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Comparison of two rapid inverse kinematics solutions
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[ Abstract] The inverse kinematics solution of super-redundant mobile manipulators has always been a hotspot in the field of
robotics. An effective solution has not been achieved especially on the problems caused by large computational complexity, large
displacement of mechanical arms and high energy consumption caused by inverse kinematics. Therefore, this paper presents a fast
algorithm for inverse kinematics of super—redundant manipulators based on geometric methods, and analyzes the energy consumption
of two joint position update strategies. The first joint position update strategy is “the joint falls on the line” , that is, the updated joint
position falls on the line connecting the target point of the joint and the previous joint connected thereto; the second joint position
update strategy is " The joint falls on the axis", that is, the updated joint position falls on the axis of the joint at the previous
moment and the previous joint connected thereto. Starting from the range of joint tracking angle during the movement, the motion
characteristics of the super—redundant mobile robot arm under these two joint renewal strategies are compared. The experimental
results show that the method 1 has the characteristics of small joint movement range and short moving distance and method 2 has
similar motion trajectories for each joint, and the end of the mechanical arm has a good follow—up effect.
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Fig. 1 The main structure and definition of the serpentine arm
BRI SHOE AN« p, A T BT &,
1 R | R, 0, AR B ¢ FIHT—AEe i - 1
M AEXTEE A
1.2 RinPITERAI AL = E 54
Rl BLA R %) 35 ARG B8 e K i 25 1, ) OF

12 B A E S E A T R 0018 3 DX, B
TS T AR SRAS TAE 2 (A B R i L T AT
IWREXIREABC Y5 ERCR U B3 S 6 IR
HUBE () TAEZS T A0 o e LA e R | 3
FEANKWAELRWE
X, =x;y 1 jcos 0, (1)
¥y, =y, +1._,sin6,_,. (2)
Hdr, poy(xsayin) spiayy) I3 BIRARBEE
i~ | BRI A G B AR , 0, YT § R
i = 1 BRI A (1) | (2) BFRTEEAGSR A
PATER AP 7 B AR5 BE 12 Bl i [l P BBURE
ANECR2 000, 18] 2 25 AR S AT 4 )l ks gl DX
HELIA R IX 524K 100%40 em? (9P XI5
80

60

40

ylem
o

20 40 60 80 100 120 140

x/em

0
-40 20 0

B2 seRAmERLAIEF = E

Fig. 2 Workspace of the serpentine arm
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Fig. 3 Schematic diagram of joints updated on the line
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Fig. 4 Joint point coordinate solution
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Fig. 5 Schematic diagram of the joint update on the axis
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Fig. 6 Schematic diagram of work principle
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Fig. 7 Trajectory tracking effect of joints on the line
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Fig. 8 Track tracking effect of the joint on the axis
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Fig. 9 Energy consumption of method 1
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Fig. 10 Energy consumption of method 2
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