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‭Research Questions‬

‭1.‬ ‭Is there a significant difference between IMU and MoCap machines ?‬
‭a.‬ ‭Dynamic Time Warping‬‭[Resource]‬

‭2.‬ ‭What is the difference between IMU and MoCap?‬
‭a.‬ ‭Visual inspection with difference time series plots with LOESS smoothers‬

‭[Resource]‬
‭b.‬ ‭Proportion of aligned timesteps in harmful‬

‭i.‬ ‭Linear Mixed Model for characteristics (e.g., proportion of time in‬
‭harmful posture, time spent in harmful posture, range of motion)‬
‭[Resource]‬

‭Methodology‬

‭1.‬ ‭Data cleaning (data_cleaning.ipynb)‬‭:‬
‭a.‬ ‭To align the datasets by time, observed times were rounded to 3 decimal places,‬

‭grouped by this rounded value and averaged. Basically, this averaged times across‬
‭the 100th of a second.‬

‭b.‬ ‭Missing data: We were missing datasets for participants 6 & 8 (all movements), 5‬
‭& 18 (axial), and 29 (lateral). Based on your email, these were dropped due to‬
‭inconsistencies in the participants’ movements during the study.‬
‭Some MoCap sets contain missing data for a certain period of time, usually during‬
‭a movement. As discussed, this is likely due to the MoCap system losing sight of‬
‭the sensor. We dropped the times of the MoCap missing data in the IMU data for‬
‭our comparisons, per your suggestion.‬

https://www.geeksforgeeks.org/dynamic-time-warping-dtw-in-time-series/
https://r-statistics.co/Loess-Regression-With-R.html
https://www.mathworks.com/help/stats/linear-mixed-effects-models.html


‭2.‬ ‭Plots (observing differences) (visualizations.ipynb)‬
‭a.‬ ‭These plots display the differences in angle captured between MoCap and IMU‬

‭overtime (MoCap - IMU) for each participant. Each gray line represents a‬

‭participant.‬



‭b.‬ ‭If there is no systematic difference in what these sensors were capturing, we‬
‭would expect to see random lines with no clear pattern centered around 0, and a‬
‭flat smoother (red line).‬

‭c.‬ ‭The first graph displays the axial rotation data. There is a clear and consistent‬
‭pattern following the pattern of movements, seen with the red line. This suggests‬
‭that the IMU is systematically failing to capture this type of movement. The two‬
‭graphs (lateral and flexion movements) show differences that occur between IMU‬
‭and MoCap are mostly random. There are a couple instances where it seems the‬
‭IMU was not capturing angle data very well in these graphs, but the overall‬
‭pattern is random and close to 0.‬

‭3.‬ ‭Testing differences (dtw.ipynb)‬
‭a.‬ ‭Dynamic time warping was chosen because the IMU and MoCap data were‬

‭collected at different hertz. Dynamic time warping is a way to compare two time‬
‭series models that don’t line up or have different sampling rates (which IMU and‬
‭MoCap are both measured at). This technique minimizes the Euclidean distance‬



‭between the two curves to detect differences between them. Once time warping is‬
‭run, a permutation test is done to determine if the distance is statistically different‬
‭versus distances that don’t have a major difference. Afterwards, there will be one‬
‭p-value per pair of measurements for each one of the movements. The null‬
‭alternate hypothesis as follows:‬

‭i.‬ ‭H0: The observed DTW similarity between IMU and MoCap is no better‬
‭than what would be expected under random phase shifts of IMU (Any‬
‭observed alignment could be due to chance phase alignment between two‬
‭signals with similar internal structure.)‬

‭ii.‬ ‭Ha: The observed DTW similarity between IMU and MoCap is‬
‭significantly better than what would be expected under random phase‬
‭shifts of IMU (a meaningful, temporally-aligned relationship exists!)‬

‭This means we are looking for significant results, as they signify a meaningful,‬
‭temporal relationship. However, rather than interpreting p-values in a binary‬
‭fashion (reject null vs. not reject null), we should understand what the p-value‬
‭represents in context. For instance, a p-value of 0.038 means that 3.8% of‬
‭permuted, phase aligned time series resulted in a lower distance than what was‬
‭observed for this particular participant‬

‭b.‬ ‭Pre processing: We started off by syncing major gaps that existed between either‬
‭IMU or MoCap measurements across each participant in any of the 3 pairs of‬
‭measurements. This will help “normalize” our dynamic time warping metrics to‬
‭ensure that differences measured will not come from any major measurement‬
‭errors.‬

‭c.‬ ‭Results from DTW:‬
‭i.‬ ‭Axial Rotations: Out of 26 participants for axial rotations, none of them‬

‭resulted in insignificant results at an alpha level = 0.1.‬
‭ii.‬ ‭Lateral Bending: Out of 27 participants for lateral bending, none of them‬

‭resulted in insignificant results at an alpha level = 0.1.‬
‭iii.‬ ‭Flexion: Out of the 28 participants for flexion, two of them resulted in‬

‭insignificant results at an alpha level = 0.1. These two being participant 1‬
‭and participant 29:‬



‭Again, it is important to realize that in this context p-values should be interpreted‬
‭more granularly, but these are the pair of measurements that were deemed‬
‭insignificant from a holistic, reject vs. not reject perspective.‬



‭4.‬ ‭Summary Measures (visualizations_and_bad_posture.ipynb)‬
‭a.‬ ‭Time spent in a harmful position may not be an accurate way to compare sensors‬

‭when missing data is dropped. Most of the missing data in the MoCap sensor‬
‭occurred during the movements. This means it is likely that the IMU and MoCap‬
‭sensors will have different values for this metric, even if the devices would be‬
‭capturing the same amount of time spent in harmful positions if there were no‬
‭instances of missing data.‬

‭b.‬ ‭Proportion of time spent in harmful position:‬

‭The p-value for axial, flexion, and lateral all are extremely small and significant‬
‭indicating that IMU and MoCap have inconsistent measurements for classifying‬
‭whether study participants are in harmful positions.‬

‭5.‬ ‭Appendix‬
‭DTW Axial Rotation Results:‬



‭DTW Lateral Bending Results:‬



‭DTW Flexion Results:‬

‭Mixed Effect Model Results:‬




