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EMG-based Real-time Finger Force Estimation for Human-Machine Interaction

ilét—. , A0g ﬂ--é 4y e
Changmok Choi', Mihye Shin?, Suncheol Kwon and Jung Kim"=

1 KAIST 7|45 &1} (Department of Mechanical Engineering, KAIST)
2 ABHZCOiSD 7|4 380 (Department of Mechanical Engineering, Stanford Univ.)
x4 Corresponding author: jungkim@kaist.ac.kr, Tel: 042-350-3231

Manuscript received: 2009.1.23 / Accepted: 2009.5.11

In this paper, we describe finger force estimation from surface electromyogram (SEMG) data for
intuitive and delicate force control of robotic devices such as exoskeletons and robotic prostheses.
Four myoelectric sites on the skin were found to offer favorable sEMG recording conditions. An
artificial neural network (ANN) was implemented to map the SEMG to the force, and its structure
was optimized to avoid both under- and over-fitting problems. The resulting network was tested
using recorded sEMG signals from the selected myoelectric sites of three subjects in real-time. In
addition, we discussed performance of force estimation results related to the length of the
muscles. This work may prove useful in relaying natural and delicate commands to artificial
devices that may be attached to the human body or deployed remotely.
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Fig. 1 Anatomical illustration of intrinsic and extrinsic muscles related to movement of the thumb and index finger'®
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Fig. 2 Instrumentation system setup
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Fig. 3 Discriminabilities (/) of the signals measured by
the seven channel electrodes based on the Fisher

discriminant analysis
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Fig. 5 Recorded SEMG and force signals
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vvvvvvv Measured force by force sensor

e Estimated force from EMG signals
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Fig. 6 The estimation results from ANN. The gray line
indicates the measured force from the sensor and
the black line indicates the estimated force by

ANN
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Fig. 7 The offline analysis protocol based on the
difference of the pinch length
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Table 1 Experimental results of the force prediction

Pinch length (mm) PART 1 PART?2
NRMSE CORR NRMSE CORR
30 0.065 +£0.013 0.974 £0.012 0.090 £0.021 0.937 +£0.028
35 0.074 +0.021 0.968 +0.014 0.077 +0.012 0.949 £0.025
40 0.077 £0.018 0.966 £0.017 0.088 £0.021 0.940 +0.024
45 0.079 £0.022 0.966 £0.018 0.110 £0.052 0.929 £0.036
50 0.087 +0.026 0.957 +£0.024 0.097 £0.023 0.935 +0.029
average 0.076 £0.020 0.966 +0.018 0.093 £0.026 0.940 +£0.028
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