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BMI
BMR
ECG
DLW
EE
EEPA

FPCB

HRR

MCU

MLR

PAL

RM

RQ

VOR

S

Body Mass Index

Basal Metabolic Rate
Electrocardiography

Double Labeled Water

Energy Expenditure

Energy Expenditure Prediction Algorithm
Flexible Printed Circuit Board
Heart Rate

Heart Rate Reserve

Micro Controller Unit
Movement Index

Multiple Linear Regression
Physical Activity Level
Repetition Maximum

Respiratory Quotient

Maximal Oxygen Consumption Reserve
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ABSTRACT

Energy Expenditure Prediction Algorithm based on
Regression Analysis through Real-time Biometric

Information Measurement

Kang Kyeung Ho
Advisor : Prof. Kim Youn-Tae , Ph. D.
Department of IT Fusion Technology, Graduate School

of Chosun University

In recent years, 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 be used in portable equipment, it can help
athletes, the general public, and patients to 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

- viii -



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.



A1FZ A &

A 1A iR LN H7F A7 w73

x,
=
=
)
o
fr
oM,
2
SE
N
>

T

)

o
é
Lo
QL
L

N
-

i

(o]
©
X
4,
>,
-

o
nd
oy
=2
=

ozl 228
T
= -
f;\_&g* !
Wi —_—
*ﬁ i :s
=z
M= UR2| MY BT LEYA RESSF H|2E S GiLiX] S22 Ogeh aBY S S

a9 1L AuA B 29

Figure. 1.1. Energy imbalance and chronic disease
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Device Cover

Li-ion battery
Electrode

USB Connector

Microcontroller

3-axis accelerometer

Transmitter-receiver
(Zigbee RF module)
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Figure. 2.1. ARIBEAT device and patch-type sensor board with 3-axis accelerometer, ECG
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Performance
8ch
12hit
200/s
1Hz~50Hz
LI-ION
250/m
Below 10%
3.3V, 3.3V
ZigBee
400m
MSP430(TLUSA)
Jumper setting available
6cm*9cm, 20g

a1

Table 2.1 The specification of AIRBEAT system

Items
Channel
Resolution
Sampling Rate
Frequency B.W.
Power
Max HR
HR Detection Error
Power
Comm. Module
Comm. Distance
MCU
Electrode
Size
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Input Data Read | Differentiationand absolute value

(12bit A/D, 250Hz Sampling Data) K (For increase $/N ration)
Median Filter Moving window integration
(For remave baseline wander) (37 points 150ms)
Butterworth Bandpass Filter(5~40Hz)
(For P-Twave and high frequency | Final filtered data acquisttion
signal remove)

a9, 22, Ak dE A
g for

detection of heart rate

AEE QRSYA #, & 3% e #EY Ao#Rs AL
IS ANt s GAR o7l H

F&s A *E‘Zﬂ Aubnts AE8h7] f13 374 el wabdem A :
RS #7} EAE NS W] #e] 50%s GA=
d 7 5t Oliﬁ} Ao A FgES FAET ole &Y Fhel ol I ghel whet wt
= Ae o} 22 Mdez &9 ol AAHHA
L S R R *‘“‘? Axt Al dubdor Aubago) WejR oAX = 9 300014
250 AfelE Hloju= gtez Arkd W o ge WElal g 323 HeolHE dof A

TE | AbezE ol Aol Wl 1 =7]7F 159
g WEkstdle e viMA R O ge WY o o
Aret o] A Aubaol A7 WAsyE 919 dAdE geel AddEvs AeeHd

P
it
o

S
=2
rr
o
)

O
12
&
1
gﬁd
N
o
)
O

fo
=
il
NS
2
O
é
i)
2
ne
ofN
lo
)
oo
i)

I TA] 3%7F Ho]HE Ao Aulis

O

dug)Ee a9, 2. 394 YEd 22X wet 53 35S Agste] HE AE
He Aurs AFgste] Ak | AbSteh4, 6], AR AE A A8 Hrbe Y
| Ak 21U E(CASE system, GE Medical, USA)E A}-&3to] 23315t}

_14_



-

Data Input Module

|7

- 12bit A/D Converting

-0~ 3.3V A/D Covert Region

- Analog Gain 600

- Sampling Rate 200Hz

- AID timing use Timer Interrupt
- 3 sec data store

12bit A/D Result is convert 8bit
3 sec data store

[ 1

=
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Preprocessing Madule \

Low-pass High-pass 2 5 2 Moving-window
Integer filter Integer filter =P Differentiation; (== - -Squaiing ™ Integral
K Beat Detection Module \

Find Maximum
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Find QRS peak

——i]

Calculate

Hear-Rate — ErorCheck
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Figure. 2.3. Flowchart for heart rate detection
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Data Collection Data Preprocessing

Data Analysis
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Differentiation i i ; |
crossing detection window i Stafisical |
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Acceleration o Squarng - Detection I’ - Covelation :
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Calculation 1 I
\ Energy Expenditure
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Desired energy Error Movement Energy expenditure
expenditure Calibration [ﬂde"' prediction algorithm
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Figure. 2. 7. Flowchart of the algorithm for energy

expenditure estimation
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EE = (A = HR) + (B« MD + C (2.1)

A7)AA A B £EAS
dake 272 om@r). 1y,
o

o2 9AtF=(pseudo code)

2D AEbETE g o] WEke] wet o YA v x| =
2. 83 o] YA aulgE o Fetr] g dagE

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 <-2.122;

If exercise = shoulder press
C <- -0.706;

If exercise = long pull
C <- -4.152;

If exercise = leg press
C <-0.117;

If exercise = leg extension
C <- -0.817;

If exercise = Incline press
C <- 0.218;

If exercise = cycling
C <- 2.317;

}

a9, 2. 8 A YA W] o= &85 Pseudo code

Figure. 2. 8. Pseudo code of energy expenditure prediction algorithm
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Table 3.1 Description of Subjects
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Table 3.3 Training Program for Tests
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Figure. 3.1. Traditional exercises
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Table 3.4 Experimental Method for Stretching Exercise
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Table 3.6 Experimental Method for Cycling Exercise
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Table 3.8 Experimental Method for Incline press Exercise
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Table 3.9 Experimental Method for Butterfly Exercise
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Table 3.10 Experimental Method for Long pull Exercise
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Table 3.11 Experimental Method for Shoulder press Exercise
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Table. 3.12 Experimental Method for Leg press Exercise
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Table 4.1 Statistical Results of Correlation Coefficients

A] H} 2= S E ]2

% oﬂi;rjm A Zl] Tj] P~Values
Edol= 0.780 0.830 <0.001
Z2EYA 0.469 0.428 <0.01
HE & 2}ol 0.863 0.748 <0.003
ALE T~ 0.335 0.404 <0.05
£EYH TP 0.457 0.447 <0.05
T = 0.648 0.683 <0.001
Y Iy 0.524 0.359 <0.05
g gzeA 0.804 0.725 <0.001
QlEeEel Zy 0.770 0.698 <0.001
Alol &d 0.605 0.529 <0.001
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Table 4.2 Statistical Results of linear regression analysis

248 | F4@e
7 F 5=
2 R RAT R A# | B304 ] ] ERSEER ]
R AFWss | F gy | dil df2 )
3l
1 | 607 | 369 366 74849 369 137.797 2 472 000

l:,

E 43004 Ao dH Col gt e AR EAE 1.38lelw Ao 77
, Bell sidate @t vl 2F3HA5 Bl 047(A BFr), 0.32(:25 A 7)ot} wheps] Al

S AR AFE o gtel T W ] BAE A 483

G337 HA A AUALFE = A ETAF x B AR + C2 585 =d

o A 48] F(EE)=-2 & A 5= (MD0.32x 4] ¥+ (HR)0.47+1.381 (4.8)

# 43 g3 A

Table 4.3 Statistical Results of linear regression analysis Coefficients

EF3 Bell o1k 95.0%
RS2 B T
A el A2
=y t
Bt %8
B W e} et 3 S
23}
(&) 1.381 441 3.136 .002 516 2.247
1| &5AF 032 022 .056 1.480 140 -.010 075
A etk 047 .003 .590 15.523 .000 .041 .053
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Table 4. 4 Comparison of regression coefficient value of during ten different

exercises
5 A uk4= EEAF o J A 44| F P-Values

Efol= A 0.027 0.225 0.308 0.006
~EYA 0.035 0.133 0.020 0.001
HE Z 2o 0.028 0.214 0.344 0.003
AAE T~ 0.004 0.980 2.122 0.306
£EH TP 0.029 0.863 -0.706 0.082
T = 0.056 0.774 -4.152 0.000
Yz s 0.029 0.430 0.117 0.010
g 2=uaA 0.030 0.592 -0.817 0.000

el =gl
0.025 0.493 0.218 0.000

Iy

Alol & d 0.037 0.240 2.317 0.000
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Table 4. 5 Equation for energy expenditure according to each exercise

% o= ¥R
Egol= 0.225xMI+0.027xHR+0.308
~EYA 0.133xMI+0.135xHR+0.020
B & tol 0.214xMI+0.028xHR+0.344
A~E Ty 0.980xMI+0.004xHR+2.122
fZU T 0.863>xMI+0.029xHR-0.706
T = 0.774xMI+0.056xHR-4.152
g1 g 0.430xMI+0.029xHR+0.117
2| AR e R | 0.592xMI+0.030xHR-0.817
A=kl Zy = 0.493xMI+0.025xHR+0.218
Aol 24 0.240xMI+0.037xHR+2.317
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Table 4. 6 Error ratio between measured EE and estimated EE during testing.

AA Bt o5 H+
S o 1 2] 22 1] S REEIEN) g+
(Kcal/min) (Kcal/min) (%)
Egol= W 10.625 10.610 0.146
2EHH 3.984 3.830 3.872
B E] Z )0 1.446 1514 4.712
A2E Ty 1.186 1.169 1.365
ey Zy 2~ 1.909 1.829 4.207
g E 3.055 3.086 0.991
2 e P 2.020 2.037 0.853
]SRRI - S 1.446 1.425 1.496
A= =9 1.898 1.895 0.112
Atol & d 17.592 17.839 1.405
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Figure. 4. 14. Comparison between measured EE and estimated EE during ten
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Figure. 4. 16. The measurements of linear correlation by age during treadmill
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Figure. 4. 18. The measurements of linear correlation by age during a chest
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