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ABSTRACT 
 

Solid waste management is a major challenge in urban areas throughout the world. An efficient waste 
management is a pre requisition for maintain a safe and green environment as there are increasing all kinds of 
waste disposal. There are many technologies being used for waste collection as well as for well managed 
recycling. In this paper we have introduced an integrated system combined of Radio Frequency Identification 
(RFID), Global Position System (GPS), General Packet Radio Service (GPRS), Geographic Information System 
(GIS) and Web camera. The built-in RFID reader in trucks would automatically retrieve all sorts of customer 
information and bin information from RFID tag, mounted with each bin. GPS would give the location 
information of the collection truck. All The information of the center server would up-dated automatically 
through GPRS communication system. GIS map server is being used for truck monitoring. In this system, bin 
and truck database has been developed in the way that information of bin and truck ID, date and time of waste 
collection, bin and truck GPS coordinates information, bin status and amount of waste are compiled in a data 
packet and stored for monitoring and management activities. The results showed that the real-time image 
processing, histogram analysis, waste estimation and other bin information have been displayed in the GUI of 
the monitoring system. The performance of the implemented system have been analyzed and focused that the 
system has satisfactory performance in terms of high speed data transmission, precision, real time data 
communication and reliability. 
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Introduction 

 
Solid waste is an enhancing issue that impact due to rapidly of increasing urbanization and economic 

development witnessed by the amount of municipal solid waste. Most of the local governments and urban 
agencies identified that the solid waste is a major problem worldwide. Specially, in the developing countries, 
waste monitoring and management is becoming an acute problem for their urbanization and economic 
development (Shekdar, 2009). Without an effective and efficient solid-waste management program, the waste 
generated from various human activities, both industrial and domestic, can result in health hazards and have a 
negative impact on the environment. The ways in which humans have generated solid waste management over 
the centuries still bases much on original strategies to dispose of waste. Landfills, incineration and 
environmental dumping have been primary methods to get solid waste out of view (New York, 2010; Arebey et 
al., 2011a). These methods create further impacts if not properly monitored, and have severe repercussions for 
life on Earth. Population growth continually creates more waste producers; therefore waste must be reduced on a 
personal basis to maintain the balance of which waste is currently managed. 

RFID technology is becoming more vital when the reverse supply chains for the reuse, recycling and 
disposal of goods such as personal computers are globalizing (Williams et al., 2011), (Roussos and Kostakos, 
2008). In Germany, 20% of garbage collection is managed with such RFID systems. In European countries, 
RFID are also using for collecting waste from trash and recyclable materials, solid waste management and 
disposal of goods (Williams et al., 2008; Thomas 2009). RFID is used to build up a network that would allow 
companies to track goods through the global supply chain and run many applications simultaneously (Violino, 
2005). RFID has become a new and exciting area of technological development, and is receiving increasing 
amounts of attention (Hannan et al., 2009). There are many RFID and GPS based on bin monitoring system has 
been developed for identifying the bin status and automatically reported its data to the control station server 
(Wyatt, 2008). Here the prime attention to build up a wireless network using RFID for waste bin collection and 
monitoring. It could be possible to charge from the waste generator accordingly following pay-as-you-throw 
principle (Wyld, 2010). An effective and robust system is needed to stimulate all these facilities. In 
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consequence, the key object of this study is to maximize the waste management efficiency through the 
monitoring of the collecting time, vehicle location, bin status, content and its surrounding area. The RFID has 
some limitations (Latifah, 2009) the advanced communication technologies solutions such as RFID, GPRS, GPS 
and GIS could be utilized to overcome the limitation. Theoretical framework and interface algorithm between 
communication technologies such as RFID, GPRS, GPS and GIS has been developed. The interface algorithm 
in the control server is able to analysis location of the trucks, estimates the waste in the bin and its surrounding 
area. Thus, the proposed system would be able to solve the mentioned problems with robust solution.  

 
Solid Waste Scenario: 

 
Solid waste is one of the most acute environmental issues in all over the world (Hassan et al., 2000). This is 

due to the standards of waste management are still poor in most of countries except some developed countries. 
Based on estimates, waste generation in Asia has reached 1 million tons per day (APO, 2007). The amount of 
solid waste generated in the cities is much higher than in rural areas. The generation rate in rural areas can be as 
low as 0.15 kg/cap/day, while in the urban areas the rate can be above 1.0 kg/cap/day. The generation rates of 
major cities reported by the participating member countries are listed in Fig. 1. (APO, 2007). 

 

 
 
Fig. 1: Solid Waste Generation Rates of Major Asian Cities. 
 

In the developing countries, waste management is becoming a serious problem as urbanization and 
economic development increase leading to larger quantities of waste materials (Hannan et al., 2010a). An 
efficient and robust management of solid waste is needed for forth coming situation. 

Solid waste generation has increased, from 3.66 to 4.50 pounds per person per day in the USA between 
1980 and 2008; it has shown in Fig 2. (APO, 2007). Most of what is being produced in solid waste is paper, yard 
trimmings, food scraps, and plastics. These types of waste are some of the most easily recovered types of waste, 
possibly removing them from the waste stream entirely. In Malaysia, the waste generation is increasing 
tremendously due to its developing activities and it has an accompanying problem with the disposal of this 
waste (Marts, 2009; Arebey et al., 2010a). This is due to inadequate management practices and indiscriminate 
dumping of wastes (World Bank, 1993; Hassan et al., 2000). With vision 2020, Malaysia intended to become 
fully developed country. Therefore, a lot of improvement has to be done in solid waste monitoring and 
management. Based on this data, the Ministry of Housing and Local Government says that Malaysia generates 
approximately 18,000 MT/day of solid waste (Huzin, 2004) and as per the annual report of the Ministry of 
Housing and Local Government (1999), the per-capita amount of waste generated by Malaysians ranged from 
0.45 kg to 1.44 kg, but Jamal Othman estimated that the per-capita generation is 1 kg/day (Othman, 2002). 
Despite the massive amount and complexity of waste produced, the standards of waste management in Malaysia 
are still poor. 

However, the government is currently focusing on methods to approach the challenge. Fig. 3 shows the 
total waste generation in Malaysia projected up to 2010 (JICA, 2010). It is seen that due to the growing 
population and increasing consumption, the amount of solid waste generated in Malaysia went up from 18,494 
tons per day in 2002 to 26,419 tons in 2007. Currently, over 30,000 tons of waste is produced each day in 
Malaysia.  

Unfortunately, there are no authoritative figures on the amount of waste diverted for recycling; it could be 
as high as 30% of the total waste generated (Hassan, 2004). In the late 1990s, the government divided the 
country into four zones and each zone was assigned to a private company to manage the solid waste. The 
proposed solid-waste management act that provides legislative backing for the private companies for managing 
solid waste is tabled in parliament, details about the privatization of solid waste management are still not clear. 
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Fig. 2: Solid Waste Generation per Person per Day in the USA. 

  

 
 
Fig. 3: The Total Waste Generation in Malaysia. 

 
However, in the Central and Southern Zones, a temporary system has been implemented. Since 2004, Alam 

Flora, is appointed to manage waste in the Central Zone. It has been serving 23 local authorities in the states of 
Selangor, Pahang, the Federal Territories of Kuala Lumpur and Putrajaya (Arebey et al., 2010b). In the Southern 
Zone, Southern Waste Management serves only three local-authority areas. Although the private companies of 
the Northern Zone have been identified, no work has started. No company has been appointed for the Eastern 
Zone yet.  

Australia generates waste at a rate of 2.25 kilograms per person per day (Summer, 2009). So everywhere in 
Asia, Europe, America, Australia solid waste management has become a challenge. Increased efforts in 
recycling, reducing, reusing, and refusing could substantially minimize solid waste production in the world 
ensuring healthy living conditions for the future. The waste disposal is increasing with urbanization and 
Industrialization; therefor the waste management is becoming more difficult. In the last two decades there is a 
rapid change in technologies; from our house holds to Industrial sectors everywhere it has introduced automated 
and centralized system. At present days the waste management has drawn a concentration of all. Every country 
is trying to find out an efficient waste management system for a hazard free and safe environment. There have 
some hope and challenges in this case and there are lots of future works in this regards. In the European 
countries, recycling and solid waste management policies are the driving force for exploitation of RFID in waste 
management (Thomas, 2003; Pratheep and Hannan, 2011).  

 
System Development: 

 
The hardware system is consisting of RFID devices i.e. tag and receiver, low cost camera, GPS and 

GSM&GPRS interfaced with GIS as shown in Fig. 4. The proposed system is based on web-access architecture 
of a network for distributed bins and trucks. There are four main activities of the system such as RFID and 
camera data acquisition, acquired data including GPS information transmission through GSM&GPRS 
transceiver, GIS database management system for proper mapping and decision (Mustapha et al., 2010; 
Mustapha et al., 2011) for monitoring and management system, respectively.  
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Fig. 4: System Architecture of Waste Bin Monitoring. 
 

The real time data acquisition factors such as time spent to, from and at locations, bin and truck serial 
number i.e. ID, captured image, truck route and bin position are optimized for bin monitoring and management 
system. RFID tag is mounted on waste bin in order to the gather the serial number of the bin. The RFID reader 
and camera are mounted in the truck. When the truck comes closer to the bin, RFID reader communicates with 
the RFID tag (Hannan et al., 2011a) to capture the tags ID and other information about the bin and gives signal 
to the camera to capture the first image. After the collection process is done, the camera captures the second 
image. Thus, all the real-time information’s such as tag ID, collection time, bin status images, waste content in 
the bin and GPS data are forwarded to the control server through the GSM&GPRS modem with the availability 
of GSM or GPRS network. The control station received the incoming information and processed to read, 
analyze and store into the GUI of the control server (Hannan et al., 2010b). GPS and GIS are used in the 
intelligent system for tracking the position of the truck and bin location as well as mapping the detection and 
monitoring of the trucks and bins. In this way, the actual content of the bin and its surrounding area can be 
estimated. 
 
Program Interfacing:  

 
The system is initialized with the all default values. GPS data is reset with the current location coordinate 

values (Arebey et al., 2011a). The In Vehicle System try to establish a connection with the center server through 
GPRS communication after a successful connection is established the system is being ready for collection 
operation. Collection session starts with driver ID authentication. Waste Disposal trucks equipped with RFID 
readers pick up bins marked with RFID tags. RFID waste tags as a key to information (e.g., customer/household 
ID, address, and so on) stored in the waste management administrators back-end databases. For example, an 
RFID waste tag only contains a unique tag ID. The identity of each tag is broadcasted to a reader with the same 
frequency and the same tag protocol. A cross matching operation is done with the pre-stored system data of each 
bin tag ID. The RFID reader antenna acts as a communication channel between the tag and the reader. It can 
transmit data from its sideways and front. The waste management application can use to retrieve customer’s 
record (i.e., personal information) stored in the backend waste database. The readers then record the exact time 
and place every time waste bin is emptied. All the data is updated after each collection period and saved to the 
central monitoring station. The system works following the Fig. 5. 

An omnitrol network edge appliance receives data from all readers as well as from all collection trucks. 
This permits a new degree of monitoring and control of the waste-disposal process. The RFID reader that 
installed on the collection trucks is active RFID tag. An external power supply is connected with the active 
RFID tag and the power of active RFID is used to active the passive RFID tag’s data extraction. It could identify 
all the bin tags attach with the waste bin. The reader extracts data from the tags those ID are store in the central 
database. It avoids the data from un- authorized ID (Hannan et al., 2011b). The location information from the 
GPS system, customer information from the bin tag ID and collection time makes a data packet. The data packet 
is sent to the main database through GPRS communication channel. The built in web camera mount with each 
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collection truck takes a snap shot before and after the bin collection. The waste bin photos are sent with the data 
packet against to the bin tag ID. All these wireless communication will be done using GPRS technology to send 
and receive data packets, users can be always on line and pay the bill by flow (Qin et al., 2008). The waste bin 
images are processed using Matlab image processing tools. MySQL data server is chosen for storing all these 
data to the center server. The Hyper Text Transfer Protocol (http.) would use for authentication of the users and 
administrators. The integrated system of RFID, GPRS, GPS, GIS and web camera makes the waste bin 
identification and customer data collection system easier (Hannan et al., 2011b). RFID has many applications in 
the field of environment (Thomas, 2008). This technology plays an important role in Solid Waste collection 
operations. RFID gives facilities of feature expansion in future (Arebey et al., 2009; Arebey et al., 2010b). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Flow Chart for Waste Bin Monitoring System. 

 
Result and Discussion 

 
The GPS and GPRS system is widely applied in the digital/electronic map, the vehicle monitoring system, 

the vehicle management system, the security navigation. Integration of GIS and GPS technology can display and 
track vehicle position in subject digital maps. Automatic waste collection point reporting function and truck 
monitoring services are achieved by GPS module with GPRS technology’s combination. GIS mapping server is 
used for analyzing data of various locations. It helps to take the decision for dumping area selection. 
Simultaneously the GIS server is updated using the data is stored to the system. Web camera always capture 
picture at the time of waste bin collection and after collection than store in data server in the center station as a 
future database. Analyzing the storage data, authority for waste management can take change their strategy like 
fleet management, rout management, dumping location selection etc. 
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The integrated system performs with intelligent vehicle, monitoring platform, communication network and 
an image processing system with GUI. The information such as bin ID, date of waste collection and truck ID, 
stored in the RFID tag were read by the RFID reader. The images taken by camera were processed to examined 
bin status either collected or uncollected and amount of estimated waste either empty, full or overflow, 
respectively. The bin location information latitude and longitude were provided by GPS module that attached in 
the truck along with RFID reader and GSM and GPRS module. All these information are combined together and 
sent to the control station via GSM and GPRS transceiver. The control station compiled all the information and 
stored in the system database. The bin status and waste truck database was monitored as shown in Fig. 6.  

 

 
 

Fig. 6: Central Monitoring System. 
 
All information such as truck ID, driver name, longitude, latitude, truck speed, collection and date were 

received in the control station via GSM and GPRS transceiver and complied in the system database. Thus, 
operator can monitor the bin and truck data that was stored in the database for future planning use. The image 
processing and histogram analysis, waste estimation, bin status, bin ID, collection date and time, etc. are 
discussed in the bin and truck monitoring system. All the processing was carried out in the control server 
through graphical user interface (GUI). In the process of image restoration, image enhancement and waste 
estimation, the effected noise and low contrast were removed using filtration technique to overcome these 
problems. After the image being processed the image converted into grayscale format to make a comparison. 
Grayscale image was subtracted from the reference image in order to obtain the differences between the two 
images. For example, in default status i.e. empty bin, the whole image was represented by black pixel and no 
appearance to white pixels. It was noticed as the waste increased, the number of black pixel decreased and 
intensity level of histogram increased as shown in full and overflow bin status GUI. Then the gray format image 
was converted into binary format of 0 or 1 value. The 0 value corresponds to black indicated no waste appeared 
and 1 corresponds to white indicated the waste. The slider was added to the GUI to measure the status of the bin 
and the amount of waste whether the bin was empty, full or overflow. The entire system would use the existing 
GPRS network to transmit information collected from the GPS module to the IP-fixed control center in the 
internet. The system response is fast enough for a real time monitoring facilities as the data transfer rates is up to 
160 Kbps in GPRS communication system. It is very economical by way of the available technologies keeping 
feature expansion facilities in future. 

 
Conclusion: 

 
In this paper, an integrated system of RFID, GPS, GPRS, GIS and web camera is introduced for efficient 

and economic solid waste collection. The developed system provides improved database for waste collection 
time and waste amount at each location. The system is also contributed to reallocate the location of the bin, new 
collection route using the data that being saved in center server. GIS data would help to select or reallocate the 
dumping point by giving the collection truck monitoring facilities. RFID gives the scope of identification as per 
system requirements. GSM communication system has provided a high data transmission rate for real time 
monitoring. 
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