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Initial-contact-timing Estimation Based on Supervised Learning
in a Hip-assistive Wearable Robot

7 M =580 58 A

) i

ot

(Seon-Min Koo', Jung-Hee Jo?, and Hyunjin Choi*")
"Department of Electronics and Information System Engineering, Sangmyung University
*Department of Human Intelligence and Robot Engineering, Sangmyung University

Abstract: Hip-assistive wearable robots have been widely adopted for gait rehabilitation due to their lightweight design and ease
of use. However, the lack of distal sensors, such as shank inertial measurement units (IMUs) or foot pressure insoles, limits precise
gait event detection. This study proposes an initial contact (IC) estimation method using only thigh angle measurements and two
IMU signals embedded in a hip-assistive robot. The algorithm was validated against IC timings obtained from foot pressure sensors.
Using a k-nearest neighbors model trained on kinematic features around IC, the method accurately detected IC events and demonstrated
high agreement with the reference data. Moreover, the model achieved a root mean squared error of 2.20% + 1.15%. These results
demonstrate that reliable IC estimation and spatiotemporal gait analysis can be achieved using only hip-embedded sensors, without
additional distal instrumentation.
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Fig. 1. Subject wearing the hip-assistive robot KIT H10 and

insole pressure sensors.
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Fig. 2. Definition of the inertial sensor coordinate system and hip
joint angle direction of the KIT H10.
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locking gait during loading response, and (c) narrow-
step gait.
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Fig. 4. Definition of knee horizontal distance in the sagittal view.

2. Knee Horizontal Distance Derived from Thigh Angles
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4. Step Segmentation Using Knee Distance Zero-crossings
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Table 1. Comparison of sensor configuration and performance with previous studies.

Study Sensor Configuration Model / Method | Evaluation Metric Error (Mean + SD) Reference Unit
This Study Hip Encoder + Thigh IMU KNN Regression RMSE 22+1.15% % of gait cycle
Strick et al. 2 IWS (Thigh + Shank), Threshold.-based Temporal Error 4] £20ms ms (=3.4 % gait
[14] Hip & Knee angles detection cycle)
Tang et al. [15] 4 IMUs (Thigh, Shank) Dual Head CNN RMSE 5.00+1.65 % % of gait cycle
Kmﬁ;’]t a1 Hip Encoder + Trunk IMU CNN RMSE 5.04+0.79 % of gait cycle
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