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Abstract: Functional electrical stimulation (FES) is a widely used rehabilitation technique clinically. However, currently
FES-based devices require control by rehabilitation physicians based on their experience, making it difficult to guarantee
control accuracy. To solve this problem, this paper employs a recursive identification method of parameters to establish
a Hammerstein model of the upper limb musculoskeletal system. And then, an optimal iterative learning control method
based on this model is proposed. Initially, the neural network (NN) and a transfer function are used to represent the isometric
recruitment curve (IRC) and linear activation dynamics (LAD) of muscles, respectively. A pre-trained dataset is established
and the model parameters are recursively identified based on the dataset, establishing an improved Hammerstein model for
the upper limb musculoskeletal system. Subsequently, a NN controller and a parameter optimal iterative learning controller
(POILC) are designed based on the IRC and LAD of the model, respectively, resulting in the NN-POILC cascaded controller
(NPOILC). Finally, an experimental platform is built, and five subjects are recruited to verify the proposed methods. The
experimental results show that compared with PD-ILC and the Polynomial-POILC, the proposed NPOILC reduces the
RMS error of the final iterations from 8.02° and 9.74° to 4.87°, marking a reduction of 39.3% and 50.0%, respectively.
The experimental results verify the effectiveness of the method proposed in this paper, achieving modeling and control of
the upper limb rehabilitation system, with higher control accuracy and faster convergence rate.
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Fig. 13 MSE of different controllers when a sine function is

taken as the desired trajectory
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Fig. 14 Physical image of upper limb rehabilitation system
experimental platform
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Fig. 15 The experimental environment for electrical stimula-

tion of the upper limb musculoskeletal system
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Table 3 RMSE of all iterations

aney PDILC  PPOILC NPOILC
1 0.21 0.21 0.17
2 0.22 0.25 0.14
3 0.14 0.15 0.084
4 0.23 0.18 0.11
5 0.14 0.19 0.12
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Table 4 RMSE of the last iteration

Sl #H PDILC  PPOILC NPOILC
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4 0.17 0.13 0.074
5 0.10 0.16 0.090
Ty 0.14 0.17 0.085
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