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Abstract—The problem of step counting has been considered for personal navigation while walking and 
using mobile sensors with low accuracy. Step counting has been realized by three main methods of 
processing the acceleration vector magnitude in time domain. The comparison of this methods has been 
done while processing the data from mobile phone sensors for different conditions and types of 
pedestrian/their motion patterns. In order to have representative statistics the walking trajectories have 
been selected long enough (at least 100 meters) except the method of normalized auto-correlation based 
step counting where short distances have been processed. The requirements to definite method of step 
counting have been formulated.  

Index Terms—Pedestrian dead reckoning; autocorrelation function; thresholding; peaks detection; zero 
crossing.  

I. INTRODUCTION 

The problem of pedestrian dead reckoning (PDR) 
is referred to the class of individual navigation 
problems [1]. The common solution in mobile 
phones is the use of satellite navigation (GPS, 
GLONASS, Galileo, etc). But satellite signal 
sometimes can be jammed intentionally or lost due 
to obstacles in urban area. Also the problem of PDR 
is interesting in the user localization in indoor 
environment such as large garages, city molls, etc.  

Instrumentation of smartphones is now based on 
Micro-Electro-Mechanical Sensors (MEMS) 
technology and includes standard set of Inertial 
Measurement Unit (IMU): accelerometers, 
gyroscopes, magnetometers and pressure sensor 
(optionally).  

Accelerometers can be used to detect step events 
and further to calculate lengths. But it is sensitive to 
walking speed, slope of the road, etc., which leads to 
inaccurate results of calculating the stride length. 
Also as any dead reckoning technique PDR suffers 
from the cumulative error. Since the location 
estimate is always calculated based on the previous 
result, the error accumulates rapidly over time. This 
means that correction updates are necessary on 
regular basis. 

For example, the error in determining the 
direction has a greater effect on the estimation of the 
location than the error in calculating the step length. 

The readings of magnetometers and gyroscopes 
can be used to calculate the course. However, the 
magnetometer is exposed to electric current and 
metals in the environment; the gyroscope has a drift 
problem, which means that the reading error 
increases with time. Besides, tilting the smartphone 
can lead to a deviation of its course from the 
direction of user walking. Smartphone poses also 
contributes to course accuracy, which must be 
considered in practice. 

The crucial question is how to detect the step by 
IMU readings. There are a variety of different 
methods and techniques [2]: zero crossing, peak 
detection, normalized auto-correlation based step 
counting, etc.  

The threshold method [3] is based on counting 
the steps by detection of reaching the threshold of 
sensor readings (usually accelerometers). But the 
value of threshold depends on sensor type and also 
on the walking pattern of pedestrian. However, 
though the threshold method is the simplest, it is 
mostly related to empirical techniques, since the 
optimal threshold for all the cases does not exist, 
especially when smartphones are used in an 
unconstrained manner. 

The peak detection method [4] calculates steps 
based on the number of peaks in accelerometer 
vector magnitude. It is more flexible but suffers 
from interference peaks due to environmental noises 
and occasional disturbance. There is variety of 
method modification: low-pass filtering to remove 
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interferences, limiting the time interval between two 
peaks, use of vertical acceleration data for 
smartphone position constraints. 

Zero crossing method of step counting is based 
on the detection of zero points in accelerometer 
vector magnitude [1]. Again, the sensor readings 
must be pre-filtered to smooth the instrument noises.  

For both methods, zero crossing and peaks 
detection there is the problem of unconstrained 
manner of smartphone holding.  

The most interesting method is the normalized 
auto-correlation based step counting [5], [7], since it 
works directly with periodical nature of walking.   

II. PROBLEM STATEMENT 

All sensors in smartphone work in body-fixed (or 
sensor) coordinate system (Fig. 1), that has the 
connection with navigation frame NED or ENU and 
correspondingly can be converted in latitude () and 
longitude () coordinates.  

 
Fig. 1. Coordinate systems 

Assuming the standard set of IMU sensors in 
mobile phone the following data are used for further 
consideration and processing. 

Accelerations. MEMS-accelerometers provide 
three components of acceleration vector 

 , ,m x y za a a a . Optionally the readings of 
accelerometers can be already calibrated and filtered 
from thermal noises.  

The magnitude of acceleration vector is found as: 

2 2 2
m x y za a a a   ,   (1) 

Orientation. The output of MEMS-gyroscopes 
are angular rates  , ,x y z     in sensor 
coordinate system. In most mobile phone there is 
built-in calculation of attitude angles (again in 
sensor coordinate system): roll , pitch , yaw . 

Inertial Measurement Unit readings needs to be 
interpreted depending on the walking type. 

Generally [6] the transmission between walking 
phases (Fig. 2) is accompanied by the respective 
change of acceleration. That is why most of the 
method of step detection and counting are based on 
processing the acceleration vector magnitude (1).  

 
Fig. 2. Walking phases by [6] 

Here the periodic pattern is clearly seen, the same 
as it can be seen on accelerometer readings (Fig. 3).  

 
Fig. 3. Accelerometer readings for idle and walking 

The magnitude of acceleration vector must be 
preprocessed to eliminate gravity components  

,ng ma a g     (2) 

and filtered to delete random noises by low-pass 
filter with cut-off frequency corresponding to the 
update sensor rate. The filter can be realized by 
moving average window: 
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where T is the size of moving window [8].  
The autocorrelation function () used in the step 

calculation is proposed to represent as following: 
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where ak is the specific value of acceleration 
magnitude in time moment k,  is the time lag 
between compared sequences, N is the sequence 
length (2).  
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The autocorrelation function (4) is normalized, 
that is, the metrics of similarity will be in the range 
[-1, +1]. The problem addressed in [7] is related to 
the finding the optimal value of time lag .  

The standard pace frequency of human walking is 
about 1 Hz. In Figure 3 with sensor update rate at 
100 Hz, the time lag correspondingly is varied from 
91 to 127. The optimal time lag can be found by 
varying its value in additional calculation loop, but 
the computing efficiency of such approach will be 
degraded.  

Another problem referred to autocorrelation 
method is the false counting of steps at the idle 
mode or phone jittering. Again, in Fig. 3 it is seen 
the periodic character of acceleration reading from 
3000 to 3200 sample times where the pedestrian is 
standing, not walking.  

That is why the autocorrelation method is 
combined with additional techniques like 
thresholding. Simple threshold is selected by standard 
deviation, for example, idle mode is determined if 

  0.01.ma      (5) 

In this case the autocorrelation function (ACF) is 
not calculated. If the condition (5) is not fulfilled 
then the walking mode is supposed, and ACF is 
checked, whether is greater than threshold. If yes, 
then step counting is incremented by one.  

Such thresholding is realized in Fig. 4, where for 
the step value of ACF is taken 0.7. 

The one more problem of autocorrelation method 
is connected with the necessity to work with long 
sequences (means either offline processing of data or 
delay in step counting if working in real time modes). 
Also the computing sufficiency of method is lower 
than methods of peak detection or zero crossing. 

III. EXPERIMENT DESCRIPTION 

Experiments have been conducted using sensors 
of smartphone, namely a set of IMU by BMI160, 
and K6DS3TR from STM. Both of them are low 
noise 16-bit IMUs designed for mobile applications 
such as indoor navigation, providing highly accurate 
sensor data and real-time sensor data.  

The trajectory of walking for checking the peaks 
detection and zero crossing methods is shown in  
Fig. 5. During the experiments the type of walking 
has been varied (fast / slow) and smartphone holding 
(in hands/in the pocket).  

The error of step detection method is determined 
by difference between true number of steps N and 
counted number of steps Nc: 

1 100%cN N
N

 
    

 
. 

The data have been processed and represented in 
Table I. 

 
Fig. 4. Detection by ACF of walking and idle modes 

 
Fig. 5. Trajectory of walking 
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For autocorrelation step counting method the 
trajectory has been selected much shorter, 
approximately 100 steps (Fig. 6).  

By the readings of accelerometer (Fig. 7) the 
periods of idle and walking are clearly seen, the 
value of threshold is determined by the standard 
deviation (std).  

By using the thresholding and autocorrelation 
function the readings corresponding to the walking 
mode are separated (Fig. 8) and then processed. 

The data by autocorrelation method have been 
processed and represented in Table II. 

TABLE I. QUALITY OF STEP DETECTION METHODS 

Method 
 

Walking type Type of phone use Quality of step counting by 
zero crossing 

Quality of step counting 
by peaks detection 

slow in hands N = 907, Nc = 933 
Q =  97 % 

N = 907, Nc = 1003 
Q =  90 % 

slow in the pocket N = 925, Nc = 962 
Q =  94 % 

N = 925, Nc = 1364 
Q =  53 % 

fast, longer 
trajectory 

in hands N = 823, Nc = 780 
Q =  95% 

N =823, Nc = 549 
Q =  67 % 

fast, longer 
trajectory 

in the pocket N = 810, Nc = 642 
Q =  79% 

N = 810, Nc = 777 
Q =  96 % 

TABLE II. QUALITY OF  AUTOCORRELATION METHOD  

 
Method 

 
 

Quality of 
step counting 

by zero 
crossing 

Quality of step 
counting by 

peaks detection 

Quality of 
normalized auto-

correlation (mean) 

Quality of 
normalized 

auto-correlation 
(median) 

Walking 
type / 
Type of 
phone 
use 

normal in hand N = 100, 
Nc = 91 
Q =  91% 

N = 100, 
Nc = 99 
Q =  99% 

N = 100, 
Nc = 100 
Q =  100% 

N = 100, 
Nc = 101 
Q =  99% 

normal in the 
bag 

N = 100, 
Nc = 157 
Q =  43% 

N = 100, 
Nc = 165 
Q =  35% 

N = 100, 
Nc = 117 
Q =  83% 

N = 100, 
Nc = 115 
Q =  85% 

 

 
Fig. 6. Testing trajectory for autocorrelation step counting 

 
Fig. 7. Accelerometer readings with threshold value 

 
Fig. 8. Accelerometer readings with threshold value 

IV. CONCLUSIONS 
The investigated methods of step counting 

provide accurate results for the constrained holding 
of smartphone (strictly in hands) and differ in the 
computing efficiency. Both of peaks detection and 
zero crossing are of good speed of response and can 
operate in real time mode to calculate step for the 
task of active pedestrian dead reckoning. When the 
smartphone is in the hands/bags, the accuracy 
radically drops up to 40–50%.  
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The autocorrelation method can be used for 
offline processing since it involves heavy 
calculation. Even for unconstrained using of 
smartphone this method demonstrate the quality 
higher than 80%.   
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М. П. Мухіна, С. І. Ільницька, О. А. Лазаревський. Порівняння методів підрахунку кроків у часовій 
області для задачі числення шляху пішохода 
Задача підрахунку кроків розглянута для особистої навігації під час ходьби та використання мобільних датчиків 
із низькою точністю. Підрахунок кроків був реалізований трьома основними способами обробки модуля 
вектора прискорення у часовій області. Порівняння цих методів було здійснено під час обробки даних з 
датчиків мобільних телефонів для різних умов та типів руху пішоходів. Для того, щоб мати репрезентативну 
статистику, пішохідні траєкторії були вибрані досить протяжними (принаймні 100 метрів), за винятком методу 
нормованого підрахунку кроків, заснованого на автокореляції, де оброблені короткі відстані. Сформульовано 
вимоги до визначеного способу підрахунку кроків. 
Ключові слова: числення шляху пішохода; автокореляційна функція; встановлення порогових значень; 
виявлення піків; підрахунок переходів через нуль. 
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