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Abstract�The ef�cient deployment of 5G-IoT networks relies
on accurate �eld measurements to evaluate network performance
in diverse environments. This study introduces a newly optimized
5G-IoT tester, developed to enhance the accuracy and ef�ciency
of LTE-M and NB-IoT coverage assessment. The redesigned
hardware and software architecture provide improved power
ef�ciency, enhanced con�gurability, and intuitive user controls,
making it a robust tool for industrial applications and network
planning. Initial �eld measurements were conducted as part
of a large-scale data collection effort, covering a subset of
prede�ned 1,000 test locations. The recorded data were analyzed
through heatmap visualizations, revealing coverage disparities,
particularly in peripheral regions, and emphasizing the need for
targeted network optimizations. Future work aims to expand
the dataset, enabling more comprehensive coverage analysis and
validation of predictive models for IoT deployment.

Index Terms�5G-IoT, LTE-M, NB-IoT, signal analysis, net-
work performance, �eld measurements, IoT connectivity

I. I NTRODUCTION

With increasing demands on the reliability and availability
of �fth generation (5G) networks in the Internet of Things
(IoT) world, there is a growing need for accurate and ef�cient
methods to verify their parameters in real-world environments.
LTE Cat-M and NB-IoT technologies, which are part of the
5G ecosystem, are becoming key elements of modern IoT
solutions, especially in smart metering, industrial monitoring
and sensor networks. While these technologies promise better
coverage, lower power consumption and wider deployment
options, real-world conditions in the �eld can signi�cantly
impact their effectiveness [1].

In previous research, a modular 5G-IoT tester was devel-
oped and tested to enable autonomous measurement of key
parameters of LTE Cat-M and NB-IoT networks. This tester,
already in its basic version, allowed the analysis of signal
conditions, link quality and transmission characteristics in
different environments. The �rst version of the device proved
to be bene�cial not only for research purposes, but also for
practical applications in industry and IoT deployment planning
[2].

Despite the positive results of the initial testing and experi-
ence gained from the initial deployment of the tester, including
user feedback, a number of key areas for further improvement
have been identi�ed, particularly in the areas of hardware

architecture, enhanced con�guration options and more user-
friendly controls.

In addition to the technological improvements, the new
generation of testers offer a wider range of possibilities for
practical use in real industrial applications with the industrial
partners and companies involved. For example, it can be used
for planning the deployment of IoT sensor networks, moni-
toring coverage quality in large buildings or testing signals in
remote locations when deploying smart meters. By evaluating
network parameters in detail, companies can better optimise
the deployment of IoT devices, leading to reduced operational
costs and increased communication reliability.

In the following sections of this article, the hardware
enhancements to the tester, speci�c case studies of its use in
practice with �eld measurements, and measurement results are
described in detail. These results were analyzed and visualized
in the form of a heatmap showing the signal strength and
other parameters in the measured area. First, the new hardware
design and key changes compared to the previous version are
presented. Then, the application of the tester in mapping the
NB-IoT network coverage in a real environment and how to
visualize the results are described. The paper concludes with a
discussion of the bene�ts of the improved tester and possible
further development of this measurement tool.

II. U PDATE DESIGN PROCESS

The �rst generation of the 5G-IoT testing instrument was a
versatile and modular platform for evaluating network parame-
ters within the scope of LTE Cat-M and NB-IoT environments.
The device has proven its usefulness in experimental deploy-
ments where it enabled detailed analysis of signal quality
and other key metrics. Although the tester was found to be
an effective tool for basic coverage and network parameter
assessment, the practical experience revealed several areas
where signi�cant improvements could be made. A key chal-
lenge was optimizing computing power for advanced network
analysis, as the �rst-generation tester had limited ef�ciency.
The optimized tester was designed for �eld operation, where
ensuring a prolonged battery life without frequent charging is
imperative. While the original solution offered basic power
management, testing in real-world conditions revealed that
enhancing the power supply circuitry and introducing more
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advanced power management modes could signi�cantly extend
the device’s lifespan. Consequently, the subsequent iteration
of the tester has been meticulously engineered to optimize
the power architecture and implement an advanced power
management mode facilitated by the ESP32 processor.

Modularity and expandability have also proven to be key
factors in ensuring the long-term usability of the equipment.
The �rst prototype was already capable of working with
expandable modules. The new version of the tester takes
this concept further through easy exchange of communication
modules and support for new upcoming technologies such
as 5G RedCap (Reduced Capability 5G) or full 5G. This
�exibility allows not only compatibility with current standards,
but also the adaptation of the device to new requirements
without the need for major hardware modi�cations.

In addition to hardware changes, it was necessary to expand
the ability to visualize the measured data. This �rst generation
of the tester permitted rudimentary data acquisition and the
subsequent presentation of �ndings on the screen. However,
the interpretation of the data in the context of the speci�c site
being measured was limited. To address these limitations, a
new preview menu was integrated into the subsequent iteration
of the tester, aiming to enhance device control and facilitate
network coverage assessment. This enhancement has resulted
in a user interface that is characterized by its enhanced intu-
itiveness, which, in turn, has led to a number of bene�ts. These
include more effective measurement con�guration options and
enhanced visual feedback, which is now provided directly
on the tester display. The redesign emphasizes the ability to
easily set measurement parameters and a clearer display of
key values. These changes allow for more ef�cient operation
of the tester in the �eld.

This section provides an in-depth examination of individual
innovations. First, speci�c hardware changes will be presented,
followed by a marginal focus on software improvements that
bring a higher level of interpretation of measurement results.

A. Motherboard PCB

As in the �rst prototype, the core design was preserved in
the new version, with the main PCB remaining the central
component of the tester. While most of the original features
were retained, as depicted in Fig. 1, practical deployment and
user feedback identi�ed key areas for improvement, leading
to signi�cant enhancements in power management, energy
ef�ciency, and additional peripheral modules.

One of the primary innovations in the power subsystem
was the addition of a MAX17048G+ battery fuel gauge to
the existing MAX77751 IC charging circuit (see Fig. 1). This
integrated circuit allows for precise monitoring of the bat-
tery’s State-of-Charge (SOC) using the advanced ModelGauge
algorithm while maintaining an ultra-low quiescent current,
minimizing its impact on usable battery capacity. The circuit
communicates with the ESP32 via the I2C bus and provides
continuous monitoring of charging and discharging under
varying load conditions. Additionally, it offers programmable

Fig. 1. LTE Cat-M Tester block diagram.

alerts for low SOC, overvoltage, or undervoltage, increasing
the reliability of the tester in real-world conditions [3].

To ensure stable communication between the ESP32
and the battery charging circuit, a Schmitt trigger
SN74LVC1G17DCK3 was implemented to eliminate
sporadic signal errors that could lead to misinterpretation by
the microcontroller.

Another signi�cant enhancement involved upgrading the
battery capacity. The original version used batteries with a
capacity between 2500�3500 mAh, whereas the new version
features a 4500 mAh battery. The selection was constrained
by the physical dimensions of the device, requiring careful
consideration of both width and thickness.

Further improvements to power management included re-
placing the voltage regulation circuit. After extensive testing
of switched DC/DC converters, the Richtek RT6154AGQW
buck-boost converter was selected. This converter ensures high
conversion ef�ciency exceeding 90% and supports a wide
input voltage range of 1,8�5,5 V, making it ideal for the
device’s lithium battery. In contrast, traditional buck converters
would be limited by a lower operational voltage threshold of
approximately 3,5 V. The RT6154AGQW requires minimal
external components and is compatible with various battery
types, including Li-Ion, group of alkaline, and Ni-MH, pro-
viding greater �exibility for future development [4].

One notable limitation of the previous design was the
absence of a power switch for the device. This issue was
addressed by utilizing the enable (EN) pin of the voltage
converter, allowing the tester to be switched on and off
ef�ciently without requiring a high-current power switch(see
Fig. 2 for the updated PCB layout). The chosen low-voltage
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Fig. 2. 3D render of Tester PCBs.

switch OS102011MA1QN1 supports up to 12 V at 100 mA,
making it well-suited for logic-level switching within the
device’s power constraints.

To expand the tester’s capabilities, additional peripheral
components were integrated into the main PCB. A Sensirion
STS4X temperature sensor was added, providing highly accu-
rate temperature measurements with a typical deviation of –0.4
°C in common environmental conditions. This fully digital
sensor communicates via the I2C bus and operates with an
ultra-low power budget, minimizing its impact on overall
energy consumption.

Another key addition was the high-accuracy RTC
chip PCF2131, which includes an integrated temperature-
compensated crystal oscillator. This circuit ensures precise
timekeeping and offers a range of advanced functions, such as
programmable alarms, automatic switch-over to a backup bat-
tery, and interrupt outputs. The RTC is powered directly from
the main device battery through an LDO regulator MIC5365-
3.0YC5-TR, selected to handle the �uctuating voltage levels
of the lithium battery. Due to the extremely low power
consumption of both the LDO and RTC, the timekeeping
function can be maintained for several months even when the
main switch is turned off [5].

The �nal major enhancement involved improving the con-
nection between the motherboard and the user interface PCB,
which includes the display and control buttons. To accommo-
date the increased number of signal lines�now totaling 24�a
�ex cable with a 0.5 mm pitch was introduced, ensuring a more
reliable and ef�cient signal transmission between the boards.

B. User Interface PCB
The user interface board has also undergone modi�cations,

enhancing both the device’s usability and mechanical design.
One of the key improvements was the replacement of standard
buttons with low-pro�le switches, improving ergonomics and
contributing to a more compact overall design. Another major
enhancement involved reengineering the mounting and con-
nection system of the display, making it not only mechanically

replaceable but also reducing the total height of the enclosure.
This modi�cation signi�cantly improved the portability of the
device and its practicality for �eld applications.

Additional peripheral components were integrated into the
user interface board to enhance user interaction. The �rst
addition is an acoustic signaling system, implemented using
the AD-85D3CR buzzer, which, with its 83 dBA sound level,
provides an audible indication of measurement start and com-
pletion. The second enhancement is RGBW LED indication,
which visually communicates the operational status of the
tester. The KTD2027EWE-TR four-channel LED driver, which
operates via the I2C bus, was chosen to control the LED
signals, allowing for ef�cient and customizable color-coded
status feedback.

C. Updated Enclosure
The enclosure of the device was redesigned to enhance its

durability, ergonomics, and functionality while maintaining
its 3D-printable nature. The new iteration introduces sev-
eral structural improvements, optimizing both mechanical re-
silience and user experience (as depicted in Fig. 3, illustrating
the tester enclosure).

One of the primary modi�cations focuses on the button
integration, where re�nements were made to minimize gaps
around the buttons, ensuring improved tactile feedback while
reducing potential points of ingress for dust and debris. Ad-
ditionally, the overall thickness of the enclosure was reduced,
making the device more compact and ergonomically suited
for handheld operation. To improve durability, the corners of
the enclosure are reinforced with TPU bumpers made from
85A Shore hardness material. During durability testing, the
enclosure withstood a 1-meter drop onto a concrete surface
without sustaining damage, effectively protecting the internal
components of the tester.

A crucial improvement was the reinforcement of SMA
connector mounts. The upper section of the enclosure now
features internal plastic extrusions that prevent SMA connec-
tors from rotating when tightened, ensuring a secure and stable
connection over repeated use. Additionally, the enclosure now
houses an integrated cellular IoT antenna, further optimizing
the compact design and eliminating the need for an external
mounting solution. On the rear side of the enclosure, several
identi�cation and instructional elements were incorporated.
In addition to the university logo, each unit is now labeled
with a unique serial number, derived from a portion of the
ESP32 MAC address combined with a device series number,
allowing precise tracking of individual testers. Furthermore,
clear markings indicate which SMA connector corresponds to
the cellular and GPS antenna, aiding users in quick and correct
installation.

The enclosure remains fully disassemblable, secured with
hex screws, allowing for easy maintenance, upgrades, or
repairs while ensuring a robust structural integrity.

III. M EASUREMENT

Effective deployment of mobile IoT networks requires a
detailed analysis of their coverage, signal quality, and avail-
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Fig. 3. Design of a tester enclosure.

ability across diverse environments. Existing studies have
predominantly focused on densely urbanized areas, where
mobile network infrastructure is well-optimized [6]. This
research extends the analysis to a broader geographic scope,
encompassing both high-density city centers and suburban and
peripheral regions, where IoT communication conditions may
differ signi�cantly.

To ensure systematic and representative data collection,
over 1,000 test points were de�ned based on a uniform
500-meter spatial grid, covering both urban and suburban
areas of Brno (Fig. 4 illustrates the planned measurement
points). The selection of measurement locations accounted
for a variety of environmental conditions, including dense
urban infrastructure, transportation corridors, industrial zones,
and rural landscapes, enabling a comparative analysis of how
different geographic and infrastructural factors in�uence net-
work performance. The measurements presented in this study
represent a partial dataset[dopnit highlight], which will be pro-
gressively expanded to construct a comprehensive geospatial
representation of NB-IoT and LTE-M coverage.

The collected dataset not only provides an overview of real-
world network conditions but also serves as a foundation for
predictive coverage modeling, identi�cation of weak-signal
areas, and strategic planning of IoT device deployments.
Moreover, these data offer a benchmark for validating the-
oretical coverage models, supporting network operators and
infrastructure managers in re�ning deployment strategies in
complex urban settings.

A. Testing scenarios
The �eld measurements were conducted under standardized

conditions to ensure methodological consistency and minimize
external interference.Each test site was de�ned by GPS coordi-
nates, and if access was restricted, measurements were taken at
the nearest feasible point without compromising data integrity.

At each measurement site, two sets of recordings were
performed, corresponding to the two cellular IoT technologies

Fig. 4. Planned measurement points across the surveyed area.

deployed by Vodafone. The �rst set focused on NB-IoT oper-
ating in Band 20, while the second assessed LTE-M in Band
8. The primary parameters recorded were Reference Signal
Received Power (RSRP), providing insight into signal strength,
and Signal-to-Interference-plus-Noise Ratio (SINR), which
quanti�es the overall reception quality by comparing signal
power to interference and noise. In addition, the Enhanced
Coverage Level (ECL) was documented to categorize coverage
conditions at each site.

To further characterize network performance and structure,
additional parameters were recorded, including Cell ID and
Physical Cell Identity (PCI) to identify the serving base sta-
tion, Tracking Area Code (TAC) for tracking area assignment,
and E-UTRA Absolute Radio Frequency Channel Number
(EARFCN) to specify the operating frequency. The Timing
Advance (TA) parameter was also measured to estimate the
approximate distance between the device and the connected
base station, offering insights into signal propagation and
coverage range.

To further characterize network performance, additional
parameters were recorded, including Cell ID and Physical Cell
Identity (PCI) to identify the serving base station, Tracking
Area Code (TAC) for network tracking area assignment,
and E-UTRA Absolute Radio Frequency Channel Number
(EARFCN) to specify the operating frequency. The Timing
Advance (TA) parameter was also measured to estimate the
device’s approximate distance from the connected base station,
providing insights into signal propagation and coverage range.

B. Evaluation of measurements results

To facilitate the interpretation of measurement results,
geospatial heatmaps were employed, with RSRP values serv-
ing as the primary visualization metric (see Fig. 5 and Fig.
6 for LTE-M and NB-IoT heatmaps, respectively). These
heatmaps provide a spatial representation of signal distribution
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Fig. 5. Geographical distribution of RSRP for LTE-M (Band 8).

across the surveyed region, highlighting areas with strong,
moderate, and weak signal strength.

Analysis of the generated heatmaps reveals notable varia-
tions in signal strength, re�ecting the heterogeneity of network
performance across different environments. Densely populated
urban areas exhibit stronger and more uniform signal coverage,
attributed to a high density of base stations and optimized net-
work infrastructure. In contrast, peripheral and industrial zones
display greater signal �uctuations, with certain areas experi-
encing weaker coverage due to increased physical obstructions,
interference, or a lower density of network infrastructure.

The observed distribution of RSRP values underscores the
importance of geospatial signal analysis for optimizing IoT
network deployments. Identi�ed weak-signal areas may indi-
cate potential coverage gaps, necessitating network enhance-
ments, such as additional base stations or parameter adjust-
ments to improve reliability. Furthermore, these �ndings can
be leveraged to validate predictive network models, allowing
for improved planning of future IoT deployments in diverse
urban environments.

Beyond coverage evaluation, the insights derived from this
dataset can support strategic IoT device placement, ensuring
that critical infrastructure�such as smart meters, environmen-
tal sensors, and industrial monitoring systems�is deployed
in locations with adequate connectivity. Additionally, this re-
search provides a benchmark for future expansions, enabling a
longitudinal assessment of how network improvements impact
IoT accessibility over time.

IV. CONCLUSION

This study validates an optimized 5G-IoT tester for LTE-M
and NB-IoT assessments This study presents the development
and application of an optimized 5G IoT tester, designed to
enhance the ef�ciency and accuracy of network measurement
campaigns. The improved hardware and software architecture
of the device enables precise, reliable, and scalable data
collection, making it a valuable tool for evaluating real-world
LTE-M and NB-IoT network performance. The measurements
conducted with the optimized tester provide detailed geospatial

Fig. 6. Geographical distribution of RSRP for NB-IoT (Band 20).

insights into signal strength distribution, highlighting the im-
pact of network infrastructure, environmental conditions, and
urban planning on IoT connectivity.

The heatmap visualizations derived from the collected
dataset effectively illustrate the variability in signal reception
across the surveyed area, identifying both well-covered regions
and zones with weaker connectivity. These �ndings con-
tribute to network optimization efforts, enabling strategic IoT
deployment and predictive modeling for improved coverage
planning. Furthermore, the validated methodology ensures that
future measurement campaigns maintain high reliability and
consistency.

As part of ongoing research, the dataset will be expanded
to additional regions, allowing for a more comprehensive
assessment of network conditions across diverse environments.
The extended dataset will further re�ne coverage predictions
and support long-term optimization strategies for mobile IoT
networks. By continuously improving measurement capabil-
ities and expanding the scope of analysis, this work lays a
foundation for more ef�cient and data-driven IoT deployments
in both urban and rural settings.
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