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ARTICLE INFO ABSTRACT

Keywords: This paper illustrates the software suite developed for Track 1 of the IPIN competition, which evaluates
Indoor localization smartphone apps for indoor localization. Competitors have one day before the trial day to survey the
Performance evaluation competition area. On the trial day, an independent “actor” carries the competing system on smartphone and

Smartphone-based positioning walks a predefined path. Competing systems provide continuous location estimates, which are later compared

to a ground truth. We describe the software suite used to gather and present the results: the StepLogger Android
application for real-time logging of position estimates and the EvaalScore tool for performance evaluation.

StepLogger collects location estimating data from competitors with a timestamp, while EvaalScore cal-
culates the accuracy of the competing systems. The competition ranking is based on the third quartile of
point localization error. The presented software suite ensures a standardized and fair assessment of competing
systems, thus promoting reproducibility and transparency in indoor localization research.
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Permanent link to code/repository used for this code version https://github.com/ElsevierSoftwareX/SOFTX-D-24-00606

Legal Code License StepLogger is distributed under the Apache-2.0 license, EvaalScore is distributed
under the GNU Affero General Public License 3.0.

Code versioning system used Git

Software code languages, tools, and services used Java, Octave/MATLAB

Compilation requirements, operating environments & dependencies StepLogger requires Android Studio IDE, EvaalScore runs under Octave. StepLogger

does not depend on any libraries besides some of the standard Android androidx
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If available Link to developer documentation/manual https://github.com/wnlab-isti/IPIN-competition_trackl/blob/main/README.md
Support email for questions contest@evaal.aaloa.org
1. Motivation and significance and more sensors, including inertial measurement units (IMUs), mag-
netometers, barometers, and wireless communication interfaces. By
The proliferation of location-based services, led by the widespread combining data from multiple sensors, smartphone-based indoor local-
adoption of Global Navigation Satellite Systems (GNSS) for outdoor ization systems can achieve accuracy, robustness, and reliability which
environments, has transformed navigation, tracking, and context-aware are useful in custom applications but not yet ready for general solu-
applications for indoor environments too. However, the accurate and tions. The future widespread development and deployment of general
reliable estimation of a user’s position within indoor spaces remains a systems depends also on rigorous and standardized evaluation methods
key challenge. The complexity of indoor environments, characterized to measure their real-world performance and facilitate fair comparisons
by signal attenuation and multipath propagation, requires specialized among different approaches.
localization techniques that go beyond traditional GNSS-based solu- Since 2014, the International Conference on Indoor Positioning and

Indoor Navigation (IPIN) has been instrumental to driving advances

tions. Smartphone-based indoor localization has emerged as a promis- e on | ! )
in indoor localization research thanks also to the associated indoor

ing field due to the ubiquity of mobile devices equipped with more
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localization competitions. The IPIN competitions provide a platform for
researchers and developers to showcase their innovative solutions and
benchmark their performance against other state-of-the-art systems.
Track 1 of the IPIN competition specifically focuses on smartphone-
based localization, challenging competitors to develop smartphone
apps that leverage the diverse sensors available on mobile devices to es-
timate user positions in real time. The IPIN competitions, building upon
the legacy of the EVAAL competitions (2011-2013), have consistently
emphasized natural movement in realistic environments, ensuring that
the evaluation reflects real-world performance rather than idealized
laboratory conditions [1].

This paper presents the software suite which provides IPIN Track
1 competitors with a reliable framework to log their location esti-
mates and to evaluate their performance fairly among competitors.
We provide a detailed illustration of the design and functionality of
the StepLogger Android app, which collects ground truth data and logs
position estimates generated by competitors’ applications. StepLogger
is designed to integrate with competing applications, capturing real-
time position estimates and time stamps, ensuring a fair and transparent
evaluation process. Additionally, we elaborate on EvaalScore, which
offers a comprehensive assessment of the performance of competing
localization solutions. Following the EvAAL Framework guidelines,
EvaalScore uses the third quartile of positioning errors as a robust and
reliable metric, aligning with the practical requirements of real-world
indoor localization systems.

The detailed description of the StepLogger application and the
EvaalScore tool, together with their availability in a public software
repository, contributes to the reproducibility and transparency of re-
search findings in this domain, fostering further collaboration and
innovation in smartphone-based indoor localization.

2. Software description

The purpose of the on-site smartphone-based track (Track 1) of the
IPIN indoor localization competition is to assess and measure the ability
of competing systems to accurately identify their position inside a large,
public indoor area using a hand-held smartphone. For this reason, the
software suite developed for the track is composed of two artifacts:

» the StepLogger Android application;
+ the EvaalScore tool.

Competitors are provided with a detailed map of the competition area
and are requested to develop an Android-based application (namely
the competing application) designed for smartphones. The reference
path used to test the competing systems is not disclosed to competitors
before the competition day.

During the competition, an actor walks along a predefined path
holding the smartphone in hand in a natural way. The testing path
goes through a sequence of georeferenced reference points, labeled
with adhesive markers positioned on the ground, big enough to be
seen from a distance (we recommend a minimum size of an A5 sheet).
The competing application transmits real-time position estimates to the
StepLogger app with a suggested rate of 2 Hz. The StepLogger app
timestamps the estimates and records them. Additionally, it records
timestamps corresponding to the moment the actor presses a button
on the screen, when passing over a reference point. The final score is
based on the accuracy of the competitor’s estimates, which is computed
by EvaalScore using the third quartile of the point error distribution.

Fig. 1 illustrates the deployment and interaction of the two compo-
nents of the Track 1 software suite.

StepLogger requires a configuration file (config.ini) that con-
tains a list of reference points, each labeled with a unique identifier.
This list enables StepLogger to display the correct sequence of button
labels during the actor’s execution of a trial. During the trial, the com-
peting app sends continuous position estimates via a logging interface
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to StepLogger, which generates the positions.log file containing
the position estimates with a timestamp. StepLogger additionally dis-
plays a button on the screen and records the timestamp of the moment
the button is pressed to the file buttonsPressed.log.

Once the competing system completes the test, the StepLogger
generated log files are provided as input to EvaalScore, a tool written
in Octave [2]. EvaalScore computes the errors of the competing system
using the groundTruth. txt file as reference and creates a report to
the error.report file, which list the point errors and some statistics
about the performance of the system. The most important is the third
quartile of the distribution of the point errors, that is the Euclidean
distances of the estimates to the reference points, used to rank the
competitors. EvaalScore can additionally produce a graphic report and
a video file path.ogg that shows an animation of the path and the
error committed on each reference point.

2.1. Software functionalities

StepLogger is a simple Android-based application with a minimalist
graphical interface, as illustrated in Fig. 2. The interface shows a button
displaying the label of the next reference point, which is written on a
marker stuck on the floor along the path walked by the actor. After
pressing the button, it turns gray and the label of the next button is dis-
played. To avoid accidental double-clicks, the button remains disabled
for 2 s after being pressed. This functionality helps the actor avoiding
mistakes when walking through the predefined path. When the actor
steps over the marker corresponding to the label shown by StepLogger,
they press the button to log the event. The reference moment for the
actor to press the button is when their navel is on an ideal vertical line
stemming from the marker on the floor; the expected accuracy of this
method is discussed in [3]. StepLogger field of use goes well beyond
the context of the IPIN competition, and covers any instance when
application testing or even measurements in a given area need to be
done in a reproducible way. For example, in a data-gathering scenario
such as Wi-Fi fingerprinting, the markers can represent fingerprinting
points and the actor is the data-gathering agent.

StepLogger runs in the foreground in full-screen mode (Figs. 2(b)
and 2(d)) or as an overlay app (Figs. 2(c) and 2(e)). The software
package includes the StepLoggerClient application demonstrating how
to integrate with StepLogger and a handbook for developers. The
StepLoggerClient implements a simple pseudo-localization application
that simply calls the provided logging methods twice per second.
StepLoggerClient shows a simple graphical interface with two buttons
for starting and stopping the pseudo-localization application, as shown
in Fig. 2(a).

StepLogger operates either in Fullscreen mode (Figs. 2(b) and 2(d))
or Overlay mode (Figs. 2(c) and 2(e)), with the interaction sequence
clearly illustrated for both modes. The software package also includes
StepLoggerClient, a separate demonstration application designed to in-
tegrate with StepLogger. StepLoggerClient implements a simple pseudo-
localization application, which logs estimates at a frequency of 2 Hz:
in fact, during the competition, the recommended rate for generating
estimates is 2 Hz, which is generally a good compromise between
resulting measurement accuracy, ease of analysis, ease of representa-
tions and computing power, but the software does not impose any
constraints on the estimation rate. The interface for StepLoggerClient
is distinct, featuring two buttons for starting and stopping the pseudo-
localization application, as shown in Fig. 2(a). To address potential
confusion, we emphasize that StepLogger and StepLoggerClient are two
separate applications. StepLogger is used during the competition for
logging reference points and timestamps, while StepLoggerClient serves
as an auxiliary tool for testing and integration with StepLogger.

The second piece of software of the Track 1 software suite,
EvaalScore, was developed to support the evaluation process within
the context of the IPIN competition tracks. This tool is used to analyze
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Fig. 1. Overview of the Track 1 software suite components. The diagram highlights the main components and their interactions, from data ingestion through to the output of

evaluation reports and path visualizations.

and compare the estimated positions provided by competition partic-
ipants against the predefined ground truth. EvaalScore processes the
data generated by StepLogger and creates a complete report of paths
within indoor environments. Through this tool, the IPIN competitions
have established standardized benchmarks for assessing the accuracy,
reliability, and efficiency of indoor localization solutions, according to
the guidelines provided by the EVAAL Framework.

In order to rank the competing systems, the collections of point
errors is reduced to a scalar score. Several methods are used in the
literature to reach this result: reference metrics on localization errors
range from path comparison to error CDF comparison to statistics such
as mean, a given quantile or the error root mean square. Our goal
is adopting a robust statistic while considering that the competing
applications are still in a prototype stage. As demanded by the EVAAL
framework [3-5], the reference metric that we adopt for Track 1
competition is the third quartile of point error. In the following, we
summarize the error computation used to rank the final results:

+ each error is the x,y Euclidean distance from the estimated
position to the real position of the marker on the ground (point
error), with the addition of:

— a penalty in case the building is not correctly identified;
- a floor penalty that is proportional to the difference between
estimated floor number and real floor number;

+ the score is computed as the third quartile of point errors.
2.2. Software architecture

The software architecture of the Track 1 software suite is designed
to handle the collection, processing, and evaluation of data during the
competition.

2.2.1. StepLogger
A StepLogger interaction involves two participants:

» the StepLogger application;
+ the competing application.

The StepLogger application instantiates an Android activity
(StepLoggerActivity) and an Android service
(StepLoggerService). StepLoggerActivity presents basic
graphic controls to the competitor so that a new logging session
can be started. The competitor types an identifier and starts a new
logging session. In response to this, method startNewSession(id)
is invoked on StepLoggerService, which initializes a new Log—
gingSession object and creates an overlay button.

The supplied identifier, together with the current timestamp, are
used by StepLoggerService to create a unique folder where logs are
stored by LoggingSession. The overlay button logs the timestamp when
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Fig. 2. The demo client StepLoggerClient app and the different running modalities of StepLogger (Fullscreen and Overlay).

the actor taps it, while walking over each marker on the ground,
along the testing path. The sequence of markers is listed in the con-
fig file config.ini, where each row is composed by a label and
(x,y,2) coordinates. Pressing the button invokes the logCurrent-
Waypoint () method on LoggingSession and adds a line to file but-
tonsPressed. log including the label, (x,y,z) coordinates, and
the current timestamp. The z coordinate is a floor number. The x,y
coordinates represent the position of the target. In the IPIN compe-
tition, the coordinates must be provided using the WGS84 reference
system. This standard allows for straightforward comparison between
the reference ground truth locations and the estimated locations cal-
culated by competitors. Alternatively, one can use a local reference
system, by expressing x,y as Cartesian coordinates in meters. The
choice of reference system is indicated in the Distance Measurement
file distance described below.

The folder where logs are stored is the Download folder available
for every Android-based device. Such choice is motivated by three
requirements: (i) identify a common folder available for every devices;
(ii) identify a folder easily accessible through a file explorer without the
need of the Android Studio tool; (iii) identify a folder that can be easily
accessed with a file explorer app from the device, for debugging pur-
poses. Upon starting a new session, the competitor enters a session id (a
string) in a StepLogger dialog (see the sequence diagram in Fig. 3). This
session id is concatenated with the current timestamp to form the name
of a folder (e.g., 20241216T115540_myid) that will be created under
the Downloads folder and that will contain the buttonsPressed.log and
positions.log files.

The competing application interacts with StepLogger using the An-
droid Interface Definition Language (AIDL) formalism. AIDL is a mech-
anism for defining an interface between a client and a service and

is very useful when inter-process communication is involved (i.e., the
client and the service are two different apps) since the Android platform
takes care of the actual communication and dispatching operations.
In our case, we adopt the AIDL formalism to share with competitors
the exact signature of the logging-Java methods required to log the
estimated locations. Competitors willing to integrate with StepLogger
only require importing an AIDL file and generate the corresponding
Java object for logging the positions. Specifically, StepLogger exports
the StepLoggerService for the competing application, which im-
plements a client service. The client binds to the remote StepLog-
gerService via the IStepLoggerlnterface and invokes the
method logPosition(), twice per second, passing the timestamp
and (x,y,2) coordinates as input to the method. StepLoggerSer-
vice forwards this call to LoggingSession, which logs the data to
the log file positions.log (inside the logs folder). The timestamp
from the client service is ignored and is useful only for debugging: a
locally computed timestamp is saved instead.

StepLogger is licensed to anyone under the Apache License Ver-
sion 2.0.! and available on GitHub at: https://github.com/wnlab-isti/
steplogger.

2.2.2. EvaalScore

EvaalScore is an Octave program which reads raw input files and
generates comprehensive evaluation reports and visualizations.

The typical use case involves a competitor aiming to analyze the
performance of their localization app. To do so, the competitor’s app

1 https://www.apache.org/licenses/LICENSE-2.0
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Fig. 3. Sequence diagram showing interactions between Client, Service, StepLogger, and Activity components. The workflow includes starting a logging session, recording reference
points, and saving position data at 2 Hz. User actions are triggered by button presses, logging data to positions.log and buttonsPressed.log.

must generate the necessary log files using the StepLogger app (as de-
tailed in Section 2.2.1). These files, along with the undisclosed ground
truth reference locations, serve as input for the analysis. EvaalScore
can be executed from Octave’s command line. Its graphical user in-
terface (GUI) allows users to specify the locations of the required log
files. Once the files are provided, EvaalScore automatically generates a
performance report, which includes a PDF file containing the map and
reference points. End-users runs the evaalscore.m script and the input
dialog GUI shows all the sub-folders containing the required log files.
Clicking on the items, EvaalScore generates the evaluation report.

The files processed by EvaalScore are those generated by StepLogger
during the trials. To this end, such files are copied from the device to
a desktop PC for performance evaluation.

The process begins with the selection of a competition data direc-
tory, followed by the reading and processing of essential data files,
including groundTruth.txt for reference locations, buttons-—
Pressed.log for the competitor-generated data, and a distance
file indicating the metric for error calculation.

The architecture is composed by distinct components responsible for
different aspects of the analysis: - Data Preprocessing: Validates and
prepares input data for analysis, ensuring consistency and complete-
ness. - Scenario Configuration: Dynamically selects the evaluation
scenario based on available map data and competition-specific con-
figurations, tailoring the analysis to the unique characteristics of each

competition setting. - Path Analysis and Error Calculation: Computes
the estimated paths based on participant data, calculates localization
errors against ground truths and applies competition-specific metrics
for performance evaluation. - Report Generation and Visualization:
Produces statistical reports, error analyses, and visual representations
of the paths within the context of the competition maps.

The architecture supports different competition scenarios, prede-
fined in the script, allowing for the adaptation to various competition
layouts and requirements. Scenarios are described within the script, de-
tailing their respective maps, floors, and specific configurations, which
the script uses to tailor the analysis and graphical outputs accordingly.

Fig. 4 shows the flow chart of the algorithm with its support
functions that are used for:

« creating fake button presses and positions for testing purpose:

function create_dummy_buttonpresses (
directory, buttonsfile)
## Create a random
## "buttonsPressed.log" file.
## Useful for testing.

function create_dummy_positions (
directory, N)
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Fig. 4. The flow chart of evaalscore.m script. This diagram shows the sequence of operations, from data input to the generation of performance metrics and graphical outputs.
Each step highlights the modular design of the evaluation process.

## Create a Tandom "positions.log" In order to run and evaluate data in a specific scenario, the follow-
## file useful for testing. ing input data are required:

## N 2s how many mnew pos to create
## between existing ones.

Ground Truth Data (file groundTruth. txt): locations of ref-

## If N is 0, create perfect positions erence points. This file contains a tabular representation of the
## without errors. reference points used during the competition. Each row corre-
sponds to a reference point and includes the following informa-
+ creating the contents of an IMAGE.corners file from IM- tion: a label (a unique identifier for the reference point) and the
AGE.png and IMAGE.points. This function is: coordinates (x, y, and z values) representing the position of the
function mapcorners = create_corners( reference point. A
. . . _, T _ * Localization Estimates (file positions.log): position estim-
image, projection = ’affine’, opt=0) K
ates generated by competitors.

Distance Measurement (file distance): contains one line of
text that can be either localdistance for Cartesian coordi-
nates, or wgs84distance for geographical coordinates in the

« converting vectors of X and Y coordinates to pixel coordinates for
graphical output. This function is:

function [px py] = to_pixel_coords (ph, WGS84 system, depending on the reference system used for the
pixel_to_ref, x, y) coordinates.
+ Button Presses (file buttonsPressed.log): times when the
By default, the image origin is set in the top-left corner. However, reference positions were recorded, used to align the ground truth
similar to Qgis’ georeferencing approach, we do not follow the with the position estimates.
conventional practice of the y-axis increasing downwards, which
results in negative y coordinates. This function is called within the EvaalScore’s purpose is to compute position estimation errors and
main function process_scenario, which computes point er- their statistics. Fig. 5 illustrates how it computes errors. The system
rors and, if applicable, draws a scenario graph or creates a movie. under test generates position estimates at a recommended rate of 2 Hz;
It reads the data files, processes both reference and estimated the actual rate may vary according to the system internals. During the
coordinates, and draws the estimated path on the map image, if trial, each time the actor steps over a reference mark and presses the

StepLogger button, StepLogger logs the label of the reference mark
together with a timestamp in the buttonsPressed.log file. For
each label, EvaalScore associates it with its coordinates using the
groundTruth. txt file and computes the Euclidean distance of the

one is available.
computing distance in meters given longitude and latitude. This
function is:

function d = wgs84distance(pl, p2, position estimate from the reference mark.
floorpenalty = 0) If graphic output is requested, georeferenced raster maps of the area
are required, as explained in the manual evaalscore.md.
» computing distance given the coordinates in their measurement The output files are:

unit. This function is:
» Error Report (file error.report), a text file with a row per ref-

function d = localdistance(pl, p2, erence point, including the reference point label, its coordinates,
floorpenalty = 0) the estimated coordinates and the error in meters (Euclidean
distance between the reference point and the latest estimate)




M. Girolami et al.

SoftwareX 30 (2025) 102115

-

9 10 11 12
I - I » Time [s]
Position
estimates
t
. Button
" pressed

Fig. 5. How estimation errors are computed: timeline (top), time sequence of position estimates (middle) and time sequence of button presses (bottom). Each button press is
relative to a reference mark, whose ground-truth coordinates are compared with the latest position estimate generated by the system under test, indicated by the arrow.

and in seconds (time distance between the estimation timestamp
and the actor timestamp). EvaalScore computes various statistical
measures, including mean, RMSE, median, third quartile, and
90th percentile, providing a comprehensive evaluation of local-
ization accuracy. The list of individual errors can be used for any
further analysis.

» Qgis Errors (file qgis_errors.txt), a text file readable by
Qgis which displays the errors as georeferenced segments.

When raster georeferenced maps are available, EvaalScore can pro-
duce graphic output:

+ Path (file path.pdf) depicts the maps of the area superim-
posed with reference points in green, connected by blue arrows
indicating the walking sequence.

Score Output score.pdf similar to the Path output: the maps
of the area are superimposed with reference points (filled circles)
in green. Here, the blue arrows connect the position estimates,
which are marked with a green empty circle. Additionally, a
thin red segment is drawn between each reference point and
the relative estimated position, see Fig. 7. In addition, the Score
Output includes some numeric statistics on the point errors and
its cumulative distribution.

Score Video path.ogg, a video that dynamically shows the
walking sequence

The script evaalscore.m is licensed to anyone under the GNU
Affero General Public License 3.0° and available on GitHub at: https:
//github.com/wnlab-isti/evaalscore.

3. Ilustrative examples

StepLogger and EvaalScore have been successfully used in all the
editions of the Track 1 IPIN competition. Here, we present data col-
lected by the winning system of the 2023 edition and demonstrate
how it was evaluated. Fig. 6 shows the actual log files produced
by StepLogger during one of the two trials of the competition. The
timestamp of when the actor stepped over each marker is recorded
(actor-generated timestamps), along with the competitor’s real-time
position estimates at a frequency of about 2 Hz. EvaalScore evaluates
the system by considering the latest valid estimate before each button
press, ensuring that the evaluation is causal.

The score.ogg video shows the sequence of evaluations, and
related errors, made by competitors during the live competition. It
contains the same information as the picture in the score.pdf file,
but it is easier to read as it shows temporally how the path proceeds.
The frame rate is fixed at 1.2 fps, and an example video in mp4 format
is available on the GitHub page of EvaalScore.®

2 https://www.gnu.org/licenses/agpl-3.0.en.html
3 Example video: https://github.com/wnlab-isti/evaalscore/blob/main/
IPIN-2023-thws_2/path.mp4.

After evaluating the trial, a report is generated (Fig. 7) that displays
both the real path (green ‘x’) and the path estimated by the competitor’s
system (blue line) for each floor. Additionally, the report includes the
statistics calculated by EvaalScore, summarized in a table.

The graphical outputs and detailed reports generated by EvaalScore
provide a comprehensive evaluation of the localization technologies
showcased during the competition. By automating the analysis and
presenting results in both numerical and visual formats, the script
improves the understanding of the errors in the competing indoor
localization systems.

4. Impact

Although StepLogger and EvaalScore were originally designed as an
integration framework for IPIN Track 1 competitors, they can easily be
adapted to other scenarios where real-time location data collection and
performance evaluation are required for indoor localization systems.

StepLogger supports labeling of ground truth data during indoor
localization surveys plus acquiring and storing location estimates from
a smartphone. In this context, StepLogger has been used as a data
collection tool the Wireless Network Laboratory* of the co-authors.
For instance, in [6], it was used for collecting ground-truth positions
and providing raw sensor data, collected upon them, and subsequently
published as an open dataset. In [7], it was applied to evaluate the
performances of a neural network to estimate users positions. In their
experiments, authors used StepLogger to collect data from seven volun-
teers walking in a natural way and collecting more than 1000 ground
truth points.

Another interesting use case where StepLogger was successfully
adopted is reported in [8], where authors describe a dataset based
on Bluetooth beacons collected in an indoor museum. In this case,
StepLogger is used to collect the ground truth for a set of points
of interests positioned on the museum. A similar approach was also
adopted in [9] where authors detail a Bluetooth 5.1 dataset for indoor
localization exploiting AoA (Angle of Arrival) and RSS (Received Signal
Strength) techniques. In this case StepLogger was used to ease the
ground truth annotation. Lastly, StepLogger was used in an outdoor sce-
nario for Search and Rescue (SAR) operation. The goal was to collect a
LoRa-based dataset useful to evaluate the potential of LoRa technology
to localize avalanche victims: a dataset based on approximately 160
reference locations was collected and StepLogger was used to support
marking of those locations.

In [10], it helped developing a stigmergic method with Bluetooth
Low Energy (BLE) beacons, allowing for detailed recording of ground-
truth data along predefined paths. Similarly, in [6], StepLogger played
a key role in creating a multi-source dataset combining LAN and
geomagnetic fingerprinting, an open-access resource valued for its high-
accuracy ground-truth coordinates and comprehensive sensor data.

4 WNLab - https://wnlab.isti.cnr.it/.
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Fig. 6. Logs and visualization outputs generated by the EvaalScore tool for the winning team of the IPIN 2023 Track 1 competition. The logs show the ground truth and position

estimates, while the video depicts the walking path through the competition environment.
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Fig. 7. Example report generated by EvaalScore, displaying a detailed map with ground truth positions and the competitor’s estimated path, along with statistical metrics on

localization accuracy during the competition.

StepLogger was also used in occupancy detection research. In [11],
it supported the accurate time stamping and location verification neces-
sary for detecting occupancy exploiting BLE beacons. In [12], StepLog-
ger further contributed to large-scale BLE data collection for analyzing
indoor tracking, localization, and social interactions. StepLogger was
also used as the basis of a smartphone-based indoor localization appli-
cation [13], where its capacity to log position estimates in real-time
helped streamline experimental logging requirements.

In the domain of health monitoring, StepLogger supported Ambient
Assisted Living (AAL) applications, specifically within the AA@THE
project [14], by enabling postural analysis for stability and seden-
tariness assessments among older adults. This application underscores

StepLogger’s adaptability beyond localization, allowing it to gather
meaningful data for personalized health monitoring, which extends its
impact into AAL research and beyond.

Like StepLogger, EvaalScore was successfully used outside of its
original scope, which was to rank the competing systems of the IPIN
Track 1 competition. In [15], concepts and performances metrics from
the EVAAL framework and EvaalScore were used to evaluate competitor
systems performance in several tracks of the IPIN competition since
2020 [16]. In [17], EvaalScore was suggested as evaluation tool in
best practices for model calibration of indoor positioning system, due
to its ability to gather ground-truth positions and estimated positions
and produce performances statistics.
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EvaalScore helped diffusing the idea of using the third-quartile
of point error as a key metric. The metric, first proposed during
the 2011-2013 EVAAL competitions and subsequently in the EVAAL
framework, has gained traction across numerous studies. For instance,
in [18], it was used to assess a context-event-based indoor localization
method, showcasing its relevance in practical AAL scenarios. Further,
the framework’s structure and scoring method have been the base of
IPIN competition evaluations, as outlined comprehensively in [1].

The third-quartile score advocated by the EVAAL Framework and
implemented by EvaalScore was not only used in papers directly related
to the EVAAL and IPIN competitions [19,20], or by coauthors of this
paper [21], but in several others as well. Our research in the literature
shows that usage of the third quartile of point error as the main
performance indicator of indoor localization systems has appeared in
the literature starting in 2017 [22-24,24-33]. In our opinion, this
timing is an indicator of the impact of the graphical reports produced
by EvaalScore, first published at the 2015 IPIN competition.

4.1. IPIN competitions

The initial versions of StepLogger and EvaalScore were first intro-
duced during the smartphone-based onsite track of the IPIN competi-
tion in 2014, with seven teams participating in the first edition held
in Busan (KR) [34-39]. Over subsequent editions, the software tools
became increasingly stable and robust. In 2015, four teams integrated
their systems and were evaluated in the competition held in Banff
(CA) [40,41]. This was followed by six teams in Alcald de Henares
(ES) [42-46] in 2016, four teams in Sapporo (JP) in 2017, six teams in
Pisa (IT) [47,48] in 2019, three teams in Nuremberg (DE) [49,50] in
2023, and three teams in Hong Kong (CH) [51,52] in 2024. We cited
here only the teams that obtained at least a completed run and allowed
the publication of their results.

For IPIN competitions, a reference localization system is crucial for
assessing the accuracy of the competing applications. The accuracy is
measured as the Euclidean distance between the user’s actual posi-
tion and the position estimated by the application. For this purpose,
the reference system adopted during all editions consisted of markers
placed on the floor with predefined coordinates. The actor followed
the markers in sequence, walking over each one in a natural way.
StepLogger ensured synchronization by recording both the timestamp
when the actor stepped on a marker and the estimated position from the
application, allowing for real-time evaluation using temporal markers.

The results of these competitions were evaluated using EvaalScore
and are available on the official IPIN competition web page.® One
can see a significant improvement of systems’ performance over time:
while results from different years are not directly comparable because
the environments are different, the trend looks clear enough, with the
winner in 2023 scoring under 3 m for the first time in real-world
conditions. We argue that StepLogger and EvaalScore contributed in
enabling rigorous, fair evaluations of these solutions.

5. Conclusions

We argue that indoor localization systems should be tested in real-
world environments, adhering to three key requirements: a complex
and challenging testing path, an external user who is not involved in
the system’s design, and a robust set of tools for logging data that will
be used for performance evaluation.

This paper introduces StepLogger and EvaalScore, two software
components that have been used in Track 1 of the IPIN competition
over the past decade. These tools are specifically designed for the
performance assessment of indoor localization systems. We provide an
in-depth description of their functionalities, software architecture, and

5 https://competition.ipin-conference.org/
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present various use cases where StepLogger and EvaalScore have been
successfully employed. Furthermore, we highlight that these tools are
versatile and can be utilized not only for indoor localization but also
in any scenario that requires accurate ground truth data collection.

The extensive experience we gained from the widespread use of
these software tools has led to two key insights. First, the design of
the graphical interface must focus on minimizing and simplifying the
elements displayed to users. This approach helps reduce potential errors
during ground truth annotation. Second, the application must be stable
and robust against all possible ways of using the device. During the IPIN
competition editions since 2014, we have observed various unconven-
tional methods of using smartphones to follow the testing path, often
resulting in crashes or resets. Drawing on this experience, we further
simplified and fortified StepLogger to withstand non-standard usage.
However, we consistently involved competitors in the integration of
their testing applications with StepLogger. Although this approach
requires additional effort to support the integration process, it has
proven highly effective in identifying bugs and enhancing specific func-
tionalities that were not initially considered during the design phase.
As future work on the StepLogger app, we aim to increase its robustness
and ensure compatibility with recent versions of the Android OS. With
the growing number of restrictions and security measures required for
third-party Android applications, it has become necessary to update
StepLogger’s code base to comply with these requirements. This will
help avoid errors or warnings during the competition, ensuring smooth
operation for participants. Additionally, the open-source availability of
StepLogger on GitHub provides an avenue for collaboration, enabling
us to incorporate valuable contributions and feedback from the user
community. In the future, we also envision expanding StepLogger’s
functionality to support other operating systems, such as iOS, which
would significantly broaden its user base and attract more competi-
tors to the IPIN competition. Regarding the EvaalScore tool, future
developments aim to complement the current robust desktop appli-
cation with a modern web-based platform. The Web application will
improve accessibility and usability by offering features such as dynamic
map visualization, customizable evaluation criteria, and interactive
performance analytics. While the desktop version remains effective for
competition needs, the web-based version will improve scalability and
maintenance, ensuring continuity for current users while broadening
its applicability. In addition to its current applications, the software
suite holds significant potential for broader use cases. For example,
StepLogger and EvaalScore can be employed in augmented reality
applications to evaluate real-time localization accuracy in immersive
environments or in robotics to assess path-following and navigation
performance. Other potential scenarios include healthcare monitoring,
where precise indoor localization and activity tracking are crucial, and
logistics, where these tools can optimize operations by ensuring accu-
rate position tracking in warehouses and other facilities. By extending
the scope of these tools to include such diverse domains, the software
suite can contribute to a wide range of research and development
efforts, further enhancing its relevance and impact.
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