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Abstract: 

This article examines the optical flow method and graham algorithm 

implementation features for searching for the object contour in the mobile robot’s 

workspace. The mathematical models of both methods were discussed in detail and 

then implemented in a Python program using the PyCharm development environment. 

As part of the study, a number of experiments were carried out, the purpose of which 

was to evaluate the performance of the optical flow method and the Graham algorithm 

for extracting the contour of an object. The research results presented in the article 

highlight the effectiveness of the optical flow method and the Graham algorithm in 

real-time conditions. 
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Introduction 

Currently, with the development of the Industry 5.0 concept and the 

introduction of modern technologies into production processes, the task of increasing 

the efficiency and safety of mobile robots in workspaces is becoming increasingly 

urgent [1]-[10]. One of the key elements to ensure their operation is Computer Vision 

Systems [11]-[24], which allow robots to obtain information about the environment 

and make appropriate decisions based on this information. In this context, tracking 

objects in the work area of a mobile robot becomes especially important in order to 

prevent collisions and ensure the safety of the work process [25]-[28]. And here 

various approaches for analysis can be used [29]-[32]. 

To create computer vision systems, many algorithms are used, among which 

are Canny, Sobel, Graham, etc. Computer vision algorithms such as Graham's 

algorithm play a significant role in this process as they are capable of detecting and 

tracking objects in real time. The use of Graham's algorithm to track objects in the 
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work area of a mobile robot is an effective approach to solve this problem. However, 

due to the peculiarities of the working environment and the technical characteristics of 

mobile robots, there is a need to develop specialized implementations of the Graham 

algorithm that take into account data about a specific work area, type of objects, 

lighting conditions and other factors. 

Such research has important practical implications for Industry 5.0, as it helps 

improve the efficiency of mobile robots, reduce the likelihood of accidents and ensure 

personnel safety. At the same time, the development and optimization of 

implementations of the Graham algorithm requires taking into account the specifics of 

the work area, which makes research in this area relevant and promising for the 

further development of industry and the introduction of modern technologies. 

Related works 

 Many scientists are considering using Graham's algorithm to detect the outlines 

of objects in real time. However, there are some shortcomings in this algorithm; hence 

researchers have proposed various ways to solve these problems. Let us look at some 

works on this topic. 

First of all, let us consider the work [33]. There is presented an efficient 

algorithm, based on the idea of Graham’s convex hull algorithm, for finding the 

connected orthogonal convex hull of a finite planar point set. Authors in [34] 

analyzed standard Graham’s algorithm and proposed a fast filtering technique that 

reduces the computational cost for computing a convex hull for a large set of points. 

Graham’s algorithm is also analyzed in [35] there is suggested the developed 

algorithm for making up a convex hull based on a binary tree. The new algorithm 

quite quickly exceeds the running time of the Graham algorithm with a large number 

of points in the convex hull. This is due to the best complexity of the algorithm. The 

paper [36] presents an optimization technique that reduces the computational cost for 

building the Convex Hull from a set of points. Experimental results show that for a 

normal distribution of points in two-dimensional space, the filtering approach in 

conjunction with the Graham scan is up to 10x faster than the qhull library, and 

between 1.7x to 10x faster than the Convex Hull methods available in the CGAL 

library. There is a study [37] that considers machine learning methods for automatic 

classification problems using computational geometry. The results of experimental 
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studies on the real medical diagnostics problem are presented. An efficiency 

comparison of the proposed classifier and other types of classifiers, both based on 

convex hull analysis and not, has shown the high efficiency of the proposed method 

for estimating proximity based on linear programming. 

Scientists in [38] propose an improved Graham scan convex hull algorithm 

using the convex hull region shrinkage algorithm and the sample selection decision 

algorithm. In the study [39] the method of identifying and calculating the wave-

shaped defects on the working side of strip steel based on the convex hull detection 

algorithm is discussed. Here the classic Graham's Scan algorithm is used to detect the 

processed strip images. And the improved Graham's Scan algorithm was used to 

detect the wave-shaped defects of strip steel again. The list of works on this topic 

goes on. Next, we will present our vision of how to use Graham's algorithm to 

highlight the contours of objects in the workspace of a mobile robot. 

The optical flow method and Graham’s algorithm implementation features 

for searching for the object contour in the mobile robot’s workspace 

Optical flow is a vector field that describes the movement of objects between 

two consecutive video frames. It allows you to track the movement of pixels from one 

frame to another and detect moving objects. The operating principle of the optical 

flow method can be described as follows: for each pixel ( yx, ) in the image at a 

moment in time t , we can find its new position ( xx + , yy + ) at a moment in time 

Δtt +  using the following expression: 

 

),,(),,( tyxIttyyxxI =+++  
(
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),,( tyxI  – pixel intensity at a moment in time t . 

Graham's algorithm is used to find the outline of an object in an image. It is 

based on constructing a convex hull for a given set of points. The principle of 

operation of Graham's algorithm can be described in next way: at the first stage, the 

starting point of the contour (
0

P ), which is the leftmost and lowest point or the point 

with the smallest coordinates ),(
00

yx , is selected. The next step is to sort 
n

PPP ,...,,
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by polar angle relative to the starting point. Let ),(
000

yxP =  be the coordinates of the 

starting point, and let ),(
iii

yxP =  be the coordinates of the remaining points. Then the 

polar angle 
i
  for each point 

i
P  can be calculated by the next expression: 
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i
  – polar angle of point 

i
P  relative to the starting point 

0
P . 

After calculating the polar angles for all other points, we can sort them by 

ascending or descending angles. This way the points will be ordered by polar angle 

relative to the starting point 
0

P . 

After this, we construct a convex hull using a stack to store the vertices of the 

shell, for this purpose on the basis of sorted all points (
n

PPP ,...,,
21

) in the order of their 

polar angle (
i
 ) relative to the starting point (

0
P ). Next, starting from the leftmost and 

bottom point (
0

P ), we go through the sorted points. Add the first two points to the 

stack. For each next point, we check whether it is “left” or “right” relative to the 

previous two points in the stack. This can be done using the three-point 
kji

PPP ,,  

rotation matrix determinant , where 
i

P  and 
j

P  are the last two points added to the 

stack and 
k

P  is the current point. If the determinant )(
p

O  is positive, then the point is 

k
P  “to the left” of the segment 

ji
PP ,  and it is added to the stack. If the determinant is 

negative or zero, then the point 
k

P  is to the "right" of the segment 
ji

PP , , and the last 

two points are popped from the stack while the condition is true, after which the point 

k
P  is added to the stack. Mathematically, this can be represented through the 

determinant of the three-point rotation matrix ),(),,(),,(
kkkjjjiii

yxPyxPyxP . 
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An example of constructing a convex hull using a stack to store the vertices of 

the hull is shown in Figure 1. 

 

 
Figure 1: Example of constructing a convex hull using a stack to store the 

vertices of the hull 

 

At the last step, we remove non-convex corners, if they are present, by 

checking for left (or right) rotation for every three consecutive points 
kji

PPP ,, . 

Graham's algorithm can effectively extract the outline of an object in an image, which 

can be especially useful for mobile robots in work areas where it is necessary to detect 

obstacles and other objects for safe navigation. Using optical flow to pre-filter moving 

objects can improve the performance of Graham's algorithm and the accuracy of 

object contour detection. 

Software implementation and experiments  

To check the correctness of the reasoning, we will develop a program in Python 

in the PyCharm 2022.2.3 (Professional Edition) development environment. Let us 

give an example of software implementation of the above described mathematical 

expressions. 

 

# Read the first frame to initialize the optical flow method 

    ret, prev_frame = cap.read() 

    if not ret: 
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        print("Error: Unable to get first frame.") 

        return 

 

This piece of code is responsible for initializing the optical flow method by 

reading the first frame from the video stream and handling possible errors during this 

operation. 

 

# Using optical flow to get moving points 

        flow = cv2.calcOpticalFlowFarneback(prev_gray, gray, None, 0.5, 3, 15, 

3, 5, 1.2, 0) 

 

This piece of code calculates the optical flow between two consecutive frames 

of a video stream and returns the result in the flow variable. This result is a set of 

optical flow vectors that show the direction of movement of points from the previous 

frame to the current one. 

 

# Application of Graham's algorithm to detect the object contour with 

visualization of points 

        contour_image = apply_graham_scan(frame.copy(), points) 

 

This piece of code applies Graham's algorithm to detect the object contour 

using pre-computed moving points and stores the result in the contour_image 

variable. 

The following hardware was used for research: CPU Intel(R) Core(TM) i5-

9300H CPU @ 2.40GHz, RAM 16 Gb, GPU NVideo GeForce GTX 1660Ti (Ram 

8Gb), Web-camera HD WebCam, OS Windows 10 Pro ( Version 22H2).  

A program for implementing the optical flow method and Graham's algorithm 

for searching for the contour of an object in the working area of a mobile robot from a 

camera was developed in the PyCharm 2022.2.3 (Professional Edition) environment 

in Python. The results of the program are presented in Figure 2. 
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a) b) 

  
c) d) 

a),c) – Original Video; b), d) – Graham Scan Control 

Figure 2: Results of the program for the optical flow method and Graham's 

algorithm implementing for searching for the object contour in the mobile robot’s 

workspace 

 

The results obtained (Fig. 2.a, b) of the optical flow method and Graham's 

algorithm for searching the contour of an object in the working area of a mobile robot 

showed a frame processing speed of 10.32 frames per second, which confirms the 

effectiveness of the algorithm in real time. At the same time, the results are presented 

in Figure 2.c, d; the contour construction speed was 8.17 frames per second, 
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indicating a potential decrease in performance when contouring large objects to the 

frame. 

Conclusion 

As a result of the research carried out on the optical flow method and Graham's 

algorithm implementation for searching for the object contour in the mobile robot’s 

workspace, significant conclusions were obtained. The mathematical models of both 

methods were carefully studied and implemented in a Python program using the 

PyCharm development environment. During the experiments, the speed of frame 

processing was assessed, as well as the speed of constructing the contour of an object. 

Analysis of the results showed that the optical flow method demonstrates fairly 

high performance, processing frames at a speed of 10.32 frames per second. This 

indicates its effectiveness and applicability for solving real-time problems in the 

mobile robot’s workspace. The experimental results are presented in Figures 2.c and 

2.d, which allows you to visually evaluate the performance of the optical flow 

method. However, the speed of constructing the contour using the Graham’s 

algorithm was 8.17 frames per second. This indicates a potential performance hit 

when contouring large objects to the frame. Such results may have an impact on the 

actual application of Graham's algorithm in real-time conditions where it is necessary 

to process frames at high speed. In general, the conducted studies confirm the 

effectiveness of the optical flow method and the Graham algorithm for processing the 

video stream in the mobile robot’s workspace. 
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