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Improving Machine Learning Based Detection of Freezing of Gait Using Data Synthesis Methods

Introduction

Freezing of gait (FoG) is a common motor impairment in Parkinson's disease (PD) demonstrated by episodes of inability to step forward despite the intent to walk. This debilitating aspect of PD can be annoying, embarrassing, and may increase fall risk leading to hospitalization. While pharmacologic therapies have failed to prevent FoG, treatment with noninvasive stimulation and external cueing have recently received attention. These approaches rely on principles of machine learning; however, the infrequent nature of FoG results in imbalanced datasets. The goal of the current work is to investigate the effect of mitigating this imbalance on patient-dependent and patient-independent machine learning models.

Dataset

Participants. Seven participants with PD (4M/3F, 74±5 years, H&Y scores 2-4) walked at self-selected speeds through a 11.5m×1.5m hallway for 35±8 minutes.

Data type. Two inertial measurement unit (IMU) sensors placed on the participants' ankles measured accelerometer signals with 128 Hz sampling rate.

Data label. Raw sensor data were labeled as FOG, NORMAL, STOP, and NO-ACTIVITY. Because FoG episodes are associated with lower limb activity NO-ACTIVITY and STOP data were excluded from the study. Data samples. 154 FoG episodes with μ(σ)=22( 12) per participant were recorded. The ratio of FoG samples for each participant ranged from 2.5% to 25% resulting in an imbalanced dataset.

Results

▪ Random Forest model detected FoG events with an average sensitivity and specificity of 76.6% and 96.5% trained by the original dataset, and 89.5% and 95.3% trained by synthesized dataset in patient-dependent models. ▪ ADASYN improved the average F1-score of patient-dependent models from 79.0% to 83.0%, while reducing patient-independent model performance from 73.5% to 72.4%.

Patient-dependent vs Patient-independent

▪ While the patient-specific FoG data are scattered, the NG (normal gait) data can be grouped with distinguishable clusters. ▪ Patient-dependent models. Training and testing data were both from the same participant ▪ Patient-independent models. Leave-one-subject-out cross validation Future studies will be focused on the implementation of the trained classifiers in a real-time FoG prediction system to validate the results in ambient setting.
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 1 Figure 1. t-SNE visualization of the data (NG: normal gait, FoG: freezing of gait)
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 2 Figure 2. Violin plot of Random Forest model
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