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ABSTRACT

In recent times, as healthcare is perceived as important, exact information on the proper amount of
exercise is necessary. Therefore, if an algorithm can predict real-time energy expenditure and is used in
portable equipment, it can help athletes, the general public, and patients create individualized exercise
plans. Physical activities must be evaluated to accurately predict energy expenditure. This study propose
a new energy expenditure prediction algorithm (EEPA) of combining the heart rate and movement index
and applying them simultaneously to several anaerobic exercises to address the disadvantages of
preceding energy expenditure prediction studies. A total of 53 subjects (43 males and 10 females) were
recruited for this study. The participants used a wireless patch-type sensor (AIRBEAT System) and a
wireless gas analyzer (K4b2: Cosmed, Srl, Italy). AIRBEAT System consists of a sensor board, rubber
board, and communication module. The sensor is patched onto the participant's chest to obtain physical
activity data, including heart rate, movement index, humidity, and temperature. The system was only
applied to measurement of heart rate and movement index, and application of energy expenditure
prediction algorithm has been limited so far. The relation test for energy expenditure prediction
algorithm proposed in this study yields an error rate within +5% compared with the gas analyzer (K4b2:
Cosmed, Srl, Italy) and proves to be more accurate algorithm to estimate physical activity EE. The
algorithm developed for energy expenditure prediction is applied not only to anaerobic exercise but also
to evey exercise. It is expected that the algorithm developed for estimating energy expenditure will
present new application areas for portable heart-rate measurement equipment, such as the AIRBEAT
system, and wireless healthcare monitoring devices.
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Figure 1. ARIBEAT device and Patch-type sensor board with
3-axis accelerometer, ECG
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Table 1. The specification of AIRBEAT system

Items Performance
Channel 8ch
Resolution 12bit
Sampling Rate 200/s
Frequency B.W. 1Hz~50Hz
Power LI-ION
Max HR 250/m
HR Detection Error Below 10%
Power +3.3V, 3.3V
Comm. Module ZigBee
Comm. Distance 400m
MCU MSP430(TL,USA)
Electrode Jumper setting available
Size 6cm*9cm, 20g
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Table 2. Training Program for Tests

Progression Composition P]%gg%g Duration Gé?(%%es
10~30
seconds
Seconds and
Warm up Stretching 20 Seconds
[per stretch 34 times
repetition
1~5min  3km/h Walking
Aerobic
o Treadmill 6~15min  4km/h 20 min 50~10m/min
training
16~20min 5km/h (3~6km/HR)
Butterfly 12RM SR
et chest for 50 ‘
Sl - 8~10 kinds
oulder minutes
o press Shoniders ) of exercises
Weight Long pull Arms by setting o 1 set
training Leg press 7 kinds
Leg Legs of for
extension ‘ below
Incline Exerases
Chest one hour
press info 1 set
40/50~80%
Endurance HRR
Cycling 60% VOR 20 min
training or VOR
20~60min

RM=Repetition Maximum
HRR=Heart Rate Reserve
VO,R=Maximal Oxygen Consumption Reserve

Ay ANAEL 7 L&l U oA AnE
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Figure 3. The measurement of linear correlation of EE-HR(A)

and EE-MI(B)
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Table 3. Statistical Results of Regression Analysis

Activity HR Ml HR P-Values

Treadmill 0.027  0.225 0.308 0.006
Stretching 0.035  0.133 0.020 0.001
Butterfly 0.028  0.214 0.344 0.003
Chest press 0.004  0.980 2.122 0.006
Shoulder press  0.029 0.863 -0.706 0.042
Long pull 0.056  0.774  -4.152 0.000
Leg press 0.029  0.430 0.117 0.010
Leg extension  0.030  0.592 -0.817 0.000
Incline press ~ 0.025  0.493 0.218 0.000
Cycling 0.037  0.240 2.317 0.000

HR = Heart Rate
EE = Energy Expenditure
MI = Movement Index
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Ml <-MI +[
[=1+1;
if I is not 61 goto begin

find item of exercise{
if exercise = treadmill
C <-0.308;

if exercise = Stretching
C <-0.020;

if exercise = Butterfly
C <-0.344;

if exercise = Chest press
C <2122

else

C <- 0.706;

}

EE<-(A*HR) + (B*MI]) + C

a3 4 AUuALH 943 ¢1edF Pseudo code
Figure 4. Pseudo code of energy expenditure prediction

algorithm
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Table 4. Error ratio between measured EE and estimated EE

during testing.

Average of Average of Error
Activity Measured EE  Estimated EE ratio
(Kcal/min) (Kcal/min) (%)
Treadmill 10.625 10.610 0.146
Stretching 3.984 3.830 3.872
Butterfly 1.446 1.514 4.712
Chest press 1.186 1.169 1.365
Shoulderpress 1.909 1.829 4.207
Long pull 3.055 3.086 0.991
Leg press 2.020 2.037 0.853
Leg extension 1.446 1.425 1.496
Incline press 1.898 1.895 0.112
Cycling 17.592 17.839 1.405
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