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Improving the accuracy of 3D reconstruction

of the surgical field in endoscopic surgery

Takayuki Kitasaka
(Aichi Institute of Technology)

Abstract :

In this paper, we propose a method for 3D reconstruction of the surgical field in endoscopic surgery. The
endoscopic camera image has a narrow field of view since magnifying a view of the affected area, which may
cause accidental injury to other organs or tissues by surgical instruments outside the field of view. To this
problem, we have developed a new trocar (a cylindrical device that holds an endoscope) with multiple ultra-
compact cameras, and have attempted to expand the field of view by combining images. We attempted to
estimate the depth from the combined images and to reconstruct the surgical field in three dimensions. A
machine learning method called MiDaS is used for depth estimation, and a distance map is generated.
Experimental results using four ultra-compact cameras confirmed the feasibility of 3D reconstruction of the

surgical field.

1. FUBHIC

1.1. RDOER

AR, X & S AHCRAT EHEE &R A DA ERISITDI TV S, ToREHELT, A
By e FEEMR O Z e U, FRE RRICH SCHEARe, 2~ — b 7 3 ¥ TOE RIS
ZIEPTEEMTES AT 6N D, £z, RESIISHO TS, IS FPlrcan s« i
WTARNO BT X 2 1UET 2 7%, Tl H LE 0 3 KT 2 ML EBfR & /8§ 2 Z & TEEA

— 233 —



DI EIERL, FHRiORENEEZED 2MENTTDhTH5S. RKFETIE, ZhoONRsE
Z, FERCHEWESTTAGICFE 00 2 Y T CHRAT & e ICHLD Mlde

MEESEFATCId, MEEBICIE RS ~12mmFLRE /N X 2274 3~5 & ANE E R, PR Tl 8l
T, NP IBEEIATE20DK— P EFRET S, FiA SRS E U T Sz igrEn
DMYEHN T =& —I2FR IR, RN ZDE= 2 —& /A5, o — b &@LU THA L= Tl
WEABEL TFETS.

et T, BRI A R TREDOURAO AR D L, BN S W=D EE RO &0
MR D B, Fz, WIRTIIHEEHLHEL O THYRAZMUC TIETEZ 2T T 5.
—HT, E=X—ICMLUH I IMUER2KITTH 5 7=
W, BATEEHAHEL S5V W) E S (FET 5.
IO, T= 4 —WGTIEHH A HE L & ¢ 1
U2 WHIERSRAE L 22BE, i /IS A HEL < 7 57
B2 D 5.
ZOREIHIBT 5720, KK TIEE= 2 —Bg
A 3WTLMNIEICT 2 P& #ET 5. KLTnT &5
12, T4 IR RS AMGIZ2KITTTH D, WiTE
DI IR IS KL IRETH D, & LE= 4 -G
M 3WILHNCER I N DB K cxuE, wiklEha O
ERR A & 0 B C BT X, Fiioketkm L
HOEHEE R T & 3.

1.2. KFFEDHREY

o &5z, WEEEFRIE, BENOREMENE VSRS D 55, T=4 % Ao
AT REIOBEHIZ K E . NG S 2 70 685N EBEN ZRICTH 5 720, BT EFEHRAN
L, BBOIEMERMBERERAIET 2 Z AL v e S FEAEET 5. S, R RT X
WAL T B ZEI2&D, M VIRES P RIRAANOHGE 2SS & 55 Z b 5.
AWFZETIE, BT S HEERN & WV T2ROTHMIE &2 3UOTHY IS FHRESE L, Tilirh O 4 KR
ZiEfld 5 Z & &2 HIET. BARIIE, BEE AW U CAREME ) & EREE 2 BT = A
AL, ZOEMERCTFMREO3RITH it 2 FEB 5. RKRFHRIZKD, [RATAEIBONM
ERR A B 2D IEMEICIEE CE 2 L5112k, FilioRkete Rkttt mbsgs L i,
BED) 20 BKT 5 Z LS h 3.

X1 g4 A—Y [1]

2. RITEHERVMFOIXRTETOF &

21.BIE

RFHETIE, ALZWEH U220 2 F, iR B2 & SRR 2 AT = 153 4 BUS 4
5. BHIRMIZIE, M- 238807 x 7 T L 7=Mg % & LICBEHE 217, miffo 2
FAyFUTE ZRICEICEB LT, il A 3RICHIZ AL 5.

2.2. AIZEA L -REAE

GEHEEIZIE, ATET VL [MiDaS] [2] 28§ %. ZOEFT VI HFIAEFEADEAIRA

— 234 —



— I3y b7 =2 CNN)AZHEE LTED, H—Omi§s o HEREEHREHEET 5.

MiDaSO 7 LT X LZ M FOFIETHES 5 ¢

1. AJJH{§ A EHLL, EFLOAINEL 294 L2 4 X4 5.

2. CNNA#@BU THY 7 YL OREIE A HEE T 5. T ORISR IR IS < fm % 2
FLTREINS.

3. HEEARERE L THONBZEE Yy TEIERLL, Btk T+ 3. HE~vy 7T
13, EOREERAR, EOWER S TERE NS,

2k, BT XEREEROICHBTE 27200 TaL, MO RS &R 5 5k 4
Wi 5.

23. E&RDRAF 1 v F T

RO H 4 5 THS L 2 E SR8l 28545 2ok, ISHMOMEMG 423K 5. X
T4y F VB EGHA Y 7 Y = 7 [Panorama Stitcher Mini] [3] #fiFH L 7-.
Panorama Stitcher MinilZ L FTOFNET/ /N T vl 246k T 5 -

HHR O 23 2. FREuiiiig, E{RORE R v O O LK E Wi & il

T3 FHTIrbNS. ZHISKD, ERNORHEN 2w A R S 7, PO B TH{S R O XS
EROTBHMAREE NS,

2. HEBUIH OIS ERE L, Th b ONEBGREICE{REAKROLNRERTITINEGTET 5.
ZOFHNC KD, EHROMFE 2 BIRE EMEICRBIT 5 Z L nREE 5 5.

3. BHRLU 22283751 2 U Clfg 2 52 g L, fhomifg & EfEicE RS b S, Z
ORUFIZ XD, SRS — SNl BE IS,

4. ASERRE T, ERBOBR AW 2 ICHET S TV VT v M EE L, HAGRA
W5 A LS 5.

ZO—HOFHEIZKD, H—DH A T TIIXHEG AR L IAHIFH O HE DR X 5.

2.4. 3RTTETT

BEHEE 2T 4 v F Y2k BonzT— 2 2812, TOmGL B 6 3RICEICT %
W~y TEAOCTHRTEEREME L, TGO GERE MAGDE S Z & T ERITrBE% £
L, OpenGL% FHWT3RILIEILT 5. WEII LI T O FIETHEET 5 -

1. H®E~ v 7OIEHIL

W~y TIIMHMN AR EARTHEE LTERI NS 20, 12 T7DXR—=Z2 T4 v
TR 2 2 7 —VIZZEWE 5. AUk b, FEEEOFENIED < ZRITREEET — 4 % E
AlREL 75 5.

2. “UTCRBEDER

FHIL SN ST — 4523 L12, BE 7 XD, )L EEH) &5 L, =WorZem b
OREEERT 5. 72, FRUCBITHEGOEEREMS L, SRR ) 7L ARBEZFBIT 5.
3. ZRILET LD

OpenGLZHW TR T — 4 2 b3 2. M3 EE ROBREICHE S h, &SRO ERER
SWITIC M h . B AABICE TS5 2 LT, IO AN A A R T E S,

— 235 —



4. 7 4 ZkpE LA O Rl

RET — 2123 s 2 A I EENZ 720, HBRAME LTI FEE G274 0520 v 0
20, ANEETF -2 E2BRET 5.

ATHECKD, Wk E CARNICHMEL, TSRS TARA3RICE RE It 5 Z
EWTREL T8 B

3. ERERRUVEE
3.1. EERIRIE SR
M REE DN—FTB-DITH A FT4BEHNT

Mg 2 I L, MiDaS#& W T X h =2 flic &

D, 3WILEILE T HEREIT > /2. RUZHEERE

CPU Apple M1
oS macOS Big Sur

versionl1.2.3

BERNT. AEY 16 GB
3.2. ERR#ER AT Pixel 6a
3.2.1. 45D X 7 4 b DEHEEIK f# /1 v 7 | Visual Studio
RN MR (M2) &, 27 4 v F ¥ ZERIZK k Panorama Stitcher Mini
D 1O DILAHE s EfgIc Ak E 3 (X3). S35 | Python (OpenCV
3.2.2. MiDaS % H\» 7= ZR 5 I E Open3D)

AEE{R A A& LT, MiDaSEF L %MW\ T
W~y ThRAER L 72 AR & X428,
MiDaSi3, Hif§HhORiTEERAEHEEL, X7
IV A2 <, B AR BT B2
&T, HEMICHITZ 2 RBIT 5.

3.2.3. VEHEE O KGR HIE

W~y 7 (X4) 13, ERENORBRINT 5H
) 25 WAT E WA R T 5. ZhEaHwT, #
AT o WERE CTHREA 20em& U 7Z2IFIC, £
TDEEE0em~5emE TOMTlemdTOE <L L
TREIEWE Z 1T > 72, B A T ORI & BTN
JEDENEL2ITRNT.

3.2.4. 3WILIETLAER

MAEIE (X3) o K OWE~ » 7 (X4) &1, 3
KICHETL A FEHE L 7z, HI5ISRT & 912, AR
SOAERINZIRITTET ML, AT EShEEE
vy TR LMD X, RO FIRC BT
XABBILTWS, RS, BE~ Y TOMRGER
I A ZPEICRERICHEN s B e 525 2 &5
-

X2 4BDOHA7 &ML THIZL 2z

X3 AR OBI

— 236 —



3.3. ¥

FEEROKER, A x 7 WG h 5 i O 3RICIEITAH
HRECTH B Z L &ALz, Lo L, HICHEIZT
FCIEEL, WSO2»rDORERD D, £9, HE
< THEBRIZEK T AMiDaSE FILOREEIZE L T T
bHb. ERSINEEE~ Y 7 (X4) 1382/ A4
ZREENTED, T4 ZH3WICIEITCHER (X
Stk T I L LTHAS Z LR S h S
7z. Tho ORER, TEICHER OGRS T hg
HEKTSE2ERE LTS, & 512, MiDaS
DRERE I (£2) Tl&, # 4 7 DO S AT 512
ONT, FREEE ORE MK T4 2 Em s R S h
2. ZhiE, WEERB I A SOFRL2PE L TLE
H7ZOTHY, W ATOEHIVPENT ST LTHE
Y& ORI 2N ERRSZL L, HEHEE SR
BIZEBZENRETHIEHEL6NS. ZOME
RS 2 720120F, I AT ONEE —EIZHROL
KR, JAFAL v XRMIRY v X% I THEY 2 frak
THFEDEDITHEEEZOND.

X512, SXILETLICH T BT IDFEEH LI, M5 300 BmR: R Op
W~y TICEGEhE /4 XIHZOF FRET—4
IR N TR ZERFEREELSNS. ZOMEERERT 5701213, BE~ v TER%RISE
74020 v PR E L, /A XERETDHZEVRETHS. HIAIL, HovTrT40
ARAT 4T VT 4 A s EDOBEIFEEER A Wb Z LT, BE~Yy TOWL» X A LEE5
ZENHRET D 5.

X4 MiDaS% F T IR NIE L 74k 0

SEW
(1] KW iE e g2 F1hi- RS AL FWPE, https://www.yamashita-hp.jp/suijun/geka/large_
intestine.html
[2] R. Ranftl, K. Lasinger, D. Hafner, K. Schindler, V. Koltun, “Towards Robust Monocular
Depth Estimation: Mixing Datasets for Zero-Shot Cross-Dataset Transfer” IEEE Trans. on
Pattern Analysis and Machine Intelligence, Vol. 44, Issue 3, pp. 1623-1637, 2022
[3] DG Lowe, “Distinctive Image Features from Scale-Invariant Keypoints”, International

Journal of Computer Vision, vol. 60, pp.91-110, 2004

— 237 —





