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Application of virtual reality display system in ultrasound-guided puncture surgery
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Abstract: Objective Virtual reality technology can increase stereo feeling for clinicians in minimally invasive surgery, and
improve the surgical quality. A new kind of wireless head mounted three- dimensional (3D) display system used for
ultrasound-guided puncture surgery is introduced in the paper. Methods The tracking device of 3D display system was used
to track head mounted display (HMD), surgical instruments and ultrasound image, and their 3D models were created at
corresponding positions in a virtual 3D scene. Based on the current position of eyes, the virtual images of the left and right
perspectives were constructed by graphics workstation and transmitted to HMD in real-time. Brain would produce strong
stereo feeling for the parallax of the left and right perspectives. Results The average puncture time of proposed system and
the display of traditional computer screen were respectively 24.33 s and 60.40 s, which showed the puncture time of
proposed system reduced by 59.7%, significantly improving the usability. And the ultrasound probe calibration precision
and accuracy of the proposed system were 1.42 mm and 1.12 mm respectively, which met the requirement of surgery.
Conclusion The proposed virtual reality system can greatly shorten the puncture time and improve the quality and speed of
operation.

Key words: virtual reality; ultrasound surgical navigation; head mounted display; puncture

e

1

il

A FARBA GBI/ PR R TRAEL AL
KRG FARIEAE I AT AR T5 1 K o {H

SR/ N B8 B 1T A T 3 S M S SR A A8/ ) AL R R4
(7% B #312016-04-03 PRz M, ARG AP AR AR GEA W

ELIE IR EEAEIF 5501 H (JCY20140408153331811) 5 7546 K V2o vl s A - PN .
s A PR e A TR O LKA,

(FEE @A R B, 5 B, B985 0 875 TR S, Bomail: DUTECL 0 —SEIGR IR AT FAY TR AT 4%, A eN-
lIsh10129@qq.com Light and NavSuite (Stryker Corporation, USA ), Porta-
BEEE RO, 5 i, @20z, A S0, BF95 07 - A . .
AT H AT A A TeL0755-26036353 . E-mal. ble Nanostation (Praxim, France) #1 MATRIX POLAR
wuj@sz.tsinghua.edu.cn (SCOPiS medical/XION, German}’) % o J14b , B2t



8

- 811 -

FEAU R T AT AR S, W TUSS (Queen’s
University, Canada) , VISIT (University of Vienna, Aus-
tria) 507, H 2 2 2R GRS A P H i 5 e ok s
FUE R T ARERAR T AR = HERIRI L, S 4%
FESAE R, A 4R . CT/MRI = 4EE14 .
TR, B A AT ASTE G RIS 22 1] >F 0] )46 41
B AR T, I Em TR B2,

K N A 1Y s LA AT LRI R A
SEARE G, WRFOCRAHXNS T4 58 4k 5f 4% S AR
HLS, BUAE, Bk 2 B Sk B R IS AT
I+, U Google Glass . Oculus rift \HTC Vive &5, 45 Ff
SR R BRI ) DA A TR EOR L H X
SRR AR B B, AR T A B
BEAE R B A R B s R R, LR R R E
223K 3] T 4K Z5) (41 Sony Z5 Premium) , PPI(Pixel
Per Inch) 1t T 800, NTSC (National Television Stan-
dards Committee ) {238 # 1 70% , X BF i i 12 19 i
WA W RBAR L r i 2 KB R B3 Y B R 20K

HET I A SCHESE T RS R RS TR S
JIFFER RGN, Z RGN THLURFAE N 2
ARV, IR AL A A 0 02 N 45 38 15 (Wireless
Fidelity, WIFD B8, F T AR il 8 G 4 1 — 435 5 |4
BB BT L. S8, A8 R G0 R Sk 5 U
RS i 78 152 £ (Head-Mounted Display, HMD ) {iil # &
SLAR AL B S 2 R S H A R AR
AL 25 O FT 5 Z Y S AU A D (S e i
SKARALE VAR A S8 U EF AR, LUK B8 5
MLIOMEF AR E,

1 REFFE

1.1 REGHIRL

ARG B L4 - BB T ARG R iR
WA BMECRER SHRE RS 2R AL R
B 5 WK 43 - - AT R Public Library for Ultra-
Sound (PLUS )" "R 4 75 [EIQE5 40 A s [] o o 1 A
HEICHE B EDE TAES I, R 3D Slicer™ WM& Ak
PRS- HEA T AL B | — 4k Y s YL R AR R A S
TAEBEARGAE R, RIT I8, A S0E
W AR R G W—— I BB BR R, RIS [A] L R 48
[F] 2 i AL s R, H—— [ 3 75 HMD - (9 o7 ' FL R 4
AYAPR AR, S— [l 7E M A Ak AL B B ER A 1Y
AR AR IR R AR bR R N—— [T 5 7E 5 T
A B IR ER AR B AL AR &R, D——HMD R B Ak
PR, 8 AR5 T AE B - T AR Bl XOY Y- 1

[F] I 295 , P AEARFR 3R A T AR BR KR N Py,

MAERE R B B AL bR R A AR E R R A I T, B
Py=T yXPyo
1.2 FRIEEMNIRE

TR B3 Ao ] 75 Sk bR A2 AR R
iy 2 7 ST TR R AR S IS R B &R T, L
KE il T AR FERER S NS B KRR Ty
ARG BEM T R A S R B N e o 7 S 1 A
SEIVET TR 7 B RS . FRATISRFH N 2>}
ARSI TAR A | >R FES% 12 1F (Pivot Calibration)
I EN I SR A TRRAE o
1.3 AL RSG

wE 1 ET R % R R 25 ) 6 1% 4% IR
HMD | FAR I A BUR AR ARG E AT B
L UG TS 7 = 4837 5 b AR Y 19 7 43
L2 AT = AR R RS, R — A ALY
FIT IR B ER XTI 1Y = 25t

WeN

1 2RRLBERRENATBAESISFA
Fig.1 Full immersion head—mounted display (HMD) used for

ultrasound—guided puncture surgery
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Fig.3 Image displayed in HMD during puncturing
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Tab.1 Puncture time in experiment(s)

Group A Group B

Subject
25 mm target 30 mm target 35 mm target 25 mm target 30 mm target 35 mm target

A 25.0 19.0 23.0 56.0 43.0 45.0
B 30.0 18.0 25.0 60.0 50.0 55.0
C 32.0 25.0 26.0 75.0 59.0 65.0
D 28.0 22.0 20.0 65.0 70.0 63.0
E 24.0 26.0 22.0 76.0 66.0 58.0
Average 27.843.3 22.0+3.5 23.2+2.4 66.4+8.9 57.6+11.1 57.2+7.9
Overall average 24.3£3.9 60.449.8
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