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Abstract

As the carrier of the interaction between the doctor and the minimally invasive surgical robot sys-
tem, the performance of the master hand will directly affect the surgical quality. In order to im-
prove the comprehensive performance of the master hand, a multi-objective genetic algorithm is
proposed to solve the multi-objective optimization model, the model consists of three optimization
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variables (the length of three connecting rods of the master hand), three optimization objective
functions (kinematic performance index, stiffness performance index, dynamic performance index)
and one constraint condition (the length of the connecting rod constraint); in order to make the
wrist have the function of realizing cooperative tasks during operation, a redundant joint is added
to the three-degree-of-freedom wrist, the optimal angle of redundant joint is obtained by weighted
minimum norm method, and then the angle of other joints is obtained by analytic method.
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Figure 1. Master hand model diagram
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Figure 2. Master hand D-H coordinate system
Bl 2. £F D-H #45&K

Table 1. Master hand D-H parameter table
F 1. EF D-HBHK

KA KATHE A HEMK S A EE KA
1 0 0 0 o,
2 2 0 0 6,

3 0 a, ds 6;
4 7l2 az ds 04
5 2 0 0 05
6 2 0 0 05
7 2 0 0 6;
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680 mm < a, +a, <750 mm (35)
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Table 2. System resulting data of standard experiment
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a,/mm [320,380]
az/mm [320,380]
da/mm [-120,-160]
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Figure 3. Correlation matrix graph

B 3. HEXiEME

1.1, 5y, f Z MM RECN-0.10, 0.05, =AHERRECZ HAMEIEA K, Fk=A H bR %0T
DA ST H RS ) IR T AN R PR RE

2.8, 51, f,, LZEMAHKREECH 024, —0.42, —0.15, Wil a, 51, f 7%, 5 IEMH%.

3az 5 fy, fp, GZIAIMAHKE RSN 0.11, 044, 029, Uil a, 5 fy, o, f3 IEAHK

4.d, 51y, f,, £ ZIHAIFHR RECN-0.16, 0.24, 052, Uil a, 51, f, LML, 5 f fitHx.

A AR B AT I B — A0 A B, B DA =ML R B B — 8, IR FE s S BE R 3
FiR, MRABLEEVEREIRPRIE IR ) Rt = FAF KRS, SR a MR inRonn:

F=min(f+f,+f,) (36)
LG ETARKA:
a, =370 mm,a, =360 mm,d, =-150 mm 37)
Table 3. Partial optimization result
3. WOMUHER
a,/mm as/mm ds/mm fi f, fs
369.652 359.71 —150.265 0.084516 0.664383 0.011933
374.683 365.315 —157.662 0.033766 0.646533 0.104008
373.075 355.312 —-160 0.13401 0.640102 0.019316
367.099 364.924 —150.388 0.109952 0.652287 0.167743
371.093 359.71 —149.332 0.291531 0.661198 0.01588
366.63 352.561 —154.24 0.164204 0.657952 0.175321
363.439 350.908 —154.198 0.073516 0.639883 0.295121
347.377 365.739 —131.652 0.201081 0.649929 0.175455
356.859 350.94 —133.894 0.289909 0.624196 0.128676
346.224 349.694 —135.823 0.346933 0.650329 0.068917
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Figure 4. Redundant joint planning flowchart
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x = 360,300,-220,90°,0",0’ | (53)
HOT BB DT A1 B
0=[0",-90",90",90",0",90", 0°]T (54)
W8 H AR A G ST A N
X; =[460,300,-170,115",-19",28' ]T (55)
BOER A 10 s, APRIENLES AAKSRTE 10 s WAHIIEAL B 2 H bnfr B R S H 4is3), | SOHRE
FKRN:
v=[10,0,5,3.5-19,2.8]' (56)
A NIRRT A PRAL -
Table 4. System resulting data of standard experiment
3 4. FOERIE RS R YR
1 [—45,45]
2 [—145,—-30]
3 [30,120]
4 [0,180]
5 [—90,90]
6 [0,180]
7 [0,360]

K 5 N RS ETFIa s R &N ARG, B 5 ATEUE T A A R AR B ST IR A .
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207
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60 S4BT
ESingiilia ]
80 F L —
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Figure 5. Joint angle change
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Y = Atanz(m,az)
Z = Atan 2(ay/sY ,ax/sY)
X = Atan2(o,/sY,-n,/sY)
[ 5 SURRR 1R 22+
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Figure 6. Relative error
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Figure 7. End position error
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a, =370 mm,a, =360 mm,d, =150 mm , J/5 ZAENLEIRIT I B 1 Rl £ O 58 B0 AL AR B ) Ak L
87 RIS, g5 /NS 00 DA G J 5t 2 T8 3 645 BRAE 1 R AL R EICH HL AR SRAF IR R M TR ST A FE, RE
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