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Abstract: Sterile and non-contact environment is the basic requirement of medical operating room, which makes the computer room and
operating room need to be physically isolated. At the same time, if the attending doctor needs to look at the image of the lesion during the
operation, he usually instructs the nurse or the assistant to operate the image of the lesion in the computer operating room, because of the
isolation between the operating room and the computer room, and because the intention between the attending doctor and the assistant
may not be understood accurately, it is easy to lead the nurse or surgical assistant in the operating room and computer room to and fro
many times, which increases the risk of prolonged operation time, increased blood loss, and organ exposure time, minimizing the time to
locate the lesion image in the operation is important for doctors and patients. To meet the above requirements, a non-contact multi-channel
natural interactive surgical environment under aseptic conditions is constructed by means of human skeleton extraction, gesture tracking
and understanding, far-field speech recognition in operating room environment, multi-modal information processing, and fusion
technology. This environment allows the attending physician to quickly locate the lesion to be observed during surgery by combining
voice commands, gestures, and the above interaction. In the experimental environment close to the real environment, the non-contact
multi-channel natural interactive surgical environment established in this study can significantly reduce the localization time of the lesion
image under the condition of ensuring the accuracy. Intelligent interactive operating room in aseptic environment provides technical and
methodological validation for the next generation of efficient surgery.

Key words: operation room; multimodal information fusion; intention understanding
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BesE 1 BBk g TR S, — SRR OUREXT T N SEitE ) A BRI 1)/ TR AN T BER 2 IO AXAS B IR (R B2 A
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BN BOR B BB 3R A, FHMRER SRR . T ARSI BT 718 & IR %, 2 B85 B AL 5 A HoR 1
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(dynamic time warping, {# Fr DTW) &7k 120 0 4414 R 3 B T T80 58 iy s 6 55 F0 42 J) B A2 BR 1) 09 77 8, 61 5% DTW
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Fig.1 The framwwork of non contact multi-channel natural interactive surgical environment under eterile condition
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WAATE TR B REAR R I3 5T mks FE 3R BN AR 2 — AR BB 1 1) 5 40, F AR Z Y A A2
B SR B B DUAR, i T F R DL N % AT Rt ek AR AN e 4 O A T, R 37 5T I B R
ERGEF AR CEERERG (LU APl WAL, 4 F AR ST RBN R =485 2852 h 7%
e R IR e, BATIA N TR B 3 57 B 78 20 A DG 22 MIHLR R 1) — 2k PSR A5 2 AR T, | — 4 BB A i =4k A
PR B — A0 A R0 A, R R P 27 20 D R i il R 3t A ) TR (R T A = o 2 I R 2R 1
AN BATHR N T — Al 4 E B KA 28 35 25 [RRAE IR A O AR = 4 BN SRR & I Bk B TR
27 20 S 0o i R 4R AN B TR PR b A S R R = N AR SR AR A R B R N S S S HHE R S  A
PR = e 2L 25 1A DL N AR = 4 BAR BUZ = KD IR,
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PREE FRATINTY, B RREHE 2 o (0 N AR L35 70 A I 224 5 S R P B AR 835 0 A A — B0 7 S O e Bt 7 i
HEAS N ), 75 AR O B AF HE T 5 AR S ) AR NSV AR I, B ARSI R 1 5 1565 A2 1 f0 N\ A o o2 AH
R (L B i e £ i R ), WO e 2 AR AL A R 1 8 A AL, BRATIR Y 2 T s P B AR R S
DLR e R R R S I RS, 550 T — AR I RSB U i B ALY Loy i A AR 2 0k il i
A N SR G5 ) 25 R (0 835 T A2 J8 B O = o BB SRk . el SRR Py N\ A = 4 S8 35 R Y B B3 (W
SCAPE #8571 19%0) 1 g = 4 SR 38k V% 0 AR [ O S B UG PR A 6 A R B I AR R S R A AR R e
QLTS 5, RATREN & RRAN LA AR SUE M AR i e s Qe A . TE ST ST RS A S Bk
P v B — S R IR 2 AR AL 4k BB 5 AR = 2 S8 25 I I8, g 2 T R B 2 = ) B PR = 4 A A 2R
e B 1 K AL A,

(2) Nk = 4R L 25 1] A IRAT 72 [0 2%

N7 b T SRS G R AR 2 R P R K ORI ZR TR B, AT — R s 42 N 4%
(8] 9 LS G b B AR = 48 3, HoAZ O JEARAE TORE G BB 5 05 IR B 21 A TR RRALE 2% 18], AT 406 /)N T
IG5 LS BMRAE 2 TRD ) 7 A 22 55 4 1) 2 3 € R 2 3 20 PR 138 6 0 246 1 B 45 3 30 70 5 1) AR AL 4R %
75 [ U 25 DA A1) 4 24 25 A E B RS E B 6 SR I MR AE R L T AlexNet™ iy conv F pool5 J2 1k e
IE 312 500 4 (3 HEL AT Y Al A6 AR e 20 19X 28 A ) A2 R AL A [ P i N 22 25 [l R dek ) 2 68 L oy 835 1 U
AP T3 = e 2 35 318) 7 28 8 1 T 500 vt 24 R 1 B S 1, R R A S B s R B 5 S SRR — B RRALE.

SR A I 2% SR FHONS B0 0 46 20 B B 5 BB AR ZR A TR S N8 oy = 4RSS AR BB OB B R L S =
U 2 SAR I H SR BRI ZR 7 NPT BEEE 1B Be(E 2 L8000 From ), AT 52 i Al 57 B B o 72 1)
REAE T VI 2528 25 (] VA 2 A1) 73 2K 8 28 285 [ V9 28 T 0 9 = 4 2 265 3 10] 70 R T 4091 P45 2R 53 (R F s
I G0E A A BRER). 5 2 AN B Be(181 2 TR 853 B ), BT 7 48 1] 70 SR 45, VI 250 AE 3 HUAS A 2825 [l 45 X B,
SRR AL AR HUAS i ) — FORT AR, 2 AR AR RE S OR 1 R R 203 (1) AT T & 25 [l 45 8l )1 = 2 25 35;(2) Jskl|]
73 R e 6 MK A5 1% K5 AL 4t (0.5,0.5) BT 2531 4 T i 20 TR KT H AR 1K R ] 73 S8 % Ak HL TGV 0 ) TRy 2K
990 N R I 7 190 245 2 43 1) 70 S48 T 05 4 ) P A 530 U S W) 30 S PR A 5 e PRI R K R AAE TR 1 ) — AR A 2 1) 4
AN RS S AL 2 ) 0 22 S 0o R T s 0 4 A 45 2 B B0 2 3R (1) BT L 4 [ V453 5% (BT
I v () = 4R R 2515 B = AR 2 1A A PR ), Lomain YT B2 53 2% (7 PH BT BN 45, 2L 58 1 B B [T 5 e i 42
W as 24, H AR A AN 12235 819, B 5 X 0 TE Qe BB 5 s BB 50 2 B BLIST 52 A 73 K48 (K 2 4, H A
AR HUHTRFAE, TR 5k 1] 3 2K 2%).

L0sS = Lo + Lygmain 1)
Lieg = zppre ~ Py 2
S[:r%zlin = _Z xereal Log P ersynthetic Log. Px) @)
Lyooes == (0.5xLog, +05xLog, , ) 4)
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(3) Ak =4 B
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Fig.2 Occlusion-oriented skeleton extraction domain migration network
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Fig.3 Far-field speech recognition front-end Fig.4 Speech recognition decoding for processing
flow operating room environment domain
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Fig.5 Multi-modal information fusion for operating room environment
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6.1.1 EmELRNT

(1) ANk =25 SRR et B 43 i

T ST, I 2R 5 B I R B 4 5 0 B 6 B 28 X 24 $ BN A = 4 B0 i PR RE 1% BLVR RO A% 0 TR AE
FARE T — AN RHURE AR = 25 B 2 s 4 otk 3R T FH S () PO o A 26 A b 20 I 2% 780 (L1481 AllexNet LA
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Fig.6 Quantitative results analysis
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Fig.7 Extraction effect of multi-human skeleton with partly occlusion
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Fig.8 Gesture schematics and invalid areas
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A TTIER THEEEE FANAEBCRNET B L 5L EHF TR T 96%.48H G-Mean fabrfE AR 4
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Table 1 Comparison of confusion matrices for continuous gesture recognition based on two methods

R 1 PIRITIE R ST 0 VA R X L

BRAF AT AT RF\RF|ET || gy [BX|ET AT AT RFIRFIET || gpyyg |BF|6F BT AT NF (RF 27
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Table 2 The timeliness of real-time gesture recognition based on posterior processing DTW optimization method
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HELH AT/ AF L AT T BT 5k T i T T
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Table 3 Comparison of speech recognition experiments
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D5 ik P B (%)
SE I R AT+DNN 82.36
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HE ] SR A+ A58 T b 85.56
A i % +DNN 87.64
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Table 4 Comparison of speech recognition under different distances
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Fig.9 Aseptic sonditional contactless multichannel natural interaction durgery environment
design (left) and real scene map (right)
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Table 5 Accuracy of doctor intention recognition based on single channel information
and multi-channel information fusion (%)

5P EIESE SR 2 I A R T AR R PR T A (%)

FH W5 FHHEH

e 94.52 92.46 95.32
=3k 93.82 93.51 96.74
T—ik 94.67 93.75 96.38
% 82.58 92.86 95.18
T 83.65 92.73 96.59
K 84.52 93.65 95.48
s 82.65 91.26 94.81
&N 80.52 93.25 96.27
EAN 79.62 91.25 95.16
iR [7] 80.65 93.45 96.46
AT 58 BRAE P 3 HEf i 85.72 92.81 95.83
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Table 6 Speed of doctor intention recognition based on single channel information
and multi-channel information fusion
F 6 P IEEE S ZIMIEAS G B AR R R A R

T3 % (ms) FH TEH TFRA+ET
fif 865 1085 670
gk 953 1152 852
ok 1023 956 753
(%21 856 1026 695
T 962 1075 716
K 982 982 829
pay:2 849 1012 658
/ON 1356 968 743
N 1428 1049 675
IR [7] 1185 912 852
PAT G 8 B AR T 35 i [ 1045.9 1021.7 744.3
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Fig.10 Evaluation of doctors for multimodal information fusion experience
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