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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. Three primary approaches to computing the acceleration vector
magnitude in time domain have enabled step counting. When analyzing data from mobile phone sensors
for various pedestrian kinds, environmental factors, and their mobility patterns, several methodologies
were compared. Except for the approach of normalized auto-correlation based step counting, which only
processes short distances, the walking trajectories have been chosen to be long enough (at least 100
meters) to produce statistically representative results. The specifications for a specific step counting

system have been developed.

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

zerocrossing, global route.
I. INTRODUCTION

The issue of pedestrian dead reckoning (PDR)
falls within the category of unique navigational
issues [1]. The usage of satellite navigation is a
typical mobile phone fix (GPS, GLONASS, Galileo,
etc). However, a satellite's signal can occasionally
be purposely blocked or lost because of obstructions
in an urban area. The user localization issue with
PDR is also fascinating when it comes to interior
environments like huge garages and urban malls.

Micro-Electro-Mechanical ~ Sensors (MEMS)
technology is now used for smartphones'
instrumentation, which includes a standard set of
Inertial Measurement Unit (IMU) components,

including accelerometers, gyroscopes,

magnetometers, and pressure sensors.
Accelerometers may be used to measure

distances as well as detect step occurrences.

However, it is susceptible to factors like walking
pace and road slope, leading to erroneous findings
when determining stride length. Like any dead
reckoning method, PDR is susceptible to
accumulated inaccuracy. As a result of the location
estimate's constant calculation using the prior
outcome, the mistake multiplies with time. This
indicates that ongoing rectification updates are
required.

For instance, the error in calculating the step
length has less of an impact on the estimation of the
location than the error in determining the direction.

The course may be determined using the
magnetometer and  gyroscope  measurements.

However, the gyroscope has a drift issue, which
causes the reading inaccuracy to grow over time, and
the magnetometer is exposed to electric current and
environmental metals. In addition, tilting the
smartphone may cause it to turn away from the
user's direction of travel. The precision of a course is
also increased by smartphone postures, which must
be taken into account in practice.

How to use IMU measurements to identify steps
is a significant issue. There are several distinct
approaches and procedures [2]: step counting based
on normalized auto-correlation, peak detection, zero
crossing, etc.

The threshold approach [3] counts the steps by
detecting when sensor readings surpass a threshold
(usually accelerometers). However, the threshold
value varies depending on the sensor type and the
pedestrian's gait style. Although the threshold
approach is the simplest, it largely relies on
empirical methodologies because there isn't a single
threshold that works in every situation, especially
when using a smartphone in an unrestricted way.

The number of peaks in the accelerometer vector
magnitude is used to compute steps in the peak
detection algorithm [4]. Although more adaptable, it
experiences interference peaks brought on by
outside sounds and sporadic disruption. There are
many other ways to modify a technique, including
low-pass filtering to eliminate interferences,
restricting the duration between two peaks, and
using vertical acceleration data to place restrictions
on where a smartphone may be placed.
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Based on the identification of zero points in the
accelerometer vector magnitude, the zero-crossing
technique of step counting [1] is used.

Unrestricted smartphone holding is a concern for
both zero crossing and peaks detection approaches.
The normalized auto-correlation based step counting
approach [5], [7] is the most intriguing since it
directly exploits the periodic character of walking.

II. PROBLEM STATEMENT

All smartphone sensors operate in a body-fixed
(or sensor) coordinate system that is connected to a
navigation frame called NED or ENU and can be
translated into latitude and longitude coordinates

(Fig. 1).
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Fig. 1. Coordinate systems

The following data are used for further analysis
and processing assuming the standard set of IMU
sensors in mobile phones.

Accelerations.  Three  acceleration  vector
components are provided by MEMS accelerometers.
The measurements from accelerometers can
optionally be calibrated and thermal noise-filtered
before being used.

an1=1/af+aj+a22. (1)

Orientation. MEMS-gyroscopes produce angular
rates in the sensor coordinate system of x, y, and z.
Roll, pitch, and yaw attitude angle calculations are
incorporated into the majority of mobile phones
(again, in sensor coordinate system).

Depending on the type of walking, inertial
measurement unit readings need to be evaluated.

Typically [6] the change in acceleration goes
hand-in-hand with the transmission between walking
phases (Fig. 2). The majority of step detection and
counting techniques therefore rely on processing the
acceleration vector magnitude (1).
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Fig. 2. Walking phases by [6]

The periodic pattern is evident here, just as it is
on the accelerometer measurements (Fig. 3).

Fig. 3. Accelerometer readings for idle and walking

To remove gravity components, the magnitude of
the acceleration vector must be preprocessed

ang = am -8

and low-pass filtered using a cut-off frequency that
corresponds to the update sensor rate to remove
unpredictable sounds. The moving average window
may be used to implement the filter:

(T-1)/2

1
= a,q (i + ),
T j=—;l)/2 ¢

A fittered ()=

where T is the moving window's size [8].

The following is a proposed representation of the
autocorrelation function used in the step calculation.

The metrics of similarity for the autocorrelation
function will fall within the range [-1, +1] because it
is normalized. The issue raised in [7] has to do with
determining the ideal time lag value.

Humans typically walk at a frequency of roughly
1 Hz. The time lag in Fig. 3 with a sensor update
rate of 100 Hz ranges from 91 to 127. By changing
its value in an extra computation loop, the ideal time
lag may be determined, but the processing efficiency
will suffer.

The erroneous counting of steps in idle mode or
phone jittering are further issues related to the
autocorrelation approach. Once more, Fig. 3 shows
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the cyclic nature of the acceleration value from 3000
to 3200 random samples where the pedestrian is not
moving.

Because of this, the autocorrelation approach is
used in conjunction with other methods like
thresholding. Standard deviation determines the
simple threshold, for instance, determining whether
the device is in idle mode.

o(a,)<0.01. )

The autocorrelation function (ACF) 1is not
computed in this instance. Whether requirement (2)
is not met, walking mode is assumed, and ACF is
checked to see if it exceeds threshold. If so, the
number of steps is increased by one.

This thresholding is seen in Fig. 4, where 0.7 is
used as the ACF step value.

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

Another issue with the autocorrelation approach
is that it must deal with extended sequences, which
requires either offline data processing or a delay in
step counting when operating in real-time modes.

Additionally, the method's computational
capacity is less than that of peak detection or zero
crossing techniques.

III. EXPERIMENT DESCRIPTION

A set of IMU by BMI160 and K6DS3TR from
STM, two smartphone sensors, have been used in
experiments. Both of them are low noise 16-bit
IMUs that deliver incredibly precise sensor data in
real time for mobile applications like indoor
navigation.

Figure 5 depicts the walking path used to test the
strategies for peak identification and zero crossing.
In the studies, different walking speeds (fast / slow)
and smartphone holding positions (in hands/in
pocket) were used.

The discrepancy between the actual number of
steps and the number that was counted determines
the step detection method's error. Contains the
processed and represented data.

The trajectory used for the autocorrelation step
counting approach is significantly shorter, at around
100 steps (Fig. 6).

The times of standing still and walking can be
readily observed in the accelerometer measurements
(Fig. 7), and the threshold value is established by the
standard deviation (std).

The values related to the walking mode are
isolated using the thresholding and autocorrelation
function (Fig. 8) before being processed.

The autocorrelation method's data have been
processed, and shows how they are shown.

Fig. 5. Trajectory of walking
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Fig. 6. Testing trajectory for autocorrelation step counting
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Fig. 7. Accelerometer readings with threshold value

Since thresholds vary greatly amongst devices,
the frequency of readings will also be important.
When using a continuous frequency that detects one
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person walking regularly, there is no guarantee that
another person's walking will be recognized.
Furthermore, there are numerous ways to hold the
phone, including in the hands, in a pocket of shorts
or pants, or fastened to a belt. Little information is
provided, and a lot of the data is duplicate.
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Fig. 8. Accelerometer readings with threshold value

Directional calculation, or angle calculation
Taking into account the information gathered from
the magnetometer built into the device and knowing
the magnetic force of the earth along two axes, the
direction can be calculated using the four-quadrant
arctangent from the sensor data. This method
converts the force into an angle in radians
corresponding to the coordinates of the direction a
person is walking. converted to a degree measure at
last (Fig. 9).
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Fig. 9. Highlighted main peaks

The path taken by the pedestrian while the data
was being recorded isconstructed using the angles,
the direction, the predetermined number of steps,
and their placement in relation to the timeline. By
switching from a rectangular toa great circus
coordinate system and altering the lengths of
parallels depending onthe latitude where the test

object is located, as per the standards, the
displayaccuracy is greatly increased.

Since the inertial system only displays the
distance traveled relative to theinitial reference point
in meters, and the world direction is preserved
relative tothe coordinate axes where the positive X-
axis is the East direction and thepositive Y-axis is the
North, West, and South directions, respectively,
oppositeeach other, the user has the option to
provide his approximate coordinates if he isunable to

receive a GPS signal (Table I).

TABLE L. QUALITY OF STEP DETECTION METHODS

W:‘;l;leng Zero-crossing Peak

Slow N=907, N.=1003 | N=907, N,=933
0=90% 0=97%

Slow N=925, N,=1364 | N=925, N.=962
0=53% 0=9%4%

Fast N=2823, N, =549 N=2823, N,=1780
0=67T% 0=95%

Fast N=810, N =777 N =810, N,=800
0=96% 0=99%

IV. CONCLUSIONS

The researched step counting techniques offer
precise results for the restricted holding of a
smartphone (strictly in hands) and vary in
computation speed. Peaks detection and zero
crossing both have a quick reaction time and can
compute steps in real time for the active pedestrian
dead reckoning assignment. The accuracy drastically
decreases up to 40-50% when the smartphone is in
the hands or bags.

Since the autocorrelation method requires a lot of
calculations, it can be used for offline processing.
This method shows quality greater than 80% even
for unrestricted smartphone usage.

By calculating data from the magnetometer and
accelerometer to identify the number of steps and
the direction of travel, with diverse behavior
patterns, the suggested method enables you to
estimate the distance of specific user routes.

Both indoor and outdoor navigation are possible
with this application.

REFERENCES

[1] M. A. Al-sveity et al., “A system for detecting and
recognizing moving biological objects for unmanned
vehicles based on intelligent edge computing,”
Telecommunication, 2021, no. 9(22).
https://doi.org/10.34832/elsv.2021.22.9.004 (date of
access: 18.11.2022).



M.P. Vasylenko, O.A. Lazarevskiy Individual Mobile Navigation System of Way Counting 39

[2] Gepard vvk., Algorithms for extracting image [4] Repository = BNTU  —  Repository  BNTU.
contours, Habr. https://habr.com/ru/post/114452/ URL: https://rep.bntu.by/bitstream/handle/data/27161
(date of access: 18.11.2022). /Vosstanovlenie kontrasta polutonovogo izobrazhen

[3] Car Number Plate Detection Using MATLAB and iya v _pakete MATLAB.pdf?sequence=1&amp;isAll
Image Processing. Circuit Digest — Electronics owed=y (date of access: 18.11.2022).

Engineering News, Latest Products, Articles and  [5] M. P. Mukhina, Algorithm of Visual Tracking of
Projects. URL: Contrast Moving Objects. Of the Third World
https://circuitdigest.com/tutorial/vehicle-number- Congress “Aviation in the XXI-st Century,” 2008.

plate-detection-using-matlab-and-image-processing
(date of access: 18.11.2022).
Received September 21, 2022

Vasylenko Mykola. ORCID 0000-0003-4937-8082. Candidate of Science (Engineering). Senior lecturer.

Aviation Computer-Integrated Complexes Department, Faculty of Air Navigation, Electronics and
Telecommunications, National Aviation University, Kyiv, Ukraine.

Education: Kyiv National University of Technologies and Design, Kyiv, Ukraine, (2012).

Research interests: renewable energy sources, thermal noise based estimation of materials properties.

Publications: more than 20 papers.

E-mail: m.p.vasylenko@nau.edu.ua

Lazarevskiy Oleksandr. Bachelor.

Aviation Computer-Integrated Complexes Department, Faculty of Air Navigation, Electronics and
Telecommunications, National Aviation University, Kyiv, Ukraine.

Education: National Aviation University, Kyiv, Ukraine, (2020).

Publications: 2.

E-mail: darkkemono@gmail.com

Bacuienko Mukoga IMasmosua. ORCID 0000-0003-4937-8082. Kananaat TexHiuHNX HayK. CTapinuii BUKIa1ay.
Kagenpa aBiamiiHMX KOMII IOTEPHO-IHTEIPOBaHUX KOMIUIEKCIB, DakynbTeT aepoHaBiramii, eJIEKTPOHIKHM Ta
TelleKOMyHiKalii, Harionansauii aBianiiinuii yHiBepcutet, KuiB, Ykpaina.

Ocsita: KuiBcbkuil HallioHANbHUN YHIBEPCUTET TEXHOJOTIH Ta An3aiiny, Kuis, Ykpaina, (2012).

HampsiMm HaykoBoOi IisUIBHOCTI: BiJHOBIIIOBAJIBHI JDKEpeNla €Heprii, OlliHKa BJIACTHBOCTEH PEYOBMH Ta MarepiaiiB 3a
BJIACHMMHU €JIEKTPOMAarHiTHUIMHU BHIIPOMiHIOBAHHSIMH.

Kinbkicts myOmikarriii: 6inbine 20 HAayKOBUX POOIT.

E-mail: m.p.vasylenko@nau.edu.ua

JlazapeBcbkmii Onexcanap Angpiiosny. bakanasp.

Kagenpa aBiamiiHuX KOMII IOTEPHO-IHTEIPOBaHUX KOMIUIEKCIB, DakynbTeT aepoHaBiramii, eJIEKTPOHIKM Ta
TelleKOMyHiKalii, Harionansauii aBianiiinuii yHiBepcutet, KuiB, Ykpaina.

HaunionanbHuii aBiauiiiuuii yHiBepcuret, KuiB, Ykpaina, (2020).

Kinpkicts myoOmikarii: 2.

E-mail: darkkemono@gmail.com

M. II. Bacunenko. O. A. JlazapeBcbkuii. InquBigyansHa ModinbHa HaBiraniiiHa cucteMa YHCJCHHA HIISXY

Y poboti gocimimkeHo NMpoOieMy BUSIBICHHS Ta PO3Mi3HABAaHHS KPOKIB 1 HamNpsIMKy pyxy jronuHd. [IpormonoBana
chcTeMa J03BOJISIE BUMIPIOBATH BiJCTaHb IIEBHUX MapIIPyTiB KOPHCTYBada, OOYMCIIIOIOYM AaHI 3 MarHiroMerpa Ta
akceJepoMeTpa, o0 3HAXOAWTH KUIBKICTh KPOKIB 1 HAIPSIMOK PYXy, 3 PI3HUMH MOJENSMH ToBeAiHKU. [Iporpamy
MOXKHa 3aCTOCOBYBATH [UIsl HaBiramii, K Ha BIAKPUTHUX MalJaHYMKaX, TaK 1 B 3aKPUTUX NPHUMIIIEHHSAX. | OJOBHOIO
MepeBarol0 Takol CHCTEMH € TOYHICTh BH3HAYEHHs Micls po3ramryBaHHs JitoauHu Oe3 GPS-mairamii. B skocTi
amapaTHOro 3a0e3neYeHHs] BAKOPUCTOBYETHCS 3BUUAHNI MOOLTbHUIA TenedoH. [IporpaMy BIOCKOHAIEHO A0/1aBaHHAM
11a0JIOHIB MOBENIHKY JIIOJJMHU TIiJ 9ac pyXy 3i cMapTHOHOM. AJTOpUTM BU3HAYAE Il MOAEINI Ta PO3JLIIe X Ha OKpeMi
MapuipyTd Uil MiIBUIIEHHS To4HOCTi. KamiOpyBaHHs IUIsl bOrO HPUCTPOIO HEOOXiJHE TUTBKH MiJ 4Yac MepIIoro
3allyCKy, OCKUIBKM pi3HI CMapTQOHM MaIOTh [AaTYMKUA BiJ pIi3HUX BUPOOHHWKIB. CHCTEMY TaKOXK MOXKHA
BUKOPHCTOBYBATH JUIsl BUSBJICHHS aHOMaJlid y MarHiTHOMY Iosici 3eMJli, IO JIOITIOMOXE Yy BUBYEHHI YaCTKOBOI 3MiHH
MarHiTHUX IIOJIB Ha OKPEMHX JMUISIHKaX 1 IOKpPAIlUTh OpIEHTYBaHHS HAa KOPUCTYBalbKii rmomuHi. Takox
MPOaHali30BaHO (haKTOp BHKOPUCTAHHS CHCTEMH Ha MiJNPHUEMCTBI 3 E€KpAaHOBAHUMH CTIHAMH JUISL Opi€HTaLil
KOpHCTyBaya y BEJTMKHUX MMPUMIIIEHHSX, CKIIalaX, aHTapax.

KarwudoBi caoBa: iHepuianbHa HaBiramisi; 3HaXOMKEHHs IIKIB KPOKY JIIOJMHH; MOAYJb BEKTOpa IPHUCKOPEHHS;
(iNbTpAallist; TPIaHTYJSLIS; TI00aIbHUH MapIIPYT.



