Additional file 1 – Supplementary Figures & Tables


[image: Chart, bar chart

Description automatically generated]

Figure A1. Onset Time Sweep. A single-subject (S3) pilot study was conducted to assess the effects of onset time on net metabolic rate.  Four onset time conditions were tested with the same peak torque magnitude (0.8 Nm/kg, 67.2 Nm), peak timing (79.74% of stance), and off timing (99.99% of stance).  These fixed timing parameters matched the optimized parameters for the 0.8 Nm/kg peak torque condition.  Net metabolic rate was very similar across onset time conditions.  The greatest metabolic cost reduction was achieved with torque onset at 25% of stance rather than the condition closest to the optimized parameter from human-in-the-loop optimization (15.88% of stance).  These results suggest that the variation in onset time had little to no effect on metabolic cost for this subject, although further work is required to assess this claim across subjects.
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Figure A2. Day-by-Day Metabolic Rate Results. Net metabolic rate results from validation all experimental days are shown. Net metabolic rate is normalized to body mass (W/kg), and percentages indicate reductions from running in the unpowered device (“zero torque”). Following a rest break after human-in-the-loop optimization, three validation conditions (normal shoes, zero torque, and optimized torque) were tested for 6-minute running trials in a random order. The conditions were repeated in reverse order for a total of 6 trials (“double validation”). On some intermediate days of continued optimization at the same peak assistance torque level, single-direction or no validation was performed due to time constraints. During “Final Validation”, participants did not undergo human-in-the-loop optimization; they experienced 6-minute running trials of all four optimized torque conditions (0.2 Nm/kg, 0.4 Nm/kg, 0.6 Nm/kg, and 0.8 Nm/kg) in addition to normal shoes and zero torque for a total of 6 validation conditions. These conditions were repeated in reverse order.
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Table A1. Subject Characteristics.  Relevant characteristics for study participants.
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Table A2. Raw Metabolic Rate.  Metabolic rate without quiet standing subtracted is reported for all participants across conditions.  Values marked with an asterisk are taken as the average across all 4 day-by-day validations. 
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Subject Sex Mass (kg) Age (yrs) Height(m)

1 F 57.5 22 1.68
2 M 69.0 25 177
3 M 84.0 41 1.84
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Subject | Mass (kg) condition standing shoes assistance 0.2 Nm/kg | 0.4 Nm/kg | 0.6 Nm/kg | 0.8 Nm/kg

1 575 Day-by-day 1.76* 10.94* 12.49* 11.31 10.84 10.11 10.00
Final day 1.45 10.86 12.32 11.31 10.71 10.25 10.03
Average 1.61 10.90 1240 11.31 10.78 10.18 10.01
5 69.0 Day-by-day 1.83% 10.52% 11.86* 1146 10.13 9.42 943
Final day 1.89 10.49 11.69 10.93 10.07 9.65 8.98

Average 1.86 10.51 11.77 11.20 10.10 9.54 9.2
3 84.0 Day-by-day 1.47*% 9.86* 10.73* 10.03 9.57 8.97 8.40
Final day 1.27 9.65 10.50 9.75 9.19 8.57 8.28
Average 1.37 9.75 10.61 9.89 9.38 8.77 8.34
Average 70.2 Day-by-day 1.67* 10.37* 11.58* 10.85 10.10 9.43 9.17
Final day 1.52 10.26 11.39 10.56 9.89 9.38 8.98
Average 1.60 10.31 11.48 10.71 10.00 9.41 9.08

* averaged across day-by-day validations





