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ABSTRACT: This paper presents the design and implementation of a 3D-printed robotic manipulator tailored mainly for object
detection and grasping. The robot is constructed with PLA material using a known design framework; it is not unique but reliable
enough to form a base for testing and exploration. The manipulator is fitted with servo motors for the movement of the joints, and
the gripper serves as an end effector, which aids in holding objects of several shapes. The Arduino Uno controls the servo motors
to provide precise and speedy movements. An overhead camera takes real-time pictures of the environment to enable the manipulator
to identify objects more efficiently. These images are then processed to identify and locate objects correctly within the manipulator's
workspace. The integration of the camera with the robotic system allows for dynamism in adjustments and decisions related to
grasping tasks in real-time. In this paper, research is done to comprehensively study the performance of the manipulator in detecting
and grasping objects. Extensive testing was conducted to test efficiency, accuracy, and reliability under different scenarios. The
research also goes on to define the workspace of the robotic manipulator by providing a limit on its workspace, indicating the
maximum and minimum reach of the manipulator. That is very important for understanding the capabilities and limitations of the
manipulator in order to clearly define its practical applications. Conclusively, this study opened up possibilities for 3D-printed
robotic systems in automated handling of an object. It forms a basis for further improvement of the manipulator's operation in robot
manipulation and control technologies. Critical review of the manipulator's design, construction, and performance contributes to
existing knowledge in robotics, besides underpinning the versatility of such 3D-printed robotic solutions.
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1. INTRODUCTION
The rapid development in robotics and additive

develop. The joints' movements are controlled using servo
motors, and the precision and responsiveness needed in

manufacturing technologies allows new perspectives on
innovative solutions within different applications, including
object detection and manipulation. One such solution is the
development of a robotic manipulator with a high degree of
freedom and precision. The research in this paper is focused
on the design and development of a 3D-printed six degrees of
freedom robotic manipulator, advanced with sensing
mechanisms and control techniques for efficient object
detection and grasping. Robotic manipulators have been
applied to a number of industries, such as manufacturing,
healthcare, and service industries, due to their ability
regarding repetitive work with high accuracy [1]. 3D printing
in the construction of robotic manipulators adds economy,
customizability, and rapid prototyping to the list. PLA is the
most popular material used for 3D printing because it is
biodegradable, has good mechanical properties, and is user-
friendly [3].

This work links the design of the robotic manipulator on a
very well-established framework, hence providing a design
that is reliable and functional. In its design, it is not unique
but provides a very robust platform from which to test and

managing these motors come from an Arduino Uno
microcontroller [4]. One of the most critical aspects of robotic
manipulation is the identification and location of objects. In
this work, the researchers utilize an overhead camera
capturing real-time images of the environment. Such images
are then processed for object identification and location,
while the manipulator makes dynamic adjustments during
grasping tasks. Vision-based object detection is a well-
researched field, and several algorithms and techniques have
already been developed in order to enhance accuracy and
efficiency [5][6][7].

The performances were apparently enhanced upon
integration with vision systems. For instance, the adoption of
machine learning algorithms for image processing and object
recognition has made robots work in dynamic environments
and accomplish challenging missions with very great
precision [8][9]. In this research, it is the camera-based
system which acts like a feedback to the manipulator in
identifying objects and hence changing its movement at
runtime. Extensive tests were conducted to evaluate the
manipulator in terms of detecting and grasping objects. Its

4735 Hanan Hameed Ismael !, ETJ Volume 09 Issue 08 August 2024


https://doi.org/10.47191/etj/v9i08.18

Design and Implementation of a 3D-Printed Robotics Manipulator for Object Detection and Grasping

range of motion, accuracy, and reliability have been assessed
in detail, which helped yield information with respect to its
operational capabilities. Evaluations like these have been
emphasized by several previous works as crucial in
understanding the practical applications and limitations that
exist within robotic systems [10] [11] [12].

These findings increase the already huge body of knowledge
in robotic manipulation and control. This work gives the basic
framework of how the manipulator is going to work, therefore
laying a foundation for further improvements in this field.
The applications of 3D-printed robotic systems will range
from an entire automated manufacturing process to assistive
technologies in healthcare [13][14][15]. This 3D-printed
6DOF robotic manipulator for object detection and grasping
is, in sum, an appreciable enhancement of the integration
between additive manufacturing and robotics. This clearly
lays out the future in which affordable complex construction
solutions, advanced sensing, and precise control can come
together to solve a wide range of applications within both
industry and research. It particularly serves to prove that such
systems are feasible in principle and gives a good framework
within which future work may be performed.

2. Design and Implementation

The designing of the 3D-printed robotic manipulator include
several critical stages, such as conceptual design, material
selection, actuator integration, control system development,
and vision system integration. In this section, all of these
stages are explained in detail by elaborating on
methodologies and processes involved in creating the
manipulator.

2.1 Conceptual Design

The robotic manipulator's conceptual design will be based on
a known framework that taken from
(https://lwww.thingiverse.com), guaranteeing reliability and
functionality. The manipulator will also be designed with six
degrees of freedom so that it can realize a wide range of
movements necessary in grasping and manipulation.

2.2 Material Selection and 3D Printing

The manipulator is mainly fabricated using PLA material due
to its biocompatibility and biodegradable nature, its
mechanical properties, and ease of processing through 3-D
printing [3]. A high-resolution 3D printer is used to fabricate
the components of the manipulator to achieve the required
precision and strength. The main advantages associated with
PLA are its low cost and easy availability, thus making it very
suitable for prototyping and development.

Figure 1: Robotics manipulator

2.3 Actuator Integration

These motions at the manipulator's joints are driven by servo
motors. Servo motors will be selected, considering accuracy,
reliability, and user-friendly control characteristics. The
manipulator is fitted with a servo motor at each joint. This
provides smooth and precise movements. The integration of
such motors will involve proper alignment and calibration so

that the manipulated variables attain the desired motion
range.

2.4 Control System Development

An Arduino Uno microcontroller controls the servo motors.
The reason for selecting the Arduino platform is its
simplicity, versatility, and wide community support [4].
Custom software is developed to interface with the servo
motors in such a way that the movements of the manipulator
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could be controlled with precision. Designed algorithms run
and control the manipulator in such a way that complex tasks
can be executed efficiently and precisely.

2.5 Vision System Integration

A single board overhead camera integrates the system to
develop visual capabilities in object detection and
identification. The camera will take real-time images of the
environment and thereafter process them by computer vision
algorithms. Computer vision algorithms, such as YOLOv8
and SSD, are implemented for the identification and location
of an object [5][6]. Very important feedback by the vision

,0—

system to the control system allows the manipulator to correct
itself in real-time while performing grasping tasks.

2.6 Testing and Evaluation

The final parts of the design and implementation process are
detailed testing and evaluation. The manipulator's
performance in object detection and grasping is tested
thoroughly with a number of test cases. Some of the most
important performance metrics include accuracy, reliability,
and range of motion. The test also comprises the
determination of the maximum and minimum reach points
attainable by the manipulator, thereby making this a valuable
observation of its operational capabilities.

Figure 2: Grasping area (going from 0 to 90 grasping objects in range)

Figure 3: Robotic Arm Determining Distance B for reach

The robot arm can reach objects at a distance, B, to hold an
object up to the ends of the handle. Then the Pythagorean
theorem can be used to order the required distance, C, for the
grab of an object. Depending on how the camera is placed on
the wrist, different distances can be shown in the figure. If the

objects are at the correct location on the table, and the
calculated distance is within the range specified, extend the
arm and try to grasp the object.
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Figure 4: The YOLOvV8 method was used for the first object recognition tests.

3. CONCLUSIONS

This paper deals with the design and implementation of a 3D-
printed robotic manipulator, developed specifically for object
detection and grasping tasks. With 3D printing using PLA
material, it is a cost-effective, custom-oriented solution for
exploring capabilities in robotic manipulation. It has servo
motors for joint movement, controlled by an Arduino Uno,
guaranteeing a precise and reliable operation.

An overhead camera, applying advanced computer vision
algorithms to have it recognize an object in real-time,
dramatically enhances the functionalities of the manipulator.
Through the use of advanced algorithms of computer vision,
the system can righty detect and locate the object placed
within its workspace and make dynamic adjustments while
performing grasping tasks. Testing and evaluation of the
manipulator are done in detail, proving efficiency, accuracy,
and reliability in various scenarios that give insights into its
operational framework.

These results show the potential of 3D-printed robotic
systems in applications related to automated object handling.
The detailed design process, combined with rigorous testing,
provides a basic framework for further improvements in
technologies used for robotic manipulation and control. This
paper adds to a growing body of literature in this area by
underlining the versatility and practical feasibility of
combining additive manufacturing with state-of-the-art
robotics.

In the future, one can focus on developing the manipulator
through the inclusion of better sensors and improvement in
control algorithms. Further research is recommended in
exploring a variety of materials for 3D printing to achieve
better performance and durability. Further research may be
involved in the application of this manipulator to a wide range

of industries and research contexts, furthering the uses this
manipulator can have.

The overall research work proves that the 3D printing
technology and robotics open a path of promise to develop
innovative, cost-effective solutions for complex manipulation
tasks, paving the way for further advancements in the area of
robotics.
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