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Abstract—Artificial Intelligence has been introduced in many
applications, namely in artificial vision-based systems with object
detection tasks. This paper presents an object localization system
with a motivation to use it in autonomous mobile robots at
robotics competitions. The system aims to allow robots to accom-
plish their tasks more efficiently. Object detection is performed
using a camera and artificial intelligence based on the YOLOv4
Tiny detection model. An algorithm was developed that uses the
data from the system to estimate the parameters of location,
distance, and orientation based on the pinhole camera model and
trigonometric modelling. It can be used in smart identification
procedures of objects. Practical tests and results are presented,
constantly locating the objects and with errors between 0.16 and
3.8 cm, concluding that the object localization system is adequate
for autonomous mobile robots.

Index Terms—Robotic competitions, Autonomous Mobile
Robots, Object Detection, Artificial Intelligence.

I. INTRODUCTION

Artificial intelligence seeks to create techniques that mimic
human intelligence. One of its aspects is computer vision
[1], which can be understood as a set of mathematical and
computational techniques to process images and extract rel-
evant information. This artificial vision plays a crucial role
in robotics [2], particularly in mobile robotics, involving data
acquisition and its use to perform tasks [3]. Advances in this
area have allowed autonomous mobile robots to perceive and
understand the environment around them, using cameras and
other sensors to collect visual information about the terrain
[4] [5].

An essential scenario for technological development is
robotics competitions. These can be considered the starting
point of research and development in many areas, such as sci-
ence and technology, by evoking breakthrough ideas to solve
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competition problems [6]. RobotAtFactory ! is one of these
competitions, which seeks to simulate a factory environment.
Over the years, it has evolved regarding technology develop-
ment and complexity. Its most recent version, RobotAtFactory
4.0 2 brought changes regarding the data available to guide
the robot, replacing continuous lines with spaced markers
printed on the floor. However, its principle of transporting
boxes from an incoming warehouse to the outgoing one within
the manufacturing floor remains unchanged.

In seeking to transport objects, locating and identifying them
previously to perform specific tasks based on that information
is essential [7] [8]. Object detection aims to identify all the
target elements in the image, classify, and locate them. Several
methods can be employed to obtain and provide the data [9]
to applications to estimate the distance between the camera
and those objects detected in the image [10].

This work presents the development of a mobile system
for detecting and localizing objects through monocular vision.
Thus, the system allows the possibility of being attached to a
robot, which will use the system estimated distance and the
angle to reach the objects of interest.

This paper is structured as follows: Section 2 presents works
on state of art in object detection and artificial vision for
object distance estimation. Section 3 is divided into two parts:
Subsection A describes the system’s components. Subsection
B describes the development, including the correlation among
the components of this work; section IV presents the results;
and section V presents the conclusions and future works.

Uhttps://robotica2012.dei.uminho.pt/12/index.php-option=com_content&
view=category&layout=blog&id=75&Itemid=99.html

Zhttps://www.festivalnacionalrobotica.pt/2022/competicoes/robotfactory-4.
0-11.
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II. STATE OF THE ART

Object detection in mobile robotics is an important research
area [11] [12], and the YOLO (You only look once) neural
network has been widely used. YOLO allows real-time object
detection with a single image as input, it is suitable for mobile
robot applications [13] due to the limited processing usually
used in such applications.

Monocular cameras are widely used in mobile robotics for
their simplicity and low cost. However, the lack of depth
information can limit 3D object detection [3]. Using previ-
ously known points of interest can overcome this, relying on
obtained size and coordinates to triangulate the distance. This
technique allows scene reconstruction in 3D and the objects’
detection at different depths, improving the accuracy of the
data of interest [14].

There is also research involving stereoscopic cameras ca-
pable of estimating depth from the difference between two
cameras spaced at a well-calibrated value [15].

Regarding the monocular camera algorithm to estimate
the distance, there are different mathematical approaches to
finding the data of interest, such as [14], which has a camera
in a rectilinear uniform motion, and [10] using this object
detection to develop a robot to play football.

III. METHODOLOGY

Here, the system description is presented considering hard-
ware, software, and system development.

A. System description

1) Hardware: The system hardware has as main compo-
nents: a Raspberry Pi 4 model B (4 GB) and a camera module
Raspberry Pi Cam Rev 1.3. These interconnected components
use a flat cable and a 3D printing box for connection, protec-
tion, and support of the main components, as shown in Figure
1.
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Fig. 1. Hardware Components.

2) Software: The system software is divided into two parts:
data production and data usage.
For the first part, the process is shown in Figure 2, being:

o Image Acquisition with comercial camera (100 images);

o Dataset built in ROBOFLOW? passing to 237 images;
o Code execution in Google Colab 4;

o Further use of functionalities:

Python;

OpenCVS;

Darknet®;

YOLOvV4 (Tiny)’.

For training the YOLOv4 Tiny model, pre-trained weights
from the 29th layer were used, based on the "COCO Names®”
dataset. The data was divided into 90% for training and 10%
for testing, based on the results obtained by the Roboflow
platform.”

The second part will use the data from the first part as train-
ing weights for the algorithm. In this phase, the OpenCV tools
and configuration files (names, weights and configurations)
will be used again to assist in developing the algorithm. Three
functions are created: object detection, distance estimation,
and orientation estimation. The development of this code is
presented in section III-B.

Take Pictures Tools

Environment

colab

Final YOLO
Results

a

>

Picture Box

s =

—) 2

[

Fig. 2. Detection model training and execution with structure YOLOv4
Tiny.

B. Development

The object detection function, shown in figure 3, receives
three parameters: the camera frame, the object accuracy thresh-
old, and the non-maximum suppression value. It creates a list
to store the names of the objects to be detected and aims to
identify the object bounding boxes in the image.

The detection model is invoked, and if an object is detected,
its information is stored in the respective variables. Otherwise,
the variables are left empty. If the object list has no names yet,
the class names are given to it. In addition, a list is created to
store the detection information of the found objects.

3https://roboflow.com/

“https://colab.research.google.com/

Shttps://opencv.org/

Shttps://github.com/roboflow/darknet

https://colab.research.google.com/drive/IPWOwg038EOGNddf6SXDGSA
sC8PIcAe-Gref=blog.roboflow.com#scroll To=HQEktcfj9y90

8https://github.com/pjreddie/darknet/blob/master/data/coco.names
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Three lists are created, the object identification list, the
accuracy list, and the bounding boxes list. Then it is verified to
which class the object belongs, and if it belongs to the searched
class, the information is stored in the variable created for such,
and the function returns the frame and the object information.
Otherwise, the function returns the frame and the value zero
referring to the information.
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Fig. 3. Flowchart of the detection function.
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INFORMATIONS

END

The parameters for estimating the location, distance, and
angle are presented in Figure 4, defined in Figure 5 and
6. Most parameters remain constant , where most of the
parameters remain constant, such as the maximum image size
and the camera angle of view. The only variable is the distance
between the object and the camera, which affects the object’s
size in the image. Based on this information, the distance and
the orientation angle will be calculated.

The distance and angle between the object and module are
calculated using camera parameters such as focal length, hFoV
(Horizontal Field of View), and image resolution following the
equation in Figure 5 considering the parameters used as: ’a’ -
width in pixels on the image, b’ - image resolution in pixels,
’c’ - actual object width in cm, and ’d’ - hFoV.

After distance estimation, the result is used to calculate an
offset and fix the alignment angle between the module and the
object of interest.

Object Object Object
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Camera
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2
b a\%!

Image Plan

Image Plan

Fig. 4. Distance and angle variation based on the Pinhole model.
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Fig. 5. Flowchart of the distance calculation function.
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There are three possibilities of alignment: aligned, to the
right, or the left, being this identification important for pos-
sible future implementations. The angle is calculated using
trigonometric relations, considering that the object is always
aligned with the module to the y-axis.

User provided information is utilized to compute the angle
between an object and the module, such as the image resolu-
tion and the object’s actual size. In addition, values provided
by the object detection function are used, shown in Figure 6
as: ’g’ - the initial position on the x-axis of the detection box,
’a’ - its width, and "D’ - the previously estimated distance.

To exemplify the calculation of the angle of a right triangle,
the 4 is used as an example, considering the sides D (adjacent)
and C/2 (opposite). Firstly, it is necessary to convert the
calculated distance in centimeters to pixels, considering the
real size of the object and the image resolution, to obtain the
adjacent side. Then, if the object is displaced relative to the
center of the image, it is necessary to calculate the opposite
side by finding the distance between the center of the image
and the value of the center of the object with respect to the
x-axis. To do this, the initial position of the detection box and
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its width divided by 2 are used, taking into account the already
identified rotation direction. Finally, to calculate the angle, it
is necessary to apply the arctangent function of the division
between the opposite and adjacent sides.
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Fig. 6. Flowchart of the angle calculation function.

IV. RESULTS

The training results obtained from the Google Colab script
regarding the detection of objects using the YOLOv4 Tiny
model, had great error reduction over the decades of training,
achieving an accuracy (mAP) of 100% by the end of training.

The tests were made hands-on, using real-time image acqui-
sition with a refresh rate close to 1 fps. Therefore, the module
presented in section III-A1 was used, changing the image
acquisition settings to a resolution of 640x480 pixels. The
system was tested to detect and estimate the object distance
and orientation through the acquired images.

Firstly, the applicability of the identification algorithm was
verified. The bounding box is obtained with the box positioned
at an arbitrary distance and using a smaller and generic
training. An example of the detected object is presented in
Figure 7, where the green bounding box represents the model’s
response and, in blue, the expected.

Fig. 7. Comparison of actual bounding box and detection model.

The bounding box formed to frame the area of interest
was broader than expected, causing an error in estimating

the localization parameters since the bounding box width was
crucial. Thus, the error was parameterized for this specific
example case. The difference between the actual contour and
the one produced by the detection algorithm is calculated by

Object_Width 185 _

Jactor(X) = B Bor_wiatn ~ 26~ 0 (D
which is the factor the algorithm uses to reduce the detection
box on the image of its original size. Thus, even if the
detection model does not fit the object in the detection box
but has a good detection capacity, correction factors can be
applied.

This kind of error occurs due to the way objects are
marked in the training dataset. If they are displaced or turned
differently, they are still identified, but not in the appropriate
manner. Therefore, the object annotation and pre-processing
phase is quite important and should be conducted as faithfully
as possible with respect to their expected shapes and propor-
tions.

The following experiments employed the data from a more
specific training focused on detecting our area of interest: the
larger frontal side face of the boxes. From these data, we tested
the application of algorithms for object detection and distance
calculation. Two experiments were conducted to validate the
effectiveness of the system.

The first experiment intended to determine the system’s
range of operation regarding the distance.

The second experiment evaluate the system’s effectiveness
regarding the position of the object, taking different angles
and distances, to identify possible patterns in the data obtained
from these variations.

A. Distance range

Through practical tests, the detection range of the mod-
ule was obtained where the box and the detection module
were positioned face to face. Initially, the detection module
camera and the box were center-aligned, almost touching
one another. Then, the module was moved away in one
centimeter increments, maintaining the alignment until the
module detected the box. This detection refers to the minimum
distance necessary for detecting the object. In the next step,
to determine the maximum distance the module could detect
objects, the module was moved away until the object was no
longer detectable.

The test for measuring the maximum detection distance is
shown in Figure 10. Figure 8 was shot to visually identify
the module location, the box, and their distance. On the other
hand, figure 8a displays the image shot by the module. In
Figure 10(b), the information that appears are the object class,
confidence, distance, and angle. The values obtained regarding
the distance analysis are seen in table I.

TABLE I. Distance Analysis Calculation.

Distance Actual | Average | Absolute Error
Maximum | 218.5 250.7 322
Minimum 8.99 9.4 0.4
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Output

(b)

Fig. 8. Maximum operating distance measurement. (a) Actual image of
maximum distance (b) Image from module with calculated maximum

distance.

B. Position

The generalization of the model was obtained through the
test that evaluated the performance of the detection module
with respect to the distance and angle of the object’s. It was
performed with the module fixed on a polar graph sheet,
and the camera aligned with the center of the graph. The
experiment parameters use specifications from the Raspberry
camera’, whose hFoV is 53.5 degrees. Distances from 20 to
60 centimeters with steps of 10 centimeters were selected to
perform measurements. The angles were defined from -20 to
20 degrees, with steps of 10 degrees, where 0 degrees is the
central reference axis. For convenience, it was assumed that
the direction of rotation had already been previously verified.

The tests were performed by changing only the position
of the box. Ten measurements were made for each position,
pointing the camera to the target box’s frontal face. The
measurements started from the center, 0 degrees, without any
angle variation. Subsequently, measurements were made with
the box positioned to the left and right, changing the distance
and the positioning angle. An example of the positioning and
the result obtained can be seen respectively in Figures 9a and
9b.

The first image in the Figures 10 and 11, represents the
average of the 10 values obtained for distance and angle,
respectively, for each position. The results presented show that
the values can be lower or higher than expected for distance
between object and modulus. Regarding the second image,
the presented values represent the absolute error, in modulus,
between the measured and the expected value. The smallest
and largest values obtained were 0.16 and 3.8 cm for distance
and 0 and 0.64 degrees for angle, respectively.

As only one class is to be detected, any object found will
be classified as a box. In all cases, 100% of accuracy was
obtained. The mean and the absolute error were assumed as
metrics which are shown in Figures 10 and 11.

Results highlight the variations due to the change in the
object’s position. Regarding the average value of the samples

%https://www.raspberrypi.com/documentation/accessories/camera.html

(b)

Fig. 9. Parameters at 30 cm and 10° at right. (a) Box and Module
Positioning and (b) Result obtained by the detection module.

60 50 40 30 20n 20 30:n 40 50, 60

60 50 40 30 20n

(b)

Fig. 10. Relative distance measurements based on 10 samples for each
position of interest. (a) Mean (cm) and (b) Absolute Error.

in Figure 10a, the absolute error is presented in Figure 10b.
The higher the distance, the higher the error, and near the
central axis, the lower the error.

The results between items located at the same distance and
angle but on opposite sides did not show equal values due
to the irregularities and physical errors introduced, such as
differences in lighting, imperfections in the module support
and the measurement environment, and possible imperfections
in the camera, among other factors. However, the values
obtained were within the expected since the more distant the
objects are, the more difficult it will be to visualize them, and,
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Fig. 11. Relative angle measurements, based on 10 samples for each
position of interest. (a) Mean (°) and (b) Absolute Error.

consequently, it will not be possible to assertively locate the
boundary used as a parameter, resulting in errors regarding the
estimated and actual values.

Based on the average angle values shown in Figure 1la,
it was possible to calculate the absolute error, represented in
Figure 11b. It was observed that an increase in the absolute
error as the angular variation increased, being smaller near the
center and more significant at the extremities in most of the
values.

V. CONCLUSION

The completion of the project yielded a functional mod-
ule that demonstrated reliability and accuracy based on the
measurements taken. The distance and angle measurements
resulted in maximum error percentages of 6.33% and 3.2%,
respectively, with a minimum of 0.26% and 0%. The system
operates effectively within a range of 9 to 218.5 cm and
showed potential for error correction based on established
standards. Additionally, the system’s implementation utilized
the cost-effective and easily-implementable pinhole model
technique.

In future works, it is suggested to test the system in a robotic
platform to evaluate its effectiveness in real conditions of use,
such as the RobotAtFactory Lite competition, where it already
has a simple, low-cost robot platform that can be adapted to
carry the module [16]. This step is essential to enhance the sys-
tem and allow for its application in several areas, contributing
to developing efficient and accessible technological solutions.
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