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Abstract—Step counter provides important information on 

various kinds of applications such as itinerary, exercise, health, 

etc. Especially, step counter is a very essential part for indoor 

positioning system in detecting exactly number of steps and 

supporting to find out the most suitable indoor position of people 

we want to track. In this paper, we proposed to develop a step 

counter system with high accuracy in comparison with the 

commercial applications. The proposed system is using the 

inertial measurement unit MPU9250 which consists of 3-DOF 

gyroscope and 3-DOF accelerometer; these sensors were 

calibrated carefully to avoid drift error. Furthermore, nRF24L01 

wireless data transmitter/receiver is integrated for added 

convenience for users. After preprocessing, the recorded data are 

extracted from this IMU will be combined with step detection 

algorithm to find out the number of steps. The proposed 

algorithm was tested carefully with promising results of 96.5% in 

accuracy. 

Keywords—Step counter, pedometer, indoor positioning, 

firefighter, firefighting and rescue, MPU9250. 

I.  INTRODUCTION 

Walking and running are daily activities to monitor health, 

or go for work. There are a lot of publications about steps 

detection and steps counting in both researches and 

application software for health management and indoor 

positioning systems. As we know, the Global Positioning 

System (GPS) is not working reliable for indoor localization. 

Hence, there are several ways proposed for indoor positioning. 

Firstly, the systems are based on pre-installed sensor networks 

such as ultrasound beacon, wireless networks, imaging 

sensors, UWB, Doppler radar, etc [1]. These methods have 

highly positional accuracy, but it needs to prepare the 

environments and it is only suitable for several pre-prepared 

areas because these methods require having access points to 

transmit/receive signals in order to estimate the searching 

positions. These methods cannot apply to emergency 

situations like firefighting and rescue; soldier and police attack 

crimes, etc. Other types of indoor positioning systems do not 

require to prepare environments have been proposed, it uses 

portable sensors like inertial measurement unit (IMU), but the 

current limitations of these trends are low accuracy because of 

IMU errors. 

In order to supporting Firefighters during firefighting and 

rescue process, the pre-installed sensor is not suitable because 

the access points may be destroyed by heat and flame of fire 

burning. Hence, the system may be broken before working.  

Based on the above limitations, this paper proposed to 

develop of an efficient and high accuracy step counter system 

that is using low cost IMU and it does not depend on the 

environment in order to supporting for estimation the position 

of firefighters during working process. 

II. METHODS 

II.1. Hardware components 

The prototype uses a computer with Microsoft® 

Windows® 7, 32 bits; Intel Core i5 - 3337U CPU @ 1.80 

GHz; 4Gb of RAM. we also use IPhone 6, that installed 

Health App, Pedometer and Lenovo P780 was installed 

Pedometer – Step counter for comparison.  

The hardware of our proposed device includes a micro 

controller unit (MCU), an IMU that consists of a 3-axis 

accelerometer for measure accelerations, 3-axis gyroscope for 

measure angle and 3-axis magnetometer; a nRF24L01 wireless 

data transmitter/receiver for PC, a SD card for saving data, a 

battery connection for main circuit. In the future, we will 

integrate Barometer sensor to determine the height of the 

wearing people in order to support for firefighters who are 

firefighting and rescue inside of a building. 

II.2. System Architecture 

The proposed system includes an IMU, SD card for storing 

data, an nRF24L01 to transmit/receive data between the 

device and computer, a micro unit controller (MCU). 

Furthermore, the system is also integrated a led to display state 

of the device and a button to turn on/ off the device. 

 

Fig 1. The architecture of the propose system 
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The accelerometer and gyroscope in IMU are used to 

measure acceleration and rotation of three axes Ax, Ay and 

Az. 

II.3. Data collecting 

The accelerometer is very essential in our proposed system 

in measuring acceleration in three axes Ax, Ay and Az. The 

reliability of data depends much on the calibration process. 

Hence, before measuring data, accelerometer is calibrated 

incredibly carefully. In this paper, we use accelerometer for 

measuring acceleration with sampling rate of 50 Hz and using 

I2C (Inter-integrated Circuit) interface in the connection 

between IMU and MCU. 

The accelerometer is mounted in the waist so that y-axis 

must parallel with Earth’s gravity as in Fig. 2. The data 

receiving from the accelerometer is in the form of three-valued 

vectors of individual accelerations in the Ax, Ay and Az axes. 

The expected reading of the accelerometer would be 

approximately in [0, 1, 0] g (with g=9.81 m/s2). Before 

applying step detection algorithm in detecting and count steps, 

the data are applied a preprocessing step to formulate the mean, 

orientation, and standard deviation. 

 
Fig 2. Position of the 3-DOF accelerometer in waist body 

II.4. Filters 

The frequencies of signal depend directly on moving speed 

of the legs, when the moving speed is increased; it means the 

rise of frequency [2]. The actions of firefighters during 

firefighting and rescue are very complicated. It includes 

walking, running, crawling and other activities. As can be seen 

from Fig. 3, when the velocity of user is increased, the 

frequency of step is also increased. The range of frequency of 

walking state is less than 5Hz, while the range of frequency of 

running state is greater than 8Hz. It is essential information for 

knowing state of the user in order to choose the suitable 

threshold for step detection.  

 

a) Walking 

 

c) Running 

Fig 3. The relationship between moving speed (walking and running) and 

frequencies 

In this paper, we do not use average filter for walking and 

running data because it is the cause of falsify signal in several 

cases. Hence, step counter may lose step detection; we only 

use a Kalman filter in MCU to reduce error of the device. 

II. 5. Step detection algorithm 

Based on information in Fig. 3 can be seen that, after the 

calibration IMU sensor and using Kalman filter in order to get 

the best recorded data, we will turn on the device to start 

recording data. The 3-DOF accelerometer will acquire 

accelerations in Ax, Ay and Az axes. After recording, we used 

Fast Fourier Transform (FFT) to transform data from time 

domain to frequency domain, and then we checked amplitude 

threshold and frequencies to estimate the state of firefighters 

(walking or running). 

If the proposed algorithm detects firefighter is in running 

mode, the program in running mode will be executed. On 

running mode, the minipeakdistance is equal or greater than 4 

while walking is equal or greater than 11 because the 

frequency of running is higher than walking. Then, we chose 

Threshold =0.981, this value is equal to gravity acceleration. If 

the difference between the peaks and Threshold is greater than 

0.015 and 0.1 in running and walking states respectively, it 

will be confirmed a step. The reason in choosing 0.015 and 0.1 

based on the experiment testing result to avoid the effects of 

vibration in gravity acceleration in steady state. (See Fig. 4 for 

more detail about step detection algorithm). 
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Fig 4. The step detection algorithm 

III. THE EXPERIMENTAL RESULTS 

3.1. The experimental setup 

For the experimental testing, we tested our proposed 

algorithm on 6 sets and 6 male students, ages: 18-20, height: 

1.72 – 1.78 m, weight: 65-78 kg who were random selected 

from University of Fire Fighting and Prevention (UFFP), 

Hanoi, Vietnam. The main reasons for choosing students at 

UFFP: they are Firefighters and they have knowledge, skills 

and they can take reliable data for test and evaluation process. 

The Fig. 5 is our proposed system and Fig. 6 is the volunteer, 

he is wearing our proposed system on the waist. 

 

Fig 5. Our proposed system 

 
Fig 6. A firefighter is wearing our proposed system 

The experimental testing was executed both on our 

proposed system and Health, Pedometer applications installed 

on IPhone 6, Pedometer – Step counter was downloaded and 

installed on Lenovo P780 for comparison the performance of 

the proposed system with others commercial applications. 

III.2. Testing process 

A) Walking state 

The volunteers used my proposed system for testing 12 

forward steps with slow walking. Fig. 7 shows that our device 

can count exactly the number of steps. The simulation result 

was executed on Matlab software and displayed as Fig. 7 

below: 

 
Fig 7. The result after executed 12 steps of slow walking 

We also increased walking speed from slow to fast 

walking; it includes 7 steps in length and 5 steps in width. The 



72

model of the area for testing is a rectangular in Fig. 8.The Fig. 

9 is the results of the testing process. It can be seen that, our 

proposed algorithm detected exactly the number of steps in 

total and the number of steps in each length and width of area 

testing model as well as.  

 

 
 

Fig 8. The model of the area for testing our propose algorithm (it is a 

rectangular, that includes 7 steps in length and 5 steps in width) 

 

Fig 9. Results after executed 24 steps of fast walking 

B)  Running state 

In running state, the movement speed is increased, we 

executed 53 steps of running, and then the proposed algorithm 

was applied on this data for step detection. In running state, 

our algorithm also detects the number of steps with high 

accuracy of 52 detected steps as in Fig.10. 

 

Fig 10. Step counting results after executed 53 steps in running state 

III.3. Comparison with other commercial Applications 

To evaluate the performance of the proposed algorithm, we 

compared our algorithm with some top applications like 

Health application of Apple installed on IPhone 6, pedometer 

– step counter on Play store installed on Lenovo P780 and 

Pedometer on Apple store installed on IPhone 6 in walking 

and running cases. We used four following factors: True 

positive (TP) factor to determine if a step executed and the 

device can detect it. False positive (FP) factor to determine if 

no step execution, but the system declared as a step; True 

negative (TN) factor to determine if a like – step event is 

declared correctly as no step executed. False negative (FN) 

factor to determine if a step executed, but the device cannot 

detect it. 

After that, the sensitivity and the accuracy of the device 

can be evaluated by: 

 TP
Sen

TP FN
=

+  

(1) 

 TP TN
Acc

TP TN FP FN

+
=

+ + +

(2) 

In walking situation, we performed 82 steps in 10 times. 

On table 1, we only show the testing results of 5 times. Based 

on information from this table, we can see that Health App on 

IPhone 6 has good average results of 82.2/82 but the 

measurement results in each testing times are unstable without 

real-time response. The unstable phenomenal is the same with 

Pedometer – Step counter App installed on Lenovo P780.  

In our proposed system, it was detected 81.4/82 steps in 

average, but the testing results at different times are quite 

stable (from 79 steps to 82 steps over 82 steps executed). 
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Fig 11. Step detection of our proposed system when volunteer executed 82 

steps of walking 

TABLE 1: COMPARISONS BETWEEN OUR PROPOSED SYSTEM WITH DIFFERENT 

COMMERCIAL APPLICATIONS ON THE 82 STEPS OF WALKING 

Times 1 2 3 4 5 Average 

Truth steps 82 82 82 82 82 82 

Our proposed 

system 
82 82 79 82 82 81.4 

Health App on 

IPhone 6 
79 83 79 85 85 82.2 

Pedometer – Step 

counter App 

installed on Lenovo 

P780 

82 76 82 84 77 80.2 

Pedometer installed 

on IPhone 6 
83 85 85 81 83 83.4 

In running situation, the volunteers performed 107 steps in 

10 times. The proposed algorithm detected the number of 

steps in running mode with very good accuracy; this 

performance is the same on Health app of IPhone (little 

difference). The Pedometer – Step counter App installed on 

Lenovo P780 and Pedometer installed on IPhone 6 are less 

stable than our proposed system and Health app. 

 

 

 

 

TABLE 2: COMPARISONS BETWEEN OUR PROPOSED SYSTEM WITH DIFFERENT 

COMMERCIAL APPLICATIONS ON 107 STEPS OF RUNNING 

Times 1 2 3 4 5 Average 

Truth steps 107 107 107 107 107 107 

Our proposed system 104 106 105 103 106 104.8 

Health App on IPhone 

6 
109 107 111 108 109 108.8 

Pedometer – Step 

counter App installed 

on Lenovo P780 

99 104 105 101 106 103 

Pedometer installed on 

IPhone 6 
108 113 109 112 108 110 

Based on the experiment testing results in Table 1, 2 and 

the formula (1) and (2), our proposed system detects exactly 

the number of steps with high sensitivity and accuracy of 

97.4% and 96.5% respectively. 

IV. CONCLUSION 

In this paper, we have successfully developed a step 

counter with high accuracy. The MPU provides a good 3-DoF 

accelerometer for pedometer applications and taking 

advantage of its small, thin, low power supply. Furthermore, 

our proposed system can transfer data from our device to 

computer through the wireless network by using nRF24L01 

wireless transmitter/receiver. In the future, we will base on 

recorded data to estimate length steps and orientation angle in 

combination with step counter to predict the positions of 

firefighter’s on-duty. 
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