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RESUMEN. 
Se presenta el desarrollo de un robot que sigue una línea, marcada 

en el perímetro de un laboratorio, cuyo objetivo fue que, al 

encontrar un obstáculo en el recorrido, capture la imagen frontal, 

marque en ella el objeto detectado y la envíe a una plataforma de 

Internet de las Cosas, así como al teléfono móvil del responsable 

del laboratorio. El funcionamiento del robot está controlado por 

un sistema embebido Raspberry Pi 5. Cuenta con un sistema de 

sensores infrarrojos que le permiten seguir la línea y un sensor 

ultrasónico a través del cual determina la distancia al obstáculo. 

Incorpora una cámara de vídeo de 12.3 megapíxeles y un puente 

H para controlar los motores de las ruedas. La programación se 

realizó en Python con la biblioteca OpenCV. Las pruebas 

realizadas demostraron que el robot tiene una precisión del 98.4% 

en la detección de objetos y personas. 

Palabras Clave: Cámara de video, Internet de las Cosas, OpenCV, 

Python, Raspberry Pi, robot 

 

ABSTRACT. 
This study presents the development of a robot that follows a line, 

marked on the perimeter of a laboratory, whose objective was 

that, when encountering an obstacle on the route, it captures the 

frontal image, marks the detected object on it and sends it to an 

Internet of Things platform, as well as the mobile phone of the 

person in charge of the laboratory. The operation of the robot is 

controlled by a Raspberry Pi 5 embedded system. It has a system 

of infrared sensors that allow it to follow the line and an ultrasonic 

sensor through which it determines the distance to the obstacle. It 

incorporates a 12.3-megapixel video camera and an H-bridge to 

control the wheel motors. Programming was done in Python with 

OpenCV library. The tests carried out showed that the robot has 

an accuracy of 98,4% in detecting objects and people. 

Keywords: Internet of Things, OpenCV, Python, Raspberry Pi, 

robot, video camera 

 

1. INTRODUCTION 
Many facilities such as laboratories, hospitals, data centers, 

bank vaults, flammable substance warehouses, and distribution 

and logistics centers, among others, have reserved areas with 

restricted access. These areas store equipment, high-value 

goods, and hazardous materials, and can only be accessed by 

service, maintenance, and security personnel using one or more 

security techniques and devices controlled by the site manager. 

The most important characteristic of these spaces is that not 

everyone can access them [1]. There are few people working in 

these areas, and in some of these areas, access is only allowed 

during certain hours of the day. Commonly, the furniture, 

shelves, and cabinets in these areas are installed in lines or rows 

and strategically distributed in such a way that there are 

corridors that must be free of obstacles for safe access [2]. 

Normally, these types of facilities have systems that 

permanently monitor the presence of people. Some of these 

systems are based on presence and motion sensors and CCTV, 

which in addition to alerting the presence of objects and people, 

activate lighting devices and alarms [3]. The types of sensors 

used are vibration, passive infrared (PIR), sound, and 

temperature. Most presence detectors, regardless of the type of 

technology used, have drawbacks that sometimes cause false 

positives and negatives, a limited range, dependence on 

technology, sensitivity, interference, maintenance, installation, 

and cost. It is important that presence and motion detection 

systems function optimally, efficiently, and permanently, 

regardless of their type, as it is necessary to always be prepared 

for any eventuality or alert situation to safeguard access to the 

facilities [4]. 

Sometimes, traditional presence detection systems do not cover 

the entire area of these facilities, resulting in blind spots where 

an object or person may be found inappropriately or that may 

go unnoticed by surveillance personnel during the periodic 

tours they carry out. In recent years, the use of mobile robots 

that move around facilities to detect objects and people using 

image processing techniques has emerged as a technological 

alternative [5]. 

Mobile robots emerged during the 1990s. However, in recent 

years, a large amount of research and robotics has been 

developed, with diverse characteristics and functions that 

incorporate recent technologies to solve needs in many fields 

of human life and industrial processes [6]. There are three 

important fields in which the development of robots has 

focused: obstacle detection, navigation algorithms, and 

applications. Objects and people are detected using two main 

techniques. The first uses electronic devices, including sensors, 

video cameras, or thermal cameras, that activate an actuator or 

record the event. Some commonly used sensors are PIR, 

ultrasonic, laser, radio signal emitters, and light detection and 

ranging (LIDAR) devices. A disadvantage of this type of sensor 

is that it cannot detect certain types of objects and is affected 

by the reflective surfaces. The second technology combines the 
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use of a device, such as those indicated above, with a computer 

vision algorithm or method [7], [8]. 

Robots using the second technology use video cameras to 

obtain images of the environment, which can be used to 

recognize colors, textures, motion, and detect obstacles [9]. 

The objective of this study presented here was to create a low-

cost mobile autonomous robot that travels around the interior 

perimeter of a computer laboratory to detect the presence of 

objects or people. The path followed by the robot is fixed and 

marked by a dark line on the floor. Detection was performed by 

processing images captured using a video camera installed in 

front of the robot. Upon detecting presence, the robot marks the 

object or person with a box on the image. This is sent to an 

Internet of Things (IoT) server and, together with an alert text 

message, is transmitted to the laboratory administrator's mobile 

phone. It is necessary that there are no objects in the robot's 

path; otherwise, they are considered obstacles. In other words, 

the path of the robot should normally be free of obstructions. 

The mechanical structure of a previously built two-wheeled 

robot was used, in which a Raspberry Pi 5 embedded system, a 

group of infrared sensors, an ultrasonic sensor, an H-bridge and 

a high-resolution video camera were installed. The Raspberry 

system controls the elements used to track the line and process 

the captured images. Image processing consisted of a 

combination of frame differencing and contour-based motion 

detection algorithms. Programming was performed using 

Python and OpenCV. 

The advantages and contributions of this work are as follows: 

1) the use of the robot is not intrusive, since the laboratory 

infrastructure was not modified, only the route to follow was 

marked on the floor; 2)  there is currently no commercial 

solution for the detection of objects and people; most do it using 

laser, infrared, or ultrasonic sensors whose cost is higher or 

have a shorter range than the solution presented here; 3) it 

allows the laboratory administrator or installation where it is 

used, react in a timely manner to the presence of a person not 

authorized to access the laboratory or an object or obstacle that 

is in the route; and 4) the technology used is recently created, 

the software tools used are open source, which reduces the 

complexity and cost of the system. 

In a review of the literature and state-of-the-art studies carried 

out in recent years, regarding the topic of wheeled mobile 

robots (WMRs), most have focused on the growing number of 

applications in different fields, including teleoperation, control, 

overcoming obstacles and displacement outdoors, off-road, and 

terrains with different characteristics [10]]. Some of these 

studies have developed a multi-degrees-of-freedom two-

wheeled inverted pendulum robot for the off-road 

transportation of long objects, pipes, or transferring patients 

[11]. Others have dedicated themselves to the navigation aspect 

and have improved the accuracy and robustness of robot inertial 

navigation systems [12], proposed adaptive control strategies 

to track a given trajectory [13], and created control schemes that 

stabilize the attitude and regulate the position of two-wheeled 

mobile balancing robots [14]. Likewise, studies have been 

carried out to design multi-wheeled mobile robots based on 

dissociation by degrees-of-freedom [15], projection-based 

algorithms to adjust the robot posture [16], distance- and 

velocity-based simultaneous obstacle avoidance and target 

tracking (DV-SOATT) methods for the trajectory tracking 

problem of multiple wheeled mobile robots [17], climbing 

performance of robots in complex environments [18], methods 

to generate a trajectory for two-wheeled mobile robots moving 

in an uncertain environment, where only a few waypoints are 

available to reach a nearby target state [19], and robotic systems 

applications to explore places that would otherwise be unsafe 

or unreachable to humans, such as volcanic and seismic areas, 

disaster and fire sites or unknown areas on other planets [20]. 

However, in recent years, interest in surveillance and disaster 

response scenarios has grown in the studies developed. Multi-

robot seamless coverage systems have been created using the 

concepts of propagation [21], multi-robot systems with 

connectivity constraints [22], [23], multi-robot systems for 

perimeter surveillance [24], [25], proximity surveillance and 

data collection in Industrial IoT [26], robots for crowd 

surveillance [27], heterogeneous human–robot teams for 

exploration and patrolling [28], and collaborative multi-robot 

systems for search and rescue [29]. 

 

2. MATERIALS AND METHODS 
The development of the application was carried out in two 

phases: hardware, implemented based on the Raspberry Pi 

embedded system, and system software. 

 

2.1. System hardware. 
The robot hardware integrates six components: Raspberry Pi 

embedded system, video camera, infrared sensors, H-bridge, 

gear motors, and ultrasonic sensor. Figure 1 shows a block 

diagram of the robot hardware. 

 

 
Fig. 1. Robot hardware block diagram 

 

2.2. Raspberry Pi embedded system. 
A Raspberry Pi 5 embedded system was used because it 

integrates the hardware elements necessary to implement the 

robot functions. The Raspberry Pi OS based on the Debian 

Bookworm was installed. This software is free access and is 

optimized for the Raspberry Pi hardware. It integrates Python 3 

supporting more than 35,000 Debian packages and a 

considerable number of open-source function libraries for 

managing and processing images, including OpenCV. The 
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Raspberry Pi 5 system has the following main features: a 2.4 

GHz 64-bit quad-core ARM Cortex-A76 CPU, 8 GB of 

SDRAM, two HDMI ports, dual-band 802.11ac and Gigabit 

Wi-Fi communication interfaces Ethernet, two USB 2.0 ports, 

two USB 3.0, a real-time clock, two Mobile Industry Processor 

Interface (MIPI) connectors for video cameras, and a 40-pin 

connector that includes general-purpose inputs and outputs 

(GPIO). 

 

2.3. Video camera. 
The camera integrated into the robot is a Raspberry Pi high-

quality camera. This device has a 12.3-megapixel Sony 

IMX477 sensor with adjustable back focus, delivers a 7.9 mm 

diagonal sensor size, and provides images in RAW12/10/8 and 
COMP8 formats. The camera was connected to one of the 

Raspberry Pi MIPI ports. 

 

2.4. Infrared sensors, H-bridge and gear motors. 
The robot integrated four ITR20001/T infrared sensors to detect 

the dark line marked on the route to follow. These devices are 

composed of an infrared emitting diode and an NPN silicon 

phototransistor, which reflect the light emitted by the diode 

along the path line. When infrared light is reflected, the 

phototransistors that receive it provide an analog voltage signal. 

The voltage from the phototransistors is converted to a digital 

signal, so that it can be supplied to the Raspberry Pi 5 system. 

To achieve this, a four-input channel analog–digital converter 

was used. The converter was connected to the Serial Peripheral 

Interface (SPI) port of the Raspberry Pi5 system through the 

Master Output Slave Input (MOSI), MISO (Master Input Slave 

Output), Chip Select (CS), and clock (CLK) terminals. Infrared 

sensors, together with the H-bridge and gear motors, control 

motion and advancement of the robot. 

The robot has five motion functions implemented in the 

software. These functions manage two N20 Mini Micro Metal 

Gear Motor Reducers, which are powered by 12 VDC and 

operate at a speed of 16 rpm. The motors were controlled by an 

H-bridge connected to six GPIO output terminals on the 

Raspberry Pi 5 system. Table I lists the logic levels supplied to 

the AIN and BIN input terminals of the H-bridge to drive the 

motors based on the motion. In the forward function, the values 

of both motors remain constant. To correct the route, one motor 

is stopped, and the opposite motor is advanced to resume the 

correct route based on the infrared sensor that detects the line. 

On right, the left motor was moved forward, and the right motor 

was reversed for 100 μs. For left, the right motor was advanced, 

and the left motor was reversed for 100 μs. For the 180° turn in 

the reverse function, this process was repeated for 200 μs. 

 

 

 

 

 

 

 

 

Table I. Logic levels of the GPIO terminals connected to 

the H-bridge 

Function AIN terminal level 

for right motor 

BIN terminal level 

for left motor 

forward 0 1 0 1 

back 1 0 1 0 

stop 0 0 0 0 

right 0 1 1 0 

left 1 0 0 1 

 

The robot moves along the route at a speed of 10 cm/s and 

captures an image of the front every 500 ms. This is processed 

by the software and if an obstacle, an object or a person, is 

detected, the stop function is executed. 

 

2.5. Ultrasonic sensor. 
The robot has an HC-SR04 ultrasonic range sensor that allows 

it to determine the distance to an obstacle when it detects an 

object or person. This device offers a good cost-benefit ratio 

because it is economical, compact, easy to use, has a range of 

2–400 cm, and an accuracy of 3 mm with a measuring angle of 

15 °. It is composed of an ultrasonic transmitter, a receiver, and 

a control circuit. It has two control terminals; the TRIG input is 

used to tell the sensor to send eight 40 KHz pulses and wait for 

them to return when an object is found. If the pulses return, the 

sensor provides a pulse through the ECHO output, the duration 

of which allows the distance of the object to be determined. If 

no objects were detected, the echo pulse length is 36 ms. Both 

terminals were connected to the two GPIO terminals of the 

Raspberry Pi 5 embedded system. 

 

2.6. System software. 
The system software was constructed using Python 3. An 

important feature of the design is that it uses recent functions 

built into the OpenCV library to handle images focused on 

motion detection. Normally, the robot moves forward and 

activates the RGB LED connected to the GPIO22, 23, and 27 

terminals of the Raspberry Pi 5 system in green. When it detects 

motion, it stops moving, activates the RGB LED in red, and the 

buzzer is connected to the GPIO4 terminal and sends the image 

showing the detected objects, marked with a rectangle, to the 

IoT server of the Wia Dashboard platform for registration and 

the WhatsApp alert text message to the mobile phone of the 

laboratory administrator. 

To detect motion, a methodology was used that consisted of 

continuously capturing the video signal in front of the robot, 

reading two sequential frames of the video, comparing the 

previous frames, the first of which was considered the 

background, determining the difference between the two 

frames, obtaining the contour of the objects in the resulting 

image, excluding the small outlines, those whose area did not 

exceed an established size and were considered not to represent 

motion, and marked with a rectangle with a size greater than 

the established one. It should be noted that the robot moves at 

a moderate speed to obtain better results when comparing two 

successive frames in the video. 
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To implement the actions indicated above, the main program 

performs the following tasks configures the GPIO terminals 

and the Wi-Fi interface to connect to the Internet, starts video 

capture through the cv2.VideoCapture function, and enters a 

cycle in which it invokes the advance and detection routines. 

The advance routine controls the motion and stopping of the 

robot, as well as the state of the RGB LED, based on the five 

motion functions explained above. Figure 2 shows the 

flowchart of the main program. 

 

 
Fig. 2. Main program flowchart 

 

The tasks performed by the detection routine were as following: 

a) read a frame of the captured video signal using the video.read 

function; b) transform BGR to grayscale, and reduce image 

noise by applying a bilateral filter using the functions 

cv2.bilateralFilter and cv2.cvtColor. The bilateral filter is a 

nonlinear filter that reduces noise by smoothing the images 

while preserving the edges and keeping them sharp. This filter 

uses the weighted average of the intensity of each pixel 

obtained from nearby pixels, instead of the intensity of each 

pixel. This type of filter is considered an edge-preserving filter 

because it does not average across edges. For this reason, the 

bilateral filter is close to the Gaussian filter; c) repeat the two 

previous tasks; d) perform the frame differencing, obtaining the 

difference between the two captured images, using the 

cv2.absdiff function; e) obtain the contours of the objects in the 

image resulting from the subtraction using the 

cv2.findContours and cv2.drawContours functions; f) exclude 

from the image objects whose area marked with the outline 

does not exceed a minimum size; g) marks on the image, with 

a rectangle, the objects detected using the cv2.rectangle 

function; h) invoke the routine that activates the ultrasonic 

sensor to determine the distance to the detected object or 

person; i) invokes the routine to send the image, the alert 

message, and the distance to the object or person; and j) invokes 

the 500 ms delay routine. Figure 3 shows the flowchart used to 

perform the detection routine. 

 
Fig. 3. Detection routine flowchart 

 

Wia Dashboard is an IoT platform in the cloud that allows 

developing IoT applications and solutions. Through this 

platform, designers do not have the responsibility of managing 

the server, storage, and replication of the information necessary 

for the application, and the information is permanently 

available to users. Wia enables the control of remote devices, 

event collection, and information analysis and supports 

communication with Raspberry Pi embedded systems. For the 

robot to transmit the images to the Wia platform, a free-to-use 

software development kit (SDK) for Python was used, which is 

available to programmers through a set of APIs or functions to 

publish events to the platform and view them in real-time. In 

this application, the Python library for Wia's API was installed 

on the Raspberry Pi 5 system and the sendWiaConnection and 

wia.Event.publish functions were used to connect to the 

platform and send images, respectively. 

The Twilio IoT platform was used to send WhatsApp alert 

messages. Twilio is a cloud service that provides, through the 
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Twilio Sandbox for WhatsApp, a set of REST APIs that can be 

invoked in a Python program to transmit SMS and WhatsApp 

messages and create IoT applications. REST APIs work as an 

interface between the platform and the programming of remote 

systems, such as Raspberry Pi, for data exchange using the 

HTTP protocol. The data can be plain text or in the XML and 

JSON formats. REST APIs have an advantage over other IoT 

protocols because they are independent of the type of platform 

and programming language in which they are invoked. REST 

is a logical, efficient, and common standard for the creation and 

use of APIs in Internet services. The use of Twilio Sandbox for 

WhatsApp allowed the use of a shared phone number without 

waiting for a dedicated number to be approved by WhatsApp. 

Both the Twilio and Wia Dashboard offer different types of 

licenses according to the amount of information and SMS to 

transmit. For small quantities such as those used in this study, 

the service is free of charge. 

 

3. RESULTS AND DISCUSSION 
Two groups of tests were performed. The first objective was to 

determine the best value of the minimum size of an object or 

person detected in the sixth task of the detection routine. This 

makes it possible to eliminate small areas that could create false 

positives. To carry out these tests, a program was developed 

that performs the following tasks: captures an unobstructed 

image of the front of the robot, captures the second image with 

three objects and people in front, subtracts the two images, 

obtains the contour, discriminates the small objects, and mark 

the large areas with a rectangle. Twenty tests were run. In each 

test, the previous program was executed and the minimum 

value of the area of the objects or people was modified to 

determine the optimal value for the particular environment of 

the laboratory where the tests were carried out. In the first test, 

the minimum area was set to 8,000 pixels. In subsequent tests, 

this value was increased from 500 to 17,500 pixels. During the 

first two tests, ten false positives were detected, a number that 

decreased until there were no false positives, which occurred 

when the minimum surface value was 15,500 pixels, as 

indicated in the graph in Figure 4. Based on these results, we 

decided to use the last value in the detection routine. 

 

 
Fig. 4. Minimum size of the area of detected objects to send 

false positives 

 

The second group of tests aimed to eliminate false|-negatives. 

Normally, there should not be more than five objects or people 

in the laboratory corridors, since access is restricted. 

Considering the above, ten sets of tests were performed. Each 

set consisted of five tests. In the first test, a person entered the 

corridor, and the robot detected him correctly. In the following 

four tests, two, three, four and five more objects or people, 

respectively, were placed in the corridor in front of the robot. 

Table II shows the results obtained, which includes the 

accuracy of each test and the average accuracy (98,4%) of the 

system in the detection.  Figure 5 shows an image of a person 

detected using the contour marked by the robot software. 

 

Table II. Logic levels of the GPIO terminals connected to 

the H-bridge 

Set Objects 

or people 

present 

Objects 

or people 

detected 

Accuracy 

(%) 

1 1 1 100 

2 2 100 

3 3 100 

4 4 100 

5 4 80 

2 1 1 100 

2 2 100 

3 3 100 

4 4 100 

5 5 100 

3 1 1 100 

2 2 100 

3 3 100 

4 4 100 

5 5 100 

4 1 1 100 

2 2 100 

3 3 100 

4 4 100 

5 4 80 

5 1 1 100 

2 2 100 

3 3 100 

4 4 100 

5 5 100 

Average accuracy (Σ accuracy / 

number of tests) 

98,4 

 

 

 
Fig. 5. Image of a person detected with the contour marked 
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4. CONCLUSION 
A two-wheeled robot was developed. The robot moves inside a 

laboratory at a speed of 10 cm/s was obtained. The robot moves 

following a dark line marked on the route followed by the 

corridors of the laboratory. As it moves forward, the robot 

captures frontal images every 500 ms and uses frame 

differencing to detect the presence of objects or people. The 

robot integrates an embedded system and high-resolution video 

camera. To process the images captured by the camera, 

programming was developed in Python with OpenCV library. 

When the robot detects an object or a person, it marks them in 

the image with a rectangle and sends it to the Wia Dashboard 

IoT platform server along with a WhatsApp alert message to 

the laboratory administrator's mobile phone. This will allow 

you to react in a timely manner to an event. The robot represents 

a measure complementary to the security mechanisms of a 

laboratory. 

The tests carried out made it possible to adjust the programming 

to eliminate false positives and negatives and determined that, 

when detecting objects or people, the robot has an accuracy of 

96%. Both the speed at which the robot moves and the period 

between capturing the frontal image can be adjusted according 

to the type and characteristics of the facility in which the robot 

is used. 

The robot follows a line marked on the floor and is therefore a 

static route. In the developed application, it was sufficient to 

use a robot with two wheels, since it performed stable motions 

on a flat path. However, it does not have the ability to overcome 

obstacles on rough or uneven terrain. This study began to 

integrate two functions. The first is an autonomous navigation 

module that allows users to follow a dynamic route according 

to the obstacles or situations encountered in their way. This is 

planned to be performed using the image processing that was 

already started in this work. Processing will be carried out using 

an edge TPU coprocessor and the TensorFlow platform to 

perform this task more quickly and efficiently, freeing the 

Raspberry Pi 5 embedded system from this activity. The second 

function is facial recognition. When the robot detects a person, 

it attempts to recognize and identify the face using a database 

of known people to indicate their identity to the laboratory or 

facility administrator. 
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