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Abstract: Pedometers are known to have steps estimation issues. This is mainly attributed to their innate acceleration bas
measuring sensory. In this work, purposes a novel implementation of microcontroller and accelerometer sensor- based f
multi-function pedometer in calorie consumption calculation. To verify the output voltage stability of accelerometer sensor, the
methods of statistics analysis is introduced to extract the useful features. Three kinds of different steps are employed to obts
the analytic data. The proposed pedometer dimension of a proto-type is 68 mm(L) X 42 mm(W) X 15 mm(H).

Keywords. Pedometers, Three-axis accelerometer, Calorie consumption, Microcontroller.

1 INTRODUCTION Some pedometers wi.II also erroneo_usly record
movements other than walking, such as bending to tie one's
Walking is one of the principle gaits of locomotion shoes, or road bumps incurred while riding a vehicle,
among legged animals. Walking motion is defined by an though the most advanced devices record fewer of these
‘inverted pendulum' movement in which the bOdy vaults 'false Steps‘_ Step counters pro\/ide encouragement by
over the stiff limb or limbs with each step. This applies enabling the user to compete with oneself in getting fit and
regardless of the number of limbs — even to arthropods with |osing weight. A total of 10,000 steps per day, equivalent to
SiX, Eight, or more limbs [1] In humans and other bipeds, 5 miles (80 km), are Common|y recommended as a
walking is characterized by only one foot leaving the benchmark for an active lifestyle, although this remains an
ground at any given time, resulting in a period of double- jssue of debate among experts [5]. Step counters are
support. In contrast, running involves both feet leaving the increasingly being integrated into portable electronic
ground with each step. This distinction assumes the status devices such as music players and mobile phones.
of a formal requirement in competitive walking events [1]. Many pedometers erroneously record road bumps
Sustained walking for a minimum of thirty to sixty min.  incurred while riding in vehicles or movements other than
a day, five days a week, with correct walking posture, [2-3] walking (such as bending over), although more advanced
provides a variety of benefits in reducing health risks [4]. devices record fewer of these ‘false steps'. Pedometers
These benefits include a reduced chance of developing generally detect steps from vertical acceleration at the
cancer, type 2 diabetes, heart disease, anxiety, andhuman trunk [7]. The technology for a pedometer includes a
depression [1,5]. Walking can increase life expectancy, mechanical sensor and software to count steps. Today
particularly among individuals suffering from obesity or  advanced step counters rely on MEMS inertial sensors and
high blood pressure. Walking enhances bone health, sophisticated software to detect steps. These MEMS sensors
especially the hip bone, reduces harmful low-density have either 1-, 2- or 3-axis detection of acceleration [5].
lipoprotein (LDL), and increases useful high-density The use of MEMS inertial sensors permits more accurate
lipoprotein (HDL) cholesterol[6]. Studies have determined detection of steps and fewer false positives. The software
that walking can even prevent dementia and Alzheimer's.  technology used to interpret the output of the inertial sensor
Pedometers are often worn on the belt to record how and "make sense of accurate Steps" varies W|de|y [7-8]
many steps the wearer has taken, and thus determine the This study develops the design and fabrication for an
distance walked each day (distance = number of steps x gccelerometer and embedded system-based multi-functional
step length) [5]. pedometer in calorie consumption calculation.
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The system schematic diagram is shown in Fig. 1. The
system is using PIC16F877A microcontroller [9] as the
pedometer core, uses its embedded 10 bits A/D converter.
The variation voltage value of exercise angles detected by
MMA7260Q accelerometer [10] sends to the
microcontroller for handling. When the angle is bigger the
setting threshold value, it will start step-counting program
for recording. Finically, the LCD displays the calorie
consumption and the step counting during exercise by A T B
means of the calorie calculation formula. By means of the Speed (km/hrs)
element of MAX232, this system also has an interface that Fig. 2. The relationship between speed and calorific capac
links to the UART of personal computer for program initial ity [11]
debugging and development.

Calorific capacity {keal)

0 - [ ]

We can get the Linear Fit equation is expressed as
Equation (2). Where (t) is the walking speed, and is

to Pcdf:l:fgmgram* MAX232 mgf;flszr:s_or the Calorie consumption after converting. The correlation
coefficient of curve fitting is 0.99761. Human weight is one
of exercise calorie consumption factors, but we simplify the
il development of proto-type system. We make the human
2X8 LCD micre- weight that is equals to 60kg as the basis, and leave the
controller weight fitting as furthermore research in the future. Finally,
the calorific capacity after converting displays in LCD
module.
Fig. 1. Schematic diagram of proposed pedometer K= 071429V { + 018571 2)

The detectedg value is hardly make mathematic 3 WALKING STEP SIZE CONDITIONS

analysis with the corresponding axis voltage (V) in The system also can set three modes that include big
static acceleration mode of MMA7260Q. So these two step, middle step, and small step. Apart of the human
values relationship is obtained from the measurement of the weight factor, walking calorie consumption has the

experimental data in tablel. And the linear fit equation is relationship of a linear equation with walking speed. In

expressed by theory, the big step mode will take more calorie than others.
g = 123V - 20625 1) But it has slower speed in big step mode and it results in the
where calorie consumption is smaller than others in per step.

g = The acceleration value after converting After the practical pedometer calculation, the calorie

V =The output voltage ofX axis at three-axis  consumption is shown in Table 2. Theoretically, on
accelerometer . . .
condition of uniform velocity, the paces are the greater to

Table 1. The experimental data in static acceleration mode Walk, the more its calorific consumed is. However, the

g value +1 0 -1 speed would be slowdown in actual measurement when it

X axis voltage (V) 2.45 1.65 +0.85 walks in great paces. Thus, the calorie consumption of
average in single paces consume will be reduced instead.
The correlation coefficient of curve fitting is 0.9999. For calibration purpose between g value and voltage

From the food information websites in Department of of X axis accelerometer, we take the voltage
Health at Taiwan [11], the relationship between speed and measurements at small step, middle step, and big step.
calorific capacity that can be a main reference issue about Among these three modes, we take 10 points data and make
the calculation of exercise calorie is shown in Fig. 2. statistical analysis respectively, for classifying these data
sets. In the small and big step modes, there mean value
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(Mean), variance (Var.) and coefficient of variance sets region 2 for walking step counting, then the setting
(CoefVar.) are nearly equal to each others. In Table 3, the location will display 2 on the screen of pedometer. After
mean value of small step is only smaller 0.003 than big step.above procedures, the user pushes the “start” push-button
Although the standard deviation (Std.) of small step is for time counting, and then, it waiting the input signal.

bigger than big step, but there is only 0.0125 difference By user walking, this action induces a signal to tke
between small step and big step. Find in the test, the axis of accelerometer. This procedure contains the actions

average calorie consumption of steps in these two modes of step-counting plus one and time-counting during setting
9 P P regions. By means of converting g value and formula

are nearly equal to each others. Besides, three parametersi\/:g - ) within software program setting, the program

that described above have the same trend as shown in Fig. Jzalculates the calorie consumption and displays the value
on LCD screen. If the step span doesn’t belong within

Table 2. The comparison of 3 modes for different step sizes setting sensing region, and then the program doesn't have

No. (steps)| Calorie Average step-counting action.
Steps mo (cal.) cal./step
Small (40cm) 16 11 0.7
Middle (50cm) 10 14 14
Big (70cm) 20 16 0.8

Table 3. The statistics analysis for 3 steps modes LCD initialize

Mean Std. var. CoefVar Setting
Steps
Small 1.754 | 0.27645| 0.07643 | 0.15761
(40cm)

Middle 1.858 0.23925| 0.05724 | 0.12877
(50cm)

; 2

Big 1.757 0.26395| 0.06967 | 0.15023 N i

(70 cm) Waiting for SW=3 step counting
signal input +1
204 Waiting for Start
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Fig. 3. The statistics data calculated &t axis in the pedo
meter for 3 modes.

4 SYSTEM PROGRAMMING

Firstly, put the proposed pedometer on the shank. Then,
turn on the power, it will display the words of Calorie

(Calorie), st (step number), and se (settirjg) on LCD screen.  afier above procedures, the program will return last
Secondly, using p.ush-bl.Jtton to select suitable s.tep range pyprocess. The setting procedures of region 1 and region 3 are
yourself. The region 1 is small _step, a_md s_ensmg range IS the same as region 2. The user walk one step within setting
from 0.259 to 0.05g. The region 2 is middle step, and sensing range, the program will plus one in step-counting

sensing range FS from 0'5.39 to 0.28g. The region 3 is big procedure. After stop walking for one minute, it displays
step, and sensing range is from 0.8g to 0.55g. If the user

Fig. 4. The program flow chart of proposed pedometer [11]
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Fig. 6. The step-counting and Calorie consumption display
of proposed pedometer
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