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ABSTRACT 

The research goal of this study is to investigate the use of sensor feedback for robot path planning 

and optimization. Robots are ideal automation tools for handling highly repetitive manufacturing 

tasks with unparalleled accuracy and agility. Manufacturing tasks that can be handled by robots 

include polishing, material handling, assembly, inspection, etc.  The study uses ABB Robotstudio 

simulation software and an existing collaborative robot equipped with a conventionally available 

3D machine vision sensor. Regular digital cameras capture two-dimensional images. 3D vision 

sensors can capture three-dimensional images with the depth perception. The research findings are 

expected to enhance the domain knowledge and make industrial robots more collaborative and 

intelligent with advanced sensor feedback.  

The approach involves two scholarly tasks in achieving the research goal.The first task is 

to investigate robot path planning for a painting application with the use of the ABB Robotstudio 

simulation software. The aim of the path planning is to cover the entire surface of a flat panel 

evenly.  For the simulation purposes, a flat panel may contain arbitrary pockets and/or holes which 

shouldn’t be painted. The simulation uses line sensors that assimilate proximity sensors for 

detecting the geometry of the flat panel so that the robot path can be optimized in accordance with 

the workpiece geometry. The second task is to investigate path planning methods along with the 

machine vision feedback for the same robotic painting application. A UR-10e robot and a SICK 

ranger camera are used for the second task. A Canny edge detection algorithm is studied in 

conjunction with identifying the workpiece geometry.  

Keywords: Path Planning, Edge Detection, Socket Communication, Obstacle, Virtual Work-Cell 
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CHAPTER 1 

INTRODUCTION 

Robots equipped with sensor feedback will offer easier robot programming, safer robot operation 

in complex, dynamic environments, more autonomy with cognitive perceptions, and more 

intuitive, reliable human-machine interactions.  The research goal of this study is to investigate the 

use of sensor feedback for robot path planning and optimization.  Robots are ideal automation 

tools for handling highly repetitive manufacturing tasks with unparalleled accuracy and agility.  

Manufacturing tasks that can be handled by robots include polishing, material handling, assembly, 

inspection, etc.  The study uses the ABB Robot studio simulation software and an existing 

collaborative robot equipped with a conventionally available 3D machine vision sensor.   Regular 

digital cameras capture two-dimensional images.  3D vision sensors can capture three-dimensional 

images with the depth perception.  The research findings are expected to enhance the domain 

knowledge and make industrial robots more collaborative and intelligent with advanced sensor 

feedback.  

The major focus in this research is on finding a particular solution for robot path planning 

involved in robot applications, such as robotic painting. The proposed methodology can also be 

implemented in other robot applications like surface deburring, polishing, etc.  The scope of this 

research involves certain path constraints for sensor-based path planning in the ABB robot 

simulation.  The scope of this research also involves the use of a UR-10e robot and a 3D machine 

vision sensor, where the image considered is a 2D image by ignoring the depth perception to 

initially start with a simplest end goal.  

Edge detection is the important step in image processing, that further can be applied to 

various robot applications and robot path planning. Path planning is the task of determining a 
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collision-free path through bypassing overall target points of an area or volume of interest while 

avoiding obstacles. This task is integral to many robotic applications like material handling, and 

for  vacuum cleaning robots, painter robots, autonomous underwater vehicles, creating image 

mosaics, demining robots, lawnmowers, automated harvesters, window cleaners, and inspection 

of complex structures.  

In Chapter 2, the literature review section mentions the contributions of various researchers 

on topics like ABB Robotstudio for various robot applications, importance of edge detection in 

image processing, and  the Canny edge detector and other image processing techniques in machine 

vision. Based on [9], [11], [12], the Canny Edge detection works better in terms of accuracy, CPU 

usage, the peak signal-to-noise ratio, execution time, and a higher entropy. With all these benefits 

from the Canny Edge detection, which can be used as a major image processing technique in 

obtaining information, such as edges, contours and further used to achieve several other 

applications[16][19][21]. 

Chapter 3 is the methodology section discusses the methodologies used for sensor-based 

path planning on ABB Robotstudio simulation and the Canny edge detection algorithm on the 

SICK Ranger Camera data for a UR-10e robot.  The codes are written in Visual Studio C++.  

Chapter 4 is the Results and Discussions section that explains the results of the ABB 

Robotstudio simulation and the Canny edge detection output for the SICK Ranger Camera data.  

The performance of Canny edge detection is evaluated and validated with the results obtained from 

[11]  in terms of the execution time, and it concludes that execution time decreases with increase 

in the Kernel size. Also, the actual time and the CPU  time are analyzed for this process. 
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Chapter 5 is the Conclusion and Future Work  section, which summarizes the research 

outcomes and provides recommendations for the future work.  The future work can focus on the 

vision system calibration as well as the mode of communication between the robot controller and 

the vision system to achieve real-time path planning with the emphasis on robot applications, such 

as robotic polishing and robotic painting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

CHAPTER 2 

LITERATURE  REVIEW 

 

This section discusses the detailed review of the related concepts, ideas, and research results 

documented by other researchers. There are many areas of robotics that are being discussed 

throughout this research, therefore, the effort is given to carefully categorize the topics relevant to 

this research. This chapter examines the literature on the following topics: ABB Robotstudio 

various for robot applications, importance of edge detection in image processing, the Canny edge 

detector and other image processing techniques in robotics. 

2.1 ABB Robotstudio for Various Robot Applications. 

This section discusses the major contributions of researchers in performing various robot 

applications using ABB robots, ABB Robotstudio, and its add-ins.  Robotstudio is an offline robot 

programming and simulation software.  

The results presented in [1] obtained from designing a welding workstation by using offline 

programming in Robotstudio. The developed model simulated the welding elements of a welded 

assembly. The Welding Procedure Specification(WPS) obtained using the Virtual Arc module in 

the simulation helped to determine the best angles for both the welding process and the economic 

use of the robot, which estimates robot expenses and costs for the company that manufactures 

welded assembly by using ArcWelding. The (WPS) document, guides welders to the use of trusted 

welding techniques along with accepted procedures. The details include the parameters of welding 

technology, the formation of weld material inside out, and eliminating errors.  
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The study is done in [2] aimed to achieve a fully automated system for pick and place 

application using an ABB robot.  Researchers in this study reported the development of line 

follower mobile robot correlated with ABB industrial robot manipulator.  A prototype model called 

line follower mobile robot is designed and fabricated  for material handling. The IRB1410 ABB 

industrial robot was programmed to perform the pick and place operation, the designation, 

development, and programming of the line follower robot system, and both robots were 

synchronized to work together with such that objects were being transported from one point to 

another automatically. 

The study in [3] utilized the Robotstudio for manual off-line programming and virtual 

simulation design of ABB welding robot. The off-line programming software of the Robotstudio 

is of greater significance as it helped to build a virtual simulation system of the robot welding 

operation, contributed to reasonably planning and configuring production resources, the 

development cycle of the production line is shortened, saved operation time and improved the 

work efficiency. The Robotstudio is used to simulate the welding trajectory planning of ABB 1410 

in the production process, and the motion trajectory is planned by various programming methods.  

The goal of the study in [4] is to propose a control algorithm using a high-level 

proportional-integral-derivative(PID) controller  to generate reference velocities dynamically for 

different travel ranges of the Tool Center Point (TCP) of the robot, this helps to understand 

industrial robots exhibiting a long delay between the time a motion is ordered and the robot actually 

moves. The outcome obtained without using a low-level interface with ABB IRC5 robot controller 

is an improvement in the smoothness of the motion and reduced latency. The intentional 

installation of a robot on a wobbly table and  its vibrations were recorded using a six-degrees-of-

freedom force/torque sensor fitted to the tool mounting interface of the robot. The robot vibrations 
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are a measure of the smoothness of the tracking movements. C# .Net is used to establish 

communication between the controller and the computer at a rate of 250 Hz. Good positioning 

accuracy and smooth tracking motion with minimized vibration, a latency of 344 ms, and a 

tracking error of 0.2mm were demonstrated. However, the achieved motions were jaggy and 

caused lots of vibrations Applications include remotely controlling industrial robots in dangerous 

environments like nuclear power plants and microbial diseases laboratories. The limitation of this 

method is that to achieve a high-bandwidth path following, overcoming the inherent latency of the 

controller is a must.  

Researchers [5] proposed a novel approach to identify burr and generate a trajectory for 

robotic deburring. Image processing is employed to detect burr and its location on the workpiece. 

The dimensions and location of the burr are determined using various image processing algorithms 

on 2D images of the machined workpiece. The image point cloud helped to obtain the trajectory 

of the robot The verification of burr dimensions is done using a Coordinate Measuring 

Machine(CMM). To achieve the deburring trajectory, this approach relied on images taken by a 

CCD camera. The subtraction and thickness algorithm are the two new algorithms discussed in 

this research paper proposed approach provides an effective way to obtain the deburring trajectory 

without explicitly teaching the robot. The effectiveness of the method in generating the deburring 

trajectory is done on an ABB Robotstudio simulation software and validated using 

experimentation. 

The study in [6] presented a web-based system for image processing and path planning for 

robot sketching that can further be extended to other industrial applications such as robot welding 

and laser cutting. A facial image taken by a webcam to identify the contours that represent the 

image is processed and these contours are converted to paths for a robot to follow and control 
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codes are auto-generated and self-calibration is used to adaptively control the robot for applications 

like sketching. A closed-loop system with a robot and a networked camera is a prototype used. 

Intelligent computation helped to identify the contours of the image with minimum representation 

of points and with the correct sequence of points for each curve (path). The sequence of the output 

robot paths represents the near-optimal sequence to preserve the minimum traveling time for the 

robot. To monitor the robot off-site, a robot control module can be used to retrieve the TCP of the 

robot. 

  Researchers [7] proposed the Shortest Possible Path (SPP) algorithm, considered as a 

subset of the geometry-based algorithm to solve the path planning environment in a static 

environment with convex and non-convex obstacles. This algorithm comes up with a network of 

the segment lines that connect the vertices of obstacles and the location of the start and goal points. 

The network is shrunk while trying to preserve optimal conditions is the advantage of SPP.The 

capability of discerning the ineffective polygon and eliminating them from its calculations is the 

uniqueness of the SPP algorithm. It is mathematically proven that the SPP algorithm generates an 

optimal path and the time complexity of this algorithm was calculated as O(n2).  

Researchers [8] documented a new robotic deburring methodology for robotic deburring 

tool path planning and developed a robotic deburring process parameter control for a new five-

DOF hybrid robot manipulator, design and physical structure of the robot manipulator for the 

original experimental platform and the improved one. The robot manipulator provided a good 

solution for the complex-shaped parts in the deburring process. A proposed methodologies is based 

on fuzzy control, which represents convenience, simplicity, and optimization property with 

automatic-online error correction. These methods can be used to handle similar problems for 

different types of robot manipulators.  
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According to the documented results, ABB Robotstudio can be applied to various robot 

applications like robotic deburring, robotic welding using ArcWeld Powerpack. The use of a 

virtual simulation tool in the operation research offers optimized operation time, increased 

efficiency, more safety, eliminating the risk that exists when using real robots with manual control, 

commissioning controller in a shorter time, and the opportunity to work with different types of end 

effectors and robots. 

2.2 Importance of Edge Detection in Image Processing  

Edge detection is a very important step for computer vision and image processing. Edge detection 

is at the forefront of image processing for object detection, as this is the initial step in object 

boundary extraction and object recognition. The Canny edge operator is a multi-stage algorithm 

that detects a vast range of edges in images. The derivative of a Gaussian is a filter used to compute 

the intensity of the gradients thus reducing the effect of noise present in the image. Removing of 

non-maximum pixels of the gradient magnitude thins down the potential edges. Finally, 

thresholding using hysteresis decides whether the edge pixel must be considered or not.  

The paper in [9] evaluated a comparative study of different edge detection techniques such 

as the Canny, Prewitt, and Sobel. Each edge detection is unique when compared with the other. 

Canny is computationally expensive but gives the best result with a low error rate, the Sobel 

technique gives more accurate edges, and Prewitt is quickly computed.  

The study in [10] builds a low-cost system for identifying shapes to program a six-axis 

“ABB IRB 140” robot for a welding process in 2D that can detect geometric shapes drawn by 

humans as contours and approximating them. This study presented binarization and contour 

recognition methods to make the robot weld the same contours on a 2D plane.  
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Results from [11] details about the execution time taken by the Canny edge detector on 

different Kernel sizes, different interpolation methods on the Gaussian blurred images, that are 

used in the Canny edge detection. The distortion in edges and time efficiency differed for different 

interpolation methods. The structural similarity index method is used to compare the distortion in 

the edges that occurred in original images and downscaled images.  

The work in [12] evaluated comparative analyses of different edge detection operators in 

image processing and states that the performance of a Canny edge detection operators is much 

better than Sobel, Roberts, Prewitt, LoG (Laplacian of Gaussian), and Zero crossing for an image 

and localization of its object boundary. The Canny edge detector produced higher accuracy in 

detection of object edges with higher entropy, peak signal-to-noise ratio (PSNR), mean square 

ratio (MSE), and execution time are compared with Sobel, Prewitt, Roberts, Zero crossing. 

The work documented in [13] proposed combining the Prewitt operator and Haar wavelet 

and its performance is compared with various standard edge detection algorithms in different 

conditions. The Canny edge detection algorithm is implemented with adaptive parameters.Visual 

C#.net are used to develop software programs for edge detectors. and concludes that the Canny 

edge detection algorithm with adaptive parameters performed better in almost all conditions in 

comparison to other operators at the expense of its execution time. The Haar-based Prewitt method 

of edge detection does not perform better than classical edge detectors. The Canny edge detection 

algorithm is found to be better in noisy and blur conditions but its results are highly dependent on 

adjustable parameters.  

After reviewing various research articles, it can be concluded that the Canny Edge 

detection works better in terms of accuracy, CPU usage, peak signal- to-noise ratio, execution 

time, higher entropy. With all these benefits from Canny Edge detection, which can be used as a 
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major image processing technique in obtaining information such as edges, contours and further 

used to achieve several applications. 

2.3 Canny Edge Detector and other Image Processing Techniques in Robotics 

Researchers [14] utilized triple-threshold Canny edge detection, an automatic method for detecting 

internal cracks from a sequence of infrared images with pulse thermography that helps for visual 

inspection and assessment of the condition of metal structures that are essential for safety. Visible 

infrared images obtained from pulse thermography is used to characterize the defects in materials 

and structures. The image signals are a series of infrared images obtained from the experimental 

setup with two flash lamps as stimuli and a thermal camera. The Canny operator is used to enhance 

the pixel contrasts in each frame of  a triple-threshold system  to reconstruct the image. Two 

features, the mean value in the Gaussian filter and the maximal threshold value Smax, are extracted 

from the reconstructed signal to help distinguish the crack pixels from others.  

The work in [15] proposed a method, aimed to improve the production process of Glass, to 

achieve an increase in the quality of a product. The popular edge detection algorithms (Roberts, 

Sobel, Canny, and Prewitt, Sobel, LoG) are used to analyze the texture of a glass surface with 

defects such as scratch, crack, and bubble. The transparency and reflective nature of glass make it 

a difficult material to examine with cameras, by making improvements to the image before 

applying edge detection algorithms. The results obtained from the application are compared and 

evaluated with the reference image and texture analysis performance of edge detection algorithms, 

concluded that the Canny and LOG edge detection algorithms can be applied to an image with 

little noise or image optimized with image processing methods, but are not as successful as the 

Gabor filter and wavelet transforms that give better results. 
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 Authors [16] developed a comprehensive robot trajectory extraction method for complex 

welding seam through the processing of noisy images and laser data to improve manufacturing 

efficiency. Vision feedback in robotic welding provides productivity, flexibility, and precision that 

promotes a wide range of applications. An industrial robot path planning is done using machine 

vision techniques to identify and locate the welding seam. Since the structured light on laser basis 

and stereo vision proposes more possibility in specifying the place of the seam, thus considered 

two-source processing for Gas Metal Arc Welding (GMAW). Different types of workpieces under 

random welding conditions have experimented, and the results showed a considerable 

improvement in speed and detection of error between the measured and real seam.  

Thie study in [17] implements a target positioning method based on an improved Canny 

operator to improve the accuracy of binocular vision manipulator control. The image obtained 

from the left and right cameras is converted into an HSI color model, Region of Interest (ROI), 

and image color feature defines the location of the target range. Then, the improved Canny edge 

detection algorithm detected the target in the ROI image, target contour, and center position of the 

target on the left and right images, respectively, to obtain the center of the target on the left and 

right images and using triangulation obtained the three-dimensional coordinates of the target with 

respect to the camera. The two table tennis experimental results accurately detected and located 

the target position, and the positioning error is 2.4%. This method can be used to obtain accurate 

coordinates for the manipulator to perform several tasks.  

In the simulation world, tasks like recognition, object detection, and manipulation often 

employ synthetic images in datasets without mixing them with real-world images. The systems 

trained using tasks requiring object detection in the simulated environment, due to the 

inconsistencies between real and simulation environments, cannot be directly used in the real-
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world experiments. Thus, researchers [18] proposed a hybrid image dataset including Annotated 

Desktop Objects from REal and Synthetic worlds (ADORESet), provides purposeful object 

categories with a sufficient number of real and synthetic images. The advantages of this dataset 

are demonstrated by testing object recognition tasks by fine-tuning the state-of-the-art deep 

convolutional neural networks such as VGGNet, ResNet, InceptionV3, and Xception. The possible 

combinations of these models are compared in terms of accuracy, time, and loss values. The results 

showed that training with all-real images yielded approximately 49% validation accuracy for 

simulation images, and for all-synthetic images, validated using all-real images, the accuracy 

becomes lower than 10%. If the complete ADORESet is employed for training and validation, the 

hybrid dataset validation accuracy reached approximately 95%. This result proved that including 

the real and synthetic images together in the training and validation sessions increases the overall 

system accuracy and reliability.  

In [19], researchers presented several applications for a robotic arm using image 

processing. The images captured using a video camera are processed for either recognition, 

extraction of contour coordinates, and sorting. Based on the images captured, the developed 

algorithms enabled the arm to sort objects of different shapes or draw shapes using the coordinates 

received. Border extraction, contour extraction, contour detection, and match template with the 

help of OpenCV Library. Also, a developed PI Controller ensured the position of the robotic arm. 

Statistical results obtained in this article[11]  after comparing canny, Sobel, and Prewitt operator 

is used for validating the output obtained in this research for using the Canny edge detection on 

SICK Ranger Camera. 

The study in [21] presented the method to perform precise tracking of the contour of an 

arbitrarily shaped workpiece for robotic deburring. To achieve precision deburring, this study uses 
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a tool-path modification method based on a Computer-Aided Design (CAD) model and proposed 

a direct teaching method considering the position/orientation errors of the workpiece. Based on 

the trajectory, a virtual wall is adopted to improve the force-control performance, a impedance 

control helps in controlling excessive contact force. A six DOF articulated manipulator with force 

control strategies and a virtual wall is used to implement this method to perform the robotic 

deburring. The conclusions are the direct teaching method under impedance control estimates the 

position or orientation errors installed in the jig, and, the data set obtained from this method, the 

tool path from the CAD model, successfully modified to reflect the position/orientation errors of 

the workpiece. The deburring tool accurately tracked the entire contour of the workpiece following 

the modified tool path while maintaining a proper contact force.  

The study in [22] aimed to investigate the integration of image identification with robotic 

arms using the Denavit– Hartenberg transformation matrix to analyze the mechanical kinematics 

of the joints of each robotic arm axis. Determined the spatial relationships between the Cartesian 

3D coordinate system and the joint of each axis and established a communication between the 

robotic arm and image identification. The six-axis Universal robot and cameras, which use a filter, 

Sobel computation, and Hough transformation computer vision image processing technology, 

together comprised a system that automatically identifies the workpiece and carries out loading 

and unloading accurately. Feedback vision helped achieve accurate calibration by correcting the 

inherent errors letting the endpoint pose position of the arm be fine-tuned resulting in improved 

accuracy. Hough transformation made measurements stable and error calibration is automatic. 

Results showed that changing the parameters to increase the Hough transformation accuracy not 

only reduced image pixel error but also increased the precision with which the mass point position 

could be determined and gave a better gripping performance.  
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After thoroughly reviewing the articles on the use of ABB Robotstudio, edge detection 

algorithms, and image processing techniques, the corresponding fundamental concepts are 

implemented in our research for greater understanding and exploration.  The aim of this research 

is to investigate a path planning method using sensor feedback and machine-vision feedback.  

Also, the performance of the Canny edge detection is evaluated in terms of the execution time.  
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CHAPTER 3 
METHODOLOGY 

 

The approach involves two scholarly tasks in achieving the research goal.  The first task is to 

investigate robot path planning for a painting application with the use of the ABB Robotstudio 

simulation software.  The aim of the path planning is to cover the entire surface of a flat panel 

evenly.  For the simulation purposes, a flat panel may contain arbitrary pockets and/or holes which 

shouldn’t be painted.  The simulation uses line sensors that assimilate proximity sensors for 

detecting the geometry of the flat panel so that the robot path can be optimized in accordance with 

the workpiece geometry.  The second task is to investigate path planning methods along with the 

machine vision feedback for the same robotic painting application.  A UR10e robot and a SICK 

ranger camera are used for the second task.  Path planning strategies are implemented by 

developing a RAPID code in the ABB Robotstudio. A virtual work cell is created in the ABB 

Robotstudio. The virtual station consists of an ABB robot model (IRB 120) that has 3.5kg of 

payload capacity and a  virtual work cell. The components of the virtual work cells are created 

based on the application needs.   

3.1 Using ABB Robotstudio for Obstacle Avoidance Path Planning 

3.1.1  Creating a Virtual Work Cell  

1) Detection of an Obstacle in the path:  

 A 3D model(180mm * 180mm *200 mm) and a smart component consisting of line 

sensors are created in the ABB Robotstudio. The use of Line sensors is to detect an 

Obstacle. The 5 * 5 grid cells with dimensions of (150mm * 150mm * 30mm) on the 3D 
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model as shown in Figure 3.1.1.1. This type of virtual work cell setup  is used for basic 

path planning applications.  

 

 

Figure 3.1.1.1 : 5*5 grid cells, 3D model along with obstacles and sensors created in 

ABB Robotstudio 

2) Surfaces with the presence of holes:  

A 3D surface having arbitrary holes is created using the TinkerCad site as shown in Figure 

3.1.1.2. Figure 3.1.1.3 shows the 3D surface model (.stl file) is imported to the virtual 

station to mount on a 3D model of the virtual work cell, which acts as a base.This type of 

virtual work cell setup is used for applications such as Robot Painting.  

 

 

 

Figure 3.1.1.2: A 3D surface model created using Tinkercad 
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Figure 3.1.1.3: Imported 3D surface model at the station of ABB Robostudio 

 

3.1.2  Integration of the Line Sensors  

The Line Sensor is defined by a start point and, the endpoint of a line. The sensor detects objects 

that intersect the line when an active signal is high. Intersecting objects are displayed in the 

ClosestPart property and the point on the intersecting part that is closest to the line sensors start 

point is displayed in the ClosestPoint property. When an intersection occurs the SensorOut output 

signal is set. The line sensors are placed 5mm above the surface of the work cell, as it needs to 

signal only when it detects the obstacle not the surface of the work cell. 

  The line sensors must be integrated with the robot to detect and signal the robot that the 

obstacle is detected so the path needs to be changed to avoid a collision.  As shown in Figure 

3.1.2.1, line sensors have two Boolean values, where 0 represents the detection of an obstacle and 

1 represents the obstacle that is not detected by the line sensor.  Similar to a Chess Playing robot, 

that uses certain sensors for detecting the pieces on the chess board. The line sensor does not have 

to be binary. It can be a voltage analog signal. For example, for 0, it can be no signal, and, for 1, 

it can be a 10V signal.  
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   Figure 3.1.2.1: Properties of virtual line sensor 

   Figure 3.1.2.2 shows creating digital signals of robot in the ABB Robotstudio under add signal 

in the  I/O controller system configuration. Figure 3.1.2.3 shows creating I/O connections between 

input and output digital signals under the signals and connections in the static logic.   Figure 3.1.2.4 

shows the connections established between smart component and ABB robot after creating input 

and output digital signals. 

 

   Figure 3.1.2.2: Creating digital signals of robot. 
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   Figure 3.1.2.3: Creating I/O connections between input and output digital signals. 

 

 

   Figure 3.1.2.4: Connections established between smart component and ABB robot 
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3.1.3 Path Planning Strategies: 

3.1.3.1  Grid-Based Path Planning: 

Figure 3.1.3.1 shows the basic representation of 5*5 grid cells. Blue-colored cells representing 

an obstacle and white-colored cells representing a free space cell. 

 

Figure 3.1.3.1 Basic representation of 5*5 grid cells 

The two-path planning strategies are implemented in the simulation: 

1) Left-to-Right Path:  

Path planning is done in the Left-to-Right direction as shown in Figure 3.1.3.2. After the row 

ends, the left-most point of the next row is chosen and moves towards the right. This process 

continues until it reaches the endpoint. It’s a non-continuous path planning, as it stops at the right 

corner for each iteration. If the obstacle is present along the path, the robot retracts its Z-axis 

position to avoid collision and then further continues the path.  

 
 

Figure 3.1.3.2: Left-to-Right path 



21 
 

 
2) Zig-Zag Path: 

  Path planning is started at the leftmost point and moves in Zig zag form until it reaches the endpoint 

as shown in Figure 3.1.3.3. If the obstacle is present along the path, the robot retracts its Z-axis 

position to avoid collision and then further continues the path.  

 

Figure 3.1.3.3: Zig-Zag path 

3.1.4 ABB RAPID Programming for Path Planning 

RAPID is a programming language used to program ABB industrial robots. Using the RAPID 

module in the ABB Robotstudio simulation software can program an ABB robot. Synchronizing 

the RAPID module with ABB workstation updates the virtual controller as per the RAPID code 

and perform the particular task as per the code. Changes made in the workstation can be applied 

to the RAPID code  by synchronizing the ABB workstation with the RAPID module. Figure 3.1.4.1 

shows the flow of signal from line sensor to the robot based on activation of the digital line sensor 

by detecting an obstacle that intersects the line senor. 
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Figure 3.1.4.1: Flow of signal from line sensor to IRB 120 robot 

A robotic constraint is a restriction that narrows robotics system motion possibilities. 

Constraints include a joint that is at its limit, a mechanical constraint, and the desired position of 

the tool, constraints applied by the user. The robotic constraint allows the user to determine the 

motion of the system. Constraints are imposed on the robotic system in our path planning approach.  

A direction constraint is that, when the obstacle is detected, the robot must go upwards, not any 

other direction. A planar constraint is that, when no obstacle is detected, the path must be along a 

plane.  

Here is the list of RAPID variables, datatypes, instructions, and functions used to program a basic 

level of path planning methods like the Zig-Zag path and the Left-to-Right path.  

1) Var and Num: Var is a RAPID syntax keyword used to declare a variable. Num is a numeric 

datatype to store numeric values. Examples are as follows: Var num i; it means that variable “i” 

is of the num datatype. 

 2) robtarget: It is a data type used to define the position of the robot and the additional axes. 

Example: CONST robtarget p1 := [ [100, 500, 225.3], [1, 0, 0, 0], [1, 1, 0, 0], [ 11, 12.3, 9E9, 9E9, 

9E9, 9E9] ]; A position p1 is defined as follows: The position of the robot: x = 100, y = 500 and z 
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= 225.3 mm in the object coordinate system. The orientation of the tool in the same direction as the 

object coordinate system.The axis configuration of the robot: axes 1 and 4 in position 90-180°, axis 

6 in position 0-90°.The position of the additional logical axes, a and b, expressed in degrees or mm 

(depending on the type of axis). Axes c to f are undefined. 

3) DInput: It is a function that reads the value of a digital input signal. Example: SignalInput = 

DINPUT(Digital_input)  

4) MOD: The Mod operation evaluates an integer modulus. The remainder of the modulus helps 

to make a conditional checking. In this method, the remainder of 0, is used for an even-numbered 

row, and the remainder of 1 is used for an odd-numbered row. 

5) MoveL: The MoveL instructions are used to move the TCP of the robot linearly to a given 

destination. When the TCP is to remain stationary, this instruction can also be used to reorientate 

the tool.  Example: MoveL p1, v1000, z30, tool2; The TCP of the tool, tool2, is moved linearly to 

the position p1, with speed data v1000and zone data z30.  

Figure 3.1.4.2 shows the flowchart to perform path planning simulation in ABB robotstudio to 

create a collision-free path by avoiding obstacles detected using line sensors. 
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Figure 3.1.4.2:  Flowchart to perform path planning simulation in ABB Robotstudio  
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3.2  Canny Edge Detector for Camera Data to perform Path Planning on UR Robot. 

Equipment used in this methodology are a UR-10e robot, a SICK Ranger camera and a computer. 

3.2.1  Universal Robot Features and Specifications 

A UR-10e robot is a collaborative robot (cobot) manufactured in Denmark. The features of the 

robot include  easy programming, fast setup, flexible deployment, and collaborative and safe. The 

safety of the robot was approved and certified by TUV (The German Technical Inspection 

Association). The robot controller is a computer system, which keeps the components of the arm 

working together. The controller is the "brain" of the robot. The robot can work with other 

machines, processes, or robots using the controller as it can network with other systems. A robot 

controller manages the arm articulations, the interface with the workplace, and the end effector. 

The specifications  of  UR-10e robot in terms of  maximum payload, force range sensor ,and torque 

range sensor are shown in Table  3.2.1  

 SSH Access, Memory of  2 GB DDR 3 1600 MHz and  CPU is Intel Atom E3845 4 core 64-

bit.(Frequency of 1.91GH,2 MB L2 Cache, Intel HD Graphics) 

 The Software details are Operating System is Debian GNU/Linux 8 (Jessie), Polyscope is 

Universal Robot Proprietary and SDK (Software Developers Kit), Teach Pendant: Universal 

Robots Polyscope, Graphical Entry, UR Scripting Language 

 Universal Robot Communication: TCP Socket Communication- Client on Robot, Server on 

PC, Client on PC only, Always “listening” ports. MODBUS to connect with PLC and  PC. 

RTDE (Real-Time Data Exchange) using port 30004. 
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Table  3.2.1 Specifications  of  UR-10e robot 

 

 3.2.2  Machine Vision System - SICK Ranger Camera 

Machine vision is defined as the use of devices for optical non-contact sensing to automatically 

receive the information in image format and interpret it to a real scene to get useful information 

and/or control machines or processes. Image analysis is the primary purpose of machine vision. 

The critical role is to achieve strategic goals based on applications like Positioning, Inspection, 

Closed-loop process control, Robot guidance, and precise non-contact measurement. Sick Ranger 

E50 3D-Vision Camera shown in Figure 3.2.2.1 has a Resolution of 1536 x 512 pixels. It can read 

35000 profile points/sec. It has Multi-scan technology and a Gigabit Ethernet interface as a 

communication mode. Table  3.2.2.1 shows the applications using machine vision systems- SICK 

Ranger Camera 
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Figure 3.2.2.1 SICK RangerE Camera 

                        Table  3.2.2.1  Applications using Machine vision systems- SICK Ranger Camera 

 

3.2.3  Establish a Socket Communication between PC and Robot 

Winsock library in C++ by assuming PC as client and Robot server, a connection is established, 

This communication is to transfer a data from PC to Robot by creating sockets with the help of IP 
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address of PC and Robot as shown in Figure 3.2.3.1. The below steps explains how to create a 

socket and establish a connection between sockets. 

 

Figure 3.2.3.1: TCP client-server communication. 

1)Choose your socket type: There are two kinds of sockets, server-side and client-side. A 

connection is initiated by a client socket and the server waits for the connection. To make a client-

side socket, Get the address of the server. Make a socket, Connect the socket to the address, and 

Exchange data with the server. 
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2)Make a sockaddr: To make a socket, need to fill in a sockaddr_in structure.  This structure 

contains an internet address to hold the address of the server and can be obtained by just declaring 

a variable of type sockaddr_in. The following parameters need to be filled in:sin_len-length of the 

structure (1-byte char), sin_family: type of address (1-byte char), sin_port-port number(2 bytes 

short), sin_addr: IP  address(4-byte int) 

3)Servers uses the local hostname (as returned by gethostname(buf, buflength): Clients use the 

hostname of the server, ask the user or get it from a configuration file. Also, must mention default 

port number and buffer length. Making a socket is very simple by using the socket call, telling it 

the type of socket. 

4) Connecting the socket: if you are a client, then use connect() function to connect to the server, 

mentioning the address family, address length, a socket name that is created to connect to the 

server. 

5) Close the socket connection: After sending and receiving data is done, close the connection 

using the shutdown() function. 

6) Check for Error handling: Error handling can be applied in various stages of socket 

communication, from resolving the address and port of the socket, sending the initial buffer to 

closing the socket connection. If the socket address is wrong, then close the socket and sending an 

error message as output.  If the shutdown after the closing of the socket has not occurred. 
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3.2.4   Capturing a 2D Image from SICK Ranger Camera 

To obtain a 2D image, setting the parameters like pixel rows, pixel columns, intensity, the field of 

view in the image mode of the SICK Ranger Studio software helps to capture an image from the 

Camera. The image file is further saved as a .png file. Figure 3.2.4.1 shows an image captured 

from sick ranger camera. This file is further used in image processing to do edge detection. 

 

  Figure 3.2.4.1: An image captured from Sick Ranger Camera 

3.2.5 Performing Canny Edge Detection Algorithm using C++ and OpenCV 

OpenCV (Open Source Computer Vision Library) is an open-source computer vision and machine 

learning software library that provides a common infrastructure for computer vision applications 

and accelerates the use of machine perception in commercial products. A comprehensive set of 
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both classic, machine learning algorithms, and state-of-the-art computer vision is included in this 

library having more than 2500 optimized algorithms. These algorithms can be used to identify 

objects, detect and recognize faces, track camera movements, classify human actions in videos, 

track moving objects, extract 3D models of objects, stitch images together to produce a high-

resolution image of an entire scene, produce 3D point clouds from stereo cameras, find similar 

images from an image database, follow eye movements, remove red eyes from flash images, 

recognize scenery recognition and marker establishment overlayed with augmented reality, etc. 

The three main criteria are satisfied by the canny edge detection algorithm:  

a) Low error rate: Existent edges are only detected. 

b) Good localization: Minimizes the distance between real edge pixels and edge pixels 

detected. 

c) Minimal response: For each edge, there is only one detector response.  

The algorithm is based on grayscale images, so the pre-requisite is to convert the image into 

grayscale before applying the following steps as shown in  the Figure 3.2.5.1 

 

Figure 3.2.5.1: Block diagram of Canny edge detector 
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1) Apply a Gaussian filter to smooth the image in order to remove the noise. 

 2) Finding the intensity gradient of the image using a procedure similar to the Sobel operator:    

 a) Applying a pair of convolution masks in x and y directions:  

Gx=  
−1 0 +1
−2 0 +2
−1 0 +1

 

Gy = 
−1 −2 −1
0 0 0
+1 +2 +1

 

b) Find the gradient strength and direction with: 

                G= 𝐺 + 𝐺     and    𝜃 = 𝑎𝑟𝑐𝑡𝑎𝑛  

3) Non-maximum suppression is applied, which helps in removing pixels that are not considered 

to be part of an edge making the only candidate edges remain.  

4)Track edge by Hysteresis, the edges detected is finalized by suppressing weak edges, that are 

not connected to strong edges. Upper and lower thresholds are used by the Canny edge detector 

a)Accept as an edge: If a pixel gradient is higher than the upper threshold. b)Reject: If a pixel 

gradient is below the lower threshold. c)If the pixel gradient is between the two thresholds, 

accepted only if connected to a pixel above the upper threshold. An upper: lower ratio between 2:1 

and 3:1 is recommended by Canny.  

3.2.6  Finding Edges using findContours Function 

Contours stores the (x,y) coordinates of the boundary of a shape that has the same intensity. A 

change in the image color is detected and marked as a contour by this function.  
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cv.findContours(thresh, cv.RETR_TREE, cv.CHAIN_APPROX_SIMPLE) 

cv. findContours() function contains three arguments, the first one is the source image, the second 

is contour retrieval mode, third is the contour approximation method. A modified image, the 

contours, and the hierarchy are its output. Each individual contour is an array of (x,y) coordinates 

of boundary points of the object. All of the contours are retrieved and a full hierarchy of nested 

contours is reconstructed. There are various methods for contour recognition.  

1) CV_RETR_EXTERNAL: only searches for the most external contours.  

2) CV_RETR_LIST: searches for all contours, both internal and external, as well as the contours 

of solid figures and a data storage hierarchy is not created. 

3) CV_RETR_CCOMP: All the contours are searched and segregated into a two-level 

hierarchy. External contour borders appear on the top-level and on the second level, internal 

borders appear on the second level. According to the appropriate levels will be assigned if any 

other contour is in the opening of any elements;  

4) CV_RETR_TREE: All the contours are searched and a full hierarchy of nested contours is 

created with coordinates [0.0] as start and the maximum coordinates as end values.  

Contour Approximation Method of two types 

1) cv.CHAIN_APPROX_NONE: In this method, all the boundary points are stored 

2) cv.CHAIN_APPROX_SIMPLE: This method removes all redundant points and 

compresses the contour, thereby saving memory.   



34 
 

 Figure 3.2.6.1 shows an image output that demonstrates this technique.The left image shows 734 

points when cv.CHAIN_APPROX_NONE is used and the right image shows only 4 points when 

cv.CHAIN_APPROX_SIMPLE is used, which saves so much memory. 

 

  Figure 3.2.6.1: An images showing the approximate methods used in findContours function. 
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CHAPTER 4  

RESULTS AND DISCUSSIONS 

4.1 Robotstudio Simulation and Programming Tool 

Offline programming using virtual robot technology is just like having an actual robot on your PC. 

Offline programming is the best way to maximize return on investment for robot systems. ABB's 

simulation and offline programming software, Robotstudio, allows robot programming to be done 

on a PC in the office without shutting down production. It also enables robot programs to be 

prepared in advance, increasing overall productivity. Robotstudio provides the tools to increase 

the profitability of your robot system by letting you perform tasks such as training, programming, 

and optimization without disturbing production. This provides numerous benefits including risk 

reduction, shorter change-over quicker start-up, and increased productivity. Robotstudio and 

virtual controllers provide an appropriate environment to model and accurately simulate robot 

stations including robot program execution. A sophisticated learning infrastructure leverages the 

running of simulations in parallel and thus, offers scalability. 

Simulation Parameters:  

1. Process time or simulation time: The processing time measures the time it takes for 

robots to run a simulation or move along a path. When the timer is activated, the clock will 

start as soon as the process is started.  

2. Number of simulations: The number of iterations performed for different cases of active 

array sensor patterns, that would help to find the average simulation time  

3. Distance between obstacles: The distance between obstacles classified into three 

categories: Very less, Less and More  
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Table 4.1 shows the simulation results obtained for Zig-Zag and the Left-to-Right path method 

based on the distance between the obstacles. In this case, “Very less” refers to obstacles existing 

adjacent to each other. “Less” refers to an obstacle in the same row but not adjacent. “More” refers 

to obstacles existing in different rows and columns. In these two path methods,  farther the distance 

between obstacles, the simulation time or process time consumed is lesser. The closer the 

obstacles, the higher the simulation time. 

Table 4.1   Simulation result based on varying Obstacle distance. 

 

4.1.1  Robot Path Optimization 

1) By Varying Speed:  

In general, the robot speed must be adjusted in accordance with the task of the robot. 

Optimizing the path by varying speeds from 30m/s in presence of an obstacle to 50 m/s in the 

absence of an obstacle. The speed at which the robot moves in an obstacle-free path can be 

moderately increased and the speed of the robot moving near the obstacle can be set to a value that 

results in lesser simulation time, thus finding the time-efficient path.  

2)  By Varying Approximation Zones: 

Zones are referred to with terms such as Approximation or Continuous Motion. Zone puts 

a sphere or a circle around the point. Basically with a radius specified by the distance in the line 
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of code. Suppose specified as a zone of 50 that is Z50, which means an approximation zone or 

range with a radius of 50 millimeters is created. This gives the robot the ability to sort of cut the 

corner there to bypass in this case P20 by a little and gives the robot the ability to read ahead. But 

not only does the robot read ahead, but it’s also even able to execute up to three steps ahead of 

time. 

Figure 4.1.1.1 shows the sample code mentioning the variables on which varying speed and 

varying zone can be applied. The variable “ v” refers to a speed of 30m/s, “z100” refers to a zone 

radius of 100mm. 

 

Figure 4.1.1.1: Sample RAPID code explaining varying speed and zone. 

 

Figure 4.1.1.2:  Sample code for move instructions 
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In Figure 4.1.1.2, the first two lines in the code are identical except with the exception that we 

have Z50 in the first line of code, this is called approximation or continuous motion, it enables the 

robot to continuously move without ever having to use the breaks and come to a complete stop 

now. The word ‘fine’ in the second line of code is used for a robot to come to a complete stop at 

P20. A ‘fine’ move stops at P20 and this stops the continuous motion because the robot will speed 

up, it will reach its constant or maximum velocity there, and slows down and stops at P20. This 

stop is a very brief pause that’s not even noticeable to the human eye more like a jerking motion, 

but the robot will go exactly at P20 with a fine move. 

Figure 4.1.1.3 explains the motion followed by the target points P10, P20, P30  having ‘fine’ as a 

zone. This a non-continuous motion as the robot stops exactly at target points. 

 

Figure 4.1.1.3:  Motion with fine positioning(cv: continuous velocity, DEC: deacceleration between 
continuous velocity) 
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Figure 4.1.1.4: Series of 3 motion points using zones at a speed of 40 m/s 

4.1.2 Simulation Results for Path Strategies:  Zig Zag Method 

Table 4.1.2.1 shows the results obtained for the Zig-Zag path method for speed 30m/s by varying 

zones. It can be observed that a decrease in simulation time with the increase in zone radius as 

zones represent continuous motion.“Fine” consuming high simulation time compared to zones of 

different radius. Figure 4.1.2.1 represents the graph that interprets the change in simulation time 

by Varying Zones for the Zig-Zag path method at speed 30meter/sec. 

Table 4.1.2.1  Simulation time at a speed of 30m/sec for Zig-Zag path method 
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Figure 4.1.2.1:  Change in simulation time by varying zones for Zig-Zag path method 

Table 4.1.2.2  shows the results obtained for the Zig-Zag path method by varying zones 

and by varying speed from 30m/s in the presence of obstacle to 50m/s in the absence of an obstacle. 

It can be observed that a decrease in simulation time with the increase in zone radius as zones 

represent continuous motion.“Fine” consuming high simulation time compared to zones of 

different radius. Figure 4.1.2. 2 represents the graph that interprets the change in simulation time 

by varying zones for the Zig-Zag path method at speed 50meter/sec. When compared the results 

with table 4.1.2.1, process time after applying varying zones and varying speeds reduced from 

31.2seconds to 18.7 seconds. 

Table 4.1.2.2  Simulation time at speed of 50m/sec for  Zig-Zag path method 
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Figure 4.1.2.2:  Simulation time changes by varying zones at 50m/sec for Zig-Zag path method. 

4.1.3 Simulation Results for Path Strategies:  Left-to-Right Method 

Table 4.1.3.1 shows the results obtained for the Left-to-Right path method for speed 30 m/s by 

varying zones. It can be observed that a decrease in simulation time with the increase in zone radius 

as zones represent continuous motion.“Fine” consuming high simulation time compared to zones 

of different radius. Figure 4.1.3.1 represents the graph that interprets the change in simulation time 

by varying Zones for left to right path method at speed 30meter/sec. 

Table 4.1.3.1  Simulation time at a speed of 30m/sec for Left-to-Right  path method 
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   Figure 4.1.3.1: Change in simulation time by varying zones for Left-to-Right path method 

Table 4.1.3.2  shows the results obtained for  the Left-to-Right  path method by varying 

zones and by varying speed from 30m/s in the presence of obstacle to 50 m/s in the absence of an 

obstacle. It can be observed that a decrease in simulation time with the increase in zone radius as 

zones represent continuous motion.“Fine” consuming high simulation time compared to zones of 

different radius. Figure 4.1.3. 2 represents the graph that interprets the change in simulation time 

by varying zones for the Zig-Zag path method at speed 50 meter/sec. When compared the results 

with table 4.1.3.1, process time after applying varying zones and varying speeds reduced from 41 

seconds to 25.1 seconds. 

It can be observed that the simulation time for the Left-to-Right path strategy is almost 

double compared to the Zig-Zag method because after moving from left to right for each row, the 

robot needs to retract its position and move from right to left to continue the next row starting from 

left. Thus leading to more process time than the Zig-Zag method. 
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Table: 4.1.3.2  Simulation time at a speed of 50m/sec for Left-to-Right path method 

 

 

Figure  4.1.3.2:  Simulation time changes by varying zones at 50m/sec for left-to-right path 
method 

4.2 Canny Edge Detection Results for an Image obtained from  SICK Ranger Camera 

The images show the step-by-step output obtained applying Canny edge detection algorithm. 

Figure 4.2.1 is the original image for which the Canny detector is applied, in Figure 4.2.2, a 

grayscale image, as a Canny detector can be applied only to a grayscale image. So the image is 

converted to grayscale. Figure 4.2.3 is a blurred image, blurring is an important step in this 

algorithm, as this helps to remove noise. Figure 4.2.4  is an edge image, the final output obtained 

from the Canny edge detection algorithm. To obtain edge coordinates, Figure 4.2.5 shows the 
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contours for the edge output from the Canny. And Figure 4.2.6  shows the edge coordinates for 

that contour. 

 

Figure 4.2.1 : Original image 

 

Figure 4.2.2 : Gray-Scaled image 
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Figure  4.2.3 : Blurred image 

 

Figure 4.2.4 : An output edge image of Canny edge detection algorithm. 
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Figure 4.2.5 : Contour detection  

 

Figure 4.2.6 : Edge coordinates using findContours function. 

4.2.1 Performance Evaluation of Canny Edge Detector 

Execution time is found using the <chrono> library in c++ as the code is implemented in visual 

C++.The results from our experiment for the Canny edge detector is compared with the results 

from [11]. This validates that execution time reduces as kernel size is increased is shown in Figure 
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for the values mentioned in Table. The results from [11] in finding the execution time taken by the 

Canny edge detector for different kernel sizes are shown in Table 4.2.1.2.  Figure 4.2.1.1 shows 

the graph interpreting varying execution time for the Canny edge detector for different kernel sizes. 

A decrease in execution time with an increase in kernel size is noticed.Also, the execution time 

taken by the Findcontours function to obtain image coordinates after applying the Canny edge 

detection for different kernel sizes is shown in Table Table  4.2.1.3 and Figure 4.2.1.2 represents 

the change in execution time of Canny and findContours function and noticed the same, that is a  

decrease in execution time with an increase in kernel size. 

Table  4.2.1.1 Execution time taken by Canny Edge Detection for different Kernel sizes 

Kernel Size 3*3 5*5 7*7 9*9 

Execution time,ms 31.7706 30.0881 29.8221 28.4333 

 

 

Figure 4.2.1.1: Varying execution time graph for Canny edge  detector. 
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Table 4.2.1.2  Execution time for different kernel size of  Canny edge detector in [11]. 

Kernel Size 3*3 5*5 7*7 9*9 

Execution time,ms 29.1790 28.0665 27.3278 27.0617 

 

Table  4.2.1.3 Execution time taken by Canny and findContours for different Kernel size 

 

 

               Figure 4.2.1.2: Varying execution time graph for Canny and findContours function. 

 

Actual Time and CPU Time 

An actual time is the actual amount of time taken to perform a job. This is equivalent to timing 

your job with a stopwatch and the measured time to complete your task can be affected by anything 

else that the system happens to be doing at the time. The total amount of time the CPU spent 

running your code or anything requested by your code is the CPU time. This includes kernel time. 
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 Kernel Size 3*3 5*5 7*7 9*9 

Execution time,ms (Canny and findcontours) 50.5337 46.1580 46.1367 44.2607 
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Table 4.2.1.4 shows the actual times and the CPU times measured for the Canny edge detection. 

An actual time  and CPU time for this edge detection process is measured using get_wall_time() 

and get_cpu_time() of MS Visual Studio C++ on a computer with Windows 64-bit Operating 

System and Intel-i7 CPU. 

Table 4.2.1.4  Measured actual  time and CPU time for Canny edge detection 

In Seconds 

Actual Time 0.46042 

CPU  Time 0.328125 
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CHAPTER 5 

CONCLUSION AND FUTURE WORK 

5.1 Conclusion 

In this study, ABB Robotstudio simulation software and an existing collaborative robot equipped 

with a conventionally available 3D machine vision sensor is used to investigate robot path planning 

and optimization. The research findings enhanced the domain knowledge and make industrial 

robots more collaborative and intelligent with advanced sensor feedback.  

Two scholarly tasks are performed in achieving the research goal. The first task is to 

investigate robot path planning for a painting application with the use of the ABB Robotstudio 

simulation software and second task is to investigate path planning methods along with the 

machine vision feedback for the same robot application using a UR-10e robot and a SICK ranger 

camera. The aim of the path planning is to cover the entire surface of a flat panel evenly. For the 

simulation purposes, a flat panel may contain arbitrary pockets and/or holes which should not be 

painted. Line sensors simulate the operation of  proximity sensors for detecting the geometry of 

the flat panel so that the robot path can be optimized in accordance with the workpiece geometry 

is used in the simulation. A Canny edge detection algorithm is studied in conjunction with 

identifying the workpiece geometry.  

The performance of the Canny edge detection is evaluated and validated with the results 

obtained from [11]  in terms of execution time, concludes that execution time decreases with 

increase in the Kernel size. Also, An Actual  time and CPU  time are analyzed for this process. 
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5.2 Future Work  

The future work can focus on the vision system calibration as well as the mode of communication 

between the robot controller and the vision system to achieve real-time path planning with the 

emphasis on robot applications, such as robotic polishing and robotic painting.  Also, the future 

work may involve creating advanced path planning strategies with the vision feedback. 
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APPENDIX  

CANNY EDGE DETECTION ALGORITHM: VISUAL STUDIO C++ CODE 

#include <opencv2/opencv.hpp> 

#include <opencv2/highgui.hpp> 

#include <opencv2/imgproc.hpp> 

#include <iostream> 

using namespace cv; 

using namespace std; 

Mat img, gray, blurred, edge,imgray; 

//Laplacian Operator Variables 

int kernel_size = 3; 

int ddepth = CV_16S; 

int thresh = 100; 

RNG rng(12345); 

void thresh_callback(int, void*); 

void path_coordinates(); 

//Canny Edge Detection Variables 

int lowerThreshold = 0; 

int max_lowThreshold = 100; 

void laplacianDetection() { 

GaussianBlur(gray, blurred, cv::Size(3, 3), 3); //smoothing window width and height in pixels, //how much 
the image will be blurred 

 Laplacian(blurred, edge, ddepth,kernel_size);           //Size of the kernel //depth of the destination image 

   convertScaleAbs(edge, edge);    //converting back to CV_8U  

} 

void CannyThreshold(int, void*) { 

GaussianBlur(gray, blurred, cv::Size(3, 3), 3);         

 Canny(blurred, edge, lowerThreshold, 50);   

 imshow("Edge Detection", edge); 

} 

int main(int argc, char** argv) { 

 Mat img = imread("C:/Users/rekha/Desktop/Rectangular_Box.png");   //Read the image file 
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 if (img.empty())      {                        //check for failure  

  cout << "could not open or find the image" << endl; 

  cin.get(); //wait for any key press 

  return -1; 

 } 

  cvtColor(img, gray, COLOR_BGR2GRAY); 

 cv::namedWindow("Original", WINDOW_AUTOSIZE); 

 cv::namedWindow("Gray", WINDOW_AUTOSIZE); 

 cv::namedWindow("Blurred", WINDOW_AUTOSIZE); 

 cv::namedWindow("Edge Detection", WINDOW_AUTOSIZE); 

 //Canny Edge Detector 

 createTrackbar("Min Threshold:", "Edge Detection", &lowerThreshold, max_lowThreshold, 
CannyThreshold); 

 CannyThreshold(0, 0); 

 //Laplacian Edge Detector 

 imshow("Original", img); 

 imshow("Gray", gray); 

 imshow("Blurred", blurred); 

 imshow("Edge Detection", edge); 

 thresh_callback(0, 0); 

 waitKey(0);  //wait for any key stroke in the window 

} 

void thresh_callback(int, void*){ 

 Mat canny_output; 

 Canny(gray, canny_output, thresh, thresh * 2); 

 vector<vector<Point> > contours; 

 vector<Vec4i> hierarchy; 

 findContours(canny_output, contours, hierarchy, RETR_EXTERNAL, CHAIN_APPROX_SIMPLE); 

 Mat drawing = Mat::zeros(canny_output.size(), CV_8UC3); 

 for (size_t i = 0; i < contours.size(); i++){ 

  Scalar color = Scalar(rng.uniform(0, 256), rng.uniform(0, 256), rng.uniform(0, 256)); 

  drawContours(drawing, contours, (int)i, color, 2, LINE_8, hierarchy, 0); 

 } 

 imshow("Contours", drawing); 
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 for (int i = 0; i < contours.size(); i++){ 

  for (int j = 0; j < contours[i].size(); j++) 

   cout << '(' <<  contours[i][j].x << "," << contours[i][j].y <<')' <<" "; 

  cout << endl; 

 }} 

 

  

 

 

 

 

 

 

 

 

 

  


