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Optimization of Needle Plane Measurement for Dorsal Hand Injection
Based on Linear Structured Light Scanning

Zhu Zihan', Zhang Guangyuan', Jin Hualei', Wang Peng"*"
'School of Information Science and Electrical Engineering, Shandong Jiaotong University,
Jinan 250357, Shandong, China;
*Institute of Automation, Shandong Academy of Sciences, Jinan 250013, Shandong, China

Abstract Medical professionals have started favoring the use of non-contact intravenous injection robots owing to their
importance during the COVID-19 outbreak. However, there are currently few studies considering the robot’s needle
insertion angle, and most of the needle insertion operations are performed at a steep angle. This increases the rate of
puncture failure, and sometimes causes significant pain in patients depending on their individual differences. Therefore,
the intravenous injection of the dorsal hand is performed in this study to investigate the determination of the robot’s needle
insertion angle, with a focus on the optimization of the measurement data to ensure accuracy in the calculation of the needle
insertion angle. First, the space point cloud of the needle insertion area on the dorsal hand is obtained by combining a
monocular camera with the linear structured light scanning method, and the dorsal hand plane is obtained via fitting dorsal
hand point clouds using the least squares method. During the calibration process for the linear structured light system, the
measurement error is eliminated by formulating an error function and using the optimization method to iteratively solve it.
Subsequently, the needle insertion angle is determined based on the obtained needle insertion area plane. Finally, experiments
are conducted for the accuracy verification of the proposed method. Based on the experimental results, the average error in the
optimized structured light plane position is approximately 0.1 mm, and this serves as a foundation for subsequent automatic
injection studies.

Key words dorsal hand vein; linear structured light scanning; plane fitting; needle insertion angle
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Algorithm 1: calibration of structured light plane

Input: acquired images of calibration plane with and without structured light: imgs; calibration board corner

point world coordinates: world_pts

Output: the parameters of the structured light plane equation obtained by fitting: A, B, C, D

1 def laser_calibrate (imgs, world_pts):

[\

for img in imgs:

# Extract checkerboard corner pixel coordinates

chess_board_corners = extract_ chess_board_corners (img)

# Calculate the homography matrix H, rotation matrix R, and translation matrix ¢

# Perspective transformation

img_world = perspectiveTransform (chess_board_corners, H)

3
4
5
6 H, R, t= comput_H (chess_board_corners, world_pts)
7
8
9

# Extract the pixel coordinates of the center line of the structured light bar

10 laser_pts_world = extract_laser (img_world)

11 # Inverse perspective transform

12 laser_pts_image = perspectiveTransform (laser_pts_world, H™V

11 # Calculate the camera coordinates of the center line of the structured light bar

12 laser_pts_camera = R@laser_pts_image + ¢

13 laser_pts_camera_l.append (laser_pts_camera)

14 # Structured light plane fitting
15 A, B, C, D = fit_plane (laser_pts_camera_l)
16 # Optimize

17 A, B, C, D = laser_optimize (A, B, C, D , laser_pts_camera,_l)

P4 G54 e I A S 1
Fig. 4 Calibration of structured light plane
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Table 1 Reprojection error optimization result

Number Not Optimized Optimized
1 56.17063 3.06371X107
2 38.70779 3.20408 <107
3 134. 20498 8.62607 X107
4 45.72296 2.09770x107
5 41.74555 7.59013 X107
6 45.06997 2.93538 X107
7 45.80917 8.53363X 107
8 59.16142 3.76497 X107
9 43.01584 3.02306 <107

Z B 1% 2 2%, Optimized J& 11 815 2 B9 AL 5 AR &R
AE bR S WG AR R Ae bR i Z B R 2%, 0T LR B
AL B B R R AR EAR /N, i 2 AR

P11 0 i A5 0 Ak | A% DU 2 43 A AR AL AR AR 5 A 4
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@ Not Optimized: 0.00527
x Optimized: 0.00003
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Fig. 11 Optimization result of single structured light plane
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Fig. 12 Multi-structured light plane optimization results
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Table 2 Multi-structured light plane fitting results

unit: mm

Structured light projector Distance between

travel distance two planes d'

Structured light projector Distance between

travel distance two planes d'

5 mm 5.21
10 mm 5.13
15 mm 4.98
20 mm 5.00
25 mm 5.21
30 mm 4.97

35 mm 4.83
40 mm 5.08
45 mm 4.84
50 mm 4.91
55 mm 4.98
60 mm 5.03

# 3 HEHOLT R E 45
Table 3 Structured light plane calibration results

Structured light plane common

normal vector: (A, B, C)

Solving parameters of structured light

plane equation D: (a, 6)

(0.00735, —0.87606, 0.48211)

(—1.00520, —191.71665)
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45 Ky OG- i E G P 4 R

Table 4 Structured light plane calibration optimization results

Structured light projector Predicted value of structured

travel distance light plane equation parameter D

Real value of structured light plane .
. Absolute value of difference
equation parameter DD

0 mm —191.717
5 mm —196. 743
10 mm —201.769
15 mm —206. 795
20 mm —211.821
25 mm —216. 847
30 mm —221.873
35 mm —226.899
40 mm —231.925
45 mm —236.951
50 mm —241.977
55 mm —247.003
60 mm —252.029

—191. 428 0. 289
—196. 640 0.103
—201.771 0.002
—206. 699 0.096
—211.701 0.120
—217.409 0.562
—222.175 0.302
—227.004 0. 105
—232.084 0.159
—236.927 0.024
—241. 839 0.138
—246. 819 0.184
—251. 849 0. 180

3.4 PAHEFERINEHRE

TEAS B 4509 96 1 ARk 250 A 1T LSRR AT
BB SO T Y 7 R 4R SR AT DX T AT
P RIFE L gme sk, BEL 2 mm [\ R
SR A AR T R E T MR ERE T KGR )G
TS S S MIVESY Do ER LN )

1) ¥ B IR FE AR AL B  #R B F-75 Rol, 2R 5 X
Rol #1725 48 4t 5

2) X EZ IEAT AE AL AR B, R 5 X Ak Ak BE 45
SEAEAT A AR b

3) X EMR #EAT AR AR 45 R A BT 13 R
3.5 MAENHRENFEFEFBENTARE

T4 S T 15 25 0O 2 AR IX 8 45 4 0l 2% Y
G A AR AE BG4 7 vk A3 B AL G I 25 4
A% It B A A, SR J5 A B/ 3R e 0k A K DX Ik
T4 T, A5 3 T3 B IX 3 A S 1 A
—0. 081762 —0. 53421y—0. 841392+ 373. 38110=0,

(24)

a=30°

4301
4401
2 450 |
S 4601
N 4701
4801

W7 thin_close_enhan - o

13 EHRAALZE IR 5 45400 SR 4R I
Fig. 13 Image refinement result and structured light strip

extraction result
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Fig. 14 Fitting results of the plane of the needle insertion area on the back of the hand
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