 1)

[Fe—U—R: BZEEHR . MREART, 7V AROY ., B, NEE IS MBS — 1k, YT by =T

1. RHEANyF oo R IR S
[Fp—U—R: RHEICIREREE, 2 withim o F, B, Fos]
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Takashi Nagata, “Smooth Local Interpolation of Surfaces Using Normal Vectors”,
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[F—U—F: 224 E, @295, Nagata /ST, @b, SFEEAL]
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NTEHTAT VAR 22— a7 =7 Thhh, V-Glace 1%, FLEAFFEAT VCAD
VAT MR T 0T T LD R T DY — MYV IBIRIE DY 2l —ar e s I A TH
% ITAS3D X0, FHRG AR CHE IR 6 HIARZEER 2 FH W o BB ERE S AT 7 o =7 V-
Struct(2 2 HOSLHERZH LT LT, SHITH T AR AT IR HAMEC KA H IS L TD,

HIAT VAR L2 —ab BT, HTAOMMEN MBI/ D, Y7 =T
FERED T —H_R—=ALL T, HTAYPERH LN EO HEL THIUZHE OB TRRWL O
%o TPESROR B BRI E X, AR EPRA T2 E Ao CHIITEA 5 A
MMZN, 3 D HOSER I, FHUAEEL ) — 7 Retk & iR T COBEEO M T EIZ>
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WTHREL TV, F72. 4 2 H O TIX, V-Glace 2RISR END DOV ETF
RELZZONTENNLTND,
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1—F BEBAER (VAN —2 07 R a—bL 2V 7)) BT A e

XRCTH TRONIT —F ol 2 AR T2 HIEC OV TORMEEZIT o7, ZhiTix

Marching cube {EZRE LS TRIVT U ~EWRL TOOEIBAEREZITI HiEE, T — 20 b EEH
BE2AERTHHED 2 BIOBPFET D, TOmILUIHIE . S 2LAEITHRE LBhEL TW5, i
FETIE, =2—INV Ry =272 AV THEGAERS 3 RIERELZITORAIEA THS (R
34, 5),

[FF—U—F: LAh—0 7, RYa—bL o Z Y7, WHILE, GPU, =2—F L FyhT—7]

1.

2.

NG T4 T RY 2— LREEREER DT O/ FTHRNEFF 2 LD FN I F 252 7
F—U—F: vAh— 7 BERRIMIEREE, BRI TAZY 7| WHILE, GPU]
Daniel Meister, Jifi Bittner, “Parallel Locally-Ordered Clustering for Bounding Volume
Hierarchy Construction”, IEEE Trans. on Visualization and Computer Graphics, Vol. 24,
No. 3, pp. 1345-1353, 2018.

RV 72 E DD B2 — AT L TUA N —3 U I R EIR AR ZATHSH A
REMEDORZZF AP RKEIILEIIRDN, ZOFHAEEEL T 57D ERDZ<FIH
SNTWBDRNY T4 7R 2— L8 (BVH) TéhD, BVH 13— 03b0 H B A KA
FIRETHDHH, ZOBR, ERSH-PEE D RS LARRF R OBEI DML RDHND, AL
DFERLIRINL, PEEEOFRNSENIEN-b T H T D BVH ARBS— R ThH-oT
N, A L TITERE 7T AZ)) 7 (agglomerative clustering) ([ZFEDVWN=R AT v 7 FiE%
ANTWS (TR, £L T, 2RAZ2IFIFHFIZIY, GPU 2R\ & OREHRRF R 23
V=X TN AU FEICHAA4EIRERES 0., BEOSHE THIRIER%E THD
ZEERLTVD,

ETEPECOVTROIEL KH2MELZEEL,

c E ZIHLHEWICEDEV LW BEFRICH 3 @l

B 4] KA LB, BXUCLE) 2ROUTEALEY
4 D - - 5 .

»> 5 TN IN° srxzevas, commu, 253 x el

LB LTHYES L R 1007 7 R 21

FratBEdi T RVH kA T8 TF 3,

X 2-2-1-1: EE2 7242 Y v 7ic X 2 BVH {5

Sy BVH &

GPU R—ZADRY 22— AL ZV 7B D imd b ik
[F—U—F: RVa—usL &Y, GPU]
J. Krtiger, R. Westermann, “Acceleration Techniques for GPU-based Volume Rendering”,
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Proc. of IEEE Visualization 2003, pp. 287-292, 2003.

3WRITT A — VR E A LT IR T IEDO — DL AR AT 47 (1 IRIEFR DI DL
AR =20 7) D, ZHUTIERE FIZIBWTERIRBICT > 7V 7 EATO R ADBRET~M
Mo T(EWNFDLLRLUTHINBEAIZANSTC) a 7L T4 7L UEICARKTHZ
LIS THEBHZEDOERDDLDTHD, GPU & VTN EEA A A21T5 )7 015
V. SERRBR AR S S RIBRREC B2 7L RS LD & 3 IROLT VAT v &R Le
WH, ARV L TURICEREEZL TS FETHD, Ll ZOFEF, B TR RN
IYRRZEFAHNIIHKILTH 3 IRTET I AF ¥ ~DT 7R ARSH DTN, ARG Tl
early Z test EFEIEIL5 GPU OIERERfE > CZUODMEZ R L Biffi/p52dE L Lh#k L C

KT 3.3 fi5, W4T 2.5 fEDOMEREA R L TUWD,

Early Z test. GPU TIIARVI L DTAZTA X | FHIFH#E (T T 7 A MITRL TAZEET
DIy = —F Tl T 2EFTTHH, <D GPU TiL, (LD TDIZ T 7 fE (RS
FEL AR TIHEOEE NSUVME) 27— 2Ny 77 OEE L, B QAT
ONWTEY ==X 7l T KRB TVD,

Early ray termination. FiDHHE AN TEH AL TWOKBFRRIZBW T, IEHF TREHD
P TNV RICHEB LIS G . ZOROBHNIEERZ D, KX OFETIET, EREFEEEZL
T& NEPRMFHEIIR L TE Z 2R KIEIZREL TV, ZAUTED | LIREZ OB IZ
ONTIE, TAZTARIIATOND LD DY = —F 7 us T NIF TSN,

Empty-space skipping. fEAFE ARV 77 0 MU EHEICEBRAL 220, TEAE LA
AXy T LT, A STl 0 RREZ AW 1/8 1T ELTIAR VT — 2% ER L TR E, 8
ATy T ZETET ORI N T — L%~ BEFBH OOV TT RN Z E%
I R EL T, #% 2§ 2@ G L DL % A%y 7 LT VD,
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Sphere Tracing D& B

[F—U—hK: LAh—2 27 R a— L Z YT SDF]

Benjamin Keinert, et al., “Enhanced Sphere Tracing”, Proc. of Smart Tools and Apps for
Graphics (STAG), 2014.

TR FEBUED 1 DI B & BEBERI S (signed distance function, SDF)ZL2H DM H D,
fiR® > R % SDF &9 54L& 2R T f71(0) ENMEDRRENRRIKDL 1
&L C Sphere Tracing 23DV TN\, ZOHIE T, KRBT fOfEEAT Y 7 IEEL T
RO [ENAIZRD TOE, fFOENRAL v a/VRE FEISTERER TR REN 135, Z0%
EDDEBLDIL, % RITB W T OEZ R LT DRI S FE LR ZEDRGES
NTNWHNHTHD,

AL T, Sphere Tracing DZhFRAZHIZEmD LD, MHATA—=F 0 (1= 0<2) &
BAL, AT YT MEZf - 0l T, ﬁDLé"ﬁo’C%fﬂ?ﬁ>7\f~/<“—?y7°lf(b VHIRDIZIEL
WERAE B 25, A—"—=TF0 7 LNz &7§>4=l BHL7-% . 185 @ Sphere Tracing &[RIT
(LEFE TR TR Z#RIT 5, ZOHRIEIZED, Hb&%ﬁ)%ézkﬁ§$&%éﬂfl/ Do

B ARG LTIE R _LAU‘EZ&O){HA BRI A DT —T 47 7Y
ORI T 1E, ATV —2 ETCOERORESIZEAEIBII A TH UL FE, 2 RERA TS L
T EN R BRI CIRIE 2T DDA RET 20515, RO RNERMEA BT 2FE, B
O WIRNERIZ I 1T D RN BB R EED VRS TND,

NeRF: {T-E KB4 A D728 D Neural Radiance Field (24L53— 25l
[Tt R AL UL Y RS, = 2T LRy T —2]

Ben Mildenhall, et al., “NeRF: Representing Scenes as Neural Radiance Fields for View
Synthesis”, Proc. of ECCV 2020, pp. 405-421, 2020.

Neural Radiance Field NeRE)IX, £k % 7off &, M ) bicg Lol E W C==2—7 /1
T b =7 DFEREITO, TAUE S THIOERD O TG E BT 27120 OFIETH
. COEKEGOEDOESHORERIE R 24D TND, Fio, BHBRARIZT T 3K
TCIGRHEE AR 22— L7 —Z DEME~DOF b HIfF S,

Za—I N Ay NI —=2IE ALEE T RDOIEREANTI L ZDNLEDR 22— DEEL £
DALENDZ D TF RIS D a2 LT, S EOJKH T [iconTin
O NZTFL, TNHEE T U AEBE DR HS WG 2 Lk 52803 v HE
D, FEOBENTIE, ZOINZU TAEMRLUTZEG L I AT INBARTZ B D571 8> T AR
BEHEL, LAV 7 BFEZE D T back propagation 2179, BEVE A LD O THREL
T3 WRIT_I M E R ™I —Z I AT T AL E = = —F 17 (positional encoding)
ML TND, E72, S LD TV 7R, g A LKA L O 2 RO Ry RD
—EAEN G A D R DR ENER % B R AN SIS TV 7 B0l T
Do
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SIRGIE Ny 2t a—T 471K DE 72 Neural Graphics Primitive
[(F—U—=F: Ra—bL VT =a=TN Ry T —7]
Thomas Miiller, et al., “Instant Neural Graphics Primitives with a Multiresolution Hash
Encoding”, ACM Trans. on Graphics, Vol. 41, No. 4, Article 102, 2022.

NeRF TiE, 3 RIE~NT MRy N —ZICATTTHBUT, FROIILET=2—TF
V7 A RATITHEL T O LA - T,

(sin 2°x, cos 2%x .sin 2%x, cos 21x .-+, sin 2L~ 1x, cos 217 1x)

R IF LD ET 2 —=F 4 TITRO DDLU TE IR E Ny aTa—F g 7L
WO FEERREL TOD, TORE R, FEIFRA RIS L, BES M _ELTWD, 72
B, ZOFEIL NeRF IZBRLT, B2 X =2 —F /LRy NI 2 SDF 78| FEEEEZ A
HEFT DDA T =KL THE M W HE TH D GasL TIXE DI Ry NI — J 28 FRL
“C Neural Graphics Primitive FEATUND),

SIRMGIE Ny o a—T 4 T OB EZ 2 TND, ATJEEREIZKRL T, fR g B oo 1
RO TV YR (16 L) [ZOWTEEEIE 2RO | TN Eb LIV I T T T—T )L
DAL T I AR TET Dy NI T 7T —T TS Al EZ2 (- %V, back propagation
X THHEIND)2 IRTEOFHEAR T ML DEINS I TEY | £ ORI VTR S
NIz EC=a—INVT—ID AN L7125, N IT T T —T NDRESEIMZ AT, FEEE
BTNy 2 B IO T 21 25 2% RO MBI EMES D, SR E D B2 HIE O A
TEASHV MR EAITZD | Ny 2 fEf 2B IR L L TN,
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1—G Survey on distance function approximations for shape modeling

The distance function (signed or unsigned) to the boundary (curve or surface) of a given domain is
a useful tool in geometry processing, shape modeling and related domains. It has numerous
applications, such as, surface reconstruction, meshing, fluid dynamics, shape interrogation,
computational physics, and mechanics. In this brief survey, we review several recent variational

methods for computing approximations of the distance function.

1. Geodesics in Heat: A new approach to computing distance based on heat flow
[Keywords: geodesic, heat diffusion]
Crane, K., Weischedel, C. and Wardetzky, M., “Geodesics in Heat: A new approach to
computing distance based on heat flow”, In ACM Transactions on Graphics, Vol. 32, Issue 5,

Article No. 152, pp. 1-11, 2013.

The Geodesics in Heat approach is based on a theorem by Varadhan that connects the heat
kernel K() with the geodesic distance d() on a manifold

lti_r)lg —4tlogK(t,x,y) = d(x,y)?
Thus, one can approximate the distance function (from the point x to any point y) by solving
the (linear) heat equation for a small time—step. Numerically, the result is not very stable, so
the authors propose to use instead the following numerical scheme
1) Integrate the heat flow 1 = Au for t
2) Compute the vector field X = —Vu/|Vu|
3) Solve the (linear) Poisson problem A¢@ = div X
The solution to the final Poisson problem delivers a smooth approximation to the distance
function. While this approach was initially designed for computing geodesics, it can be easily

adapted to compute the distance to a curve / surface.

2-2-1-2: One step of heat diffusion u, the gradient Vu, the vector field X, and the

solution to the Poisson problem ¢
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2.

On variational and PDE-based distance function approximations
[Keywords: distance function, variational problems, iterative schemes]
Belyaev, A. G., and Fayolle, P. A., “On variational and PDE-based distance function

approximations”, In Computer Graphics Forum, Vol. 34, No. 8, pp. 104-118, 2015.

This work proposes several, loosely connected, approaches for computing smooth
approximations of the distance to boundary function based on variational approaches. One of
the discussed approaches relies on the fact that solving the non—linear eikonal equation

|Vu|=1 is numerically difficult and considers instead the relaxed problem
E(w) = f (J7u(x)] — 1)?dx > min  u = 0 on the boundary
0

Numerical solvers based on splitting and on the Alternating Direction of Multipliers Method

(ADMM) are proposed.

2-2-1-3: The exact distance, the result after 5 iterations, the result after 20 iterations.

p—Laplace diffusion for distance function estimation, optimal transport approximation, and
image enhancement

[Keywords: p—Laplacian, diffusion, ADMM]

Fayolle, P. A., and Belyaev, A. G., “p—Laplace diffusion for distance function estimation,
optimal transport approximation, and image enhancement”, In Computer Aided Geometric

Design, Vol. 67, pp. 1-20, 2018.

The solution to the p—Poisson problem
Apu 2 div(|VulP~2|Vul) = =1 in 2, u=0 on 02,
delivers a smooth approximation of the distance to the boundary 9Q. Furthermore, the

approximation can be made more accurate near the boundary with the normalization
p-1

P 1u+ |VulP P

v(x) = —|VulP~t +
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This work proposes an efficient numerical solver based on a variational problem equivalent to
the p—Poisson problem above and solves it numerically by ADMM.

This work also shows that the same variational framework and numerical solver can be used
to approximate solutions to the optimal transport problem and be used for image processing

tasks (structure+texture extraction, dehazing, low-light image enhancement, ---)

field
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field
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2-2—1-4: The p—Poisson distance for p=15, p=100 and for a 3D model.
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An ADMM-based scheme for distance function approximation

[Keywords: distance function, variational problem, ADMM]
Belyaev, A. G. and Fayolle, P. A., “An ADMM-based scheme for distance function
approximation”, In Numerical Algorithms, Vol. 84, pp. 983-996, 2020.

Solutions to the p—Poisson problem
Ayu = div([VulP~2Vu) = -1 in 2 u(x)=0 on 90

satisfy the variational problem

jq,’)dx—»max, where ||[Vo|l,p <1 and ¢p(x) =0 on 90
)

Letting p — oo gives the following

fq&dx—)max, where mea}leVqSI <1 and ¢(x)=0 on N
X
)

which is satisfied by the distance function. Numerically, it is solved by ADMM, with the
advantage that the constraint involving the L®*-norm constraint is easier to deal with
numerically than the LP-norm constraint of the p—Poisson problem above (it involves
projection on the unit ball rather than numerically solving a polynomial).

This framework leads to one more numerical approach for computing the distance function.
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5.

field

N

&
o o
LT L TRPA—

2-2-1-5: The distance @ for a 2D and a 3D model.

Signed Lp—distance fields
[Keywords: double layer potential, distance function, asymptotic]

Belyaev, A., Fayolle, P. A., and Pasko, A., “Signed Lp—distance fields”, In Computer-Aided
Design, Vol. 45, No. 2, pp. 523-528, 2013.

This work considers the use of generalized double layer potentials to deliver smooth

approximations of the distance function
(x)_fny-(y—x) B an,
) Ty T ey
1/p
lpp(x) = [1/<pp(x)]

1, (x) ——— dist(x, S)

One advantage of this approach is that the potentials (pp(x) can be expressed in closed form

for the cases where the surface (resp. curve in 2D) is represented by a triangle mesh (resp.

polygon curve in 2D).

Normalization schemes to improve the approximation near the boundary are also provided.

Contour levels of D3 Contour levels of Psi(x)

z
.
0 10 o
il

R S R
& & A A

P S A

> A & oo~

-1 -5 0 5 10

-10 -5 0 s 10

2-2-1-6: Left: Notations used. Middle: Exact distance. Right: 5.
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1—H 3D 57 —%DO7 — A7 E1E I A5

XHRCTZE /28 % FAWTAERL723D T — 4% 7 —hA T LT B OV Tl 21T -7, FE ik
ROMEE T ENALL T — A7 LU CRidk/ 16 352 L33 DRGSRk AR 0D 43 B Tl
I ToD, T —E2DFEIMMNIAL T =2 IEASINDD, RN b/ R EBfR T 5720 ¥
RO ES AL EDOTFHITINZ SR E R A FLER T 2B ENDA L ha Y —0RAF T — 52D
D EELL A ASEAMEICE S BN CND, — 07, FEARAF v —OW KIZIV3D 7 —
ZDOERUTE IV EDFTATL TODEMA D ZLHND,

[(F—U—K: Frbhar— AZT7—4x UL, #8 A E ]

L. M oRboF sty —
Fr—U—k: Frhny— MAERM, £H#]
Martin Doerr, “Ontologies for Cultural Heritage”, Handbook on Ontologies, International
Handbooks on Information Systems, Springer—Verlag Berlin Heidelberg, pp. 463-486, 2009.

A S, B ORI LB U CReb S e A by —E L T

CIDOC Conceptual Reference Model (CRM) (ISO21127)Z Y EiF | oA ey —Ld
LB AR TV D, T2 AT 5 B THEDND “AF T — &7 |2k LT, CRM DX
VR AIA L b — TR DO AT — < I T3 H il S A LR 720 I Vb, 2
IRH AR T =S ORISR BN LIV B L2052 ENTED, L RFED S BT
T OA by = MEDNLTOLBN T E2bOIE CRM &S5 LM ERRE
TW5, —J7, BIRRY2 2% —~ THWD HFEARREL TIE Art & Architecture Thesaurus 73
b2 E LS DOEE =L TODHEL 20 EHELIIAR A+ THHL ML T,
WordNet 728 DEEBEBIRDFERT — 2 N — & o7 BEEHL AL TWOD, Jott
DT HArDTE AP METHH LB R TND,

2. 3D T —FDAZT —HEf:
[(FF—U—R: TONVERE, TATVAV N AT —H]
J. Blundell, J. L. Clark, K. E. DeVet, J. L. Hardesty, “Metadata Requirements for 3D
Data”, in 3D Data Creation to Curation : Community Standards for 3D Data Preservation,
ACRL, 2022 https://bit.ly/ACRL3Ddata.

ARFHILCTIL, 3D 7 —4%& T VHNVEELL THNRBEFFRI O, Z DA pk
(ZREER T D REAS T —HEARRLTND, T VXL FHELL TXCTH x5 ELTHRY, 3
D 5 —#% _ Create, Manage. Distribution and Publication, Access and Reuse. Archive ® L.
BFEDTAT AT NAGNT |, ENENTRELRDIERE L TD, £7, MERRF =2
ALIDORFEL T T P 27 OE R EHDE LRSI BT A NEDIIEH SN D
SRGEEINDT D | AFT —HDIRFHET 0y = 7 MG HET DB P B IRD R E LR T
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WA, B2 Create Tl B D/ G A—FROa2— P —EEORELLEGT AL, 5
BIFIEL T — 2B S5 b1 BB Tl AU ES NS, SHIT, F—F DAY F — 4

LT VT AR R REAN T =478\ O CRER S 5288, 7 — 2 DB P

BB THHLEEL TS,

3D UM DT —HEUGEAIRDT= D D AR T —HAF—~v b hpy—
[F—U—R: Ao bay— v Ty v=T | T =SE AT =5 3D AF ]
Homburg, T., Cramer, A., Raddatz, L. et al. “Metadata schema and ontology for capturing
and processing of 3D cultural heritage objects”, Heritage Science, 9, 91, 2021
https://doi.org/10.1186/s40494-021-00561-w

3D T —Z LRI TEDL RV =25 7 VX2 MALD T e AR I 3 54725
Ty MNAERHE D 3D T — X E A SR IR (T — 257 ) IR EE T H
Do KT, TNODOM EEMMEZmOLFEEL T, 3D Ax ¥k DT P27 mt
RO RAEFLERT DID DAY T — 2 A bV — %R EZT 5, $BRIL3D A¥ v
—I2ED3D T —HIRESNDD, BIRDAF ¥ FIEBIOA—I— OIS , 5
20— 7 —ChE L, FAEAMEEZRL TOD, KL OA > by —3 W3C O
PROV-0 ZHLIR L7240 T, CIDOC CRM &b A ARIZI TS, (CIDOC CRM I3
PROV-O (Z3LM DR BUZMLEZRYLR U T=H D THDHT280) Afa L OFF R, fldk T A5
T 2% oY — VKo TR B E/2IR3E B BIICREE TEDB DITIRE
$5ZLT3D ?—&@%ﬁiﬁfﬂ@ﬁ%ﬁﬁ%:ﬂﬁénéotm:w::}:f%z)o —Ji. T 4D
FAAE PRI BART R 220 OIZIRE S, SUEHE A OFF BUTZ DRV TITZ2R0,

HBIM DI=D DHGHEAN—AT —H TNy F AN v v T4y /=7 0cminEET
JVDOERER

Fr—U—k: 7 —2OERE, S8k, AEANE, Fohny— FG T A—F RKEU
—77u—]

Ramona Quattrini, Roberto Pierdicca, Christian Morbidoni, “Knowledge—based data
enrichment for HBIM: Exploring high—quality models using the semantic-web”, Journal of
Cultural Heritage, Volume 28, 2017, Pages 129-139, ISSN 1296-2074,
https://doi.org/10.1016/j.culher.2017.05.004.

Building Information Modeling (BIM)iZ, #1i, 5%7t, Btax. B, R5F, fRIKE 2t
BT OV = I NDTAT ATV RAREEBL T, 0B ON WA RS, 6 &, EHT5
T2DDTFIETHD, BRI, YDA A—TK, 2D K, 3D €7 /b, MEFHR I
L= al REDRIRDAT AT /T =2 /TG BIC OV TR EMEAHERF L T 5L TE
%o AL PRFED B Tl Zhva i s G O FLEI T2 Historical BIM (HBIM)IZ
10 FRIEE RN DEVARLA TS, ARG T TIL, Level of Definition (LOD)& Grade % FH T3
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(B R OB WIS HA2ZOMEY T — 2 LR AN Z DI TS, BEMEHRIZ W
HA A — R I — R~ T I = T DEH T TH D IFC-OWL F o hay—( 228
P CTEDHINNTTHZETHAERMEZHEEFL T\,

AIV =T 3D AT —HET IV

F—U—R: TOXNT —NAT | A2T —4 (HhEE, 3D Ax v ]

Digitization Program Office, “Smithsonian 3D Metadata Model”, Smithsonian Institute,
https://dpo.si.edu/index.php/blog/smithsonian—3d-metadata—model, last visited:
Jan.20,2023.

KEAIY =T AR ED LTV HNT — AT T ay = VML TWDAZ T —H
73 Smithsonian Institution 3D Metadata model CTdh5, FHFT/N— 30 v0.6 ThHDH, Bk,
3D Ax Y T =2k DT —AHER OMEDAY L 2F T NET I AF Y E Y b= 7)) DB THS
M, FOF —LBBRBOY —r 70— 227 =25 PN TT V2 b tED T D, ERL
=T —#1% Web Ak (https://3d.si.edu/) CHIE TED, KO I DAXT —HD
FrRIZ, 3D AF vy DU —r7u— FRIAF Y O iR TELRICHD, F
7o, XER2 THERES N CODIHE 2 & A TRY, 7 —ZORMETHWZY 7hy =7 R0
TNAVALEZ LT DL ATRE T D, FHAIEMPEIZ DWW TIIMERE TE TR,
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1—1 KEAERY 2— b7 —Z LB B3 AP R

KRIFAEZ IR ILER L, DT — T AZXPRINL Ry 78720, 1TB & 2D AT N LIRS
IR CEDIDNT e TEBIETHLIBED — 2> ThHDH. KHMEBRILELORA LN, Tl T L0
=7 AEUEHEZHOGTIETHY, REFTT 2 S2OT77Tm—FBbbH. —2iF, 7/aUX
NIZOFEFRIZ, NGRS T VU T ARG F5ACR EJEME LT T — 4 RBUAR A LTZY, RE/RAEY
TEIA DI 5708, ARVE AR ICLIZD T A2 TAEIM B2 IMZ 5 ETHSH.
JEMEL T2 A D ARIIRELZRDB DD, IRARRZ: RBEITMR SN0 TIH RV, $O—2IF,
INSIRREIC D BIL TR FIETh D, BRI T —H &t x> DUEE§ 5 AR —3 0 7 JLEE <G,
HDD % 7 — #1175 & LRI %" Out—of-Core” 72 T IEDMII E L TRITH NS, B4 HI7e
MREEfE<ToD, T —2HEED TRPNWDHIZT T, WHIHLZRE G BT N 712705, Kifih
TIE, 7 =2, K7 VTV RAIDWCRBEBEHG LG D50V TlRE T
5.

[Keywords: 73 HIftiaiE, AN —I 7, MR G727, 22y 7, RS, A7 vy
]

L AMFAN =V Z R ALK T T B L OT VIV LTAT T

Dementiev, R., Kettner, L. and Sanders, P. (2008), STXXL: standard template library for XXL
data sets. Software: Practice and Experience., 38: 5389-637.
https://doi.org/10.1002/spe.844
DL: http://algo2.iti.kit.edu/dementiev/files/stxxl_spe.pdf

AREHCTIHL, C++ STL @ vector X° map 72EE\W\ol=a T GEEF N EEET DRI
(V=R % ATV EEHTHZECRHABUB CTEXAIOILRLTZFm L TH D,
STXXLIZ, 7= _X—=ATHOLNTODHET L ZHAL T, 3@ (OSIKFEIOIEFRM 1/0,
T ATy VR APD) IPOIRDET NV ERRRL T D, APL J&IE, CHSTL DA 7 =—
AT STL-user LAY —&, AT TAL BN HS BRI~ T 1/0 Zb L7z
stream LAY —735722%, S0 ClE, AEVH 512MB IZHIKIS BB FI23817 5, 100 fE4
DT EFFDOTTT7 D f KIS A (maximum independent set) g E DR F~—7 280
T, BEAEIE (LEDA-EM) K0 @32 1/ 0 VD 72N 2 L2 oR L THRY, FEICAN —I0 7
BEDFH IR E NAFFEE THHIEEWME L T D, F7o, JEHFIEL T suffix array OREEE,
R SE R TR | /NI RS Ry T U T I E RS TnD, FEEE T, 0SS LT
http://stxxl.org EL TABEZIL TV,

2. BieARVa— AT —HEIEHET DT —2HiE
Sylvain Lefebvre and Hugues Hoppe. 2006. Perfect spatial hashing. ACM Trans. Graph. 25, 3
(July 2006), 579-588. https://doi.org/10.1145/1141911.1141926
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DL: https://hhoppe.com/perfecthash.pdf

AR LIE, ZIRTET —H o R E LTS8 RIRZER] Ny > v T D IEIZ DWW TR AR5 3C
Th D, FRODERPHIRARY 2— L7 —H (BR) IR W T, ™y ZIZis T AT —4
FOBITLPIT PSR 2= LT =X EMETHILZEBIL TV, B FIEIT. 2 SOR
722~y 2 B (B2 IR G o, m A2 AT, h(p) = (p) + OUnpITE> Ty
EEI2 DR N G- 2 DD, Z2TOE, A7y b —7 VOl B8 &) 2L, 1 DD
oV 2 BT TIERAET oy T 2 EOMZEZEET TWD, fa X Tl Ay o ETofE
FHE, 3D TUAF 0, TWFERE AL 2D BN RENTODA, 2 BLLIZAR) 2—5F
—ZDJERE R TORANE ZSND. KB 22— L2LHIZ IV TR, R O LD
2T =R DM TR T&5EE 2 6N5.

Gy T
Martin Isenburg and Jonathan Shewchuk , “Streaming Connected Component Computation for
Trillion Voxel Images,” MASSIVE Workshop, June 2009.
https://www.cs.unc.edu/" isenburg/papers/is—sccetvi—09.pdf

ARG SCL, WRERL TNV e AN = BT T FIER IR B LR L ThD. 25
FIEL, TV T ARBSNIZ 2 ElGE — ARSI T SV 7T T A LTSS
union—find &2 AN = 7S ELHTETERAEMLZEBIL TS, BARIZIE, £17(3D
DIGEITEE) IZONWT, ETIFET HT (T L T ARBIN T —2)&/—R (EfE
ROy ERT T —4) OBERFEL, union—find (Z&o CHAEK D& IR T 5. £l Ry D
i, A CHIVUL 1 B, LD B 2 RO ERTHENRETHDH. T4 AITHI
RN N ESEIT —H(FAX:10,0000D7 =26 LT 15 REHIFREE, 350MB DA
FEUEMETRHA TESZILEZRL TN,

RS T

C. R. Maurer, Rensheng Qi and V. Raghavan, “A linear time algorithm for computing exact
Euclidean distance transforms of binary images in arbitrary dimensions,” IEEE Transactions
on Pattern Analysis and Machine Intelligence, vol. 25, no. 2, pp. 265-270, Feb. 2003, doi:
10.1109/TPAMI.2003.1177156.

AEw 3, n RoLo 2 [EBG GRS, fisR 7 eV 2 R e DR/ (e T %
FIEZOWTERTWD. ERFIEL, K17, SWriE CRTIZRR 0/ (e E 2 52 TH
BES B LU AR EEL TOD. 2 IREEHEZBICIDE y=b IZB T B 7V 7 iy,
b)D Y FF DB L DR RAFH R LI, XY I D Bk E o B2 i 5.
TV LE, A7 BAVBUTH U CTHIE CRHEDN FTRE Th DL LI AL @V, Fiz, A
N = 7L DRI RG AIRETH D20 . KIS TR T Th2Wr i 5y DAEV & T
FHARFTEETHD.
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PRS2
T. Michikawa, K. Tsuji, T. Fujimori, and H. Suzuki, “Out—of-core distance transforms,” in
Proceedings of the 2007 ACM symposium on Solid and physical modeling, 2007, pp. 151-158.
KL, HEEEAR#Z S EIRIRTE L L > TRV TV DR L THD. BB FIEIR, ANT
— X% /NS72 7y (cluster) IZHEIL, &7y 71k CRpT 7R iR A 3H L, B
TRy RS EH I LA T ZE TS AR 5. Ok, T ry s OFHRIAFC
7y 7 WCH TSIV i/ N O FEREHE A D 28 CHRRBES R DUR T2 2L 2R L T,
HDD ~D@r HE B LNy, AN = ZIEEHERL TAE =34 503, AN —IU7AT
VIR 7 R BRSO I e — 2V N RS O B S FTREZR FHE THD.

I W iilas]
Yiyao Chu and Wencheng Wang, Out—-of-core Extraction of Curve Skeletons for Large
Volumetric Models, Computer Graphics Forum, 41, 7, 2022.
https://diglib.eg.org/bitstream/handle/10.1111/cgf14652/v41i7pp001-012.pdf

AFwICNE, KREEZRARY 20— LZEM TR VAR EZ I T2 FIEIZ OV TR ATV,
FIEX, THEESOMEE, PALmOMEE, MiRICEDAT LV ORISR, & TITEBWT
Ty 2T EILTE T — 2Tk L CRE R Z FE 95 " out—of-core 7R AL ER A FE L T D, H
SH ORESECIX, IREHEO K2 W EmH 7 U7 (prominent vertex) L7=1%, D TE .4
DEEREMEA S O BERE &K OBEREE O H L Ty DA T 5oL IR L ik G A fil
T2, AN HNO AR ER Ty VAR IS S EEAID T 5L L6, Brush fire {EIH
DSEPHEMIBESEATS AP EELZFHRE T L. FIETIISEAZ R E
(512x512x2048)D T —H DA /L b ZBEAF FIEIZ A E D1 TRLH Db DD, 100MB Al
DAEVEHETHETETWDLILEEZRL TN,
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1—] XBCTIZEDEMRFHANZ B T2 7E i A

XHRCTIZPNEE A FEREE TS TE A2 800, BFLIZRY 2— 475 —Z 26t U Rl AT
HZET, FERDHERE TRIE A W HE T T E AT O R TR FHAI S AT REL 72 D LMD BE B
B ~DEANRHEA TND, XFRCT TOR IR E IS B COITEDMH M E L TIE, ZEERE D
R IEIZ BT A 0, SEE O B AR EIZBET 200, JIER ROFHmIZBE T 5
D, BB AL TAL VT NEALENSTZ HIIZFH LS E 200D, 728 O TR EA ThD, 7o
72U, WERROEEMEERIET H72DI121E, IVEFEMESEEREL 352 L Th—H B
T AR T DZEDFRETHD,

(=T =R HERR, =Y VT o, RS, PERERHM, U7 /L 41 Latl]

1. XfRCTEEDON —HFE VT ¢ SRRl OB R IO T
Dewulf W, Bosse H, Carmignato S, Leach R. Advances in the metrological traceability and
performance of X-ray computed tomography. CIRP Annals 2022;71:693-716.
https://doi.org/10.1016/j.cirp.2022.05.001.

A ST, XHRCTEHURE R~ DRBEER L2 AU T D AT DL B a—2EL )
HIVTWD, £F°, AR OWT, —EIZELOHLILTEHY, BREEE B &, BT, JE
G, MIE SR, 7 —F BT LITHATIIIED 8D, IRIT, 2B DOMEREFHGEIZ DUV T
X B OT ANAR (P 7 AR E 7 AN HESIFRE) DY THUIZEDE TR RES
NTWD, S6IZ, BIERHENS B HEIZEIL T, GUM(Guide to the Expression of
Uncertainty in Measurement)IZfE->7- 85 7 1B LN ISO 15530 ) —X D 3 FEIED Fi:
GEEHE, P32l —rar ZEERED BTN OV TIEANLN TS,

2. #EICLDXHRCTEE & O~ LR ERE )3T
Zwanenburg EA, Willilams MA, Warnett JM. Performance testing of dimensional X-ray
computed tomography systems. Precision Engineering 2022;77:179-93.
https://doi.org/10.1016/].precisioneng.2022.05.005.

CMM D52 ARRAHH :1SO 10360 2V —REXMCTIZ#H T D7D DR AV DA ARTA
> VDI/VDE 2630-1.3:201 1 IZHUESHIZTIEICIES T, [Al— g & S D308 TRIE TS
ZLT, RO HEAETYEREREAT L 72, CMM THIRIE I D& (R72 D5 R T 2 KA 3L
IO G L 45 JE B O Bl M TRIE LT R Z I LTz, WSO ORE TII N F R T AR
VI A DR A RS STz,

3. HEFHM OO OREE S

Bircher BA, Meli F, Kiing A, Thalmann R. A geometry measurement system for a
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dimensional cone beam CT. Proceedings of the 8th Conference on Industrial Computed
Tomography 2018:7.

AA ADENAFEFFMETASIZ BT 2FHHHACTOBAFEIC DN TOHE, FEFRITHONT
(IR HUEIZFR LEL TRES N TWD, L — Y F UG A MEM BRI 528 T
FRIR— [T~ L 5 P O BAR 2 IS IERE I E T D2 & TREFRFAZER L ZARIBL T
Do AT — T DBEMRE L | BIROALE 2 EMER L &I L72RE RIZHOW TH ST
Do VDD FH S AT R A PR A L IR CE AU KD IEMEZR I ERE R A G TE 2,

TR Iy i oD JeL A

Rossides C, Towsyfyan H, Biguri A, Deyhle H, Lindroos R, Mavrogordato M, et al. Effects
of fast x—ray cone—beam tomographic measurement on dimensional metrology. Metrologia
2022;59:044003. https://doi.org/10.1088/1681-7575/ac7926.

SHERE R E 2 2D FICmERCTRIEZ RIS 572D, 2 DOT 7 a—F 70
R ORE ., BRI TORE . I DWW THHARTAFTE, 2 b0 T Clifg
DEE EFB0IC, FHERR T VTUR MW T FDK UM B THSD CGLS ¥,
FISTA VDR A Z1T o7, FISTA>CGLS >FDK DOJEIZEARD K EDITHES DI EDN R
STz, BifRE LTI R A T BRI ERE RITIIASAT ANELLE G105,

T IWEA LA TA)EH]

Warnett JM, Titarenko V, Kiraci E, Attridge A, Lionheart WRB, Withers PJ, et al. Towards
in—process x—ray CT for dimensional metrology. Meas Sci Technol 2016;27:035401.
https://doi.org/10.1088/0957-0233/27/3/035401.

ZEHED FHIIRA ] DA v —(real Time Tomography: RTT)OD I {AMRIERE /) &7l
FTHIDI, TTAFYIRO 3D TV 2R EELTZ, 270 mm ORS%E 1.08 FHTAX
Y CELMRAM LD TRy =V T HEE, 8 OCTIEE L L~ TR Hif 22(95%)72°
0.60 mm AN TH 7RI BV A —F ThOHLRSIIZ,
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1—K XHFRCTHHE O WS FEAmN 2 B3 a5 i A

B L, B AT MUOZER (NT), BEIERSE, 1) 7200 Cldkel, 2 aigz 45 A
MOERGBIRL TN D, ZDT2DXHBRCTICIS T 2 BE N CIXC T D (R 2202 R AR,
fifets 7170 & OWERFREE DM, BIE2E OB AT A1 B35 L B BEEHAG C E R C T O A1

PBWES E DR 22 E DM TN D, XFRCTIEE O LB PO 7230 OBV O FABFEHE ([ >V T
BEECICRERENDIT AL, I T, BIREGE BN LD XRCTO B B Lo B $ A
R, AT EICL o TH =V —CTIbT a7 V2 U —CTEa G T DEOM AT T
BY, ZORFEDT=OIT7 — ) U S FG TR0, G DB B -5 <FEAMh A3
ENTND,

\
B CPU <t]‘l'

j 15
HAZ

= TFTARTLA
T EIRIY

Ah EERERE Hh

2-2-1-7: W{B T AT LDORERK

[(Fe—U—F: X#RCT, g E, SR, &80T, 8]

1. CTOMWE I LOT= 0 OB E R F1%4

[Keywords: image quality, measurements, Diagnostic accuracy, Diagnostic efficacy,
Objective image quality, Subjective image quality, CT]
Francis Zarb, Louise Rainford, Mark F. McEntee, “Image quality assessment tools for
optimization of CT images”, ] Radiography, 16, 147-153, 2010.
<[EPEXH C T>

XBCTIZBWT, BB LR ROBWHIEREGLTI-DIZCTY AT LD Y72 bt B AR FE
NHEIECTHD, FCERBW OISO OXMCTY AT LTI, BRI, FfimsBiEsoL
T F O EBNRRETHLH20, MBI T AROMIZH LEY BT A1, BL U
Wk BE DB D ORI 23T O T d, ARG LTI, T D EEER R iR IZ DV
TLEa—L T, T AMIILL T DL DR H D,
#J— (Uniformity, /KiZ 0HU, 22503 1000HU) : CTAEORR A2 % E 14
ERRE (Linearity) : CTEEAF ¥ 2 3 GO R O AR
JAX (Noise) : ¥)—72 B DEIRIZ 361 2 CTIEOAE R &
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B EF%12 (Detective Quantum Efficiency, DQE) : AH /1 SN Lhod 2 bt
ZH=ERE L (Modulation Transfer Function, MTF) &8 O B ERLIME (221845 fEBE

a2 "I AME# EE (Contrast Resolution, CR) : 2 O ERME

F7o, CTHRITEALHNBUE 3 W T2 a3 5720, B R el U Tl B 2 3 Efh
9% VGA (Visual grading analysis) X°, EEEOZWHHEE 23325 ROC fZ#T (Receiver
Operating Characteristic analysis) 2335, ROC T CH B2 RA 55720120, il 79R
WEEDZLDBBR P LEFEDORIKINLDH DD, BEHREFIZB T 5 TIEEHNWHT
AV

B0t 2 —THRKIIEHSNTODEH CT A A=V 7D 5 DORIRDHA
XY T —OWELR G 5 E O TR eRHE - 77 F ISR
[Keywords: algorithms, Humans, Phantoms, Imaging, Signal-To-Noise Ratio, Tomography

Scanners]
P Barca, F Paolicchi, G Aringhieri, F Palmas, D Marfisi, ME Fantacci, D Caramella, M
Giannelli, “A comprehensive assessment of physical image quality of five different scanners
for head CT imaging as clinically used at a single hospital centre—A phantom study”, PLoS
ONE 16(1): €0245374. 2021.
<EHEXHR C T>

TSR I E S ZARIR T 270 CTELE DR E B L ZATD, T DT DFRFELL THIBEAY

HEHREEFIAL, 3 2OA—H—H0 5 SOXBCTIEEOEE O WAL 225EHZ 7 7ok
LEBRIZE FE LTz, WEREME L CUL F ORI A, A48 5 B0 IRLFEBRTOF-
PN LR 222 RO T, TEDRER, #REICBIL TR0 7 nbaL TIRELTZ 5 B
DOXHRCTILE DO E IR EIEO DR S,
I ARV TR IR O CTIEOFE (R 7 (56 Z L OCTEDIEHOX)
237 — 27V (Noise Power Spectrum, NPS) : /- XD 22 [ 4 o547 (B 0S8 (7
7 AF ) | B
g "N AR A X (Contrast to Noise Ratio, CNR) : 5 = OCTIEDE MR ZE 2545
XL B OCTIED %
EH == B (Modulation Transfer Function, MTF) : A2 LAL AR A (B OIZ T
K0 OJEBEIEE VNSV R AR T DMEEE) . MTE 0 50%, 10%1272% 83480 CHuig
Kz "o A ME 4 (Low Contrast Detectability, LCD) : [H{& Dk & 720 &, YA X CTHEY
OEIBIC BT D CTED ITH S (LI A X TEWAH R TE L3 AR
i)
R —ME+E% (Non—Uniformity Index, NUI) : 77 > hARRE/INEIRIZ 5 EIL T2 L& DK/
TN O CTIEDIEHER 7 (v 702 CTIEDIZ6SX, B —b—F =0 770 8 D%
7 IR
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XERCTDT= DEAN T WIS BV I E R O R

[Keywords: X-ray computed tomography, image quality measure, histogram]

M Reiter, D WeiB, C Gusenbauer, M Erler, C Kuhn, S Kasperl, ] Kastner, “Evaluation of a

histogram—based image quality measure for X-ray computed tomography”, 5th Conference

on Industrial Computed Tomography, 25-28, 2014.

<PEHEXHCT >

X#CTEHEDOEEFHEIC I T, HECH—F —MEE LD N O SN R

A AT ANKHER e CNR DSOS RDZ LN L0, BLEIROTRE CIRATHI ST —F

7771“@5”&.“7&5& PEAYNt Tt A b Si: RO fxé%/\ﬁ%é AE T, FadEfborz
WZHE AR Z A T OEEEAETI AT —F 77 7ML W EIR T B B L2k

E’J?‘i%’%’“ﬁfﬁkbfﬁv—1 EANT % v \f:RE%?%%LTb Do

PEEXMCTOAF ¥ BT T, B —bN—R= 7 ROWELT —F 7778, /AR,

BT ORBEZITD, ZHHIECTHEDIEL D& (BAN T LADILB) (8% KIE T, H

g 22O (1 DO EHI LD BRI L 22K /28 BbDHEE, EAN T AAFHET 52
OGO e RS0y (=1,2) b5, BIEE Q = |up — uul/Jor2 + 02 TET,

Q EDB MBI OB DR E IR T, Q EIZITAFEO MG S EIR S RS D, 72721

B DB NG ENDGEIXCANT T LD T VAV LB LR D,

FEARAGZ LD XMW S 1 D fftg e 1) b
[Keywords: computed tomography, Super—resolution, Image quality]
T Dreier, N Peruzzi, U Lundstrém, M Bech, “Improved resolution in x—ray tomography by
super—resolution”, Applied Optics, 60(20), pp. 5783-5794, 2021.
<PEFEXHCT >

2 BT BRI B T RE R~ A /a7 — A X BRARy MM OB MG HART 2 &
VEfRIGELEFTD, T L —HF_—AD CCD TlE, oD FEITE-MD IR0 B
%% (Point Spread Function, PSF) IZ XV EHEIZIELU T 34 UA T8, CTHSR D ZE /M 4> fFEEI
PSF \Z XD #IRE 35, Y15t 88U H#5 (Photon counting detectors) Xl % D7/ T
HFa2AT R, B 7R MY 0 PSF 2B 55D TH, B/ v/ A ZDERIR
ZNEVIR DD D, BIFGEINIL, DT 7 M SV ARG B B 5 & AR B
B AHEE T2 Ch D, ZDTHIE, tHAFABNZ LB M D 7 M E e | ZHEE L
G @R 7)o FICHEET 2 UNEDRH D, Aim XTI, Ser-it s Hesa VT
iﬁﬁﬂ%’&ﬁ5ZE“C“XH'T%CTO)%FE?/\%?E%WJ:?”%)?LC WA CohHZEE R,

ARG L DMRIG E DI b2~ 37720, (TR Oy D ERNG RO 7o 22 i m iz B
(Modulation Transfer Function, MTF) & 10%{[_'?3, 77—V Bz AH B (Fourier ring correlation,
FRC) 8 HI LTz, FRC 1%, & T — 2% B H L4 46E B ICo T CEn e gz
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Do M LR CHHGIZ 2R D72 A e i WA A 4 DARE B CORMNRT EOMBIFR I 1
(ST D03, FHG IR A TP 3 B i MR- W e O M BARR B NS 722D, T
?® FRC H#RA DL &V MEHAEL D A2 JIZ S TIRIE IR 2155,

F RV CTERVVE A BB IR R N — 2 2 N2 7 27 v =) P —CTICB 1%
HEACTHB DAL
[Keywords: deep learning, artificial Intelligence, dual-energy CT, image synthesis]

D Kawahara, S Ozawa, T Kimura, Y Nagata, “Image synthesis of monoenergetic CT image
in dual-energy CT using kilovoltage CT with deep convolutional generative adversarial
networks”, J Appl Clin Med Phys, 22(4), pp.184-192, 2021.
<ERHAXHE C T>

ﬁu;i*&xﬁéﬁfﬂuﬂéﬁoﬁﬁﬂz IZCTHERFCIZ 22V E TR HIENFHELA, 25
DI DT ANF =R DXFRRIR DO EALITWEE A ThY, ZnaFf L CCTIERFLT
W% Rov fé_kzsf%éT:LYJui%/—CT(Dua1 Energy CT, DECT) 23%%, DECT
ThR 2 2= —DBRAECTEBRZAEDZEN TED, TRLF —DMEWIEL AL D=
YRIARDEEL, AR =RNEWNEEE =N R =TT =T T 7 VMR 5, A
ST, WO AR R R R —7 (Generative Adversarial Network, GAN) % iV C DECT
DOEGBEFEL, ZnEHWTE —x27—CT (Single Energy CT, SECT) {455 DEC
TCTAERUBBHRACTHE A AL, 22T, 28 ADEEN S DECTI8,084 AL
BAUEEL, 225 40, 70, 140keV DOHLEACTHEIEE, 120kVp O SECTIHEI % kL5
BT —2L L, AFIEIZEY, SECTHD DECTHH Y OBEEAELZENTE, A A=V 73
ARE T — ZRLBRIRF ] O KB 72 MR D723 %, /NS IE DB BIPED ] L1345 1% DOFRE T
D,
BRI B ACTHEG & EERO B ACTE LD HEDTZ 01T, B OREEIED RELLT
MAE, MSE, RMSE, SSIM, MI AW\ 647z,
MAE (relative Mean Absolute Error) : 2 Hi{&DZEOHEFMEIZIE SR E
RMSE (relative Root Mean Square error) : 720 —FIZHE-SRE
PSNR (Peak Signal-to—Noise Ratio) : Fx RMEEZED TN RE
SSIM (Structural SIMilarity index) : A, N7 AR, #iE (L0 E) ISR E
MI (Mutual Information) : 2 Ei{& D CTIEDM A G 3 F A T DRI H- S
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1—L X#HCT RARAhH) (2B A seaf A

A T, XBCTARY 22— (3 IRITEIGR) MHREAY S 2 EDTRIR T —Z 21 %'cﬁ‘é@
VEOEWTTHH 27 AT —ay (RIS 1 & Fekagakic g 7 T so R 1o
L7z, 3 otk il i, v—k%-ﬁb&@%%%ﬁﬁu\ftr@{d:@ﬂ%@otofx$%kﬁ%b
PLARSCTEAR DR 2« BRI EE 24 3D DI LD, A AT T D FIEI LW T VSO 5/
FERE EIN IS 2B HL - FIETHY, FrIZ, XXL-CTAX v 7 — XD IH72 KB T —
HOMBLRTREM: | FEAX v T — I DAL A Rl IR~ %HG FTBEEZ
WL TS, il A XDOCTT — 2B O Rl iﬁé;feot@§<ﬁnénﬁow RAF7pis
ENRSZHRESNTODN, KEWEECTT — X ~OHIIET —Z D& - E b IRk~ &
AEBEEDY, T —F 7 7 I bR A RSO - .#r””E'@/J\focu\%u:);m@laﬂ%%&%
RDHILTVND,

[F—U—F: X#HCTRY2—LAh, KEBCTTF —%, B AT — a0 bl .
R EE, Ehik ]

HH
)drF
HH

[u—

KHRLT — 2 AL PR AT RE | AR B 2R ] L7 Gl £ 7 A T —2a
Thomas Lang and Tomas Sauer, Al-Supported Segmentation of Industrial CT Data, In
Proceedings of 11th Conference on Industrial Computed Tomography GCT 2022), Poster
Presentation (I) Wed 17:50, online (Wels, Austria), Feb., 2022.
https://www.ndt.net/article/ctc2022/papers/ICT2022 paper_ id211.pdf
[Fr—U—F: KHBECTT —%, ©7 AT —ar BWEE | xEEHEAE, k]
1 SOFT =Z BT SANCB)~ET T3 (TB) ERFIMRCTT —21%, 7aVA
LZESTIARYA R ALBERF R O7-0 | ABLAREIZHE D, Aim STk, Rk Es
OTHEIR B LD | R7 A UBRIER R OB 7 A T = a AR iR R T 5, +—
P TAR 7 BB R RN BN DT IV b2 5, 2 O JEDSEI 6§ 2 R %
BHL, ZRUCIVIFRL 2R — b 2 —< VB N T, T OFR 72V i
MR THLMRER T2, LEIIEL, ZhEEIETT, B EOCTHRY 22— A5
ML, # GB OF — 2%+ HU A TR TELTE, R M AN BAFHIZALEETES
TLHEEIRLT,

2. XXL-CTARYz2—2hb~D Flood Filling Networks (2827 AT —ar i H
Roland Gruber, Stefan Gerth, Joelle ClauBen, Norbert Worlein, Norman, Uhlmann and
Thomas Wittenberg, Exploring Flood Filling Networks for Instance Segmentation of XXL—
Volumetric and Bulk Material CT Data, Journal of Nondestructive Evaluation, Vol. 40,
Article number: 1, 2021.
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https://link.springer.com/article/10.1007/s10921-020-00734-w
[F—U—F: KEECTT —#., #i. B A7 — 3. Flood Filling Networks]

K 10,000° R 7 B/L =% TB (2725 XXL-CTDO 73k @ I LA 5T —#12id, F
DOV T AT =L a ATBLER TR, Fo, 1RO H @Jtﬁ AT —a k., PFEEIXHR
CTTIERHAM N 22072 GEIAR 2560 82) | IR DT —F 77 7 NED B
B, AL, £ TR LTI, CTT —Z T OYIREIAE 8 Cre< MR D58 R
%% JHV 5 Flood Filling Networks (FEN) i L, filiti ki =L ic 2 0 Ra 1552 L%
IR ZEERRL TV, XXL-CTIZE A ZEME D FEAF v T — 2 b N7 AT
—ar C& ,FEN W7 —F 77 /b B e KRBT — 2 b A2 ChHT LA R LT, FNN O
FLSIXI 7 2B RO #E RN ETHLMN, 4RO EBRTIL, %lJﬁO)pﬂﬁuff*@%,ﬁétcé
CTHEICLDCTT —FIZHE SN TR E T L3 I ZH5 H AT HE i:zm\n‘*%
Sfey Fo XXL-CTF —# FHOSE21E 30 HE2ECLE, 28T — 21, %%4’%@0
TARY 2= L THIVIBAF O ILEL + FAEZE TEE Lz, XXL-CTOYE 13/ MEIZS
JCFBICIER L 72728 350 KA B LT, 58 7 — 2Bk B Bl L EH Th D,

RN T = A D E R 2

Yajie Yan, David Letscher, and Tao Ju, Voxel Cores: Efficient, robust, and provably good
approximation of 3D medial axes, ACM Trans. Graph. 37, 4, Article 44 (August 2018), 13
pages.

https://dl.acm.org/doi/10.1145/3197517.3201396

[Fe—=U—F: R7vLT =& Jubdil, FERGE, MH, 3E e —[FE]

OOLTGRO LI E, ZDTER DB I 2R T IORIERICOWIE THY | 57k - RDZEE
T2 OREIPEE ST DTRARERIC (RERE—[RME, (AHIHEERFELD) D THD,
TR DOFRHA LB HNTA & ThHHb OO, ZOFHREIL, Rl OB ZETE D5
BT DIRERLE ThoTz, A XTI, FHEMHENE L R T, BoH LD 1
NIV U AED 72N EDMRGES U F L (R 7B v a7) 24835, A7
TAaTIE A7 VRS TERESNIZ 3 RITIIR O ORKE AT § D0/ A DR AL E
FDIH, O DWIBICHLEDDEELLTERT 2, atHEIT O OKE LD REIZBLT
FEJHNHRIG T DT2D , KT — 22l ATRE Th 2, ITEUE IR 7 A AR
EAFT 2D T, EMERTOIZ RO DITE G2 2— DT —FPUETHD, —fKIZ
CTT = TOHLNE X, SERBODITIEL D /A XTI TE T DBIFE Th -
T2 RFIETII/AXDRERMG FZHIN TBY, FEAXY T =L THIOER
BHLEHIGFSND,

R DIRDORY 22— LT — 270, @I, RO EZ AL - IR AT
Dan Zeng, Mao Li, Ni Jiang, Yiwen Ju, Hannah Schreiber, Erin Chambers, David Letscher,
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Tao Ju and Christopher N. Topp, TopoRoot: A software pipeline for computing branching
hierarchy and fine—grained traits of maize (corn) root crowns from X-ray CT images, Plant
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