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Abstract: In order to achieve accurate dynamic model identification of the hyper-redundant manipulator, a
semiparametric dynamic model identification method based on iterative optimization and neural network

compensation was proposed. First, the dynamic model of the hyper-redundant manipulator and the base
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parameter set were introduced, joint nonlinear friction model was established, and the excitation trajectory
was generated using genetic algorithm to optimize the condition number of the regression matrix. Second,
the physical feasibility constraint of the manipulator dynamic model was established, and a two loops iden-
tification network was designed to identify the inertial parameters and joint friction model of the hyper-re-
dundant manipulator based on the iterative optimization method. Finally, the BP neural networks were
trained to obtain the semiparametric dynamic model of the hyper-redundant manipulator by using data set.
A series of identification algorithms were compared and analyzed. The experimental results show that,
compared with the traditional least squares algorithm and weighted least squares algorithm, the identifica-
tion algorithm proposed in this paper can improve the sum of identify torque residual root mean square
(RMS) of joints by 32. 81% and 23.76%, respectively. The sum of torque residuals of the semi-paramet-
ric dynamic model is 23. 56 % higher than that of the full-parametric dynamic model. The identification re-
sults verify the effectiveness of the proposed identification method.

Key words: redundant manipulator; dynamic model identification; iterative optimization; semiparametric
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Fig.1 Structure of hyper-redundant modular manipulator
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Tab.1 Hyper-redundant modular manipulator modified

DH parameters

K a a d offset
1 0 0 0.2878 0
2 n/2 0 0 b
3 n/2 0 0.3498 b
4 n/2 0 0 T
5 n/2 0 0.3187 T
6 /2 0 0 T
7 n/2 0 0.2941 b
8 n/2 0 0 b
9 n/2 0 0.2351 kg
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Tab.2 Hyper-redundant modular manipulator joint mo-

tor parameters

KA BUEMIAR/W BUEJIEK/(Nem)  J15E R AL
1 410 2.3 0.21
2 410 2.3 0.21
3 430 1.43 0.13
4 430 1.43 0.13
5 270 0.74 0.106
6 270 0.74 0. 106
7 155 0.27 0.057
8 155 0.27 0.057
9 155 0.27 0.057
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Tab.3 Hyper-redundant manipulator joint motion restriction

X7 q: G imax G rmax
1,3,5,7,9 +180° 30 () /s 50(°)/s
2,4,6,8 +90° 30 () /s 50(°)/s
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Tab. 4 Identification trajectory parameters for hyper-redundant manipulator

KT a a, a; a, as
1 0.245 29 0.444 83 —0.001 05 —0.03119 —0.0606
2 0.044 78 0.133 35 —0.018 24 —0.008 73 —0.0109
3 0.876 44 —0.407 96 —0.06577 0.0235 0.0389
4 —0.162 60 —0.0186 0.082 1 0. 166 26 —0.126 6
5 —0.004 31 0.001 53 0.005 76 —0.076 11 0.046 79
6 —0.67595 —0.007 46 —0.01372 0.120 159 —0.0438
7 —1.556 05 0.005 1 —0.001 08 0.004 55 0. 059 06
8 —0.136 723 —0.007 7 —0.0401 —0.0650 0.062 78
9 0.048 681 —0.0184 0.096 5 —0.062 2 0. 006 03

KA b, b, by b, bs 9o
1 —0.16546 0.0390 —0.0724 0.2287 —0.121 86 0. 180 81
2 0.829 112 —0.1354 0.3654 —0.171 —0.19371 0.019 94
3 —0.14353 —0.3378 0.042 9 0.0327 0.112 00 —0.3410
4 0.659 13 —0.00179 0.026 1 —0.1735 —0.008 4 0.038 32
5 —0.012 79 —0.3075 —0.0684 —0.048 8 0.205 64 —0.6336
6 0.029 90 0.006 17 0. 009 37 —0.0174 —0.000 58 —0.0213
7 0.018 48 0.015 62 0.007 3 —0.0237 0. 004 85 0.104 79
8 0.21118 0.019 83 0.027 69 —0.1405 0.044 88 0.033 15
9 0.523 66 —0.044 77 —0.004 1 —0.028 3 —0.062 39 —0.107 19
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Fig.2 Joint angle position of optimal excitation trajectory
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Fig.3 Joint angle velocity of optimal excitation trajectory
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Fig.5 Trajectory of manipulator’s end-effector in world
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Fig.8 Experiment platform of hyper-redundant manipulator dynamic model identification
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Fig. 9 Experimental trajectory of the manipulator
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Fig. 10 Iteration convergence of inner loop
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Tab.5 Identify torque residual root mean square (RMS) values by various methods

SR/

ZR S S I S S K3 KAT4 RS X6 RWT O XKW KXW (Nem)
°m

Fikl 7.7598 11.4438 11.0966 7.4362 4.8788 4.8429 1.8765 2.0091 1.6551 52.998 9
Jrk2  7.8076 10.6033 10.0021 6.4629 3.2451 4.1194 1.3816 1.6817 1.4011 46.704 8
Jrk3 3.6957  8.6966 7.2547 5.8485 2.8643 3.0647 1.2138 1.6383 1.2882 35.564 7
Jrikd  3.7047  9.1067 7.3356 5.4119 2.8417 3.0171 1.3007 1.5660 1.3218 35.606 3
k5 4.0740 7.3518 5.2087 2.7651 2.3061 2.1012 1.1386 1.4666 0.8047 27.216 7

TE T B R FER U R AR 25 35 5 REL A SR 2 O Nemo 205 6 TARER IR/ 3l s r ik 2 ARRINAN e /s — 30k s O ik 3403
SCHRE3 42 Y = J2 P45 3k AUO0 AR BT 1 5 7 1 4 AR AR SCHR th 9 2 SR AU AR B 1 5 07 1 SRR AR SCHR I Y P JZ 2 AR
DO o 22 I 2 b 2 14 2 2 808 g 2 W O ik
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Tab.6 Dynamic parameter identification results

2 {H 2R fH 28 {H 28 fi 28 fH
1 10. 58 8 —2.182 15 0.842 8 22 8.956 9 29 —0.189
2 115.1 9 13. 462 16 0.0216 23 121. 04 30 2.515
3 12. 84 10 —0.042 17 0.047 8 24 1.552 31 0.668
4 —1.47 11 —6.812 18 1.2954 25 0.898 32 —3.784
S 1.843 12 114.87 19 0.8537 26 1. 800 33 7.383
6 1.109 13 7.1955 20 0.402 2 27 —0.284 34 64.954
7 1.190 14 —2.328 21 —0.025 28 —0.297 35 4.268
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Tab.6 Dynamic parameter identification results
e fi SR fi S8 1l 28 1l K 1
36 3.368 48 0.549 8 60 —0.1813 71 —0.0177 83 0.004 4
37 —0.291 49 —0.0058 61 —0.059 72 —0.0122 84 —0.036 6
38 —0.021 50 —0.0007 62 —0.104 73 —0.096 7 85 0.072 67
39 0.344 5 51 —0.001 3 63 0.456 5 74 0.2376 86 —0.029 3
40 0.0252 52 0.556 4 64 0.0551 75 —0.0507 87 0.017 6
41 0.3014 53 —0.0527 58 —0.332 76 —0.4345 88 1.6167
42 —0.1297 54 —1.764 65 —0.059 9 7 3.065 89 26.124
43 0.002 4 55 3. 407 66 2.9531 78 33.66 90 3.091
44 4.396 1 56 43.01 67 32.698 79 6.710 91 —0.2037
45 126. 84 57 6.842 68 5.1254 80 —0.123
46 6.074 4 58 —0.332 69 0.2289 81 —0. 006
47 0.2860 59 0. 005 70 0.2332 82 —0.0031
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Fig. 12 Convergence of the joint friction model «
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Fig. 13 Identification model verification result
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