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Abstract To investigate the feasibility of Microsoft Kinect camera for guiding percutaneous liver needle
intervention, a puncture navigation system based on the second generation Kinect was developed. The two
surfaces from preoperative computed tomograph (CT) and intraoperative Kinect RGB-depth images were
extracted and matched for physical-to-image registration. Experiments were conducted on a general abdominal

phantom and six beagles in vivo. The target registration error, user error, and target positioning error were
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used to evaluate navigation accuracy. The results show that target registration error, user error, and target

positioning error of the phantom are (4.26+1.94) mm, (2.92+1.67) mm and (5.2342.29) mm, respectively.

In addition, two generations of Kinect were both tested, and the results imply that the second generation

Kinect-based navigation is superior to the first-generation. For the animal experiment, the target positioning

error was evaluated as (6.40+£2.72) mm, and its lateral and longitudinal component were (4.30£2.51) mm

and (3.80+3.11) mm, respectively. This study demonstrates that the Kinect camera has a potential of clinical

application in percutaneous liver puncture navigation.

Keywords abdominal puncture; surgical navigation; Kinect camera; markerless registration; multimodality

surface matching
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Fig. 1 The interface of needle insertion navigation
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Fig. 2 The hardware used in the proposed system
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Fig. 4 Workflow of the automatic abdominal surface registration method
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Fig. 6 Illustration for target registration error, user error, and target positioning error calculation
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Fig. 7 Illustration of automatic abdominal surface matching in one animal experiment case
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Table 2 Error statistics in phantom experiments

RIERA JE (mm) bRt % I (mm) R/ME (mm) R (mm)
TRE 4.26 1.94 4.06 0.84 9.22
UE 2.92 1.67 2.42 0.63 8.14
TPE 5.23 2.29 5.18 1.25 10.61
SRE 0.61 0.03 0.61 0.54 0.66

W SRE FRRVEM SRR b= A [ I R T e v iR 22

*3 BREMREEEAMERSESRITES

Table 3 The lateral and longitudinal errors of target positioning error

TPE i ME (mm) brifE 2= HE (mm) f/ME (mm) KA (mm)
FEm) 491 2.30 5.09 1.25 10.55
22 [] 1.30 1.27 0.87 0.01 6.29

Tobmid SEMFER N (15.47£0.6) s FETHE—AC AT WA Kinect MBI 28 1) 54T 22 Ry MHFE
Kinect AHALIZEF SHTRIE— LM 7 24 Ik, £S5 WSS R
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Table 4 The mean value and standard deviation of user error and target positioning error

1 75 R 01 (mm) 02 (mm) Vertical (mm) Oblique 1 (mm) Oblique 2 (mm)
UE 2.59+1.23 3.25+£1.99 2.76+1.52 3.2542.12 2.76£1.36
TPE 4.76+2.45 5.71£2.08 4.88+2.03 5.40+2.67 5.43+2.28

Ee M 017 RoRHAmMFERRIEE; “02” FORELBMFERIRIER:  “Vertical” o= BT Ik B 5 ER1E;  “Oblique 17 ol

MR 2 2% 4% “Oblique 27 2o JRbR T A ABUAR I 2 o 2 A%

#5 ETAA Kinect 1BHLH0ZFRISAIRE K IE M FERT

Table 5 Navigation errors and registration time compared between Kinect V1 and V2

Kinect FHEL TRE (mm) UE (mm) TPE (mm) FEMHAERS (8D
Vi 5.90+1.73 2.85+1.42 5.67+1.81 12.49+0.10
V2 3.63+1.75 2.49+1.37 4.17£2.31 15.62+0.64

VE: SR ZE BARESE TRE. UE 2 TPE WSS FIRRIEZE s 1 WEREIT S R 0T Y R I

FIFHECXS ¢ K56 % TRE T 4% Kinect A
BLJZ UE 2T PR 2 ) 2SR A2 B 1) 40 — S it
IRt . 5 REW, (A Kinect V2 1% H
SR TRE 228 BN T8 A Kinect V1 115
ff] TRE (¢t,,=2.844, P<<0.05), 152U #{EE*t
Riff) UE 5 E&%KH/EE M UE LR EMZER (1,
=1.105, P=0.284) .

fEH R R T Z WX UE KT 3 4% 0
PRSI SSE — B S o KL, UE KT 3

[S)
N
=
00 =4
S

TRE (mm)

(a) TPE 5 TRE M PEAH K
(“0” IR 36 MEAKE; r=0.657, P<<0.001)

AR AL R EEZE T (P=0.487, 0.999,
0.488) .

i F R332 0 Wkt TPE 6T %8 il BA S5 A%
FE R 2F il B AR R B — SR 56 0 B R B, TR
TERIAGFE R 3 55 HI A2 T 16 TPE 7R JC 3%
PR (P=0.222, 0.804) .

%} TPE 5 TRE. TPE 5 UE A< #1 &
B, TPE 5 TRE. UE ¥J#% (& 8), {HAHE
RN

UE (mm)

(b) TPE 5 UE RIL£EPERCE
(“+7 FRIR 36 MEARZE; r=0452, P<0.01)

8 BAEMRESELEERENAPFINRENEMEEXE

Fig. 8 Illustration for the linear correlation between target registration error and target positioning error, user error and

target positioning error
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4.2 LI

XF 6 R KA T 2 fill e ur, Hd 3 K
S0 RN X Sk 23 AR T 2 AR, At 3 R
W2y mFeAE 3 AN N TME, et 15 AN AN T
. N T RIFEA N (4.64£2.2) mm, fif
YR N (63.8+14.9) mm. “FHEMIRZE N
(1.04£0.14) mm, Zid GPU Wik 5, HxiE/
FEWF 2 115 ms. R 6 N 15 WFRFHIRE, B
& TPE. TPE H[m] A2 1) 4 B () Gi vt 45 5

5 it

AR T — B 5T 5 A Kinect AHHLIIIE
I FER SRS ST SHUBE, KL%
TRFHIRZEARAKRT 5 mm™ . Zseid,
15 ko f AR A2 FHRZE TPE 5 5 mm

MOAREAR ¢ IR, WELEERZER (1,=
1.997, P>0.05) . FMET 5 — 4L Kinect FHHL
{100 JE 38 2 )T A R 0 1) 5 TUAG P e 8 6 2 I DR
Ko HAHKBARIE R SHURE B (R 7) ML, &
R G FE 5 A S FU R TE 1) T ORS FE R .
Seitel 2" T4 —4% Kinect AHNLIF R T —&H
R FAARS, LI EE RS 15 3] TPE 1)
HFAEN 19.4 mm, ARG EAHNZEA
=Tt

A, BT bRl SR EM B AR E
TRE (¥1E 5 4.26 mm, %ME5 Kilgus 2R
1E R BCERE E (4.2 mm) BT, 28 4% Kinect
FHMUANS 28 — 4% Kinect #HHLXT N H) TRE BH & 4%
AN, FEERREINE AR Kinect FI7R B RRAGHE FEHH
%185 —4R Kinect FHLA BRI R T,

T2 UE 5 Seitel 25" iRiE M TFahR 2

x6 HULHUFRSMIRERITER

Table 6 Error statistics for animal experimental results

Rz R M (mm) bRtz FE (mm) f&/ME (mm) & RME (mm)
TPE 6.40 2.72 6.34 2.56 13.86
TPE 7 [a] 5 & 430 2.51 3.00 1.17 9.41
TPE %[04 & 3.80 3.11 2.64 0.04 10.18
#=7 BETERFRSHARFRENSMIRE
Table 7 Errors for several relevant works on abdominal intervention navigation
TE# LiEaE S LEMTT i TRE (mm) UE (mm) TPE (mm)
Banovac % Phantom Marker — — 6.4+£3.3
Banovac % Animal Marker — — 8.3+3.7
Maier-Hein 21 Animal Marker 2.1£1.1 2.442.1 3.742.3
Kriicker 212 Patient Marker 3.842.3 — —
Nicolau 257 Phantom Marker — — 2.0£0.5
Nicolau 45127 Patient Marker 4.240.2 — —
Wallach 24 Phantom Marker — 2.3+1.2 4.9+1.7
Seitel 12 Phantom Markerless — 3.8 6.5
Seitel 1 Animal Markerless — — 19.4
AL Phantom Markerless 4.26+1.94 2.92+1.67 5.23+£2.29
AL Animal Markerless — — 6.40+2.72

I PARZERMRGSS TRE. UE M TPE AU 2 brEZE;  “Phantom” FnfisEls;  “Animal” RRsP)SEse:;  “Marker” Kk Thrid sl

AR “Markerless” R AR AR HEM 5

‘=7 FORTC IR REUE
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P (3.8 mm) « A IR KR F I P Fshik
Z 5 TG IRE 5 A E A 2, i BE I PR = A A
AR R G0 5 2] RN, =R
R SR UE EREER, RUARALR
SR TR 5 S0 T FAN [ 1 2 T B A2

TPE 5 TRE MK UE ¥ 25K R,
JE[KA TRE J7 M5 UE J5 A B g —E, [F
TPE W AR E 2l TRE A1 UE fhiH15 2], HAR
K4 TRE A1 UE J5 [ P R T ge 3 TPE /T
TRE L%, XATERET Kinect V1 % H S 5L
et REA AR, K% TPE % TRE 1 UE 3t
FgZ0, [RG TPE B4 I F1 TRE B¢ UE K
TA—FL.

ZFE il S 1% % (TRE. UE M TPE) HIKJ5 BA
ZREME . ST AR M VR, R ARE R
BT R PRI RCAE I 72 . TRE A HE
PR HTIEES CT RIHEI. AR Kinect FKI
FRAGNE B I AN HERf (1 2R THD0 B MR 2R 3 K [
B, ARETAARE CT EURIECHERS FE 2 TRE
MITHE . FEARSCH, B S i F2 Hp I 0 A A
—HEEE CT HfR LIH REBS, HAH
FIARJG CT BG83 FH ) s F s A8 36
TR RS, 77 flE R R Z (<1.00 mm)
M Kinect FHALAITFRAZ#E R ZE (<1.50 mm) %]
TRE HIFEmER. thah, ARrgeifil 58 s e &
I YA B A 20 58 A AR AR T R P AL B 2 5
Wi TRE (T4, Hod, FRISERHEE KAES
5 DRF ¥ 8 TRE K. UE £E%
RG0S ) AR R K P 2R AN R G A
LUK . X T TPE, BT TRE 1 UE Z 4,
S E IR . IEFIERAES N, AFiEE
IR REL S 10 mm. RE AR 7R
FEAGE IR E B A, ARIFIRIE 3 9 A R
BRI EE M, AS[E]E AR — AR AL T PRI A
SRAEERRENAAL, PR SIEI AR
56 A B R W E 30736 RSP A 28 4 o AR i P

BIIALFRE o 28 B4 NI A I 25 38 B 2R Kk
A—ERRERNIRA, #m SR REEE K, H
T M 2R 5| RS 1 A 2 AR SR v g RS B A
S EAFAEAR KR HE . BhAh, RETAARJE CT K
G, EFIRN IR o o 1 8 1A FE B 2 X TRE.
UE J% TPE ;=4 5200

SCH TR () 2 1 DL T 7 v — M R H AR
FRCIEECRE . RUR iR 5OR AT R T =2 EAN A AR
RSN R HH , 1R T TR £ R A8
ANE A WA, BAR RN R T P &5 1
M B EERAR, [FN A B E R S
KA CT RMEBA LA, BT HOILEK
P e 735 ROR T 3R 10 5 2 0 o 1 B K 0l 1)
TG PR RUAA) ) T T (%) T 7 A SIZ B R T R
AE, FECAERRS FE M S B, BIMERIA ICP
TR RS R, AR MER 2 —
FEEERIULACES o AU 7 4R EE
(RO R THD0 SVE R, AH A S T 0 DL IS TV
R X R G RIS, ATt T
R RS . BT ASO ARSI 2
Fe MO T AR FT RO SR T AR, PR TR
RZE BRI, VCHC &5 FAHR A% 42 57O e v 50
AR AR . eAh, ARSCHE R R T DL RC 5% 3 2
T EHRALRTFRSMAGRIAR PN, &EH
PR A R BT X1 o

ARSCHE W T — i TG B R T B HE )
Tohric sEM 7L, HEBETTERE T ICP Hik
RIRIEaA . SEILIEER R TRBCHERT, ICP HEIA
g — MR IEERR I TRl LR R INE
e i L IX 73 B2 vy 1 3 T AR A0E SE 30 2 T REAE 1Y)
RHULH Y . AR T — R T 4 B AR M
ACL A 1 B SR THT VT L 50, ATk 6 1 % THI AR AIE
SR o 2 T X 7 48 2R 11 S B R e A B AR
T SR A TR UG AT 2 T 4 I 4 1 R
Be e, TZICHE ) S 3 B AKROR AT SR 3R T
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Ky EG 2SR y Fhoy mHE EAR R CT B
PRI ER) — N0 T R BT B ) — A R T X
Rol M fEEME, HAHTE Rol fAREANEHR
[ FEER AR o AR rh 4R TR B G il IR B 1
B SE R IR Rol XA ), 12 X80 A2 it
IRKFERE E52 3] T Kinect AHALARXS I AN HA B
IS . A T PRUESREUY) RGB-D EHE AL 4
MR 11 [X 38 HLAZ U B Rol XIRHITE IR
AR I ) 4R XA, 75 20K Kinect AH
HUAH B 105 B AE s AR IE B 07 HUREEH 2 Hl
Tr RS AR I E, % R AR AT @
PR LR VAl Kinect AHALAT B IS0 B 52

ASCIGE 7B — AN EE AR Kinect AHALR A
THERFHARSEN AT . Kinect AL AE R
ERNRZGREMBEIIRENE. RERE K
AN AR RN . A 3 — AR Kinect AHAL
T BN AL S Bk AT = 413 1 1) @A
R B B AR 2 AR B P ER 55— Kinect
FAWLIE I Herrera 25" J7 iU MUR HE, (HRHE
JE WAL GAS FE IR A 13 B 32 Tt . B LR
78— M B UG AR Bt i), Al i R
A FRYR /N o AR ST 1 03208 e 5 SR P R
B EHE LB EE . [FEF, Kinect AHALITR B
B B S AL B PR B Rl e b, B Kinect AH
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