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Sensorless Force Control with Observer for
Multi-functional Upper Limb Rehabilitation Robot
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This paper presents a force control based on the observer without taking any force or torque

measurement from the robot which allows realizing more stable and robust human robot interaction for
the developed multi-functional upper limb rehabilitation robot. The robot has four functional training
modes which can be classified by the human robot interaction types: passive, active, assistive, and
resistive mode. The proposed observer consists of internal disturbance observer and external force
observer for distinctive performance evaluation. Since four training modes can be quantitatively identified
as impedance variation, position-based impedance control with feedback and feedforward controller
was applied to the assistive training mode. The results showed that the proposed sensorless observer
estimated cleaner and more accurate force compared to the force sensor and the impedance controller
embedded with the proposed observer completed the assistive training mode safely and properly.

Sensorless Force Control, Observer, Multi-Functional Upper Limb Rehabilitation Robot,

Impedance Control, Assistive Training Mode
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Fig. 1. Multi-functional upper limb rehabilitation robot®!

Table 1. Specification of the multi-functional upper limb
rehabilitation robot

Variable Descriptions
Min: x H) x 1 D
Sie ]| o 1330 )« 13200 * 1530 D
Weight [kgf] 107
Power [W] 300 (150W-DC motor 2EA)
Absolute encoder 2EA,

Position Sensin,
& Incremental encoder 2EA

Transmission Wire-driven

Motion DoFs 4

Training mode Passive, Assistive, Active, Resistive

Active 50 (Only motor)

Exertion F N
xertion Force [N] Passive 110 (Motor and MR-damper)

F 757] A0 BN & Tl TERS
| o] &-5{(cable-driven) 4} SR, £
A4 (intrinsic safety) SHZ 015 27]9HEH] 9
H3 L% 7|(controller damper)*'E 283519t}
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(b) Human initiating motion (active)

(¢) Human-robot cooperating motion (assistive)

(d) Human-robot cooperating motion (resistive)

Fig. 2. Initiative of motion
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Table 2. Specification of the force sensor

Variable Descriptions
Manufacturer CURIOTEC
Model CSBA-100L
Capacity/Resolution 100/0.05 kgf
Combined error 0.03%
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