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Recently, the estimation of joint kinetics such as joint force and moment using wearable inertial sensors has received great
attention in biomechanics. Generally, the joint force and moment are calculated though inverse dynamics using segment
kinematic data, ground reaction force, and moment. However, this approach has problems such as estimation error of
kinematic data and soft tissue artifacts, which can lead to inaccuracy of joint forces and moments in inverse dynamics. This
study aimed to apply a recurrent neural network (RNN) instead of inverse dynamics to joint force and moment estimation.
The proposed RNN could receive signals from inertial sensors and force plate as input vector and output lower extremity
joints forces and moments. As the proposed method does not depend on inverse dynamics, it is independent of the
inaccuracy problem of the conventional method. Experimental results showed that the estimation performance of hip joint
moment of the proposed RNN was improved by 66.4% compared to that of the inverse dynamics-based method.
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Fig. 1 Free-body diagrams of (a) foot segment and (b) arbitrary segment i
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Fig. 2 Architecture of the recurrent neural network for joint kinetics
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Table 1 Averaged RMSE of the (a) joint force and (b) moment estimation
(a) Joint force [N]

Ankle Knee Hip
Ml M2 M3 Ml M2 M3 Ml M2 M3
Subject] 0.13 0.19 221 1.14 1.23 2.18 4.00 5.20 2.50
Testl Subject2 0.11 0.12 2.12 1.19 1.41 2.29 435 4.62 3.11
Test Subject3 0.17 0.23 2.30 1.23 1.51 222 3.90 4.92 3.00
Subject4 0.17 0.18 1.97 1.26 1.53 2.02 4.51 4.58 2.51
Subject5 0.23 0.40 2.45 1.23 1.96 2.58 3.06 6.30 3.07
Test3 Subject6 0.20 0.27 4.37 1.54 1.57 3.02 449 4.60 3.78
Average 0.17 0.23 2.57 1.26 1.53 2.39 4.05 5.04 3.00
(b) Joint moment [Nm]
Ankle Knee Hip
Ml M2 M3 Ml M2 M3 Ml M2 M3
Test] Subject] 0.98 1.53 1.15 2.72 3.65 1.21 8.06 8.72 1.79
Subject2 1.80 1.97 4.63 4.09 4.56 4.49 7.14 4.80 2.94
Test Subject3 1.37 2.41 1.54 6.21 7.47 1.67 10.94 12.03 2.08
Subject4 1.13 1.30 3.97 3.62 3.15 3.14 10.50 12.25 2.44
Test3 Subject5 2.19 2.67 1.85 2.48 6.42 3.48 4.28 8.64 4.77
Subject6 1.74 5.09 2.61 3.01 5.40 3.08 6.60 9.84 4.89
Average 1.54 2.50 2.63 3.69 5.11 2.84 7.92 9.38 3.15
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(a) Joint force
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(a) Joint moment
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Fig. 6 Estimation results of (a) joint force and (b) moment of Test 2 from Subject 3
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(a) Joint force
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Fig. 7 Estimation results of (a) joint force and (b) moment of Test 3 from Subject 6
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