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Abstract Conventional surveillance systems require human intervention to monitor thus they are not applicable 

for a long term monitoring. The real hurdle that still exists in industry is to make a simple sorting mechanism 

that is not only simple but inexpensive as well. It is also compact and easy to implement in any type of 

environment. This paper deals with an intelligent image processing method for a real-time surveillance system 

that needs to detect multiple moving objects robustly against noises and environment. So the proposed method 

uses red-green-blue (RGB) colour background modeling with a sensitivity parameter to extract moving regions, 

the filters to eliminate noises, and blob-analysis to differentiate among the moving objects. The propose model 

is inexpensive to build and can be easily applied in any environment. Image is taken using Dlink 932L camera 

and processed. The results obtained with the proposed approach is satisfactory in performance.  This method is 

applicable for sorting objects in industry making different shapes of products. 
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Introduction 

In industry the object sorting is always a problem and some of the bigger industries are facing drastic difficulties 

due to which their products are not sorted properly and they receive a lot of complaints. The companies are 

losing their pride, so in order to minimize such problematic situations such a system is designed which can 

overcome these problems. 

The use of robots in industry is increasing rapidly owing to the fact of their ability to carry out task relentlessly 

with great speed and precision. They are practically sagacious and can perform task with the help of some 

supervision [1-2]. Additionally, it plays a vital role in hazardous areas. Likewise, Robotic arm can be used for 

numerous tasks such as drilling, placing, assembling and many more [1]. Supervision can be done through a 

number of ways like sensor conditioning, Image processing and many more. Comparatively supervision through 

image processing is more precise [3]. Pixels obtained in image processing provide leading information about 

object recognition [4]. Image processing can be done in many ways like through MATLAB
® 

[5-6] or embedded 

technique, but our target is to achieve a simple and effective recognition scheme that can be used to signify and 

match images on the base of size. We have demonstrated a scenario in which we would be able to sort objects 

on classifications of their size and shape using a robotic arm and a camera replicating the functionality of human 

hands and eyes [7-8]. 

The robotic arm is operated using RC servo motors controlled terminally using a controller. The camera 

optimized with the robot deals with capturing of image and sending it directly to computer. MATLAB
® 

identifies the object and produces a real time output to the robotic arm on basis of the configuration of the object 

on the conveyer belt. The arm thus segregates this object accordingly [9-10]. 
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This sorting technique was implemented on two types of objects, circular and rectangular. The positions for 

placing the objects are fixed and known. Buckets are placed for each type of the object.  After placing the object 

in its destination, robotic arm returns to its original position [11]. 

Process flow of research project is shown in figure 1. The objects are coming on conveyor belt while the camera 

is used to detect an image of an object in active position. Image is transferred to computer by serial transfer. 

Image is then processed using MATLAB
®
 Simulink. The image is processed and further filtered to remove 

noise using filters as shown in figure 14 & 15. The object is sorted on basis of less than or greater than 15000 

pixels as shown in figure 3 & 4. Once the pixels are detected the object is sorted using robotic arm [11]. 

 

 
Figure 1: Process Flow of the Project 

 

Nomenclature 

CC=Conveyor Capacity in Kg/sec 

V =Belt Speed in m/sec 

H =Conveyor height in m 

L =Conveyor length in m 

mi =Mass of a set of idlers in Kg 

l =Idler Spacing in m 

mb =Load due to belt in Kg/m 

mm =Load due to conveyed materials in Kg/m 

δ =Inclination angle of the conveyor in degree 

f =Coefficient of friction 

Ks =Start-up factor 

Kd=Drive Efficiency 

Cr =Friction factor 

Tb =Steady state belt tension in N 

Tbs =Belt tension while starting in N 

PP =Power at drive pulley in Kw 

Pm=Minimum motor power in Kw 

Bs=Breaking belt strength in N 

A= Acceleration in m/sec
2
 

Cv =Breaking Strength loss factor 

𝒂𝒊 =the distance from 𝑍𝑖 𝑡𝑜 𝑍𝑖−1 measured along 𝑋𝑖  

𝜶𝒊  =the angle from 𝑍𝑖  𝑡𝑜 𝑍𝑖−1 measured about 𝑋𝑖  

𝒅𝒊 =the distance from 𝑋𝑖 𝑡𝑜 𝑋𝑖−1 measured along 𝑍𝑖  

𝜽𝒊=the angle from 𝑋𝑖 𝑡𝑜 𝑋𝑖−1 measured about 𝑍𝑖  

 

Detection Module 

Image acquisition and image processing are considered to be one of the essential parts of the project as they are 

the backbone if data is not processed properly it may lead to the failure of the system. Hence, in order to 

maximize the chances of success MATLAB
®
, it comes with efficient tools and processes the data without any 

major delay. 
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Simulink
®
 a tool of MATLAB

®
 was used to implement the image processing [12-13]. As Simulink

®
 comes with 

the built in functions/blocks for the video and image processing the work became quite easy, though it was 

challenging to get a hand on the basic operations. The figure 2 illustrates the work done on the Simulink
®
 that 

how the object was detected even without using any sensor at the start of the conveyor belt and how the image 

processing was handled. 

 

 
Figure 2: Process Flow of Image Processing 

 

Recognition Module 

The image processing technique was implemented on two types of objects one is the circular, and the other one 

is the rectangular object. Video is received by camera in Simulink
®

 so, whenever an object comes an image is 

captured and image processing techniques are implemented [14-16]. At first, the image captured is in RGB it is 

converted into grey code, and then it is converted into a binary image by applying an auto threshold.  The binary 

image has some noises in the background as it could be seen in figure 14. Using median filter this noise was 

removed as shown in figure 15 [17]. The Blob analysis was used to detect moving object, differentiate circular 

and rectangular object as shown in figure 3 & 4. Image pixels were compared on next stage and operation was 

performed as required. Simulink model of image processing is shown in figure 5.  

 

  
Figure 3: Binary Image of Circular Object Figure 4: Binary Image of Rectangular Object 
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Figure 5: Image Processing Simulink Code 

 

Post Processing 

Binary image with some noises is shown in figure 6. The noises in the image are removed by using a median 

filter. The filtered binary image is analysed over an area which determines what type of object is received. The 

figure 7 shows the results of the filtered image [18]. After got the processed image we need to identify the 

object.The shapes are identified using the area analysis. Once the shape is known a signal is sent serially from 

the Simulink
®
 via Arduino Uno (Microcontroller) to the manipulator. The robotic arm then picks the object from 

the conveyor belt and places it in its respective position. 

 

 
 

Figure 6: - Binary Image of Circular Object with 

Noise 

Figure 7 - Binary Image of Circular Object after 

Filter 

Conveyor Belt 

A conveyor belt (or belt conveyor) consists of two or more pulleys, with a continuous loop of material the 

conveyor belt that rotates about them. One or both of the pulleys are powered, moving the belt and the material 

on the belt forward. The powered pulley is called the drive pulley while the unpowered pulley is called the idler. 

There are two main industrial classes of belt conveyors; those in general material handling such as those moving 

boxes along inside a factory and bulk material handling such as those used to transport industrial and 

agricultural materials, such as grain, coal, ores, fines and lumps material. Conveyors are durable and reliable 

components used in automated distribution and warehousing. In combination with computer controlled pallet 

handling equipment this allows for more efficient retail, wholesale, and manufacturing distribution. It is 

considered a labour saving system that allows large volumes to move rapidly through a process, allowing 

companies to ship or receive higher volumes with smaller storage space and with less labour expense. Figure 8 

shows the conveyor belt used in the research project [19-20]. 
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Figure 8: Conveyor belt 

Robotic Arm 

A simple 3D-Link robotic arm with 2 DOF (Degree of Freedom) was designed and fabricated as shown in figure 

9. RC Servo motors were used for required displacement and feedback control. The links were fabricated using 

aluminum having 1 DOF each while Arduino controller was used for its operation [21]. 

Mathematical modeling 

Conveyor Belt 

The basics of the Calculations of Conveyor Belt Design Parameters: 

Load due to idlers (mi): 

This can be calculated as below [20] 

Belt Tension: 

The belt of the conveyor always experience a tensile load due to the rotation of the electric drive, weight of the 

conveyed materials, and due to the idlers. The belt tension at steady state can be calculated as [19] 

 𝐓𝐛 = 𝟏. 𝟑𝟕 × 𝐟 × 𝐋 × 𝐠 ×  𝟐 × 𝐦𝐢 𝟐 × 𝐦𝐛 + 𝐦𝐦 × 𝐜𝐨𝐬 𝛅  + (𝐇 × 𝐠 × 𝐦𝐦) (2) 

Belt tension while starting the system: 

Initially during the start of the conveyor system, the tension in the belt will be much higher than the tension in 

steady state. The belt tension while starting can be calculated as [20]: 

Power at drive pulley:  

The power required at the drive pulley can be calculated from the belt tension value as below [20]: 

 
Figure 9: 3D-Link Robotic Arm with 2 DOF 

 𝐦𝐢 =
(𝐦𝐚𝐬𝐬 𝐨𝐟 𝐚 𝐬𝐞𝐭 𝐨𝐟 𝐢𝐝𝐥𝐞𝐫𝐬)

(𝐢𝐝𝐥𝐞𝐫𝐬 𝐬𝐩𝐚𝐜𝐢𝐧𝐠)
    (1) 

 𝐓𝐛𝐬 = 𝐓𝐛 × 𝐊𝐬                    (3) 

 𝐏𝐏 =
(𝐓𝐛 × 𝐕)

𝟏𝟎𝟎𝟎
                          (4) 
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Sizing of the motor:  

The minimum motor power can be calculated as [20]: 

Acceleration 

 The acceleration of the conveyor belt can be calculated as [20]: 

 𝐀 =
(𝐓𝐛𝐬 − 𝐓𝐛)

[𝐋 × (𝟐 × 𝐦𝐢 + 𝟐 × 𝐦𝐛 + 𝐦𝐦)]
       (6) 

Belt breaking strength:  

This parameter decides the selection of the conveyor belt. The belt breaking strength can be calculated as [20]: 

 𝐁𝐒 =
(𝐂𝐫 × 𝐏𝐏)

(𝐂𝐕 × 𝐕)
            (7) 

Its value is used to select the conveyor belt from the manufacturer’s catalogue. 

Robotic Arm 

Forward Kinematics 

The forward kinematics is used to determine the position of the robotic arm. In forward kinematics the joint 

angles are known, and final position is found using these known joint angles. The Denavit-Hertenberg (D-H) 

parameters are the most important parameters whenever the kinematics equations are to be found. The table 

gives out the D-H parameter [22]. 

The transformation equation starting from the link i (base) till the link i+1 

Table 1: D-H Parameters 

i 𝜶𝒊−𝟏 𝒂𝒊−𝟏 𝒅𝒊 𝜽𝒊 

1 0 0 0 𝜃1 

2 -90 0 0 45 

3 0 𝑙1 0 𝜃3 

4 0 𝑙2 0 0 
 

 

Pro/Engineer
®
 design of Robotic Arm 

3D model of robotic arm was designed using Solid Works
®
 before fabrication. Figure 10 & 11 show the side 

and front view while figure 12 &13 shows top and isometric view of model. 

 
 

Figure 10: Side View of robotic arm Figure 11: Front View of robotic arm 

 𝐏𝐦 =
𝐏𝐏
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                         (5) 
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Figure 12: Top View of robotic arm Figure 13: Isometric View of robotic arm 

 

Robotic Arm Workspace 

Forward kinematics results are manipulated using MATLAB
®
. The results obtained in 2D and 3D are illustrated 

in figures 14 &15. The graphs plotted indicate the workspace that manipulator could reach. The lines show the 

reachable workspace of the manipulator and the regions where there are no lines are the one where joint 

singularities can occur [23]. 

 
Figure 14: 2D Plot of workspace 

 

 

 

 
Figure 15: 3D Plot of workspace 

 

Conclusion and Future Recommendation 

Object sorting has been done very accurately on basis of image processing and implemented in industry with 

very less cost. The proposed research model is very accurate as compared to sorting on basis of weight or size so 
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chances of error in industry can be minimized using proposed model. PID (Proportional Integral Derivative) can 

be used for uniform motion of robotic arm. Image processing can be done using different methods like edge 

detection etc. Constraint of two objects sorting only, can be overcome by using edge detection method.  
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