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Preface

It is no longer necessary to emphasize that computer 
science is omnipresent today. Terms as digitalization, 
Industry 4.0 etc. are frequently heard in the mass media 
and are becoming a part of our everyday life. The rapid 
advances in computer science require a large investment 
in research and development. In particular, it is impor-
tant to educate young scientists, which is one of the 
objectives of the StuCoSReC conference.

In front of you is the proceedings of the fifth Stu-
CoSReC conference. The StuCoSReC is intended for 
masters & PhD students to show their research achieve-
ments. Socializing is also important and the confer-
ence is an excellent opportunity for students to get to 
know each other. The conference connects  students of 
computer science and goes beyond the invisible limits of 
faculties. The uniqueness of StuCoSReC conference is 
that it is organized each year by different higher educa-
tion institution. The University of Ljubljana - Faculty 
of Computer and Information Science is proud to host 
the conference this year.

Twelve papers addressed this conference, covering sev-
eral topics of the computer science. All the papers were 
reviewed by two international reviewers and accepted 
for the oral presentation.

ref. prof. dr. Nikolaj Zimic 

Kataložni zapis o publikaciji (CIP) pripravili v Narodni in 
univerzitetni knjižnici v Ljubljani
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ABSTRACT
Inertial sensors found in Internet-of-Things devices such as
smartphones and smartwatches can be used to track user’s
activity as well as step length. In particular, rapidly grow-
ing interest in pedestrian dead reckoning – indoor position-
ing approach that calculates current position as the sum of
previous position and vector with step length and heading
information – prompts to develop refined step length esti-
mation models to overcome inaccuracy in determining step
length. In this work we present our research towards an en-
hanced inertial sensor-based step length estimation model.
For this purpose, we extend an existing step-frequency-based
model with acceleration and make it less user-specific. We
evaluated the performance of the proposed model for one
sensor position and different walking speeds and obtained
very promising results comparable to related models. We
will further improve the accuracy of the proposed model
and modify it, so it will require less time for tuning, and
thoroughly address the pre-processing of the sensor data.
We will also test the proposed model for different sensor
positions and pedestrian-dead-reckoning-based indoor posi-
tioning.

Keywords
inertial sensors, pedestrian dead reckoning, step length esti-
mation

1. INTRODUCTION
Over the past few years, user engagement enabling Internet-
of-Things (IoT) technologies are emerging. In particular, in-
ertial sensors can be utilized to track user’s activity as well as
step length since they can be found in smartphones, smart-
watches and other IoT devices. They also exhibit advan-
tages such as easy accessibility, inexpensiveness and small-
size. Moreover, estimating step length is also applicable
in diverse areas, especially in indoor positioning approach
called pedestrian dead reckoning [1, 2, 3, 4] that determines
the current position by adding vector with step length and
heading information to the previous position.

Throughout this work we address inertial sensor-based step
length estimation models. According to [5], they can be
classified into four categories based on the parameters they
require as an input. These parameters are obtained from
inertial sensor measurements. The categories are: step-
frequency-based [1, 2, 6], acceleration-based [3, 7], angle-
based [8] and multiparameter [4, 9]. Step-frequency-based
models require step frequency as an input, acceleration-based

models require acceleration, angle-based models require the
opening angle of the leg and the input of multiparameter
models combines two or all three of the previously listed
parameters.

In this work we present our research towards an enhanced
inertial sensor-based step length estimation model that in-
creases the accuracy of estimated step length. Section 2
overviews step length estimation models. Section 3 describes
the derivation and Section 4 the evaluation of the proposed
model. Section 5 presents results, whereas Section 6 dis-
cusses them. Finally, Section 7 concludes this work present-
ing future research directions.

2. OVERVIEW OF STEP LENGTH ESTIMA-
TION MODELS

Step length is determined in several phases. In order to
acquire inertial sensor measurements, a sensor has to be
set-up on user’s body, most commonly in hand, pocket or
centre of body mass. Acquired data – usually accelerome-
ter measurements – have to be pre-processed to eliminate
errors. Steps are detected before step length is determined
using a step length estimation model that often has to be
tuned. Next, we briefly present the categories of the models
(step-frequency-based, acceleration-based, angle-based and
multiparameter).

2.1 Step-frequency-based models
Step-frequency-based models require step frequency as an
input. They commonly exploit linear relationship between
step length and step frequency and have to be tuned prior to
utilization. The following two models include user’s height.
Renaudin et al. [6] proposed a model based on linear rela-
tionship between step length and step frequency, whereas
Tian et al. [2] exploited the link between square root of step
frequency and step length. On the contrary, Zhang et al. [1]
included user’s leg length in their model, but based it on the
linear relationship between step length and step frequency,
similarly as the model proposed by Renaudin et al. [6].

2.2 Acceleration-based models
Acceleration-based models require acceleration as an input.
They often exploit the link between step length and accel-
eration properties such as minimum and maximum accel-
eration values within the step. Weinberg [7] proposed such
model. It calculated step length as the product of a tuneable
constant and fourth principal root of the difference between
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maximum and minimum vertical acceleration values within
a step. Similarly, Do et al. [3] based their model on verti-
cal displacement of the centre of body mass. This model
includes user’s leg length, but it does not include any tune-
able constants.

2.3 Angle-based models
Angle-based models require the opening angle of the leg as
an input. They often exploit linear relationship between
step length and the opening angle of the leg. Diaz and Gon-
zales [8] proposed such model. It includes two tuneable con-
stants.

2.4 Multiparameter models
The input of multiparameter models combines two or all
three of the previously listed parameters: step frequency,
acceleration or the opening angle of the leg. These models
usually extend existing models with additional parameters.
For example, Mikov et al. [4] included the inverse of step
frequency in the Weinberg model [7]. Similarly, Bylemans
et al. [9] also based their model on the difference between
maximum and minimum acceleration values within a step,
but they included step frequency and absolute average ac-
celeration value in walking direction in the model.

3. THE DERIVATION OF THE PROPOSED
MODEL

Before we started deriving a new model, we carried out an
in-depth analysis and comparison of 13 relevant representa-
tive inertial sensor-based step length estimation models [5],
where we studied the influence of four typical sensor po-
sitions and different walking speeds on their performance.
We tuned the models with personalized and universal sets
of constants. We also established a benchmark repository
for the performance evaluation of inertial sensor-based step
length estimation models that includes more than 22 km of
gait measurements obtained from 15 adults using off-the-
shelf smartphone. This repository is openly available at:
https://github.com/repositoryadmin/SLERepository.

In [5], we obtained the best overall evaluation results for
universal sets of constants for the model proposed by Tian
et al. [2] and therefore started deriving our enhanced model
from this model. The model proposed by Tian et al. [2]
calculates step length as:

SL = K ·
√
F · h, (1)

where SL represents estimated step length, K tuneable con-
stant, h user’s height and F step frequency.

We observed that average walking speed during tests af-
fected the values of tuneable constant in the model as shown
in Figure 1. We can see that on average the values of the con-
stant increase with the increased walking speed. We there-
fore include mean absolute acceleration in walking direction
in our model. To make the proposed model less user-specific,
we exclude user’s height and calculate step length as:

SL = K1 ·
√
F · aK2

mean, (2)

where SL represents estimated step length, K1 and K2 are
tuneable constants, amean mean absolute acceleration value
in walking direction and F step frequency.
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Figure 1: Values of tuneable constants in the model
proposed by Tian et al. [2] for different walking
speeds.

4. EVALUATION
For the evaluation of the proposed model, we used data from
the repository described in the previous section that includes
measurements acquired in two independent sets of field tests
on two straight test paths: 15- and 108-m-long. We used
the data collected on the shorter path to tune the models
and the data collected on the longer path to evaluate the
performance of the models.

To eliminate the impact of smartphone orientation, we only
considered hand-reading position as shown in Figure 2, where
the user is carrying the smartphone in hand. Smartphone’s
local coordinate system is considered as follows: y-axis is
pointing in the walking direction and z-axis is pointing in
the opposite direction of the floor. Smartphone’s position
is fixed. Three steady walking speeds were tested: slow,
normal and fast. Participants self-selected walking speeds
to their preference, but they were asked to maintain the
walking speed as similar as possible for the time of the ex-
periment. One person always monitored the execution of the
experiments and counted the number of participants’ steps.
Despite the fact that persons self-selected slow, normal and
fast walking speeds to their preference, we observed that av-
erage walking speeds ranged from 0.45 m/s to 1.25 m/s for
slow walking speed, 0.90 m/s to 1.65 m/s for normal walking
speed and 1.40 m/s to 2.00 m/s for fast walking speed [5].

Measurements were acquired using off-the-shelf Samsung Ga-
laxy S7 edge smartphone. Sampling frequency was 100 Hz
with standard deviation of 8 Hz. Therefore, acquired mea-
surements were resampled to 100 Hz by employing linear
interpolation. We used peak detection algorithm for step
detection and determined personalized constants of the pro-
posed model and the models selected for the comparison us-
ing optimization analysis on the data collected on the shorter
path. We employed personalized sets of constants to eval-
uate the performance of the models on the data collected
on the longer path. For every test, we have calculated the
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Figure 2: Hand-reading position.

performance as:

e =
|d− d∗|

d∗
· 100% (3)

where e is error, d is the estimated distance of walked path
and d∗ the real distance of walked path.

5. RESULTS
Table 1 shows the performance of the models. It includes
mean errors and standard deviations of the models with
respect to total walked distance. Mean errors range from
3.76 % to 16.84 % and standard deviations from 2.41 % to
7.56 %.

Table 1: The performance of the models.

Models
Mean

errors [%]
Standard

deviations [%]
Tian et al. [2] 4.35 2.78

Zhang et al. [1] 8.91 6.86
Renaudin et al. [6] 8.91 6.86

Do et al. [3] 16.84 7.56
Weinberg [7] 4.36 3.80

Diaz and
Gonzales [8]

5.25 4.54

Mikov et al. [4] 7.44 5.93
Bylemans et al. [9] 5.68 4.61

Proposed model 3.76 2.41

6. DISCUSSION
Overall, the proposed model slightly outperformed all the
other models. Quite similar performance achieved the mod-
els proposed by the Tian et al. [2], Weinberg [7], Diaz and
Gonzales [8], Bylemans et al. [9] and Mikov et al. [4]. Even
though the model proposed by Mikov et al. [4] extends the
Weinberg model [7] it did not perform better on average.
The models proposed by Zhang et al. [1] and Renaudin et
al. [6] performed similarly since they can be rewritten to the

same model by employing substitution [5]. The model pro-
posed by Do et al. [3] expectedly performed the worst since
it does not contain any tuneable constants.

7. CONCLUSION
In this work we presented our research towards an enhanced
inertial sensor-based step length estimation model. We based
our model on the model proposed by Tian et al. [2] since we
obtained the best evaluation results for it for universal sets
of constants [5].

We eliminated user’s height from the model and included
mean absolute acceleration in walking direction instead. We
tested the proposed model for one sensor position in hand
and obtained promising evaluation results comparable to re-
lated models.

We will further improve the accuracy of the proposed model
and test it for more sensor positions. We also plan to modify
the proposed model, so it would require less time for tun-
ing and thoroughly address the pre-processing of the sensor
data. Moreover, we will conduct additional experiments us-
ing different IoT devices and test the proposed model for
pedestrian-dead-reckoning-based indoor positioning.
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