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Abstract 
With the growth of population and expansion of cities, the use of recycled construction 

materials has attracted builder's attention. Governments also initiate the utilization of 

environmental practices through legislation, regulations, and development controls. Despite 

all the efforts so far, the use of recycled aggregate is still not as popular as it should mainly due 

to a few mechanical deficiencies encountered. In this study, the consistency of the particles 

had gone subject to investigation, i.e. sorting various components found in recycled aggregate 

including brick, ceramic, natural aggregate, glass, plastic, etc. An image processing apparatus 

in companion with computer codes capable of object detection had been assembled and 

tested. Future studies can lead to the development of fully integrated robotic module for 

sorting recycled aggregate using robotic arms.   
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Introduction 
Humans seeking for a more dynamic life style, in the pursuit of the so called "modern life style" 

(whether right or wrong as a decision), move to large cities. Wherever population gathers for 

a long period of time maintenance and the renovation of old buildings and infrastructures 

often takes a large chunk of the government budget. Structures that no longer are capable of 

addressing the needs of the modern human will eventually go under demolition. Waste 

treatment as the following step, in the last couple of decades was subject to the questions of 

researchers and the scientific community e.g. how to recycle the waste material in the new 

construction? What are the solutions to enhance the properties of the recycled concrete? Is it 

possible to chemically strengthen the properties? Where do the automated robots stand in this 

process?  

This is where the concerns about the sustainable construction development had arisen. Many 

methods had been proposed since decades ago including comprehensive life cycle 

assessment[1-6], use of recycled aggregate in concrete[7-12], implementing regulatory 

policies and procedures, carbon tax[13, 14], CO2 capture[11, 15-18], use of carbon particles in 

concrete[19, 20], etc.  

Depending on the type of the recycling plant, the steps undertaken to produce a usable 

recycled aggregate varies. Nonetheless, regardless of the chronological order, the process 

contains crushing, sorting, washing, and piling. Crushing, affects the size of the aggregates and 

is actually the step in which determines the supply of appropriate product to the user's 

demand. Washing, although optional in some recycling plants, increases the quality of the final 

product as throughout this process dust and other fine particles are being filtered. Piling is 

important specially in humid areas in terms of the water content of the aggregates. Sorting, 

the main topic of this article had remain a main challenge for decades until the last few years 

where robotic advancements had come into assist. The main reason as for why recycling plants 

seek to separate the components is the ability for predicting the quality of concrete made with 

these aggregates. In fact, the portion of recycled aggregate varies significantly from case to 

case and location by location. This leaves the users, concrete contractors and batching plants 

with a lot of uncertainties in regards to the standardization of recycled aggregate. What can 

be determined as obvious is the fact that a sample of recycled aggregate with a, for instance, 

portion of say 30% brick, 30% natural aggregate, 30% ceramic, etc. performs different 

properties compared with a sample portion of say 25% brick, 35% natural aggregate, 20% 

ceramic, 10% glass, etc.  

Automatic sorting is basically aims to bring a solution for the heterogeneity issues with recycled 

aggregate. The first step in this context is identification. In the following comes dimension 

recognition, data storage, and processing. Few identification methods had been studies so far 

including hyperspectral imaging, and the use of 3D cameras[21, 22]. The pros and cons of each 

of these individual methods are shown in the following table 1: 
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Type of Camera Advantage Disadvantage 

Hyperspectral  Accurate identification of particle type 
(Brick, ceramic, etc) 

 Unable to distinguish the 
dimensions 

 Expensive 

3D cameras Accurate identification of geometrical 
dimensions 

 Unable to identify the particle type 

 Expensive 

 

The above table indicates that if a proper automatic sorting system is ought to be developed a 

combination of two types of cameras are required in order to form the identification matrix 

which will be used further in the processing step. Furthermore, the combination of two 

different camera outputs is a challenge by itself. An operable module equipped with 

hyperspectral and 3D imaging cameras in only a small scale for laboratory purposes costs about 

AUD$10,000. Of course the price for the assembly of industrial system cost even more which 

makes the investment opportunities low.  

Here a cost effective image processing protocol has been developed based on colour coding 

of recycled aggregate. The system is also capable of recognizing the geometric dimensions of 

the particles which facilitates the processing steps in the following stages.      

 

 

 

System Setup 
The camera used in this project contains a built-in micro-controller for object detection which 

facilitates the computer programming processes. It uses colour-based object detection 

protocol which in the case of recycled aggregate is so useful as the particles are mostly 

distinguishable from their colour i.e. brick is usually red in colour, blue metal has dark blue 

colour code, etc.  Prior to the start of the sorting process and depending on the source of the 

demolition waste, the camera needs to be trained in advanced. In simple words, the camera 

needs to be set manually in separate steps to differentiate between, for example, brick and 

blue metal. The system processes a captured image 60 times per second. 7 Distinct colours 

had been coded in the system. This means that a batch of recycled aggregate can contain up 

to 7 different materials. The software is compatible with Windows devices.  

The geometrical dimensions of the particles are being processed and stored using a separate 

microcontroller. One of the key advantageous of this module compared with the ones 

developed in the other studies is the utilization of one camera solely. The data processing and 

the CPU requirements are considerably condensed in this method which brings a competitive 

advantage in terms of time consumed for sorting process. In other words, the users are capable 

of producing a larger amount of heterogenic recycled aggregate per unit of time once this 

device is used. Figure 1 demonstrates the system instalment.  
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Figure 1 Left: The camera for colour-based object detection; Right: Microcontroller for geometrical dimension recognition 

From the software point of view, the camera loads the following script on the computer for 

object detection. The speed of the serial port needs to be set high because of the high volume 

of data being received from the setup. The program first identifies the blocks and counts the 

number of blocks subsequently using a FOR loop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

#include <Pixy2.h> 

// This is the main Pixy object  

Pixy2 pixy; 

void setup() 

{ 

  Serial.begin(115200); 

  Serial.print("Starting...\n"); 

    pixy.init(); 

} 

void loop() 

{  

  int i;  

  // grab blocks! 

  pixy.ccc.getBlocks(); 

   // If there are detect blocks, print them! 

  if (pixy.ccc.numBlocks) 

  { 

    Serial.print("Detected "); 

    Serial.println(pixy.ccc.numBlocks); 

    for (i=0; i<pixy.ccc.numBlocks; i++) 

    { 

      Serial.print("  block "); 

      Serial.print(i); 

      Serial.print(": "); 

      pixy.ccc.blocks[i].print(); 

    }}} 



5 
 

F.Sartipi / Journal of Construction Materials 1 (2020) 3-3  
 

Discussion 
The accuracy of the system plays a crucial role in the successful commercialization process. In 

other words a need exist for the accuracy of the number of blocks identified and the size of 

the block reported by the machine. An array of 8 elements/attributes had been produced each 

1/60 of a second including the attributes such as the signature of the block (assigned particle 

name e.g. brick, blue metal, plastic, etc), x and y coordination of the block in the frame, width 

and height of the block, index number and age (which outputs the time-dependent sequence 

when the block appeared in the frame for the first time). A rough analysis on the output data 

had revealed that with a minor adjustment on the camera settings, the accuracy can be 

enhanced to up to 87.5%. This largely depends on the quality of the recycled materials received 

as different batches may contain a variety of materials with different colours. One of key 

important factors in the system adjustment is the colour code of the background. In case one 

decides to install the presented image processing system on a conveyor belt, the colour of the 

conveyor belt affects the identification process.  

Assigning signatures to the particles is one of the important aspects of this system. It requires 

a professional operator to calibrate the machine in an utmost efficient way in order to 

maximize the accuracy of the system in identifying the nature of the particles whether would 

be brick, blue metal, plastic or others. A manual control system is available exactly for this 

purpose. Since the system runs on RGB (Red, Green, Blue) processing, the intensity of each 

colour can be determined manually. In other words, the recycling batch needs a pre-

assessment by the operator to distinguish the colour codes. For more accuracy, it is 

recommended to have a white LED installed beside the camera shedding light for more colour 

contrasting. Below an example of an unsuccessful object detection is presented in figure 2. The 

output data presented in figure 3 relates to a highly accurate processing where 7 objects out 

of a total 8 had been detected. The attributes recorded are presented in the same figure as 

well.    

From the managerial perspective, an automatic sorting system as such is capable of enhancing 

the physical/mechanical properties of recycled concrete while the final unit price of the 

recycled aggregate remains low. Concrete contractors, once the system had been utilized 

widely, shift to the use of recycled aggregate eagerly as opposed to the current hesitative 

preference of using natural aggregate. One can argue the economic impact of having such 

system operating in the market. Of course it leads to loss of a few jobs as robotics often 

replaces old fashioned jobs with new ones. Another economic aspect is the change in the 

supply and demand of recycled and natural aggregate. Once the eagerness to consume a 

higher quantity of recycled aggregate the demand for natural aggregate drops. Subsequently, 

as a positive result, the exploitation of natural resources and its terrifying consequences will 

be limited[23-25].  



6 
 

F.Sartipi / Journal of Construction Materials 1 (2020) 3-3  
 

 

Figure 2 An example of a poor detection; the process can be optimized by adjusting the color codes and the background 
brightness for a more distinguishable contrast 

 

 

 

 

 

 

Figure 3 Output data from an example of a successful detection. 7 item out of 8 had been correctly identified and listed 
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Conclusion 
Construction and demolition waste recycling plants are seeking for a more automated sorting 

procedure in order to tackle the drawbacks expressed by the concrete batching plants. A 

computer based image processing technique had been presented in this article addressing the 

current industry demand for an automated sorting system. Recycling plants are encouraged to 

utilize such technique in order to facilitate their quality assurance procedures. The system is 

capable of identifying 7 different materials in a received demolition batch for a high accuracy 

rate of 85%. More investigations is required in order to develop a robotic claw to use the 

output data from the presented system which finalizes the sorting process. 
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