
 
 

© STM Journals 2024. All Rights Reserved 28  
 

Volume 2, Issue 2, 2024 

July–December 

DOI (Journal): 10.37591/IJACSE 

STM JOURNALS

International Journal of  

Advanced Control and  
System Engineering 

 
https://journals.stmjournals.com/ijacse 

Research IJACSE 
 

Eyes for Machines: A Computer Vision Approach to 
Enhance Robotic Arm Dexterity and Autonomy 
 

Balkrishna Rasiklal Yadav1,* 
 

Abstract 

By combining sophisticated robotics and visual awareness, computer vision operated robotic arms have 

revolutionized technology. These devices are having a profound effect on several industries, from 

manufacturing processes to healthcare. Computer vision–controlled robotic arms are altering the game 

with their ability to see, comprehend, and interact with their surroundings. In this study we have tried 

to develop and implement software and hardware to improve the freedom of movement in a robotic arm 

which will have a similar look to hand gestures. In the modern world, robotic arms are becoming 

essential, with uses in a wide range of sectors, including military, defense, healthcare, and industrial 

automation. These amazing devices can replicate the movements and hand gestures of a human, which 

makes them incredibly useful in a variety of scenarios. The most innovative automation technology 

available now is robotic systems. Initially, robots were employed on manufacturing floors in the 1960s 

and early 1970s. Evaluating the precision of system was done by methods such as sorting, kinematic 

modeling, and center recognition which elevate the movements of robotic arms. More innovation to 

elevate the free movement of robotic arms can enhance its applications at defense and industrial level. 
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INTRODUCTION 

Robotic arms have become indispensable in today's world, finding applications in many different 

industries like military, defense, medical surgeries, and industrial automation. These incredible 

machines possess the ability to mimic the gestures and actions of human hands, making them invaluable 

assets in various tasks and situations. Robotic systems are the most unique automation technology used 

today. In the 1960s and early 1970s, robots were initially used on factory floors. As robotic systems 

spread throughout the industrial sector, particularly in the automobile sector, they gained notoriety in 

the 1980s. Robotic arms are widely used in the industry, but most of them are used in a point to point 

(PTP) trajectory, the moves are learned previously by the robotic arm. Very few robots in the industry 

are programmed to be smart, or to make decisions. In the future to completely replace humans with 

robots, we need robotic arms which can make decisions [1–4]. 

 

What Is a Computer Vision–Controlled Robotic 

Arm? 

Before we jump into the intricacies of a computer 

vision–controlled robotic arm, let us first grasp the 

concept of computer vision. In simple terms, 

computer vision is a branch of study that aims to 

teach computers how to interpret and comprehend 

visual data, much like humans do with their eyes 

and brains. 

 

Using advanced algorithms and cutting-edge 

machine learning techniques, computer vision 
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enables machines to process and analyze visual information from various sources such as images, 

videos, or even live camera feeds. All sorts of new opportunities for robots to "see" their environments 

and make smart judgements emerge from this. 

 

LITERATURE SURVEY 

Nowadays, robotics is becoming one of the most advanced fields of technology. A gesture-controlled 

robot is a unique type of robot that can be operated using human hands instead of traditional buttons 

and switches [5]. The primary objective of this project is to utilize hand gestures and computer vision 

to manipulate a robotic arm. The purpose of this device is to make it simple and cheap so that it can be 

produced and used for many purposes [6, 7]. An efficient, responsive tracking algorithm allows the 

hand to accurately track and respond to gestures. Gesture recognition and imitation is an efficient 

method used in situations that pose a threat to humans, such as radioactive environments, bomb disposal 

missions, cuts, epidemics, etc. [8] The robotic arm has been used in many applications in various 

industries. Applications have been received. These are designed to ensure maximum flexibility and 

utility for its planned application [9]. 

 

The hand gesture sensor in this paper utilizes the data from the accelerometer and gyroscope. A 

gyroscope is a sensor that captures the position of the operator's hand while working in a driven vehicle. 

It is typically attached to an arm. Experienced users can utilize the power of visual analysis to efficiently 

operate the system, while it may pose a slight challenge for those who are new to it. This system consists 

of two primary components: the ground station and the floor station. The ground station utilizes a sensor 

for recognizing hand gestures, while the floor station allows the user to control the robot's hands. 

Accelerators and gyroscopes are installed in the joints of the hands [10]. 

 

Many elements of building robots are described in John Iovin's book. It deals with various types of 

weapons design, control techniques, vehicle design etc. [11]. The Uno Handbook explores the 

complexities and methods of interconnecting many parts such as servomotors, electric motors, radio 

frequency receivers and radio frequency transmitters. Typically, individuals frequently use gestures that 

align with their verbal communication. Typically, these movements are known as conversational hand 

gestures that communicate semantic information alongside speech [12]. Sign language is a significant 

illustration of communicative gestures. Sign language follows a well-organized structure, enabling 

individuals who are deaf to effectively communicate with both hearing individuals and computer 

systems. Controlled gestures are commonly employed in various applications, including remote control 

systems for consumer electronics and robot control. Gesture-based interactions are used to engage with 

Digital things. Some great uses of manipulating gestures are digital fabrication and remote operation 

[1]. Rai et al. [5] provide an autonomous robotic framework for training, education, and employment 

The suggested platform has the ability to execute and evaluate sophisticated algorithms for object 

handling and grasping, trajectory development, path planning, and other tasks, as well as to teach 

technical courses in subjects like robotics, control, electronics, image processing, and computer vision. 

 

A robotic system can make use of several different types of sensors, such as infrared, temperature, 

color, mass, etc. However, there has been a recent shift towards using a single camera and advanced 

technology to replace these various sensors. With the help of advanced technology, computers are now 

able to understand and interpret the world around them. They can identify and analyse objects using 

various methods like machine learning and contouring. Control systems that utilize computer vision 

allow robotic arm systems to perform sophisticated operations including filtering, pick-and-place and 

sorting without requiring person involvement. Several systems, like the ones mentioned earlier, are 

included in the systems explained by Rai et al. [5]. Currently, robots have the capability to execute 

intricate tasks, but they still face limitations when it comes to quickly adjusting to familiar objects or 

environments without explicit programming. Thus, the concept of developing systems to enhance 

robots' perceptual abilities and object grasping recognition is a significant area of research. Prior to 

interacting with objects in the environment, a robot usually needs to physically grasp and elevate them. 
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Robots employ advanced technology such as laser distance sensors, stereoscopic vision, and a 3D 

camera to address this challenge. 

 
Given the nature of the system, it involves the transmission of data between multiple points without 

the need for physical connections. The prevailing wireless technology employed in this scenario is 

radio. Wireless transmission needs to be dependable and have quick response time. There are several 
wireless transmission options available, including Bluetooth, infrared, Zigbee, and Wi-Fi technologies. 

Zigbee technology is favored for its extensive control capabilities and cost-effectiveness. Hsu et al. [6] 
introduced an innovative method for JACO, an assistive machine, to help with its limbs. This algorithm 

utilizes an affordable 3D depth camera and an enhanced reverse kinematic method to facilitate 
autonomous or semi-autonomous JACO functioning [13]. 

 
For use in classrooms, workplaces, and other training environments, Rai et al. [5] suggested an 

autonomous robotic framework. While sitting a robotic hand in the middle of the goal, they have two 
cameras that offered top as well as side viewpoints to study items of varying heights. 

 
METHODOLOGY 

A robotic arm controlled by computer vision utilizes cameras to capture visual data, which is then 
processed through advanced image recognition algorithms. The block diagram as shown in Figure 1 

consists of three primary components: image acquisition (cameras), image processing (algorithms that 
extract relevant information), and actuation (robotic arm movement based on processed data). The 

cameras capture the surroundings, the algorithms analyse the visual data, and the robotic arm carries 

out actions accordingly. This integration improves the robot's capability to complete tasks in changing 
environments with immediate responsiveness. 

 
Motor Configuration 

For precise movement and control, a robotic arm configuration incorporates four servo motors that 
are strategically positioned. The base servo motor facilitates rotational motion, enabling the limb to 

perform a horizontal pivot. The shoulder servo, which is linked to the base, regulates vertical motion 
by raising and lowering the arm. The elbow servo, situated at the midline of the arm, improves flexibility 

by enabling flexion and extension. A gripper actuator is located at the end effector and controls the 
grasping mechanism, allowing the arm to precisely grasp and release objects. The utilization of a four-

servo configuration guarantees a dynamic range of motion, which enables the robotic arm to execute 
tasks with versatility, efficiency, and precision. 

 
KINEMATIC MODELING 

To ensure proper functioning of the system, it is necessary to translate the position of the chosen 

items in the workspace of the robotic limb into angular positions for the limb. Firstly, the algorithm 

determines the exact position of the object being targeted via a specific formula. 

 

 
Figure 1. Block diagram of proposed concept. 

         

     
      

              

          

          

          

          

 

 



 

 

Eyes for Machines                                                                                                           Balkrishna Rasiklal Yadav 

 

 

© STM Journals 2024. All Rights Reserved 31  
 

Assume that there are no points in the contour. To calculate the center of a point, we use the formula 

(Cx, Cy) = (xi, yi). 

 

 
 

At this time, the positions of a points are specified in position of a points in a pixel; the unitary 

technique is employed to convert them to positions of a point that are Cartesian. Subsequently, joint 

position of a points for the robotic arm are determined using inverse kinematic modeling of the entirety 

of the system. These positions of a point are utilized to position the last effector's point at the center of 

the target object. The system's kinematic model is illustrated in Figure 2. 

 

S1, S2, and S3 represent the joint positions of the robotic limb's limb servos, base, and elbow, 

respectively. The concatenated joint positions are transmitted to the processor that regulates the arm of 

the robot to execute collection and deliver operations and generate the intended motion. 

 

The subsequent segment elucidates the outcomes and results acquired through the system's 

implementation. This consists of both the constructed physical device and the user interface. 

 

In addition, we conducted a trial on the device to determine its effectiveness in performing the task 

for which it was built. This entails evaluating the precision of the system in relation to the three methods 

of sorting, kinematic modeling, and center recognition. We concluded the following part by comparing 

the outcomes and layout to those of prior endeavors. 

 

Flowchart of the Code 

In Figure 3a and 3b images, you can see the ways that we are utilizing to program the whole system: 

 

 

 
Figure 2. Side view and top view of the kinematic diagram. 
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Figure 3. Block forms of utilizing the program to the whole system in two ways. 

 

CONCLUSION AND FUTURE SCOPE 

Computer vision–controlled robotic arms have taken technology to new heights, blending the power 

of visual perception with advanced robotics. From transforming manufacturing processes to 

revolutionizing healthcare, these machines are making a significant impact in various industries. With 

their ability to see, understand, and interact with the world around them, computer vision controlled 

robotic arms are truly changing the game. So, get ready to be amazed by the endless possibilities that 

lie ahead in this captivating field of robotics. 

 
The ever-improving field of engineering and robotics will continue to grow because of our desire and 

the interesting possibilities it brings to its inventors and creators. Every person dreams of building a 

machine that can do the same job, or even more. Our project is a robotic arm that mimics hand gestures. 

It is a simple project so what we have improved is freedom of movement. We mainly focus on military 

and medical fields. 

 
Developing the necessary software and the necessary hardware for a robotic limb that relies on 

gestures was the primary objective of the project. Features and capabilities of this branch will include 
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sensor capabilities, intelligence, mobility and navigation, universal gripper, and systems integration and 

networking. 
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