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1  Sliding Mode Control (SMC)
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Fig. 1. Schematic of the 7-DOF lower limb exoskeleton
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Fig. 2. Design parameters of the lower limb trajectory
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1  .Adaptive Super Twisting Sliding Mode Controller (ASTSMC)
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Fig. 3. single and double support phases

Fig. 4. desired trajectory of the first joint

Table 1. Hip and Ankle parameters
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Fig. 8. desired trajectory of the fifth joint Fig. 6. desired trajectory of the third joint

Fig. 7. desired trajectory of the fourth jointFig. 9. desired trajectory of the sixth joint
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Fig. 10. Block diagram of the proposed controller
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Fig. 11. Trajectories of fifth and sixth joints in ADAMSFig. 12. Phase-plan diagram of the first joint
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Table 2. Lower limb exoskeleton robot parameters

Kg
1m

Kg
2m

Kg
3m

Kg
4m

Kg
5m

Kg
6m

Kg
7m

2kg m
1I

2kg m
2I

2kg m
3I

2kg m
4I

2kg m
5I

2kg m
6I

2kg m
7I

M a
M b
M

2L
M

3L
M

4L
M

5L
M

7L
M

m1c
M

m2c
M

m3c
M

m4c
M

m5c
M

m6c
M

m7c

3548 3533



3543

Fig. 14. Phase-plan diagram of the third joint

Table 3. optimal control parameters and upper limb trajectory parameters
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Fig. 13. Phase-plan diagram of the second jointFig. 15. Phase-plan diagram of the fourth joint

Fig. 16. Phase-plan diagram of the fifth joint
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Fig. 20. Tracking error of the second joint Fig. 18. Phase-plan diagram of the seventh joint

Fig. 19. Tracking error of the first joint Fig. 17. Phase-plan diagram of the sixth joint
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Fig. 21. Tracking error of the third joint

Fig. 24. Tracking error of the sixth joint Fig. 22. Tracking error of the fourth joint

Fig. 23. Tracking error of the fifth joint
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