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Design of Three-dimensional Ultrasound-guided Intramuscular
Injection Instrument Based on Optical Positioning

JIANG Xinyu, WANG Beigi, MO Weiping , LIU Yanchun, LIU Zhenming, WANG Xinyi
(College of Mechanical Engineering, Donghua University, Shanghai 201620, China)

ABSTRACT: To solve the mismatch between optical positioning equipment and existing medical ultrasound instrument
in the application of injection surgery with the introduction of optical positioning technology in muscle spasm therapy, the
work aims to further improve the stability of theoretical positioning accuracy, simplify the necessary operation, and re-
duce the difficulty of practical application. Based on the functions of the existing ultrasound instrument and related
equipment and combined with the requirements of optical positioning equipment working conditions, the demand analysis
was carried out and the functional flow model of product components was reconstructed and mapped to network nodes. At
the same time, based on the importance evaluation method of complex network nodes, the design center of the target
product was determined and designed in layers. Finally, the rationality of the test design was verified by simulation. The
experimental results were in line with the expected hypothesis, and the correlation between the functional element corre-
sponding to the target node and other nodes was correlated with the complexity of compatible connections required by the
target element. On the basis of experiments, a design scheme that could adapt to optical locator and ultrasound equipment
was obtained, which effectively solved the problems of nonintuitive and invisible intramuscular injection guided by
two-dimensional ultrasound navigation. The importance evaluation method based on complex network nodes is more
suitable for the design and research of complex functional products, and the importance difference of evaluation results is
more significant.
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Tab.1 Functional module elements and
their functional types
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Tab.2 Value of comparison for importance indicators

LB B Cp Cc Cp Cr
Cp 1 7 3 3
Cc 1/7 1 1/5 1/4
Cs 1/3 5 1 1/3
Ce 1/3 4 3 1
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Tab.3 Corresponding weight of each indicator
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XTACE 05146  0.0534  0.1628  0.2692
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Tab.4 Weighted normalized decision matrix

EIkd Co Cc Cy Ce
1 0.4155 0.047 0 0.156 4 0.1222
2 0.3116 0.040 5 0.113 4 0.0323
3 0.207 8 0.041 7 0.048 9 0.048 1
4 0.3116 0.044 6 0.057 4 0.116 3
5 0.207 8 0.037 6 0.054 7 0.034 5
6 0.207 8 0.041 7 0.037 2 0.071 0
7 0.4155 0.0411 0.1310 0.078 5
8 0.103 9 0.0313 0.000 0 0.024 4
9 0.4155 0.046 1 0.108 2 0.101 8
10 0.207 8 0.039 2 0.0215 0.062 5
11 0.207 8 0.040 5 0.107 5 0.0213
12 0.207 8 0.041 1 0.030 0 0.050 6
13 0.207 8 0.036 1 0.007 8 0.0511
14 0.519 4 0.051 6 0.229 4 0.149 7
15 0.519 4 0.044 6 0.2757 0.036 0
16 0.103 9 0.0333 0.000 0 0.011 2
17 0.103 9 0.0333 0.000 0 0.0112
18 0.103 9 0.0333 0.000 0 0.0112
19 0.3116 0.047 7 0.211 8 0.060 9
20 0.207 8 0.038 7 0.078 2 0.037 5
21 0.4155 0.052 6 0.278 3 0.108 9
22 0.103 9 0.029 9 0.000 0 0.0117

®5 MEMETRHNZEBHRRITNER
Tab.5 Evaluation results of multi-attribute
decision-making for functional network nodes

ES D' D Z

1 0.134 737 0.379 261 0.737 865
2 0.310 435 0.219 836 0.414 573
3 0.383 207 0.126 304 0.247 893
4 0.250 497 0.281 833 0.529 433
5 0.394 448 0.115 891 0.227 086
6 0.367 934 0.150 909 0.290 858
7 0.185 903 0.340 533 0.646 866
8 0.497 189 0.023 811 0.045 703
9 0.167 238 0.355 139 0.679 852
10 0.377 709 0.139 105 0.269 159
11 0.398 481 0.122 443 0.235 05
12 0.385 111 0.126 697 0.247 548
13 0.389 954 0.125 725 0.243 806
14 0.028 613 0.499 995 0.945 871
15 0.204 544 0.444 641 0.684 922
16 0.508 318 0.003 433 0.006 708
17 0.508 318 0.003 433 0.006 708
18 0.508 318 0.003 433 0.006 708
19 0.263 47 0.256 671 0.493 464
20 0.3871 95 0.122 173 0.239 853
21 0.1263 87 0.391 072 0.755 754
22 0.5080 53 0 0
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Tab.6 Comfort assessment of viewing display A
in different orientations

WM MAE a/(°) Low {H High { Mode H Valve (H #1H

0 -10.0 26.0 7.0 6.4 0.6
15 -10.0 26.0 7.0 6.4 0.6
30 -10.0 26.0 7.0 6.4 0.6
45 —-10.0 26.0 7.0 6.3 0.7
60 -10.0 26.0 7.0 6.3 0.7
75 -10.0 26.0 7.0 6.2 0.8
90 -10.0 26.0 7.0 6.2 0.8
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Tab.7 Comfort assessment of viewing display B
in different orientations

WM A a/(°) Low {H High {H Mode {H Valve {5 22{H

0 -10.0 26.0 7.0 5.1 1.9
15 -10.0 26.0 7.0 5.2 1.8
30 -10.0 26.0 7.0 53 1.7
45 —-10.0 26.0 7.0 5.4 1.6
60 —-10.0 26.0 7.0 5.5 1.5
75 -10.0 26.0 7.0 5.6 1.4
90 -10.0 26.0 7.0 5.6 1.4
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Tab.8 Comfort observation of display screen A at
a downward angle of 45° at different heights

FEAEE T h/em Low {H  High { Mode {H Valve { #1H

130 -10.0 26.0 7.0 12.8 5.8
140 -10.0 26.0 7.0 9.8 2.8
150 -10.0 26.0 7.0 6.3 0.7
160 —-10.0 26.0 7.0 2.5 4.5
170 -10.0 26.0 7.0 0.1 6.9
180 -10.0 26.0 7.0 -0.9 7.9
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Tab.9 Comfort observation of display screen Vat
a downward angle of 45° at different heights

FEAEEE h/em Low A High {H Mode {H Valve {E %18

130 -10.0  26.0 7.0 12.1 5.1
140 -10.0  26.0 7.0 9.0 2.0
150 -10.0  26.0 7.0 5.4 1.6
160 -10.0  26.0 7.0 1.5 5.5
170 -10.0  26.0 7.0 -0.4 7.4
180 -10.0  26.0 7.0 -1.4 8.4
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