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Design and Development of a Deep Learning-Based Pain
Behavior Monitoring System through Individual Recognition of
Hand Positions and Hand Gestures

Yonghun Cho’, Hyunwook Lee”, Yunju Baek
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ABSTRACT

With the rapid development of deep learning technology, research on recognizing patients’ biometric
information or complex conditions by incorporating deep learning into the healthcare field is being actively
conducted. In particular, effective management of pain leads to an improvement in the patient’s health
condition and an increase in medical satisfaction. This paper proposes a deep learning-based pain behavior
monitoring system with IMU sensor data collected through wristband devices as input. For precise recognition
of pain behavior, we designed a combination of two CNN models that individually recognize hand positions
and hand movements and an HMM model that reduces misrecognition of pain behavior as daily behavior. The
wristband device, which collects IMU sensor data, is designed based on an nRF5240, based MDBTS50Q
module for low-power design. The proposed system recognizes 28 pain behaviors selected with advice from

Pusan National University Hospital with an average accuracy of 87.06%
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Table 4. Abbreviations of pain behavior

Gesture . . . .
Position Tapping | Guarding |Scratching |Massaging
Head HG HS
Neck NT NS NM
Left-
shoulder LsT LsM
Right-
shoulder RsT RsM
Left-arm LT LG LS LM
Right-arm RT RG RS RM
Chest CT CG CS CM
Stomach SG SS SM
Legs LegT LegM
Low-back LowT LowG
Daily- .
behavior Daily
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Fig. 7. Confusion matrix of recognition of 29 pain behaviors and daily behaviors in a proposed model
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