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Metabolic Estimation Method Based on Oxygen Intake Dynamics for Evaluation of
Physical Activity Using Wearable Devices
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It is important to understand the amount of physical activity in daily life
for health management, dietary management, and exercise standards.In recent years, wearable devices
that can be worn on the wrist or waist to estimate the amount of physical activity have become
popular, but it has been reported that energy consumption is underestimated when used in daily life.
One of the reasons for this is that the metabolic rate corresponding to the excess oxygen
consumption after exercise is not negligible in daily life, since there are many interval activities

lasting less than a few minutes.
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Fig.1 Anexampleof VO, responseand exercise protocol of the experiments. (TEOC) is the sum of O, consumed both

during the exercise (EOC) and during recovery (EPOC).
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Tablel Demographical data and experiment conditions of the subject

Subject | Weight(kg)| Height(cm)[  Age Sex | Year of Sport experience Walkiing Speed(m/min) | Runnnig Speed(m/min)
Slow | Usuady | Fast Slow Usualy

Subjectl 46 150 22 Female | 6 years(Track and field) | 42 47 55 70 83
Subject2 54 162 21 Female nothing 15 18 25 43 50
Subject3 55 165 21 Female 5 years(Softball) 25 43 53 73 85
Subject4 53 155 22 Female 4 years(T eakwondo) 33 50 55 58 62
Subject5 56 159 22 Female nothing 38 50 60 70 75
Subject6 68 161 22 Female nothing 25 37 45 60 68
Subject7 54 158 21 Female 4 years(T eakwondo) 47 57 67 72 80
Subject8 57 156 21 Female 3 years(Dance) 37 47 53 53 62
Subject9 52 156 19 Female 10 years(Volleyball) 25 32 40 52 60
Subject10 48 163 21 Female | 1 year(Teakwondo) 35 45 50 50 58
Subject1l 57 163 21 Female nothing 35 38 53 52 62
Subject12 48 151 21 Female | 3 years(Fitness gym) 40 48 62 57 77
Subject13 58 170 20 Female 2 years(Dance) 43 50 58 57 72
Subject14 49 156 21 Female 3 years(Futsal) 42 48 58 53 65
Subject15 48 162 20 Female nothing 35 42 52 48 55
Subject16 47 165 21 Female nothing 37 42 52 52 57
Subject17 53 155 21 Female nothing 40 50 58 55 62
Subject18 54 165 21 Female 3 years(Baskethall) 43 50 63 63 72
Subject19 56 156 20 Female nothing 43 52 60 55 67

Mean 53 159 21 36 44 54 58 67
STD.div 5 5 1 8 9 9 8 10

Table2 The conditions of the experiments

Exercise
Type Speed Duration
Walking dow
Ascending | usialy | min
~Descending | fat | 3mn
Running slow Smin
usually

Fig. 2 Expiratory gas monitor and tredmill.
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Fig. 3 Best-fit single exponential of VO, response.
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Fig.4 Relationship between measured oxygen consumption (V Ozmes) by respi ratory gas anaysis and (a) ACSM equation or
(b) estimated oxygen consumption (VO.e) from equation 8 for all 10 subjects during treadmill walking and running.

Table3 The correction factors for (8) equation, coefficient of determination and cross validation of the relationship between

mesured oxygen consumption by respiratory gas analysis and estimated oxygen consumption

Correction Factors for (8) Equ. | Coefficient of Determination Cross Validation
Mode a B R’ RMS(mi/kg/min) | RMS(mean%)
Walking 0.142 0.232 0.419 214 24.3
Running 0.0477 -4.66 0.531 2.07 119
Acending 0.0418 -0.246 0.577 1.89 15.8
Decendig 0.332 2.44 0.150 144 20.3
3 3 a B 8 VOZest
\./Oz,mES 4, 5 4
ACSM Bland-Altman Bland and Altman, 1986

VOZest VOZmes
+2S.D.
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