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Application of immersive 3D imaging technology
in the clinic medical field

Tai Yonghang'?, Shi Junsheng'*"
1. Yunnan Key Laboratory of Optoelectronic Information Technology, Yunnan Normal University , Kunming 650500, China;

2. School of Physics and Electronic Information, Yunnan Normal University, Kunming 650500, China

Abstract; With the development of modern imaging 3D reconstruction, haptic interaction and three-dimensional (3D)
printing technology, the traditional concept of tumor surgery is undergoing unprecedented revolutionary changes. The tumor
treatment is not limited to traditional open surgery, large-area radiotherapy, chemotherapy, and other extensive treatment
methods. The popularization of individualized precision surgery planning means that “precision medicine” is gradually
applied to clinical surgery, and “precision medicine” mode will also make the treatment of tumor enter a new research are-

a. The physiological anatomy and pathological changes of various organs of the human body are presented as a three-dimen-
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sional shape, while medical teaching images, diagnostic medical images, and various endoscopic surgery images are mostly
plane images. However, how to interpret them often depends on the professional experience of doctors. This plane display
mode limits the effect of medical training, the accuracy of interpretation of diagnostic images and the efficiency of surgical
operation. Modern science and technology, stereo display technology provides a carrier with a higher realistic simulation
degree for binocular vision function and training and has become a joint research hotspot in the field of computer vision and
clinical medicine. Before minimally invasive surgery (MIS), compared with the traditional planar display technology, the
immersive stereoscopic display technology can provide more vivid and accurate 3D human physiological and pathological
images, making it easier for doctors to judge the layers, shapes, blood vessels and other complex structures and anatomical
relations of lesions. At the same time, it can also provide immersive surgical situation simulation for medical training, help
doctors quickly master surgical skills, further improve the efficiency of medical diagnosis and reduce the risk of surgery. In
the process of minimally invasive surgery, the three-dimensional imaging navigation technology for augmented reality can not
only make it easier for doctors to judge the position relationship and distance between the tissues in the surgical area and the
surgical instruments, but also provide surgical navigation by superposing the preoperative examination images of the same
location. Which is also achieved the accurate minimally invasive surgery. Besides, in the field of remote diagnosis and
treatment, which occupies a significant proportion in the sharing of clinical medical resources, stereo display technology can
provide the more accurate depth information and more dimensional image information for remote diagnosis, online consulta-
tion, and robotic surgery, so that the remote display results of medical data are more authentic and practical. Although at
the present stage, the unadaptability of display mode conversion, partial information loss of 3D reconstruction images. Fur-
thermore, the visual fatigue of users is still a problem that needs to be overcome in the field of clinical medicine. The three-
dimensional display technology still has a broad space for development in medical science and is a new driving force to pro-
mote medical progress in the future. This article comprehensively analyzes the stereo display technology in clinical medi-
cine; the application of minimally invasive surgery is summarized. The research status at home and abroad in remote diag-
nosis and treatment, from the image diagnosis and surgery training, planning and navigation, the training and education
from four aspects, summarizes the stereo display technology research progress in the field of clinical medicine. This article
fully analyzes the stereo display technology in the application of clinical medicine, provides an introduction to the field of
minimally invasive surgery and remote diagnosis and research status at home and abroad, from the image diagnosis and sur-
gery training, planning and navigation, the training and education from four aspects, summarizes the stereo display technol-
ogy research progress in the field of clinical medicine. Clinical medicine in the future, with the aid of a 3D image technology,
mixed reality technology, interactive technology, and a series of cutting-edge computer technology, can be more intuitive,
accurately make the mixed reality device presents visualization of three-dimensional graphics, and provide a series of digital
simulation tools, the surgeon can be based on the data communication with others, better-making operation plan. The
extended reality technology can be used in the teaching of medical anatomy so that medical students can more intuitively
understand the structure of human organs and their spatial position relationship with adjacent organs and tissues. Simultane-
ously, as an essential achievement to expand the combination of fundamental technology and medical research, virtual sur-
gery is also one of the hot issues in medical research.

Key words: stereo display; augment reality; image reconstruction; surgical simulation; surgical navigation; remote surgery
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Btk il 2 N TEACRORS TR T O 26 RIS 2Z, i
NG FPBER R A2 5 7R, J5 &Rk 1 Sy e ik
H4 AR SZFF (Stepan 55 ,2017) . BHLT A9 H B A 2
FET R X TR R TR — Rk R
T I B SEAE  H S A R AR Sk, 8 R R A AR
TG TR Sy HARA i 4 A, I8 (2014) T
2014 AE4R Y TR T E G R R G BEAILS AR
gt B 4 s sl R Gl A L Es A4
AR RE S mtlas NPERE N & A2 19 SR TR )
AR TR SEAE Tl RE
TR ST AR R HOR | SRR A J 90 56 H R
(extended reality, XR) , HR & W 28 3 UUIR AR 56 A0 R
[] | LA R LS A5 5 Mg 400 B 5 1) g S0 4 5 P B 2
SN EPAIRSE (virtual reality, VR) 455 PLSE (aug-
mented reality, AR) Fl{E & Bl 5 ( mixed reality,
MR), K 1 # R 93k %5 i 78 %% ( helmet-mounted
displays, HMD) J& VR {75 £ 48 B B3 3k R FH 1Y
— MR R BEAE (BRAE 55,2006) o ARETTHEHLET
JZ 434 ( computerized tomography, CT) DL S #% #f It
P& E1% ( magnetic resonance imaging, MRI) 4§ —4E[X]
AN 3D BEAY G, Dk d d s A 9 fige i) 45
Ay, fdT 5 A BB AR A1 155 0 B 4 b ol i TR TE R, it
A X IEL A RE A% X Sk B B AT 0 4 28 DA R it A ik
173D Ml (IR AR ES M BE S TE VR Sk A8 vh R
e, LAk WS e i DI 5, 1 2 A= RS B 44
RN MRS IR IBR B, T AR HORZH R g
Y B SEh & I, - HLRBAE 5 K 00 2 Wy AT S 52
b i AR BREARTEEST | Tk A E S SUR A A7
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%‘%

TRASLES (reality-virtuality continuum) 5
[ e R e

SRS (augmented reality)

K1 RS SR B

Fig. 1 Concept schematic for mixed reality
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1.2 ETEMITHMEFARKBEEIINAHR
ARG T ARAA L ) T A i Ta0708
PR R B2 30 0 S5 I S TR 2 —
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MR T RN BB T AR5 AL 5 T AR K RE R I
T AT AR AR AN TR 2 LR Ak B
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i VAT L T TBE 0] M B B bl R R R
AU E T b E A BV B4 i 1, 92 [ S T N
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tinal and Endoscopic Surgeons, SAGES) Fl13& [E 4R}
B Ifi2% 425 ( American College of Surgeons, ACS) k&
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BT I8 UE T MISTELS ( minimal invasive surgery,
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2001 4, & THLAF NIRRT R B 52 KM B2 T IR AR
MATEY LR | 32 [ Instuitive Surgical 23 7] ¥ H )
KT F AR G5 NTERLE 551 T 7T LN BE AR
HETF OV TR BOVLERAE IR AZ | 8] i o ] DLk 8 o 2
At TR R FRIE . FITEATE K
BRFEARFTHRAE 45 =48 10 ~ 15 51 =T K
RAYSEAAR G AR BT, BE % S0 37 i A 3b 56 A
HLUE AT ARG WA, T AR ERS 2] T
PRBE BEut LSS, 36 Computer Motion NTEITF R
il 7 ZEUS(H #7) Mlas ASREFAR R4, O HAG 3
T 3E M FDA (Food and Drug Administration ) TAHIE
(Feng %,2012) , 2003 4F— % it 2 i 81 /M B F A
Plis ARG H AR 50 R % 5 UM R A 58 il
FEEIATFA T AR FR S (da Vinei Surgical System) |
BT B GB S6F T R A RHILER AN, HRTE 7R 2
ANBRBE T, I R 4 (Liu 45,2017 ) . 7 2006
AFE—2007 A — ], 56 AR U2 A T & 1
RAVEN iEF8 T AR P& AZEAT T4 2% 19 52 55 ( Khan
S5,2017) o SEEQRSROE R E BN R S, SR ER
B i PR 58 53 0l AT K B 5 KT G R 4 A S
By, 2012 4, 56 [ A9 208 8 8 oA B DIk Ak
FARYLGE AT | 2 55 Ty 58 52 il (Y B S5 T
T—ERE BRI T RPN RS (Escobar-
Castillejos 45,2016 ) , Fifi & AL#% A+ AR 7E AT FA
U R R L AR PERETS B TR KR R 1B A0 RE
e B O S RSN R IR, [ SRR TR
Plas ARG A B BA 3D miH I R4 1
TR AEIT BT RE s it | A A PRI S

e HRORRGAJE 1 I 8], S 1% GE 07 ¥k O Ak ke 1 % IR
SrECIE, (HRATE TR RGP E A Bl
o N AR ELA A% B3 B S L

2 ERHARHEHE

2.1 ETEMIRINHBFHINBZNAHAR

TN K 0L B0 S A oy FH 8 i S 28
] P4 8 R SR A LG T TR A — i R B 3 ), X S
T EMEE AR T mA X 5, fEXFMIERT,
PN 11— 2 g I RN 5 BN AT AR AR X SR A A T T I
BCAR G Tl K2 F 2014 A-# ] Unity3D 45
4 Kinect FHEAGIH ARIF & — K Ag g 1k 2 AR
BHPEZRa ) oA A | 5E Y kR LA ) 22 R 4
FHNEA 3 B FLARE B ] U] R 2 4T 1 A e 48
HTC Vive B89 N T 3D R G525 A%, K ke
PIISEE AR IR B 2 B AL A W B 2
(VARVA LN IRV~ PN NE A ERY i 4 S0 S (LR ERA
FE 5 0 IR ) R 50, DA B b 5t 2R A0 /A
(R HE ) B 2 — AR P22 45 (RAE 2006 ), Fifi 5 ME AL
PSR A A AR, LA R FE A A B i ) 2 SR A
T PR RN S R A 15 2 A0 P s B T R A A
B F B BB S AR BT A 5 (1 HE 2 R 5 2%, W
HIE R AR LR R (F A% Xt h
HEARBGHRAE T B TR 25 8], BT DL T ok i &
T B RN R B Be il A TR A B VE RIS
22 ETEMRIHNMEIFAIKELEINNEA
T

FETF B A S A A A AR L B BRI A g FH AR 5
A P & RIS o B R R BHLE R BRI
B N BPNEYNE e y/BL FE T S TIPS )
AR B R BRI | [] 2R PR SR A e
T SR AT AR B B S SR R Sy AR
PLFAR YNGR | P75 AR A B A A 1) I8 A8 Al
J 5 77 AT LA 3 408 4 B o e AT ) D A5 4
JREESy TR Bl 1220 B8 SR T B R AR 5, Bk
4£(2006 ) ¥t F1 [ 4515 45 1 FH 31 /N BRI K 18 24
o B 8/ NERDE I B S T K ) TR
P ST AT FLARAE ) U5 iz A = 2 v g
F14) I 400 0L S A DAL (14 40 5 T A 380 05 R
WITAF RS, TEZERMXN4 (2016) FFE T —F I
BEVISR B AT AR A5 BN & 5T, 38— Rk
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FHASTR] )6 ] & lf 38 K U 79 Capsule-Sphere Ji A filf
BRI 7, 7E2Z A58 b B —Ff A —H 4
R (10 IO A BB AR T 3, I A i A 5% 1) o UL T
VN A 5 W | A2 /208 [ 7 NN <35
RE BT 2015 FFHEH T — A 2UHELE R P51
AR SE B 7 5K, X B ARl Rl FEE A I | 2
LU A 55 AT AL, DL AR R 1
T B EE I O R (Qian 45 ,2015) , &R E HIA X
T 2020 A4 T — LT AE SARHBAESE , mT LA B
AMBFFAR FR R A2 2 2 (B A 58 HAEH (Yu
45,2020) . EAVCECIFAE AT 4B A LS B IR
Z IR F SR S T — R R & 5 12 %
T ELA T L SISO ik i PR L BE S 38 )
BB SRR (de Paolis, 2012) o Fu %5 A (2020)
K BRI AT T B2 A FEREHEL 28 VBLaST-SS
EHEAT 150 VIR AT ik, S 5 5 IR NS
ME LTS BrHime s T B8, It HIRE
2 G HReS B TR
2.3 ETHEALHNARPSRHNEARR

BT BG5S B R Hh A Y B, 3R
JRE R RS TA] AR X 5 L e AR A N (2004 ) MAZS ] 58
7 BRER VG JC R AT R Ak T TGS 35 1 R S Y SR
FARBABARBAT T 43 B E738 X H R G S i FH &R
GEIEA TR RS i R POL B S B R TF 1R % A Ak )
ANFTEAEF . H 2008 4F, Jb s T2 it K2 B 0180
FHAR(VR) 5RGEZEALREIMG T VR TE
A TR ARG R T —Ht 3 E A = HR
FEROGERE B T E N R B SE R A ST, A N
FEER AT AL R R 2 bt 38 TR 2 Rl v K
2 A8 TR T 8 i B S B AR X T T AT A Y TR X
— RO LW 0 I E AR KR ) — A5 T
FIEAE N (2008 ) K i FOLBE U R N A S P9 455 R P
FUG LA B TF AR a3 3 3 5 B SC H R BRI
T Ry 15 A PG N S 5 85 4 1 o 0 4 )45 8, [t
WAL FARSE: X IR T X FAR B0 5 4L, 2
FETFARG R G LM, WIBEZE4E A (2010) X
R AN CT F1 MRI 91T 0N L U3 B 1) — 4k
B, I FH = SO A RS 2 TR 4 | i2
F DLT( direct linear transformation ) B AR bR A U ,
AR P 27 IR B 2 X T R S e SR il A
RYAGBEIR B T 2K, i e T AR B ST R4
Tk, HHRZMARERSE AN (2010) KB T —Fh

BT AR BRI PR SR G ST, X
TR AR5 A2 i = 423 A B 2Ok 2 R 2 Al
& 2z [l A it 2 1) R 405 B R 7E Sk 5 R
i b SEIRT TR e AT X T R 1 & RAR
Uf SRR T RIS HORTE TR MR S
FH o SRRSO (2015 ) 3 2 B 3Tk 1) 0 2% 35 e
WIS TR B HER R T — Ak
JEE ST AR AR TE Y ) 7 2R TR AN A B B A 255 R Y
T2 R GEAR 22 W TR Ay S B FORS B 110 ol 1) - AR 4
BT S, 245 (2017) 4R T E T E2EE K
PRl G IR TR G RGAELE , M HEZL 41 X
JEHE CT MR 22 5 AN R AR BE BRSO T
CT FIMGAFFIE 22728 ) 1, KR4 — AR RGO 3 1
BRIAT = YRRV TR R P A 5
i) 5 40 B B ) AL M 4 FPOAS TR] 8 B e PR B
I N ) A A A 78 B i L 5 £ i i LA % AR R
A AT ARG REER ARG LT
— G, BB KRR Cheng % A (2018) JEIT T
BEXS LT AR5 B R G P Al 2L R AL B
BB A G R 1) 4k CT EHSAE N BRI, &
P T A0 B R T AR TN BB 5 = B A R =R R
Hou % A (2016) 3@ 12 % MRI F1 iPhone %% {3 & - 3
AT ECHER E A7 LN e, I 5 JCHE NSS (neuro-surgi-
cal simulation) 17 L8, 45 R R H L T E 4 W
iPhone Bl T~ FIHG 5 I8 S A e 7 S0 ATATHY . SESIE
HH 38 2ok 45 5 1 iR B SRR TN ) I 10t 3R G R 8 fif 1>
FAR R G NORE A, X B 24 24 2 o U o i L
FINGRTE R E L,
2.4 BEFIEMRHONBARZEFANARRR
1E FE MG NE T T4 G e TR I, Fe =
(IBIFFE AT BA A ) 22 %0 3 J7 A Fir AL, 1997 4FdE
SRS LR I 2EA L N I8 B X HILAS A B4 5 ] A
ZHMBFFARRIT T S WWF5E X — W5 5T T 3R
XIHLAR N AE BE 22 G0 KT (Wang 4%, 2012)
2001 4EJEHTML R K27 B A 1 42 15 B 5 TH 1 K478
LRI B 2 JCHE SR A2 [ M 2 AN EEFARMLES AR5 IAT
RIS A ] T BN A FIF RSN AR LA
NHISEIT ( Zhao F1 Wang,2010) , 2005 4F K k2%
KT RTMIRTF AR T KRG, 2006 4EJL T
TR 5 5 B 22 K~ g B e A5 5 B 1 35 T o A4
BT B A8 N BGEFE T AR T B B — 1> 226
(Jiang & ,2013) M IR R FE T IRV F AR 4

1541



1542

PEEREEF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.26,No.6,Jun. 2021

JGHAT T B TR, 3 & 01 T TR SR AR P71
FRORF X T2 AR R 86 JE 88 1 3 ) B B 5
%o IFHGE T (FAE,2006) . @i TR 4
P BRI A 0k 326 7 B A 2 B R i LA
SR 3 FE A HL AT AR 7 32 B 7 RS AR B I
SRR,

3 HFEHBEBSREHNEZR

3.1 HFHEREE

DUR A ST AR B 7R $AR T8 i HUUR P (immer-
sion) \ H. 211 (interactivity ) A4 284 (imagination ) ,
W ELSH FURN R AU BT RS SRR LS &
BT F 7 A i S A B R RIOCR , 4l IR B2 2 v
2% 2 2 I SR At TIN5 Do 07 Uy A8 o
(Qian %%,2017) , HAFEFE M, Bz X or
PRI 7R HORTE IR IR B2 27 v AT 9K 5 2 A e JLAS DG B
AR A [

1) Gy S BN AR i B S AR A 11 R B Ak FORS
AL, R 480 I R T AR PR 58 Y v 50 ) B A
( physics-based rendering, PBR) , {5 41 . B {6 & L1
WERAE ST AL E LR YRR A SO AR B LA S
WAL AR BT CEE DGR BB pshas
T, 3 AN A TE AT IR R =2 5 2 2L
PRAF R R T G B IR TR % IS R0 AR
T RIRE , [7) Pof -t AR X 308 3 s S 45 5 AR AT 1 174 2 (1]
LIS

2) KA IR 1) S A = 2 1 W 0 A o T A 1)
BRI, B AR AT A B S AR A E
ZHAR S AR S AT JC 48 QR M A2 3, 2 BB B
AR TS b I I A9 e R PR A, a0 . ey 4 AR
Hil CT/MRI #35 B B Y =4 KDE 5 R th ik
BRI NS B H AR N RS, LT R
RE AR 2T DR S A5 A A a7 55 v ) R AL T
RN Y S A AT

3) Pl A A8 B B R A R G A Bl ok
FRITRIRST , {51 4« A s AR L 552 PRI 22 1) 18 PRI 4500 22
ity B8 B DL KOG A8 AR AT 2 IR A 5 (] I BAY
BT AR E RS 38 Bk 55 M SDK (software devel-
opment kit ) , £ K 22 BN S 5 5 ik o 140 e 5 ( Hap-
tic) ARl DE T G | (H X T 52 A% TR 3 At v R A 3L
T 248 B EE A0TE G i R E 22 AR I, fn ey

W5 B 2R A —fh 32 E AR R ) 2 F ARV ZR AT
PRI B R 2 R ) 3RS 3 35 v ) [ L AT 8% R R A D
3.2 KREBERE

PRI AR F T B B, B 2 B
R IR N NN E Y e )N
FERE B A LUR S AL E SR, [ B R
SH AR E A4 A 0 E R, BT R
A PRGBS 8 — RS AR
L BRAHEEE R ILTF AR, By e TR n) & A
FOMRHEA T N, A5 TR IMSEH AR B TR
BRFDLAE AT LA 52 27 P& A= A e R Dk A7 T R 2 g A
PIUNGr, Pt 4 S e 4 1 F AR EE6E, 4 ST Bha |
FHR UM AR AR )15 . BRI SR REEF AR
S b A EEER , iR ISR SR S,
FHLAGE B ME i A 55N | JE T 1G5 2 52
(R EERITERE LS . o3 A, BLas N5 Bh R e e 1)
FARPER T Z AN, 7T E RS TR
KGR AN ERR PR . BT VR/AR BB (i 4%, 75
B A 2 ) RIS T A s AR SR PR LR R F
SOE FIRE I R G RAER T ; R 3D Sk AR
TN A IS TR R, 2% 20 5 2 7 R R 2 0 Sk i 5 R
TR, TEIANE AT L3 [m) 4 e A i iy
L5, A eI PR B 2% 5 37 K s B R B A B AR
HERTRLG KR

4 % E

DU LA R BN — R B AW )
6 TR MRS RSB S5 24BN
— RIS SR, HATE B — B4 5T
Jr il ARSCFET T 1 SE A R BRI R =~
AL, A48 T BRI SRR DL G 212 7 U )
FE N AMIFTEBUR , MEEARZ W TR IR A 5 =
L R MECE I 4 A5 S T LR R EOR
T PR B2 2 AU BT R R R M PR 15~ 451
B A B = HER R RGBSR AP H AL
AREE—ZFNRTHTIHH RN RES H E0 G 4
RS B R B L =2 DR R R I — &
SRR TR el A5 PR 15 A= ] IR A i U0 A 72
5 B PRI FH 5 5 A7 3 ¥ 10, DT SRS T A
TE WAL I RAZ W AR T 7 5%
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