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Abstract - Overpopulation and lack of awareness are the 

main causes of poor waste management. While existing 

research in waste management employs current technology 

such as the Internet of Things, it lacks emphasis on residential 

centric type of waste management system. This project designs 

a weight based scheduling system for a guarded neighbourhood 

using Arduino Uno, load cells and plastic bins which are then 

incorporated with WiFi to send waste weight information in 

real time to cloud for monitoring. Design verification tests such 

as the linearity test and non- repeatability test showed less than 

1 percent standard deviation error. A Proof of Concept test was 

conducted to test the system's performance at a guarded 

residential area. Analysis of test showed that an average of 

0.0966 kg of recyclable waste was collected per house. Based on 

the results also, it is predicted that approximately 483 kg of 

waste can be effectively collected from 10 residential areas 

using the I-Bin system.  Residents tend to dispose waste after 

office hours and scheduling more waste collection frequency 

after office hours will lead to increased revenue for the 

recycling company. 

Keywords—Neighbourhood centric waste management, IoT 

based waste collection, Single bar load cell 

I. INTRODUCTION  

Waste management is one of the major environmental 
problems. Waste management is an activity where the waste 
is monitored from being generated until its final disposal. 
This includes the collection of waste, transportation, 
treatment, and disposal [1]. In 2002, a study revealed that 
Peninsular Malaysia generated about 6.2 million tonnes per 
year and between 0.5 to 0.8 kg per day and has increased to 
1.7 kg in big cities. At this rate, it can lead to generation of 
up to 31000 tonnes per day by 2020 [2]. Approximately 75% 
of collected waste is dumped at landfills, 20% are composed 
while only 5% are recycled [3]. The rapidly increasing 
human population translates directly to increased production 

of waste such as organic waste, hazardous waste, liquid 
waste, and solid waste. Solid waste is waste such as paper, 
plastic, tin, glass, and metals. These waste are generally 
found in household and industrial locations. Waste 
management is no longer the sole responsibility of local 
authorities, and with current waste generation speeds, waste 
separation at the source plays a crucial role in waste 
management, recycling and waste disposal [4,5].  

Recycling in Malaysia encounters some major challenges 
which are the rapidly increasing solid waste amount, waste 
management cost, lack of database on solid waste 
management and recycling, lack of awareness on the 3Rs 
(Reduce, Reuse and recycle), lack of policies to promote 
3R's culture and limited information and network among the 
stakeholders [6,7]. 

While there is heightened awareness through social 
media and schools on the importance of recycling solid 
waste, better waste management techniques need to be 
implemented in residential neighbourhoods. The local 
government councils provide free garbage bins for each 
house but these bins do not separate waste for effective 
waste management and the subsequent recycling 
management. Recycling bins positioned in neighbourhood 
centres are mismanaged as the waste is not collected the 
moment the bins become full, but instead are collected at 
scheduled times, leading to bin overload and a general lack 
of motivation for residents to recycle. There is an immediate 
and concerned need for waste management that can provide 
a solution locally and globally [8]. 

II. RELATED WORKS  AND I-BIN SYSTEM APPROACH  

IoT is a user friendly technology as expected to reach 30 
billion devices/users by the year 2020 to connect humans 
and machines [9, 10]. IoT has many uses including medical, 
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health, finance, education and retail [11]. IoT can also be 
used to solve problems in agriculture, smart home and 
appliances control [12-14].  IoT is based on cloud 
technology, and enables the access to data easily and at any 
time [15,16]. IoT, when combined with data mining can be 
used in predictive analysis to solve or enhance existing 
problems or businesses [17]. More recently, IoT and data 
mining have been studied for application in waste 
management.  

The work in [18] uses ultrasonic sensors to measure the 
distance of the sensor and waste. The image is then 
processed together with data from the ultrasonic sensor to 
calculate the container’s content volume. The work in [19] 
uses volumetric sensors to measure the capacity of the waste 
and the data is exchanged to other levels of the system based 
on real time. In [20], waste bins are tagged with Radio-
Frequency Identification (RFID) so the antenna of the 
collection vehicle can identify which bin to collect. The 
information describing the waste is stored in RFID tags, and 
this tag can be read from any location within 5 meters from 
the reader antenna. In [21], the authors suggest a smart 
pickup system in which each bin transmits the volume and 
location to nearby truck drivers. As the bins become full, the 
drivers nearest to the bins are assigned to pick up the waste. 
The authors in [22] discuss that change in recycling habits 
might highly impact the ecological and sustainability of a 
city. The use of a recycling app on a smartphone may be the 
solution to increase recycling awareness and behaviour as 
people tend to use smartphone in their daily life. Authors in 
[23] suggest deploying waste bins on each side of the floor 
with bins which are moved on a conveyor belt [23]. The lid 
of these bins will close automatically when the ultrasonic 
sensor detects the bin has reached an 80 percent capacity to 
avoid spillage. The authors in [24] deploy an app that allows 
users to post items for recycling that might be of interest to 
other users. The app allows the interested parties to 
communicate and meet to collect the waste for reuse.   

Although extensively researched, there are some 
limitations in past works. Each of these papers had proposed 
different techniques to improve on the recycling methods. 
Most of the techniques developed are used in public areas. 
There is still need of better techniques to improvise the 
recycling efficiency in residential areas. The system that will 
be developed for this project is called I-Bin. It is impossible 
to overcome all the limitations of the selected past works as 
improving one limitation might conflict with another 
limitation.  

The research work done in this paper proposes a smart 
recycling scheduler system that focuses on optimising the 
recycling waste collection time. The system triggers an 
alarm to the recycling centres when the bin’s weight 
threshold is met. The system is based on a weight based 
recycling scheduler system using Arduino, a load cell and an 
analogue to digital amplifier. The system is incorporated 
with Internet of Things (IoT) for real time waste weight 
monitoring in order to schedule for more effective waste 
pickup. 

WiFi is now mostly available in residential areas and 
thus can be used for stable connection to the recycling 
centres [25].  The ThingSpeak IoT platform allows real time 
monitoring and alarm trigger which allow fast arrangement 
for unscheduled collection. The load based sensor triggers 
the alarm only when the threshold is met, thus reducing 

unwanted collection trips when the bins are not full, or 
increasing collection trips during peak disposal times to 
encourage more recycling by residents.  

The proposed I-Bin system uses a single board computer 
which is Arduino Uno. The simple design provides fast 
processing and low cost maintenance, which are crucial 
factors in sustainable engineering practices.  

III. PROBLEM STATEMENT  

The proposed system addresses two problems that are 
fundamental in ensuring an effective waste management 
system.  

The first problem is the challenges of optimising 
collection of recycled waste collection. Timely waste 
collection provides a sustainable practice in terms of cost 
and fuel saving. The collection is only done when the 
threshold value is met. It is unnecessary but routine clearing 
of unfilled recycle waste bins can be avoided.  

The second problem is concerned with the psychological 
behaviours of urban dwellers. In most urban areas, recycling 
companies are situated nearby residential areas. However, 
urban dwellers do not have the time to physically go to the 
centres to dispose recyclable items, in spite of their moral 
obligations to do so. Given traffic and time constraints, 
urban dwellers choose the easy way out of the problem and 
end up mixing recyclable and non-recyclable waste together 
and throwing the waste at their respective garbage bins 
outside their houses for collection. Some individuals who do 
find the time to go the recycling bins in their residential 
areas become demotivated when they see the bins full and 
are unable to throw the recyclable waste. This will 
demotivate them to make the next trip to the recycling bin 
area.  

IV. SYSTEM IMPLEMENTATION AND DESIGN FACTORS  

A. I-Bin Hardware  

The I-Bin system contains two bins, one for paper and 
another for plastic. The testing location is a guarded 
residential area in Puchong, Malaysia. The bins are placed in 
a commonplace in the neighbourhood for ease of access by 
the residents.  

Straight bar load cells that can measure up to 5 kg are 
connected to the 24-bit analogue-to-digital HX711 amplifier. 
The load cells have four strain gauges that are hooked up in 
Wheatstone bridge design.  The output voltage of the load 
cell is measured to check the weight. The HX711 will 
convert the analog signals received from the load cell to 
digital signal and amplify them before sending the signals to 
Arduino to process the weight.  

 WiFi integration is done through the use of ESP8266 
module connection. The data to ThingSpeak application is 
written using the write Application Program Interface (API) 
key that allows the system to write or read data from 
ThingSpeak [26].  

 The load cell is mounted on a stable base to provide an 
equilibrium level. The equilibrium level is crucial to ensure 
weight accuracy of the load.  Apart from the equilibrium, 
there are a few other factors that can affect the systems 
weighing accuracy, namely, the nonlinearity, hysteresis, 
environmental forces and temperatures.  
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 Nonlinearity measures the load cell's weighing fault over 
the total operating range. It indicates the load cell calibration 
curve from zero load until the load cell's maximum rated 
capacity. A system is defined as linear when the output is 
linear to the input. Hysteresis is the change between the load 
cell's outputs when the corresponding sum of the load is 
applied to the load. Error sensor calibration is done by 
increasing the weight from zero to maximum, and decreasing 
the weight from maximum to zero.  

 Non-repeatability test is done by measuring the variance 
in output when the same weight is applied to the load cell 
repetitively. Higher variances indicate a higher non 
reliability in the weight reading. Due to the continued 
pressure applied by the disposed waste on the load cell 
(while it waits to be collected by the collection truck), the 
creep effect will affect the reliability of the system over time. 
To reduce the creep effect, the system must be placed in an 
optimum operational temperature to reduce the creep effect 
on the load cell’s sensitivity.   

 Environmental forces that can affect the load cell based 
weighing system are wind, vibrations and shock loading. 
Shock loading happens when high load items are dropped 
into the bins from a high altitude. User education is crucial 
to ensure the vibrations do not affect the accuracy of the 
weighing.  

 The load cell can expand under very high temperatures 
and this will affect the calibration factor, ultimately affecting 
the system accuracy. Given that Malaysia has a constant 
weather temperature and humidity, no test is conducted to 
control the temperatures for this system.  

B. I-Bin Software  

 The Arduino board is programmed using Arduino IDE 
and connected to the load cell, HX711, and WIFI module. 
Once the hardware has been integrated with the software, a 
50 g load is applied to the load cell. The accuracy of the 
weight is then compared to the weight obtained from a 
digital weighing scale. If the values are different, a 

calibration factor coding is performed on the load cell until 
the matching weight is obtained from the I-Bin system.  

 Data is programmed to be updated to the cloud every 30 
minutes. The weight displayed on the cloud is the 
cumulative weight of the 2 I-Bin system bins.  

C. I-Bin System Architecture  

 Figure 1 shows the I-Bin system architecture. Two bins 
will be placed outside the recycling centre’s management 
office. Residents can dispose of the recycle items at the bin 
at any time.  

 During the Proof of Concept, the system threshold for 
weight is set at 4 kg. Once the weight is met, the LED light 
on the bin will be on to indicate the weight is met or the bin 
has reached its maximum capacity. Residents will not be 
able to dispose items into the bin once the LED is on. When 
the expected weight is met, the recycle company will alert 
their dispatch to collect the items that have been disposed of 
in the I-Bin. 

D. Advantage of I-Bin System  

 Costing is an important factor that drives all businesses. 
The costs that a recycling company incurs also include the 
logistics cost for collection of the recycled items, which 
include the wages for the truck driver and fuel cost. 
Conventional systems require the driver to make scheduled 
pickups to waste bins that may have not reached their 
capacity. In another extreme, an overloaded bin may have to 
wait for a few days before the next pickup, hampering the 
motivation of residents who might be thinking of recycling. 

 Demotivated residents may end up not wanting to recycle 

their waste, because each time the go to the centre, the bins 
are full, and they are unable to place the recyclable waste. I-

Bin overcomes this challenge because pickups are scheduled 

each time the bins reach the threshold. In spite of increased 

pickup cost, the recycling companies can expect increased 

revenue because the quantity of recycled items per week 

increases dramatically. 

Fig. 1. I-Bin System Architecture. 
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 I-Bin also assists in waste separation, as it can allow 
different materials to be thrown in different bins. This 
provides much convenience for the business as it does not 
have to employ extra manpower to segregate the rubbish 
according to their types.   

V. DESIGN TEST AND PROOF OF CONCEPT  

A. I-Bin Design Verification Results 

 The non-repeatability test was conducted to verify that 
when the same amount of load was applied to the load cell 
repetitively it has to produce the same output. Figure 2 
shows the results of the non-repeatability test that was 
conducted for Bin 1 (paper) and Bin 2 (plastic). The test 
proved that the same output is produced when the load of 
500 g was applied to both bins. The creep effect was tested 
during this non-repeatability test and the results were as 
expected as there were no changes in the reading or the 
output of both load cells when a load was applied on the load 
cell for 24 hours continuously. Linearity test was also 
conducted and the results show that the system is linear. The 
results of the linearity test are shown in Fig. 3. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Fig. 2. Results of the non-repeatability test for 500g load. 

 

 The Proof of Concept (PoC) for the I-Bin system was 
deployed for testing at the Bandar Puteri 8 residential area. 
The test duration was for seven days. Social media was used 
to advertise the PoC test and residents were urged to dispose 
their recycled waste at the recycling centre. Figure 4 and 
Figure 5 show the data collected for both bins for Day 1 and 
Day 4 of the PoC respectively. These days were selected as 
they showed some significant fluctuations to the weights in 
the bins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Results of the linearity test for 500g load. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Data monitored on IoT platform for Day 1 of PoC. 

 

VI. OUTPUT ANALYSIS 

A. Analysis Recyclable Waste Weight Collected 

Data obtained from the PoC was analysed to conclude 
the behavioural of the residents on recycling and predict a 
possible outcome if I-Bin systems were deployed in other 
residential areas.  

    Figure 6 shows the total weight of waste collected from 
the PoC. The total weight accumulated for papers and 
plastics are 24.39 kg and 23.91 kg respectively. Figure 6 also 
shows that the highest collection for paper and plastic were 
on Saturday. On that Saturday, the collection was done twice 
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as the plastic bin met its threshold twice on the same day. 
This could be due to the fact that residents tend to have more 
time to clear their unwanted plastic and paper items for 
recycling on weekends.   

B. Waste Disposable Behavioural Analysis 

 From a daily graph analysis (not shown in this paper due 
to space constraint), it was clear that most of the residents 
tend to dispose the recycle items after working hours, 
specifically after 8 pm.  compared to morning or early 
evening.  

A total weight of 48.3 kg of waste was collected during 
the PoC. There are 500 houses in the PoC tested residential 
area; hence, this averages to 0.0966 kg of recycled items per 
house per week. The low average value per house could be 
due to the habit of residents who still prefer to wait for the 
recycle truck to come to their doorstep, or the fact that no 
reward was given to use of the I-Bin system as it was in a 
testing phase. 

C. Predicted Waste Collection 

 Based on figures provided by the local recycling centre, 
an estimated 10 tonnes of recyclable items is collected by the 
lorries in a week.  If 48.3 kg of waste can be accumulated 
from an inactive neighbourhood, it is predicted that the I-Bin 
system deployed in multiple residential areas can provide a 
high yield for the recycling companies. The I-Bin system can 
be deployed with proper user education and a fair reward 
system in place. 

 
Fig. 5. Data monitored on IoT platform for Day 4 of PoC. 

  

 

Fig. 6. Total weight of waste collected from the PoC. 
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Fig. 7. Predicted waste yield for 10 residential areas. 

 Figure 7 shows a simple linear prediction model for the 
yield of waste collected if the I-Bin system is deployed in 10 
residential areas similar to the tested residential area. Figure 
7 shows that almost half a tonne weight of recycling item 
from the 10 residential areas can be collected, with reduced 
costs of logistics. 

VII. CONCLUSION 

The work developed a weight based smart recycling 
system using a single board computer. Arduino Uno R3, 
plastic bins, and load cells were used to design the hardware 
which was incorporated with a WiFi module to send the data 
to the IoT platform which serves as the cloud storage. To 
prove the concept, a seven day trial run was conducted at a 
residential area in Puchong, Malaysia. The output of the test 
was used to predict the waste yield if the I-Bin system was 
deployed in other similar residential areas. Results showed 
that an average of 0.0966 kg of recyclable waste was 
collected per house. It is predicted that 483 kg of waste can 
be effectively collected from 10 residential areas using the I-
Bin system. The collection of the bin was done almost 
immediately once the bins met their threshold value. This 
increases the efficiency of collection, saves time and more 
importantly it reduces the operating costs for recycling 
companies.  
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