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( Estimation of Energy Expenditure using Unfixed Accelerometer during
Exercise )
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Abstract

In this paper, we proposed a method for estimating energy expenditure using the unfixed axis of the accelerometer.
Most studies adopted waist-placement because of the fact that the waist is close to the center of mass of a whole human
body. But we adopted pocket-placement, which is capable of using unfixed axis of sensor, that is more convenient than
conventional methods. To evaluate the proposed method, 28 male subjects performed walking and running on a motor
driven treadmill. All of subject put on the indirect calorimeter and fixed accelerometer, then data were simultaneously
measured during exercise. The regression analysis was performed using the test group(n=20) and the regression equation
was applied to the control group(n=8). A strong linear relationship between energy expenditure and unfixed accelerometer
signal was found. Futhermore, the coefficient of determination was significantly reliable(R*=0.98) and showed zero of
p-value. The error of energy expenditure estimation between indirect calorimeter and two types of accelerometer was
15.0%(fixed) and 17.0%(unfixed) respectively. These results show the possibilities that the unfixed accelerometer can be
used in estimating the energy expenditure during exercise.

Keywords : accelerometer, unfixed axis, indirect calorimeter, regression analysis, energy expenditure.
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Table 3. The correlation of each axis of unfixed

5 o)
o] A HFFA BMI . =r accelerometer and energy expenditure.
el i 537 ol
} unfixed Pearson Correlation(R)
it 209 1724 687 231 1260 783 X_AXis 0.8920
Tz y_axis 0.7992
a3 2.6 5.1 86 2.8 10.3 95 Z_axis 0.7361
— SMA 0.9646
E 2 AY=Z=EE p<0.05
Table 2. The experiment protocol. T 4 DS T Mol ZHED} ofux| L[kl
B2 A ZHmin.) 2% (km/h) A
Resting state 05 0 Table 4. The correlation of each axis of fixed
1 3 18 accelerometer and energy expenditure.
2 3 36 fixed Pearson Correlation(R)
3 3 54 =
X_axis 0.9624
4 3 7.2 .
Y_axis 0.9481
5 3 9.0 .
6 3 108 7_axis 0.8244
Recovery state 05 O SMA 0.9639
— ' p<0.05
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350 . . Table 6. The regression coefficients for estimation of
ol energy expenditure.
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300 -
=0 SMA T s w0 98 0101 000
ol pocket
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Fig. 6. The scatter plot of acceleration signals and 0
energy expenditure (a) unfixed accelerometer, (b) 20
fixed accelerometer. 200
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Table 5. The coefficient of determin ation for linear 100
regression model. 50
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Accelerometer R Adjusted R Brror Real Roots:  -0.16 SMA
X 0% 0952 3216 keallkg e owsatxessw
y 0.907 0.907 3.209 1 1
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ocket 0921 0921 5728 B |
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Table 7. The results of estimated energy expenditure
error for unfixed accelerometer.
) Average Average
Subject )
Estimated Measured Error(%)
S
EE(kcal/kg) EE(kcal/kg)
Mean 172.82 166.25 17.03
Std. 14.70 14.49 401
E 8 INX™E JIETACl Zt mYAtH of| X &d|2F
FHo| W Xt
Table 8. The results of estimated energy expenditure
error for fixed accelerometer.
) Average Average
Subject )
Estimated Measured Error(%)
EE(kcal) EE(kcal)
Mean 173.47 166.25 15.03
Std. 16.47 14.49 5.49
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