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Abstract

This works presents the development and evaluation of an loT-based
system designed for monitoring customer engagement through ultra-
sonic sensing and real-time data transmission. The proposed solution
employs an ESP8266 microcontroller to measure the presence and
duration of individuals in front of a store display using a filtered
ultrasonic distance-measurement algorithm. Timestamp synchroniza-
tion is achieved via NTP, and the collected data, total visitors, arrival
time, and observation duration, is transmitted to the cloud using the
MQTT protocol. A Node-RED dashboard visualizes the information,
enabling intuitive monitoring of customer behavior in physical retail
environments. The results demonstrate that the system performs
reliably, with consistent detection, stable wireless communication,
and low-latency data visualization. The work shows the feasibility
of combining low-cost hardware with lightweight IoT protocols to
support decision-making in marketing and point-of-sale analytics.
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1 Introduction

The current consumer market is highly competitive, requiring compa-
nies to adopt effective strategies to attract customers to their points
of sale. In this context, storefront displays play a strategic role,
functioning not only as product exhibition elements but also as mar-
keting tools capable of capturing attention and influencing consumer
purchase interest [1]. Storefront monitoring in retail environments
involves tracking customer behavior and evaluating the effectiveness
of displays in increasing foot traffic and sales. This analysis is typ-
ically performed using technologies such as cameras that provide
real-time data, heat maps of popular areas, and video analytics of
shoppers’ paths. By integrating these data with sales information,
retailers can assess display effectiveness and make more informed
decisions for future exhibitions [2, 3, 4].

Heat maps and other camera-based monitoring methods are effec-
tive for analyzing customer behavior and space occupancy; however,
they involve high financial, computational, and energy costs, making
them difficult to manage without specialized infrastructure. Cameras
are expensive, require maintenance, and demand real-time image
processing, resulting in large data storage requirements [5]. These
costs can be reduced through more accessible technologies and by
optimizing analysis methods using applications such as the Internet
of Things (IoT) [6, 7]. For example, accelerometers can be used to
detect object movement, or infrared sensors can identify the pres-
ence or absence of customers in front of a storefront, among other
alternatives [8].
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In the literature, there are already examples of using Internet of
Things (IoT) sensors and alternative methods to video-based ap-
proaches for people counting and flow monitoring. For instance,
in [9], the authors implemented an IoT project using a Passive
Infrared (PIR) sensor for pedestrian counting and environmental
monitoring, demonstrating technical feasibility. In [10], the authors
present a review of detection and counting methods for indoor envi-
ronments and discuss the advantages of non-invasive and low-cost
approaches. Other studies, such as the use of IR-UWB (Impulse
Radio Ultra-Wideband) sensors and binary PIR sensors [11, 12],
demonstrate that it is possible to obtain accurate information about
flow and presence without relying on cameras. These works reinforce
the feasibility of IoT-based solutions for monitoring and counting
people.

Within this context, the present work aims to contribute by propos-
ing an IoT-based alternative using an ultrasonic sensor and an
ESP8266 board to monitor customer behavior in storefront displays.
The system detects individuals, records observation time (the du-
ration of stay within the sensor coverage area), and logs arrival
time, performing this monitoring in real time. The collected data are
transmitted via the MQTT (Message Queuing Telemetry Transport)
protocol to a Mosquitto broker and processed in the Node-RED en-
vironment, enabling visualization through an interactive dashboard
with updated information, as well as access to the complete histori-
cal dataset of customers who observed the storefront, available for
consultation and download.

The remainder of this article is organized as follows. Section 2
presents background concepts related to the context of this work.
Section 3 introduces the architectural design of the proposed solution,
while Section 4 describes the materials and methods employed.
Finally, Section 5 examines the obtained results, and Section 6
presents the concluding remarks.

2 Background

This section presents fundamental topics and concepts that supported
the development of the project.

2.1 Storefront Monitoring as a Marketing Strategy

According to [1], the retail sector is undergoing constant transfor-
mation, marked by the daily emergence of new companies seeking
growth and market consolidation. To stand out in this competitive
environment, organizations must adopt strategies that expand sales
and strengthen their presence before the public. In this context,
marketing plays an essential role, as it is responsible for creating
and maintaining profitable relationships between brands and con-
sumers. Within the marketing mix, the point of sale—also known as
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“place”—becomes especially relevant, as it represents the physical
space where products are presented and distributed.

Still, according to [1], storefront displays are among the most
important resources at the point of sale, as they function as the first
point of contact between the store and the customer. By attractively
presenting products, they influence perceptions, arouse interest, and
can directly impact the purchase decision-making process. Since so-
cial, cultural, psychological, and economic factors shape consumer
behavior, understanding this impact becomes essential. Therefore,
monitoring storefront displays by identifying peak observation peri-
ods and average attention time is a valuable strategy for improving
marketing actions and optimizing commercial results.

2.2 Ultrasonic Sensor

An ultrasonic sensor is a device that uses a transducer to transmit and
receive ultrasonic pulses that convey information about the proximity
of an object. High-frequency sound waves reflect off surfaces, pro-
ducing distinct echo patterns. Ultrasonic sensors operate by emitting
sound waves at frequencies above the range of human hearing. The
sensor transducer acts as both a transmitter and a receiver—similar
to a microphone—sending and capturing ultrasonic signals [13].
Figure 1 illustrates the operating principle of an ultrasonic sensor.

Figure 1: Ultrasonic sensor operation [14].

Ultrasonic sensing is reliable under any lighting conditions and
can be used in both indoor and outdoor environments. Ultrasonic
sensors can handle collision avoidance for robots and frequent move-
ments, provided the motion is not excessively fast. Ultrasonic tech-
nology is so widely adopted that it can be safely implemented in
sensing applications such as grain silos, water level sensors, distance
measurement, people detection, drones, and vehicle detection [13].

An ultrasonic sensor calculates the distance to an object using
the echo principle and the fundamental equation of motion. It emits
a high-frequency sound wave and measures the time required for
the wave to reach the object and return to the sensor after reflection.
From this time interval, the device determines the distance traveled
by the wave and, consequently, the position of the object [15]. The
fundamental equation is described below in (1).

VXt

d== M

where d is the distance traveled, v is the speed of sound in the
medium in which the sensor operates, typically air, and ¢ is the total
time taken by the sound pulse to travel from the sensor to the object
and back after reflection. The division by two is required because
the measured time corresponds to the round-trip travel of the pulse.
To obtain the distance to the object, half of the traveled path must
therefore be considered. Taking into account that the speed of sound
in air is a constant equal to 343 m/s, (1) can be rewritten as (2).

d=1715-t [m] 2)

The sensor selected for this work was the HC-SR04 ultrasonic sensor.
This sensor is shown in Figure 2 and is described in detail later in

Section 3.
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Figure 2: HC-SR04 ultrasonic sensor board [16].

2.3 MQTT Protocol

In traditional network communication, clients request resources
or data from a server, which processes the request and sends a
response, enabling direct communication between the entities. In
contrast, MQTT uses a publish/subscribe pattern to decouple the
message sender, or publisher, from the message recipient, known
as the subscriber [17]. A third component, called a message broker,
manages communication between publishers and subscribers. The
broker’s role is to filter all messages received from publishers and
distribute them appropriately to the interested subscribers.

Currently, MQTT is used across several sectors, including automo-
tive, telecommunications, and oil and gas. Its widespread adoption
in multiple domains, including IoT applications [18], is due to its
lightweight and efficient nature, bidirectional communication ca-
pabilities, scalability to connect millions of devices, and security
features. MQTT supports message encryption via TLS (Transport
Layer Security) and client authentication via modern authentication
protocols [17].

2.4 Mosquitto

Mosquitto is a broker, that is, an intermediary that mediates commu-
nication between devices using network protocols. It is used within
the MQTT protocol to enable devices to communicate with each
other and operate in an automated manner [19]. Mosquitto manages
communication between publisher and subscriber devices via topics:
it receives messages from publishers, filters them, and delivers them
to subscribers interested in specific topics. This approach enables
efficient and scalable communication, even in networks with low
bandwidth [20, 21].

2.5 Node-RED

This work also employs Node-RED, a low-code visual program-
ming tool designed for integrating hardware devices, APIs, and
online services. The platform enables the intuitive creation of work-
flows by interconnecting nodes (functional blocks) within a web
browser—based environment [22, 23]. Node-RED operates with the
MQTT protocol as follows: devices such as ESP32 and Raspberry Pi
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publish data as messages to an MQTT broker, which acts as a central
server (e.g., Mosquitto), using specific topics. The broker functions
as a hub, receiving and distributing messages to subscribing devices.
Finally, Node-RED uses MQTT input and output nodes to connect
to the broker, allowing it to both subscribe to topics and publish
messages [22].

o Devices and Sensors: Devices such as ESP32 and Raspberry
Pi send data (e.g., temperature, status) as messages to an
MQTT broker (central server, such as Mosquitto) using
specific topics.

o MQTT Broker: Acts as a hub, receiving and distributing
messages to interested subscribers.

e Node-RED: Uses MQTT input and output nodes to con-
nect to the broker, either listening to (subscribing) topics or
publishing messages.

o Workflows: In Node-RED, visual workflows are created in
which an MQTT node receives data, function nodes or other
nodes process, transform, or filter the data, and additional
nodes can send commands back or trigger actions (e.g.,
turning devices on/off or sending alerts).

3 System Architecture

This work describes a storefront monitoring system capable of de-
tecting customer presence, recording the duration of their display
observation, and transmitting this information in real time to a dash-
board via MQTT. The system integrates an ultrasonic sensor, an
ESP8266 microcontroller, wireless connectivity, and the MQTT pro-
tocol, enabling both real-time monitoring and historical data storage
through Mosquitto and Node-RED. Power is supplied by a personal
computer (Galaxy Book4 360). An overview of the project is shown
in Figure 3.

Hardware Software

MQTT server (broker)
test.mosquitto.org

Ultrasonic Sensor
(HC-SR04) ’

MQTT
l Publish

Esp 8266 NodeMCU
Esp-12 - 32 bits

Subscription MQTT

Node-RED

[
Dashboard
output

Node-RED Dashboard

Figure 3: System overview.

3.1 Hardware Platform

The proposed system was developed using the ESP8266 as the main
microcontroller, coupled with an ultrasonic sensor (HC-SR04) to
detect the presence of individuals and measure their observation
time. The selection of these components is based on the need for
a low-cost solution, easy integration with wireless networks, and

sufficient processing capability to perform real-time readings and
transmit data via IoT protocols. The role of each component of the
hardware platform used is detailed below.

3.1.1 ESP8266 Microcontroller. The ESP8266 NodeMCU ESP-
12 board (Figure 4) is a low-cost microcontroller with an integrated
Wi-Fi chip, manufactured by Espressif Systems, which enables the
development of IoT devices. It features a 32-bit CPU, support for
the IEEE 802.11 b/g/n wireless networking standard, and multi-
ple communication interfaces, including GPIO, SPI, and 12C, en-
abling connectivity with sensors, actuators, and other peripherals.
The board provides 11 digital I/O pins and one analog input, operates
at 3.3 VDC, and accepts power supply voltages of 6—12 VDC. It
includes 4 MB of flash memory and 64 kB of SRAM. The ESP8266
is widely adopted due to the ease of direct programming via the
Arduino IDE and can also function as a complementary module
to another microcontroller, offering flexibility in project architec-
ture [24, 25].

Figure 4: ESP8266 NodeMCU ESP-12 board [25].

In this work, the ESP8266 board performs three main functions:
data acquisition from the ultrasonic sensor, processing of the read-
ings to identify presence as well as the start and end of the observa-
tion period, and finally, data transmission via the MQTT protocol
to Mosquitto and Node-RED, enabling visualization through dash-
boards and access to historical customer data.

3.1.2 Ultrasonic Sensor. In the proposed project, the HC-SR04
sensor (previously illustrated in Figure 2) is responsible for detecting
the presence of individuals in front of the storefront. Its operation
is based on the emission of high-frequency ultrasonic sound pulses
and the measurement of the time required for the echo to return
after reflecting off an object. The HC-SR04 sensor provides distance
measurements ranging from 2 cm to 4 m with adequate accuracy and
has a low cost (ranging from USD 0.10 to USD 0.85, FOB—Free On
Board—price per unit). This sensor module integrates both a trans-
mitter and a receiver and features four pins (VCC, TRIG, ECHO,
and GND) for operation, two of which are used for control: the TRIG
(trigger) pin initiates the pulse, and the ECHO pin signals the return
of the pulse (i.e., the arrival of the reflected ultrasonic wave) [16].
Its operating voltage is 5 VDC.

In this work, the sensor is positioned so that its detection range
covers the area in which customers observe the storefront, with a
reliable minimum distance of approximately 2 cm and a maximum
configured distance of 200 cm. It provides periodic readings to
the ESP8266, which are processed to determine the entry of an
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individual, the total observation time, and the exit of the individual
from the monitored area.

3.1.3 Connectivity Resources. The platform leverages the ESP8266’s

integrated Wi-Fi capability (IEEE 802.11 b/g/n in the 2.4 GHz band)
to establish communication with an MQTT broker, in this case
Mosquitto, which acts as an intermediary between the microcon-
troller and the visualization interface implemented in Node-RED.
The MQTT protocol is lightweight and efficient, making it par-
ticularly suitable for IoT applications that require real-time data
exchange. It enables asynchronous message publishing while ensur-
ing low bandwidth and processing consumption, which is essential
for resource-constrained microcontrollers, the focus of this work.

The MQTT architecture allows different types of data to be trans-
mitted using separate topics. In the proposed system, distinct topics
are published for the number of detected individuals, arrival time
(start of detection), and observation interval, enabling granular mon-
itoring and organized data handling for subsequent analysis [26].

The ESP8266 also performs periodic queries to Network Time
Protocol (NTP) servers to keep its internal clock synchronized. This
approach ensures that customer arrival and departure records remain
accurate, regardless of system restarts or minor timing drifts of the
microcontroller.

3.1.4 Hardware Design. The hardware connection diagram for
the platform was developed using Tinkercad and diagrams.net (a.k.a.,
draw.io) and is illustrated in Figure 5.

Figure 5: Hardware design.

The ultrasonic sensor is powered by the ESP8266’s 3.3 V pin (red
wire) and grounded (black wire). The TRIG pin (orange wire) is con-
nected to GPIO D1 (digital pin 5), while the ECHO pin (gray wire)
is connected to GPIO D2 (digital pin 4). These GPIOs were selected
because they are available for digital use, allow fast sensor readings,
and are compatible with the NewPing library, ensuring that the
transmitted and received pulse timings are correctly interpreted by
the microcontroller.

The sensor operates at 3.3 V instead of 5 V to ensure compatibility
with the ESP8266 logic levels, thereby preventing potential damage
to the microcontroller, as its digital pins do not tolerate voltages
above 3.6 V. This configuration enables the detection of individu-
als in front of the storefront and provides more accurate distance
measurements, enabling reliable data for real-time monitoring.

3.2 Software Development

The system software was developed using the Arduino IDE, targeting
the NodeMCU ESP8266 1.0 board. The program performs the main
functions illustrated in the flowchart shown in Figure 6.

Connects via Wi-Fi and

Initializes sensor and NTP

Ultrasonic sensor
reading

Person
detected?

YES

NO Periodic delivery to
‘TotalPeople' via MQTT

Person
entered?
YES
v

NO
YES
v

Mark Start, hour and total Mark end, t_:alcu\ate
duration
Send data via MQTT Save history in SPIFFS
L 7

Figure 6: Embedded software design.

The system software was developed to manage the entire oper-
ation of the smart storefront automatically. Initially, the ESP8266
board configures its Wi-Fi interface and connects to a previously
configured mobile hotspot, ensuring stable and continuous wireless
communication. The microcontroller authenticates with the network,
obtains an IP address via DHCP, and continuously monitors the con-
nection status to ensure that the remainder of the system is initialized
only after the network has been successfully established.

Subsequently, the ESP8266 establishes a connection with the
MQTT broker using the PubSubClient library, enabling efficient
data publishing to specific topics. During each cycle of the main
loop, the HC-SR04 sensor periodically measures the distance to
individuals in front of the storefront by emitting ultrasonic pulses
and calculating the echo return time to determine proximity. Based
on these measurements, the system automatically identifies customer
entry and exit events, recording the exact duration during which
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any individual remains in view of the storefront. It is important
to note that the system does not count the number of individuals
simultaneously in front of the storefront, but rather whether at least
one person was present during a given time interval.

The collected data, including the total number of detections, ar-
rival time, and dwell time, are published to distinct MQTT topics,
allowing the dashboard implemented in Node-RED to consume this
information in real time and display dynamic visualizations for im-
mediate analysis. In parallel, all information is stored locally in
the ESP8266 SPIFFS file system, ensuring a complete historical
record that can be accessed later for behavioral analysis and strate-
gic decision-making. The circle labeled with number 1 in Figure 6
represents a custom algorithm that maintains the detection state to
ensure accurate timestamps and the creation of a reliable historical
dataset. The corresponding pseudocode is presented below.

The MQTT configuration on the device enables real-time trans-
mission of data collected by the ultrasonic sensor via the Mosquitto
broker, as illustrated in Figure 7 (the value remains unchanged
until a new detection occurs). For this project, the public broker
“https://test.mosquitto.org” was used on port 1883, ensuring com-
patibility with a wide range of IoT data visualization and analysis
tools.

Figure 7: Mosquitto terminal (MS Windows v. 10.0.26100.7171 —
Portuguese version).

The MQTT topics were standardized and organized using the
following structure:

(1) display/totalPeople
(2) display/hour
(3) display/duration

The totalPeople topic publishes the total number of people
detected in front of the storefront (i.e., the total number of detection
events). Each time a new detection occurs, this value is updated and
transmitted via MQTT. The hour topic publishes the exact time
at which a detection begins (i.e., when a person is first detected).
This approach enables recording when an individual first observes
the storefront and can be used for temporal analyses of visitor flow.
Finally, the duration topic publishes the dwell time, in seconds,
that a person remains in front of the storefront during a detection
period. This value is automatically calculated from the difference
between the entry and exit timestamps, allowing the analysis of
customer engagement with the storefront. In scenarios involving the
monitoring of multiple storefronts, individual topics can be defined
for each one (e.g., diplay01l/...,display02/...,etc.).

Algorithm 1 Main Flow of the Monitoring System

: START
: Configure Serial and SPIFFS
: Connect to Wi-Fi network
: Synchronize time via NTP
: Configure MQTT broker
while System is running do

L U R S

end
MAIN LOOP if MQTT not connected then

end
Connect to the MQTT broker

8: Read distance from ultrasonic sensor (filtered)
if distance indicates presence of a person and person was not
previously present then

end
Person entered
10: Record entry time
11: Increment total number of people
12: Publish total and arrival time via MQTT
13: person was previously present
14: Person left
15: Calculate dwell time
16: Save history to SPIFFS
17: Publish total, arrival time, and duration via MQTT

19: Periodically publish total number of people (e.g., every 0.1 s)
20: Wait for next cycle

The MQTT publishing string was configured to transmit only raw
data (numerical values), allowing the Node-RED dashboard to inter-
pret and display the information accurately. To ensure continuous
and responsive updates, data transmission occurs at a minimum inter-
val of 0.1 seconds, providing near real-time integration of presence
information, arrival time, and observation duration for individuals in
front of the storefront.

3.3 Integration with Node-RED for Monitoring

The Node-RED flow (Figure 8) operates as a complete monitoring
system connected to the MQTT broker. Each message received from
the subscribed topics is processed by a function node that stores
the corresponding value in the flow context (flow. set). These
data are then forwarded to dashboard components, where they are
displayed with customized formatting, including font size, color, and
visual alignment. The duration value also feeds a historical logging
mechanism: for each new entry, the flow appends an item to an
observation array, limiting the array to 20 records. This historical
data is then converted into a format compatible with the ui_chart
node, which displays a bar chart illustrating the evolution of observed
dwell time.

In addition to data presentation, the flow provides tools for interac-
tion and historical data management within the dashboard (Figure 9).
A Clear History button allows the user to completely reset the
stored data, updating the chart to an empty state. Another button,
Export CSV, triggers a function node that iterates over the stored
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Figure 8: Node-RED flow.

history and writes the data to a CSV file containing the observed
arrival times and dwell durations.

Total People: 23
Hour: 19:10:59
Time observed: 51 s

History - Time observed

B Tempo Observado
140

120

100

20 |I
0 - I - -

19:10:59 19:10:20 19:10:01 19:07:45

CLEAR HISTORY

Figure 9: Node-RED dashboard.

Then, this file is automatically made available for download via
aui_template component, which generates a dynamic link and

initiates the download. In this way, the flow not only monitors the
values received via MQTT but also stores, visualizes, organizes, and
exports information in an integrated manner, resulting in a functional
and interactive loT dashboard.

4 Materials and Methods
4.1 Materials

In this work, we used the following hardware components and soft-
ware tools:

(1) Hardware:
o Galaxy Book 4 360 PC.
e ESP8266 Microcontroller.
e HC-SR04 Ultrasonic Sensor.
e Micro USB power cable.
(2) Software:
o Tinkercad: free web application for 3D design, electronics,
and programming.
e Broker Mosquitto v2.0.22.
e Node-RED v4.1.0.
e ARDUINO IDE v2.3.6.

4.2 Methods

The system development was carried out using Arduino IDE version
2.3.6, configured for the NodeMCU ESP-12E Module (ESP8266)
microcontroller, connected via COMS. The software was developed
in C, with support from libraries for Wi-Fi communication, ultra-
sonic sensor data acquisition, and MQTT data transmission. All
libraries were installed using the Arduino IDE Library Manager. The
project configuration details are presented below.

(1) Tools and environment components:

o ESP8266 Boards platform (added via the Boards Man-
ager using the URL: http://arduino.esp8266.com/stable/
package_esp8266com_index.json).

e Seclected board: NodeMCU 1.0 (ESP-12E Module).

e Communication port: COMS.

(2) Libraries used:

e F'S.h: file handling in the SPIFFS file system.

e NewPing.h: optimized reading of the HC-SR04 ultra-
sonic sensor.

e TimeLib.h: time manipulation and timestamp format-
ting.

e ESP8266WiF1i.h: ESP8266 connection to the Wi-Fi net-
work.

e WiFiUdp.h: UDP communication, used for NTP syn-
chronization.

e PubSubClient .h: implementation of the MQTT proto-
col for data transmission.

(3) Wi-Fi credentials: the microcontroller is configured to connect
to the defined Wi-Fi network automatically.

Algorithm 2 Wi-Fi Configuration

1: const char®* WIFI_SSID = “Bruna’s iPhone”
2: const char* WIFI_PASS = ko
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(4) MQTT configuration: the system publishes data to the public
Mosquitto broker.

Algorithm 3 MQTT Configuration

1: MQTT Configuration
2: const char* MQTT_SERVER = "test.mosquitto.org";
3: const int MQTT_PORT = 1883;

Algorithm 7 Required Libraries Inclusion

: Include required libraries

: #include <FS.h>

: #include <NewPing.h>

: #include <TimeLib.h>

: #include <ESP8266WiFi.h>
: #include <WiFiUdp.h>

: #include <PubSubClient.h>

> SPIFFS file system

> Ultrasonic sensor handling

> Time manipulation

> Wi-Fi connectivity

> UDP communication for NTP
> MQTT protocol

~N AW N =

(5) The HC-SR04 sensor was configured on the following pins.

Algorithm 4 Ultrasonic Sensor Configuration

1: Define ultrasonic sensor pins and limits
2: #define TRIGGER D1

3: #define ECHO D2
4

: fdefine MAX_DIST 200 > maximum distance in cm

The reading utilizes the NewPing library, which provides faster
and more stable measurements.

Algorithm 5 Ultrasonic Sensor Configuration

1: Define ultrasonic sensor pins and limits
2: #define TRIGGER D1

3: #define ECHO D2
4

: #define MAX_DIST 200 > maximum distance in cm

(6) NTP Synchronization (Time Server): UDP communication is
used to obtain the actual time via NTP.

Algorithm 6 NTP Synchronization

1: Define NTP server and time zone

2: const charx NTP_SERVER = "pool.ntp.org";

3: const unsigned long TZ_OFFSET = -3L * 3600L; >
UTC-3 time zone

This allows for proper registration:
e arrival time.
e departure time.
o duration of stay.
(7) General Code Structure:
e Wi-Fi initialization.
e NTP synchronization.
o filtered reading of the ultrasonic sensor.
o identification of people entering and exiting.
o
o
L

~

duration calculation.
data transmission via MQTT.
local logging (SPIFFS — SPI Flash File System).

The beginning of the code contains all essential environment
configurations:

5 Experimental Results

The experimental setup (prototype) is illustrated in Figure 10.

Figure 10: Experimental setup.

5.1 Presence Detection and Data Collection

In the experiments, the implemented algorithm detected individuals
based on variations in distance measurements from the ultrasonic
sensor. The applied filtering techniques and the 200 cm distance
threshold proved adequate for identifying actual approaches, thereby
reducing false readings caused by environmental noise. For each
detection event, the system automatically recorded the arrival time,
the dwell duration in seconds, and the cumulative total number of
detected individuals. Communication with the NTP server ensured
temporal consistency in the records, eliminating time discrepancies.

5.2 MQTT Transmission

Data transmission to the MQTT broker remained stable throughout
the tests. All three topics were updated correctly, and the periodic
update rate (0.1 s) operated without significant packet loss, demon-
strating that the ESP8266 can maintain a continuous connection to
the public broker.
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5.3 Dashboard Visualization

The transmitted data were displayed in real time on the Node-RED
dashboard. The interface allowed monitoring the increase in the
total number of individuals detection, visualizing individual arrival
times, and analyzing the average dwell duration per person. This
visualization facilitated the interpretation of flow behavior for a
hypothetical monitored storefront, enabling the identification of
periods with higher activity levels.

6 Conclusion

The developed project achieved its objective of creating a functional
presence-monitoring system using an ultrasonic sensor integrated
with an ESP8266, with data transmitted via MQTT and visualization
in Node-RED. The solution proved effective in detecting individuals,
recording arrival times, and estimating dwell durations, providing
relevant metrics for behavioral analysis in retail environments.

The use of the ESP8266 board enabled the implementation of a
low-cost, network-connected device capable of autonomous opera-
tion. Integration with NTP services ensured the temporal accuracy
required for report generation, while MQTT ensured lightweight, ef-
ficient communication with the dashboard. Based on the results, the
system is suitable for storefront monitoring, customer flow analysis,
and consumer behavior studies.

It is important to note that the proposed solution cannot simul-
taneously identify the number of individuals present in front of a
storefront (as detected by the sensor), but only the presence of one
or more individuals and the duration of their presence. For more
accurate counting, a video-based camera system would be required
to identify individuals in the scene; however, such a solution entails
significantly higher costs.

As future work, a field evaluation is planned by installing the
sensor in an actual storefront to collect real-world data. For vali-
dation purposes, video recordings of the same testing period will
be conducted to compare results. In addition, future improvements
may include cloud-based historical data analysis, integration with
multiple sensors, or the application of machine learning techniques
to enhance classification and understanding of dwell-time patterns.
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