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'ABSTRACT

The use of accelerometry to assess physical activity has become more common in
recent years. However, accelerometer devices are unable to determine dynamics of
energy expenditure (EE) due to the lack of precision and temporal resolution. In the
present study, we propose a novel method to predict EE based on transfer function
(TF) analysis between oxygen uptake (VO3) and triaxial accelerometer signals. Ten
healthy subjects performed incremental treadmill walking test consisted of 4-min
incremental speeds ranging from 2.5 km/h to 6.5 km/h with the increment of 1km/h.
The amplitude of the three dimensional vector of body acceleration (Asp) was linearly
related with VO3 during the speeds ranging from 2.5 to 5.5 km/h. Then, we employed
pseudorandom binary sequence exercise test switching the speeds between 2.5km/h and
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5.5km/h to determine the individual TF relating Asp to VO9 by applying autoregressive
with extra input model. To evaluate the accuracy of the estimated TF, VO3 response
was predicted by convolving the determined impulse response with corresponding Asp
obtained from square wave transition treadmill walking test at the speed from 2.5 km/h
to 5.5 km/h. The average root mean square error between predicted and measured VOo
during on-step transition was 1.18 ml/kg/min (range 0.79 to 1.75 ml/ kg/min). Gait
frequency can be precisely estimated by the phase derivative of A3p signal with the
error less than 1.5%. We conclude that VO3 on-kinetics can be estimated from Azp by
using an individual TF estimate together with the gait frequency. The proposed method
should be useful for estimating VO2 dynamics during walking and may be beneficial
to the estimation of EE during rehabilitation usually held in situations without a gas
analyzer. Further research should be needed whether the method could be applied to the

ambulatory activities of walking and/or running.
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]} 1 VOg, amplitude of 3D vector of acceleration (A3p), and gait frequency ( f,) during INC treadmill walking test for all
subjects. f,(m), measured gait frequency; f,(e), estimated gait frequency

Tread mill speed VO, Asp Fele) fg (m)
(km/h) ml/kg/min (mG) (Hz) ' (Hz)
0 56=06 60%2.0 = -
25 12719 63.7+10.1 0.789+0.098 0.777+0.111
35 151+1.7 114.8+19.3 0.867 £0.084 0.865 +0.088
45 17719 178.4+27.7 0.923%0.071 0.925+0.076
55 214%14 257.2+40.2 0.971£0.060 0.972+0.061
6.5 275%16 324.8+45.6 1.075%0.084 1.083 +0.085

Values are means+SD. The values at treadmill speed 0 were obtained at standing position. fg(m), measured gait frequency; fg(e), estimated gait

frequency
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1 Representative tracing of PRBS treadmill walking

test and transfer function of Asp to VO3 in 1 subject.
A: measured(open circles) and reconstructed VOy(upper
solid line) by convolving corresponding Azp(lower bold
line) with the determined impulse response. B: estimated
amplitude of the gain, C: estimated phase spectrum., D:
magnitude squared coherence function. Vertical dotted lines
indicate the upper limit of useful frequency inferred from
power spectrum for the PRBS exercise pattern. Error bars
in panels B and C indicate uncertainty of estimates.
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X2 Validation result from 1 subjects during the transition
from 2.5 to 5.5 km/h treadmill walking using individual
impulse response estimate (upper panel). Measured
VO, (open circles), predicted VO2 (bold line) and gait
frequency (fg) with the change in Asp (dotted line) are
shown. Residuals profile between measured and predicted
VOg is also shown. Transition from 2.5 to 5.5 km/h begins
at 480 s.
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3 Validation results from all subjects during the transition from 2.5 to 5.5 km/h treadmill walking using individual TF.
Measured (open circles) and predicted VO3 (bold line) with the change in Asp (thin line) are shown in each panel.

% 2 Amplitude of VO3 (AVO3) and Asp (A Asp), gain, and prediction results using individual impulse response function.
The difference between measured and predicted VO3 are summarized as the residuals and the root mean square error (RMSE) .

subj.ID AVO, A Asp Gain Residuals RMSE

(ml/kg/min) (mG) (ml/kg/min/G) (ml/kg/min) (ml/kg/min)

1 6.58 127 51.7 -0.19+1.93 -1.56

2 6.70 109 61.3 026%1.17 0.96

3 6.28 154 410 031+1.22 0.98

4 7.20 188 384 -0.13=1.05 0.85

5 7.68 100 76.9 0.65=1.65 142

6 9.18 155 59.2 -0.26 =092 0.79

7 829 214 38.7 097+193 1.75

8 11.1 149 746 0.04+1.85 148

9 945 174 54.2 045122 1.05

10 116 208 5.7 0.11%1.27 142

mean = SD 831%2.0 157 =239 55.2+136 0.22+0.39 1.18+0.32

‘A, difference between 2.5 and 5.5 km/h treadmill speed.
Subject's 1D from 1 to 5 are male others are female.
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