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Torque Estimation of the Human Elbow Joint using the MVS (Muscle Volume Sensor)
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This study uses a muscle activation sensor and elbow joint model to develop an estimation
algorithm for human elbow joint torque for use in a human-robot interface. A modular-type MVS
(Muscle Volume Sensor) and calibration algorithm are developed to measure the muscle
activation signal, which is represented through the normalization of the calibrated signal of the
MVS. A Hill-type model is applied to the muscle activation signal and the kinematic model of the
muscle can be used to estimate the joint torques. Experiments were performed to evaluate the
performance of the proposed algorithm by isotonic contraction motion using the KIN-COM®
equipment at 5, 10, and 15Nm. The algorithm and its feasibility for use as a human-robot
interface are verified by comparing the joint load condition and the torque estimated by the
algorithm.

71243

Uy (1) =MVS(Muscle Volume Sensor) signal
)= Calibration function of the MVS signal
u(r)=Muscle activation signal

f ( eslbow

a(r)=Normalized muscle activation signal

lm

V" = Muscle contraction speed

= Muscle length

£ MA), Human Intent Estimation (At2h 2|= F7), Human Joint Torque
), Muscle Activation Signal (2§24 % 4 3), Human Muscle Model (2!
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3 9lE]¥| o] 22(HRI: Human-Robot Interface)ol] o 3t
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(human motion intent)& & 53t 7|24 AXE- i

.
=

[ = Moment arm length 2 " ZHedA M T8 840t o) 7

F™ = Muscle-tendon force o] Atghel FAJEE FolslE HRI 7|EE 9 %
F!» = Contractile element force of the muscle ste] QIZE-ER FAAA S Fd] HdlAe <l
F = Parallel element force of the muscle A w2 ME #AHY 4% 52 EJE 45T
7, = Estimated torque of the elbow joint T dojok gtk Fem sobs 9% tjmA<l
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Fig. 3 Kinematic analysis of the human elbow joint
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