% 59% H24H/2022 FE 12 B/EHERBFEHRE

It Bl St FFIHE

S L 8 E S AP PG AR VA= 8737

BREL KW ARAS TER
"R E b B R SR A TR, LR BEE 250375,
FINAR R RIRL S TR, WA UEES 250000
IR RS ERRA R, AR FER 250000

WE SR B DOk, AR C AT 2307 4 B AP N SURBHE E R 1 L AR T il T w bk A S e U R
L 9 B 2 52 3 AR 22 BR A AR A T 5 BN 1 Ak T A S T A A G B S BT RO T ) B A B
SERL R DRI o B T I SRR (] R, B M T — bR T U-Net ik i 48 3 2 0 AL B RS AL #1550 (AT-U-Neo) , JF
BT A2 T AR RO AT T SR, R AR B 93, 6900 AR T R BRI 9 2 SR L BRI T — Al R TR R 1 T
T 8 kA S 2507 B e 567 5 (PT-Pruning) o 38 43 PT-Pruning #2 BT 35 § Ik 3 1 28, 256 7% 18 A 4% # ki 45 A B A0 X 38
F4 A7 AR T AR A A, B 2 RS T WK R LA BT 230 15 A A T 5 0 KA BT 0 BIdI J2E BE AT X LG A RO B s X
Sl R D0 A A 38 TR B 96. 7300, e I A B I AR DX RS U 0 A AR K B 96, 500, S S AL A B T S 2 T R

KA HLaPlE; KIBALE; TEElk; ASNRES; AR ALEREK

RESES 0436 XHkERERS A DOI: 10.3788/LOP202259.2415001

Location Decision of Needle Entry Point Based on
Improved Pruning Algorithm

Gao Xiaonan', Zhang Guangyuan', Zhou Fengyii’, Yu Dexin’
'School of Information Science and Electrical Engineering, Shan Dong Jiao Tong University, Jinan 250375,
Shandong, China;
’School of Control Science and Engineering, Shandong University, Jinan 250000, Shandong, China;

‘Department of Radiology, Qilu Hospital of Shandong University, Jinan 250000, Shandong, China

Abstract More than 230 thousand medical personnel worldwide have been infected with the novel coronavirus since the
outbreak of COVID-19. Several medical professionals have praised the nonartificially contacted dorsal hand vein automatic
injection method owing to its high isolation. The key for realizing no-contact automatic injection of dorsal hand veins is to
realize the detection and segmentation of dorsal hand veins and determine the needlepoint position. In this study, an image
processing algorithm based on improved U-Net with guidance and attention mechanism (AT-U-Net) is proposed to detect
the dorsal hand vein. The proposed method was validated using a self-built dorsal hand vein database and the results
indicate that it performs well with the accuracy of 93.6%. Following the detection of the dorsal hand vein, this study
proposes a needle entry point location determination method for dorsal hand veins based on an improved pruning algorithm
(PT-Pruning). The trunk line of the dorsal hand vein was extracted via PT-Pruning. The optimal injection point of the
dorsal hand vein is determined by considering the vascular cross-sectional area and the bending value of each venous vein
injection point area. Compared to the self-built dorsal hand vein injection point database, the detection accuracy of the
injection area at the effective injection point is 96.73% , while the detection accuracy of the injection area at the optimal
needle entry point is 96. 5% . Thus this study lays the groundwork for subsequent mechanical automatic injection.
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AT-U-Net
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Fig. 16 Detection and segmentation effect of at-u-net dorsal hand vein
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Fig. 17 Original back of hand

Fig. 20 Image after adaptive threshold segmentation
-3
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Fig. 18 Image after homomorphic filtering Fig. 21 Image after morphological processing
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Fig. 22 Image after closed operation
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Fig. 19 Image after CLAHE processing
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K1 A SO B o5 75 1 bk 10 PR RE 45 AR
Table 1  Performance indexes of different semantic segmentation

models for segmentation of dorsal hand vein

Model MIOU MPA F1-score
PSPNet 61.49 68.35 69.8
U-Net 67.97 73.84 77.6
SegNet 67.32 71.53 75.1
RefineNet 66.63 70.61 74.9
Deepl.abv3 66.41 69. 46 72.8
AT-U-Net 79.52 84.98 93.6

i 23 s 5 190 T35 # K IES 265 2 51 PSPNet
A3 EIROR 55 351 U-Net 40 B8R |, 265 4 51 4 SegNet
43 E R R 45 551k RefineNet 4> #1458, 45 6 51 K
DeepLabv3 #8504 55 758 AT-U-Net 43 F1 %54
M 23 0] DL HY . PSPNet % bk I 485 43 1 1 fE

T I, 058 S5 48 43 B HEA 5350 A0 I 45 48 T AR AR LA
I A8 s 22 388 K 5 U-Net 43 %1 Bk 19 58 B 5 B 52 145 A3
oL, H 2 o 0K Bk B, 2 O 22 Y B A
SegNet 73 #2151 F- 75 i ik 145 M BE 4 2% ; RefineNet
X5 1 DK LGS 40 9 4 A 42 1H 5 DeepLabv3 X # ik
I 457 200 749 4 ) 4 5 A, HORE K I DK i A A U 3
FIATE A BT LR o FI R F ,AT-U-
Net [ 28 A5 74 73 )P B8 BH 5 52 74, 40 0 0% & ok o 4
AT AR S0 A A AR, BB Ak P AR T i A5 =2 1) Y 40
a3 AE A A R R T K O A Y 1 e B AT B
(AT Y T
4.4 ANStRMEERRIE

A5 3] 95 bk i 48 53 % &S, 98 B PT-Pruning %
T35 K I A8 #E AT AR SRR PR, AR & 24
Fr R o

PSPNet U-Net

SegNet

RefineNet DeepLabv3d  AT-U-Net

image

K23 A [l S A A Ak AR
Fig. 23 Different semantic segmentation model processing effects
method first group second group

third group
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Fig. 24 Effect of PT-Pruning needle entry point position decision
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Table 2 Accuracy of needle entry point recognition in effective area

Detection success Detection failure

Method . . P/ %

times times
Automatic labeling and recognition of dorsal hand vein image 2387 159 93.75
PT-Pruning 2463 83 96.73

3 EAUAE SR

Table 3 Recognition accuracy of optimal needle entry point

Detection Detection
Method . ] ) 22
success times failure times

PT-Pruning 2457 89 96.5%

MFR 2T LU Y A 2500 S XA B
BRIk E] 96. 73% . MF 3T A W, R fr p v A X 3
AN EF B HER R 83 96. 5% . PT-Pruning R i T 4
T F A T E

SRENER R TR N R VAR, & &
B SRR E W E 26 BT, o s 18 B R Ron 8L
ot PEAR T B 0 S D0 S DX SR B A5 2R S X

B9 28 R o T K R B T RO Y 52
I A% SR &1, 55 3% Sy PT-Pruning 18 3 19 52 5 208 1K L
M E Ha] LLFE H, PT-Pruning B A A H . 1) PT-
Pruning A 9 45 #5267 1A EF 25 B AR AL R A 5 2) P01
DCBHER . 75§ KRR B shbr i 5 iR 5 5 B 1 E
DX 38 %o 1L A 43 BB DE TE , Y86 AT ok g ik i A A 4 Ry A
PT-Pruning j& i i [y # ik 1L 38 3R A5 8 5 X3, AE 0% )
e L A AT 4 R 0 S L X e A o G T AR R S
HHATEZEIRE . 5 T8 8IS S8R X,
PT-Pruning 75 2| (9 A £ i X 505 £ 4 & bk 14 53 %%
1, B B i A RO 5 2 bR TR R e S T K
FI 3l S 4 At I S A B SR

group automatic labeling and
No label recognition of dorsal hand vein PT-Pruning
' image

P25  fefli AEE sy E e ok

Fig. 25 Optimal needle entry point position decision
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