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Shape reconstruction from occluded camera images
using generative virtual learning

Tomokr OYA! Meaumi NAKAO! Trrsuvya MATSUDA!

Abstract: In recent years, various applications of machine learning have been considered for uncertainty
included in reconstructing 3D shapes from single-viewpoint images. In the field of medical imaging, where a
sufficient amount of data cannot be prepared, virtual learning using simulation images has been attempted.
However, small differences between virtual and real images can degrade the estimation performance even
if the images are regarded as equivalent by humans. In this study, we propose a framework for generative
virtual learning based on image transformation that assumes common latent variables between simulation
and real images. We confirmed that our methods could improve the similarity between simulation images
generated from 3D CT images of individual patients and real images for endoscopic camera images of the
lung in thoracoscopic lung cancer resection.
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X—& ) ADEEE CNN I & D38 T 5. ABZETHL
72 CNN Ot 2K 4 1IR3, Axy bU—27TEE4
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MO ODEEEEM L 7=. VAE OEFITBWVWTIE,
Ny FH A4 K20, TRy 7300, N—F ¥ )LFEEFIZEN
T, Ny FH¥AX60, TRy 7500 T, MEEIcHE
LTHEEER1.0x107% & LRE{LTIE Adam 2 W=,
HRBEBOMAE DR IEBHDOEFHRD S, Ak =5,
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ARSEFRTIX, MPESE T Mi2s A YIRRMTAG It 2 RER, 206 1
SER O FAENE D & U 78 - {5 331 2 izl
WX LT, MBROMREZIT o7z, FEFNCE VTR L
Te7—&ty MIER 1IORT. BEFEICB 2EEGE
WEFNLDTF—&Ey MZiE, R12EFDSI BT R M —
A VB R BRI RAEMAER FEIE L 72, ThbD, 11 EH]
5 DS T3 A YIBRAT O FATENE 2> S U 7- 58 1L
BICEBIT 2 MlilmElEG 2z EE 7 — 212, ZAUIRE L 72
BDY I 2L —a YE§%E VAE O FBEREAIR ORI HE G
L7, FHBEDODRIZMO 7D, REBGITHLT 2
PRR— > OEEL IR 21T - 7o flilm e E (G 2 8 7 — 21T,
LR O ffdm R E I IG Ly 2 2 L — a VEGE
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Case VAE ¥ - 7 A b
FH

Real Sim &t
01 363 10,363 10,726 10,000 7
02 345 10,345 10,690 10,000 13
03 345 10,345 10,690 10,000 13

I fUR) Is fUs)

====

B 5 VAE! 224, Case03 @ “FIFHEMBE D AR DA,
Case02 : ¥i’/7§ﬁi1u§7blfd\0){’iﬂ

Case 02 Case 03

R 2 VAEIC & 3 EEAHOTHER (%]

DSC(Ir, Is) DSC(f(Ir), f(Is))
Case0l  35.2£13.7 62.349.2
Case02  25.6+15.0 44.6+21.6
Case03  37.8+13.7 57.5+14.9

Hf§IIE, MHERERESR, (BRI 21T o 7= ffifmss m g it
JEL2Y 2 2L — a VER, BXUSEFICBWTHE
ENEFNCEE LR T8 X—EHLe LT, Hhii
FEGITE A X ZAE O BRATIANS 15mm, HEEIm, Mt
FIANC 25mm, FHA ORI, #EE77ANC 15mm,
FRAEGI TR D A X ZHB O 3 /1A, 8 X CTHEHERD 2
FHIENZ 10mm, Ffid LIEAEZFEENR LIEAZHLE L
TO0.1 DIETENT A =R EEIER LIz I aL—
> a YR 10,000 ETF— Xty MBMLZ. FED
3 al— a3 VHEBR 10,000 KEANA—F v VEHD T —
Xty bed 5. KB, REBRTHWZERIZ 180x120
pixel {IZF—L T3,

3.2 EfRE#

AEITIEIIRHEEANDISH ZRE Lz, MRS Tlios A
UIERibT A i 2 SER], ZEfl UERIcBIT A I ar—Ta Y
[Bi{5 & SEEGIC HEA O IBTE AR 2 ROE U 72 BHE IR D FiTE
BEfiole. 875 —&, BLXUT A F—XOMBRIEE
1D@EYTHB.

M 5 3 IREF KB 2EGEEFERTH S, 1R 13H
[P T Aifis AL UIER O FiliEhiE 2> & i L 72§ L g B
\F B ISR, [ E IR WSS LS 3 2L — a v
%, f(Ir) & f(Is) & Ip, Ir OZHRERTH 2. RET
FEIZBWT AMDFEE L A7 TR O R 2 OB
FE—OHEICERINIGE, Y32l —Ya VEREEE
G OELMENRE 2 e NEZILNS. 2D, 1
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1 2 3
Case

6 TIEHEFER. Real 13V 7%, Virtual 13N—F v L%
%, Proposed IMERFEERLTWVWS. FYE (HELA) 1X
Proposed 23/

RHRC BT 2EGEEDIEN L TS0 I & I, f(Is)
Y f(Ig) DFMERSE CHER L. ERMOELE L L
C Dice Similarity Coefficient(DSC) ZHW 2. DSC i 0
o 1OfEEZL D, EPKEVFZEELENES VI 2R
3. X5 OfTlE, Case03 THA DSC76.0%, Case02 T
&/NDSC16.1% TH b, ZHFID I, Is D DSC &%
NEN45.1%, 15.3% THo7z. Case03 T I K D
THENS 2 2L — a Y CHBTE 2R~ hiz
e WHEETHERETE 2. £/, Case02 IZBWTH f(Ig)
G Is WML 2R B L T0 32, Dz 50
HLE L o 7=,
R2IWCHIEHNCBI B Is & Ir, f(Is) & f(Ig) DFELL
EoEEEERY. ST R N E{To7 3IEFIETT, &K
FHEICIDEEBGRYE > I 2L — a Y EERBORELE N
AN BFEHNCBWT f(Is) & f(Ig) D DSC 235
&m0z — v (Casel3 scenell), wbEDP oS —
(Case02 scene05) ZX 5 1RT. ZNEN f(Ig) & f(IR)
Mo DSC 1% 76.0%, 16.1% TH - /=.

K555, KFECIDTI a2l — a ryTIIHRBRE
HE RIS OWMFA S I 2L — a Y THBETE 25
LW Z e DSERR X 7.

3.3 FARHEE

AREICIE, MPESE T IAs A UIBRMT AT 2 iERI, Zeft 16
Bl FaEhE > &l U 7z & 1IEEH{§IC 380 2 Il lE 5
X UT, WEIRHEE DEBRZITo 7. IREFEORMNEE
RT 2720, 212EHD>H, 7 M7 —Z 1iEBIEER
Wz 11 RER 5y o Ml T i3 A YIER o FikiBieE 2> o
U 228 I B 2 ifims G r 87— & & L%
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x 3 JPIRHEEFZE [mm)
UTZNEE N—F x VEE REFHE

Case01 72.0+15.8 17.3+6.7 13.94+4.5

Case02 55.1£11.4 28.8+12.6 23.7.2+14.1

Case03 121.5+12.4 34.7+£18.3 32.0+9.7

Max Input Output Target

Real ! :

Virtual Original
Proposed

Min

Real %\

Virtual i Original
Proposed :ﬁ

7 RHEEREROFIELE. F£FED Output & Target DL~
2V ¥ MGk g

BEE (LT, V7V EB W), SAEFICE W THEE
DHEANE L2 FMRFD A X T 87 X —RIZH DX, 3.2
iy FREOFFATHENRT X =R BB XEER LIS I 2
L— a YHE 10,000 REFE T —X e LieAN—F v b
¥, R1WORT T2 2EE T2 LRRERFETE
RHEE KGR 2 et L 72

U 7VEE, N—=F v VR, RBEFED 3 FHEITBY
T, #E LMEEIR e BEfE e 0 T z2dHii§ 5729, X
(7) TEFEZ XN S Mean Absolute Error(MAE) 12k D, &
X 7 R TO=ITRE O3 235 5.

MAE = % ; |Mpv; — Myt (7)
T ZT My, My 3z e e R M OHEE S NI HAT
FITHY, v, v; FENZIHEEMNRKOHEE SNz v
YaDEHRNMETHZ. MIFHRTNRTX=2EIN
THHX v 2DV YR ¥ 7B EERT 2 BROBHEEE
ZHUCHOWSND 4 x 4 DITFHITH 5.

B 6 ICHBIEFNT BT 2MERFEL OHBHREZ RS
U 7V EE (Real), N—F ¥ )LEE (Virtual), $REFE
(Proposed) OJEIRFEMRGRAFIH, I X OFIIHE (A) »
5, DIEFNCBVTIREFIEOFIEIHA U, a2
NI TWD Z L DR TE, Case0l TIXFRZHFH D
RENDEETH 5. FREBIDV 7N EHE, N—F v L EH,
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Output Target

Output Target

‘&l \ag‘(
L W « r\l/o

Output Target

8 MEFHEICLZBIRHEERR. (a) Case0l, (b) Case02, (c) Case03 1231} 2 JHIKFIAE

JRARERK - N DBE.

REFHRICBI 2HEZIRIOEY TH 5. JEFIRITHE
WIEBOXEH B, V7 AEE L MFEICE T ZRED
ZIFHLDPTH D, N—=F v VR IBEFIRICBVTD
TR O LR TE 5. £z, K71 3 EH
BT 2R FIEOIREM R R S TR D R D
LBERNOEGE R, X8 IZHIEFNCET 2 IREEED R
KOGE e RNOGEERT. K 7 3AimeRmEGE A
L, VFZNEE, N—F ¥ VEE RRFRIBIT SR
HERMER, BLXOBKROEMEZIIAN2bDTH . #EF
HFEIZB U 2 TIRRZE R K DOHITIZ MAE 62.4mm( [ —
YD 7B TIE MAE 138.7mm, N—F ¥ LFE Tk
MAE 54.2mm), &/NOFITIE MAE 8.3mm( [ — >0
Y 7 VEETCIE MAE 85.4mm, N—F v L2 Tld MAE
5.5mm) & 785 TW\Wa. JEIREMGERAR K DB TIIE G
ZHOREE DI, THIRFEHRGERZE R/ OFIC IR IR
AIOEGAS I 2L —> a Y THETE 3MEMEEZE L
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TW®, 7 TREANA—F v VEEHOTPREFIELD
BEPRWHERY o7, K8 T, EMCmEo—BE
BUVD5, FBIERI TR RN 72 5 72355 T
BERE TR FIRETH 2 Z e AR T E 5. TP
IRFREAGEZ DOfEIE, X 8(a) @ Case0l FA 19.4 mm /)
8.3 mm, X 8(b): Case02 K 62.1 mm £/ 10.2 mm,
8(c) : Case03 £ K 62.4 mm /N 9.7 mm TH o 7z. BIR
PR RGRA R K DB E X EERZEIRIC X D WEEN 2T
5 Z e THREMET LR DH 5. X 8(b) TIXIED
VBRI Zfix i, X 8(c) TR = EEWHZ
Ll 7.

20D, TAMr—Ar Lk 3ERCBNT, KERTF
RIZ X o TUBPRHEEREEEDSA] |32 2 L SRR S N7z D
DIFRMAFTRE R L AL 3R BTz, FHS, AX T
friE ¥ ERR O BERED Y 87mm & FRERAYIE W Case01 T
W EREEICTEIRHEEDFIRE T H o 7283, B X Tl e FEH
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S OFEREA 118mm, 102mm & 72 - 72 Case02, Case03
TIXGREZEDI R E L R AR I o 7.

4. HHDIC

AP TILXPNARSRE I REB S 2 B—EERh X 5 ]
52> & DR ER D FARFIRE KR LT, BB —F v
NEBORMAEIRRE L. WK T b5 A5 545K
IN/zrIal—ya VEHBIZED S N—F ¥ LEFIC
Ko THEETF—XDDPREIAMIEL, VAE IZ & > TEHE
Brr > al—ya VEREICHEOBEEZRICHE O H
EOAERERAN DL Z R L 7-.

Gl 2 GEF, el 1 RERI o BafEsR T Bifias A YIRRN O Fifi
D S L 72 NAESEESICN U TRIREE R 1TV, 1
RTRERFIERTIEY R LT & D EEE IS IR E A T 6E
TH3IZrEMERLE.

HEE AW HANRELS R BB BRI
(B) 19H04484 K 21H03020 OZHRIC K 2. BEMAD
FMEE K O 3 Kot CT Mg & R MEHW 4B REE
SRR R B P AR AR S ) A I O B R R L
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