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The Internet of Things (IoT) is an emerging technology that has started to revolutionize 

our daily lives by utilizing the interconnectivity of small devices to allow the transmission of data 

across interconnected networks. This work utilizes the Internet of Things framework to facilitate 

public and commercial waste retrieval in cities by using an ultrasonic sensor and a low-cost, low-

power, system on a chip microcontroller with integrated dual-mode Bluetooth ESP32 series to 

check the status of the waste receptacle. A city project needs to be feasible, modular, and able to 

help the city’s inhabitants. The various components for this implementation are analyzed to 

determine the efficacy of each element. After analyzing the different networking capabilities of 

the networked modules, the Bluetooth Low Energy (BLE) option is considered the best practical 

option for the connection of the networked modules. Though it has a short range, Bluetooth Low 

Energy’s most prominent feature is power saving, where energy is the primary constraint. The 

hardware used in the implementation (ESP32), makes a significant difference, especially regarding 
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the modularity that can be obtained in the future for this implementation. A city is constantly 

expanding and changing. So, any implementation or project that is put into use in a town needs to 

be able to change and grow with the city. The chosen microcontroller makes a difference in the 

overall operation of the modules in the network. The impacts and repercussions can be quantified 

and analyzed by looking at the components of this implementation. The best network topology to 

utilize is a mesh network, allowing for the best modularity of the network implementation. This 

thesis shows how the Server-Client network option allows for reliable modularity and data 

transmission to sanitation workers’ mobile devices. By looking at several aspects of this proposed 

smart waste management system (such as the code and hardware), this thesis ascertains whether 

this can be implemented for cities’ use efficiently. This implementation should demonstrate the 

effectiveness of using the Internet of Things for city purposes and the benefits that can be gained 

for the environment and the people living in a city using it.  
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1 Introduction 

Smart technology has become a prevalent subject since the expansion of the Internet of 

Things (IoT). IoT has found a substantial number of growing uses as the connectivity of devices 

has become a centralized occurrence in homes. As it becomes easier to obtain smart devices for 

individual use, the thought of how they can be used not just for commercial use, but also for public 

use. To understand the implications of IoT in the scope of the size of a city, the factor that need to 

be understood and analyzed are efficiency, budget, and distance (or city area). This project 

analyzes a department in a city that blankets the busiest areas of a city, Waste Management. 

According to a study done by the Environmental Protection Agency (EPA) “The City of Atlanta 

disposed of approximately 100,000 tons of residential garbage in calendar year 2008” (IFC 

International, 2009). Waste management is just one of the many departments that make up a city’s 

infrastructure, but the waste management department raises the need for an efficient and affordable, 

smart waste receptacle. According to a study done by the Lexington Fayette Urban County 

Government, commercial waste accounted for 16% of their annual trash in 2022 (RRS, 2022). By 

utilizing the technology available it is possible to efficiently retrieve commercial waste using this 

implementation. 
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Table 1: Fleet vehicle Age (MSW Consultants, 2017) 

Equipment 

Type 

Number of 

Pieces 

Useful life 

(Years 

Expected 

Average Age 

(Years) 

Actual Average 

Age (Years) 

Status 

Automated 

Side loader 

16 7 3.5 2.4 ok 

Rear loader 66 10 5 11.9 severely 

deficient 

Grapple 

Truck 

4 7 3.5 5.5 deficient 

Roll-off 

Truck 

3 10 5 5.3 deficient 

Street 

Sweeper 

8 7 3.5 6.4 severely 

deficient 

Medium 

Duty Truck 

7 10 5 10.9 severely 

deficient 

Mobile 

Equipment 

7 10 5 7.7 deficient 

Pick-up 

Truck 

23 10 5 11 severely 

deficient 

Sedan 11 10 5 10.5 severely 

deficient 

Trailer 4 15 7.5 4 ok 

Container 21 10 5 7 deficient  
Total                        

170 

  
9.3 

 

 

Table 1 (MSW Consultants, 2017) shows the fleet information from a solid waste study 

conducted in Louisville in 2017. It shows that the average expected life of a vehicle is half of the 

equipment’s useful life. It also shows that the actual average age is normally higher than the 

expected average age. It is observed from the table that the fleet equipment is mostly deficient and 

in need of repair. The proposed  technology will allow for a longer useful life for the fleet vehicles 

by cutting down on the amount of travel for public and commercial waste removal. 

 Three main problems are addressed with this project: a.) coverage area, b.)  efficiency, and 

c.) affordability. To handle the wide span of the coverage area for a city, this application uses a 
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low power, low-cost system on a chip microcontroller with integrated dual mode Bluetooth ESP32 

series (ESP32) for the waste receptacle. To manage efficiency, the ESP32 sends a status 

(Empty/Full), to show whether a receptacle is ready for retrieval or not. This relieves unnecessary 

travel for the disposal vehicles, which can save gas and time. For the affordability factor, the 

components are the main factors in ensuring that this implementation does not require overhead or 

extra personnel to make it a reality. 

1.1 Coverage area 

To handle the vast area that a waste management department must cover, it was necessary 

to investigate a way to interconnect the waste receptacles so that the signals could be sent along 

the network, or at least allow for a node/receptacle to contain the information of at least one other 

node/receptacle on the network to make it easier to tell the status of multiple nodes on the route. 

By using an ESP32 microcontroller it becomes a matter of coding the controller to be both a server 

and a client. Interconnecting the microcontrollers into a network using the Bluetooth Low Energy 

(BLE) on the ESP32 allows for the creation of Bluetooth servers and clients in the network capable 

of noticing the characteristics of the other nodes/receptacles on the network.  
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Figure 1: BLE Network Topology (Lesson 2 – BLE profiles, services, characteristics, device 

roles and network topology, 2023) 

 

Figure 1 shows the distinct types of topologies that could be potentially used to accomplish 

the necessary goals for this project. The mesh topology is the best option because of its inherent 

expandability, but the one-to-many connection has almost the same amount of potential and less 

coding.  

 Linking the nodes/receptacles also has the advantage of being able to modulate the network. 

Due to construction and other factors, cities are constantly changing, so modularity becomes a 

significant factor to obtain flexibility. BLE networks may have a maximum range of approximately 

150 meters (RF Wireless World, 2023) while the average city block, according to reference, is 

between 94.5 - 98.5 meters (Writer, 2020) so the effective range of the BLE nodes is able to cover 

between city blocks adequately.   
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1.2 Environmental Safety and Efficiency 

To keep a city running efficiently, city administration must continually find ways to improve 

the overall operation of departments. Knowing how to save money/time from a single operation in 

a department can save the city thousands of dollars. Minimizing the need for lengthy travel while 

traversing the city can also lessen the need for large waste retrieval vehicles. 

 

Figure 2:Route Without Optimization 
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Figure 3: Route With Optimization 

 Though these vehicles can hold more, they are also bad on gas mileage. To streamline the 

efficiency factor for this, this implementation will be able to send a signal along the route to notify 

if a receptacle is Empty/Full. Figures 2 and 3 show how route optimization works. It looks for the 

best path to reach the end; which is for the waste vehicles to collect and dump the waste and then 

return to the garage. This will drastically optimize routes and times spent traveling. Another way 

to streamline efficiency is to cut down on the maintenance that must be performed. “The average 

age of a car on the road in the United States is around 12 years, which means that many cars require 

frequent repairs and maintenance” (Abdalslam, 2023). 
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By cutting the amount of maintenance that needs to happen on the receptacle modules, this 

application of smart technology becomes more feasible for public/commercial use. The way that 

this is achieved in this project is with a solar panel. “Solar radiation represents the largest energy 

flow entering the terrestrial ecosystem” (An Assessment of Solar Energy Conversion Technologies 

and Research Opportunities, n.d.). The use of renewable energy sources will improve the constant 

need to change the batteries in the device. That means if there are no technical problems that arise 

in the device all maintenance can be done using the software. 

 According to Nature.org, “A carbon footprint is the total amount of greenhouse gases 

(including carbon dioxide and methane) that are generated by our actions” (The Nature 

Conservatory, 2023). The different boundaries of a carbon footprint refer to the carbon footprint 

generated by not only the vehicles, but also the individuals that use the vehicles (Gao, Liu, & Wang, 

2014). To be able to adequately judge how much of an environmental impact this project could 

have, this project will look at the carbon footprint generated by a couple of cities to project an 

estimated decrease in the carbon footprint due to this project. The carbon footprint for a city is 

more complex than the footprint for individual households. By  looking at the waste management 

reports compiled by a couple of cities, this report should be able to see the carbon footprint for 

those respective cities and be able to show what aspects of the carbon footprint will be reduced by 

this project. 

1.3 Affordability 

Most state governments require that each municipal county maintain its own solid waste 

management department while reporting annually on the condition and status of the departments.  

Kentucky has a revised statute that states, “Each county shall provide a universal collection 

program…” (KRS 224.43-315, 2023). However, one thing that is not given in the statute is how 



 

 

8 

 

the counties will fund the solid waste management programs. While most  states offer grants to 

help with the waste management program, a large amount of the budget for waste management 

comes from the county/city budget. For big cities like Chicago, implementation across the city is 

too expensive to consider without considering what the city can gain. The budget for a city is 

usually allocated over a fiscal year (like most businesses). A major selling point for this 

implementation is that the materials for this implementation are very affordable, even for a 

graduate student. The main components of this implementation are inexpensive or singularly 

created by the researching individual. The major components for the implementation were all 

bought using the most affordable options available. An itemized budget for the implementation 

can be found in the results chapter. By creating the implementation using the parts listed below,  it 

will not only be affordable, but will require little maintenance for each waste receptacle.  
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2 Literature review 

The rising solid waste worldwide has created a need for waste management solutions. Over 

two billion tons of municipal solid waste (MSW) are generated each year worldwide 

(Hwhenvironmental, 2023). To find a solution to the growing waste management issues, many 

scholars have taken to utilizing the prominent IoT solutions that have become prevalent in smart 

homes. Three main components are utilized in each instance: a) a microcontroller, b) one or more 

sensors, and c) a data transmission/signal relay. Each solution has its own benefits and, at the same 

time, some drawbacks.  

 Design of smart Trash bin (Chandrea & Tawami, 2020) discusses the impact of smart trash 

bins. The implementation of the smart trash bin used in this article contained an Arduino UNO 

microcontroller, HC-SR04 ultrasonic sensor, Pyroelectric InfraRed sensor (used to detect infrared 

radiation and heat generation), and a voice module. This implementation uses several sensors to 

make the implementation more people-friendly, but the implementation itself is geared more 

towards a home application instead of mass implementation. The implementation has no signal 

relay because its primary goal is to help change people’s mindset about disposing of trash properly. 

 A Smart Waste Management Solution Geared Towards Citizens (Pardini, et al., 2020) 

tackles the challenge of creating an efficient and real-time waste management system. The 

hardware used for the implementation are a load sensor (HX711), ultrasonic sensor (HC-SR04), 

temperature and humidity sensor (DHT11), a GPS module (model Neo-6M), and a GSM module 

(SIM900). These sensors all work with solar panels and an Arduino-based microcontroller. This 

implementation’s main selling point is focused on using a cellular network coupled with a custom 

application designed for smart waste receptacles. The biggest problem with this implementation is 

the inability to conceal the wiring for implementation. 
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 Smart Bin Implementation for Smart Cities (Sharma, Singha, & Dutta, 2015), researches 

the potential smart bin applicable in a smart city. By using data analytics and machine learning, 

this implementation analyzes the algorithm used for route optimization. The hardware for this 

implementation was a simple microcontroller (PIC-16F73), an ultrasonic sensor (HC-SR04), and 

a GSM module (SIM-900A). By reviewing a database of the data collected and analyzing the data 

with a predictive algorithm, the researchers could gather data accurately and show the pattern. The 

microcontroller for this implementation is lacking in both digital pins and built-in functions. Still, 

it was able to complete the necessary task with the help of several external devices. However, it 

does not have all the bells and whistles of the Arduino UNO or ESP-32 modules; it still serves its 

functional purpose. 

 Smart Dustbin for Waste Management (Gayanthika, Maduranga, Silva, Wikramarathne, & 

Ranasinghe, 2019) discusses the use of smart dustbins to improve living conditions in Sri Lanka. 

This implementation utilizes an Arduino Mega 2560 microcontroller, Ultrasonic sensor (HC-

SR04), load cell, RFID reader, and GSM module. The design and implementation are developed 

to allow user data to be pulled from a server, but this idea is not efficient for a city use because of 

the tourist flow that comes through a city. The full functionality of the system needs about 500mA 

to 700mA (Gayanthika, Maduranga, Silva, Wikramarathne, & Ranasinghe, 2019). One of the 

primary goals of this implementation was to categorize waste , which is only necessary if you are 

looking for patterns to dispose of waste. 

 The Design and Implementation of the Smart Trash Can based on the Internet of Things 

(Wang, Xu, Zhang, Zhang, & Su, 2020) investigates the development of an intelligent trash can 

primarily for use in individual homes. The implementation utilizes MSP430F149 as the main 

control chip and uses the human body sensor module, infrared ranging module, motor, ultrasonic 
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module, and GSM module as peripheral components. For open-air applications some of the 

components used in the development of this implementation would be unnecessary, but when used 

in an individual home it becomes necessary. The application for waste detection in a public setting 

would not be necessary unless you were trying to locate public patterns or trends. A major flaw of 

this implementation was the visible wiring that could be damaged by liquid waste. 

 The Eco-Smart Can V2.0 (Nanto, 2019) looks to solve the problem of efficiency in the 

waste management system by being able to tell whether a receptacle is full or empty to cut down 

on wasted time by waste management personnel. The hardware utilized for this implementation 

includes ESP32-WROOM-32, HC-SR04 ultrasonic sensor and uses the built-in Wi-Fi of the 

ESP32 for data transmission. The ESP32 is the ideal micro-controller because it contains most of 

the necessary elements for the device without having to have too many peripheral modules. The 

biggest issue with this implementation is the exposed wiring; even with a custom-made chassis, 

the wiring from the microcontroller to the ultrasonic sensor is still exposed. 

 After looking at the relevant research is apparent that the previous implementations have 

flaws, which this design and implementation will remedy. The main thing that will be 

accomplished with this implementation is the data transmission network.  
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3 Methodology 

To achieve the goals of affordability, environmental safety, efficiency and coverage, there are 

two parts that form the actual modules for the waste receptacle implementation. The hardware, 

which is the physical components that help to make up the primary functionality of the 

implementation. Secondly, the software which is the coding and program behind the hardware 

including the network construction for the multiple connected ESP32 devices.  

3.1 Hardware 

The hardware used in this implementation are listed in Table 2. Each piece is selected to 

meet the goals of the project and create a low power and sustainable implementation. After 

weighing all the potential options, the equipment listed is the most affordable option for the limited 

budget of this project. Each entry listed in the table has a corresponding data sheet in the appendix. 

The ESP32 used for the implementation contains all the necessary I/O ports and networking 

capabilities embedded in the microcontroller. The necessary power required to power the ESP32 

is approximately 3.3V. Though it is possible to add more sensors, in the interest of the limited time 

frame, a single sensor to measure the height of the waste in the receptacle is used. The HC-SR04 

ultrasonic sensor is a common and inexpensive peripheral device that uses sonar waves to measure 

the distance from the sensor. To help with the sustainability of the implementation, a solar cell is 

used in conjunction with a rechargeable 3.7V battery to power the entire implementation. To keep 

the battery from overheating/overcharging, an intermediary charging module (TP4056/TC4056C) 

is used here. 
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Table 2: Hardware List 

3.2 Complete Circuit and Code Description 

To implement the intended design a battery charging circuit is designed to power the entire 

unit and a microcontroller-based sensor network is developed for the efficient data transfer within 

the cities’ network. The dc power supply utilizes an alternative power source to cut down the 

frequent regular maintenance by using a renewable energy source which curbs the need for the 

replacement of batteries.  

The charging circuit consists of three main parts, the solar panel, the battery and the 

TP4056 charging module. The TP4056 serves as an intermediary to control the electrical flow to 

the battery and send power to the main module. Though the TP4056 is a small component the 

purpose that it serves is to maintain the overall health of the battery by preventing overcharge and 

overheating. The TP4056 has many features some of which include protecting the battery from 

inrush currents using a soft start protection feature and over discharge protection which prevents 

Hardware 
Description 

ESP32 
KeeYees ESP32S ESP32 Development Board 

2.4 GHz Dual Core WLAN Wi-Fi + 

Bluetooth 2-in-1 Microcontroller ESP-

WROOM-32 Chip for Arduino (38 pin 

narrow) (Appendix A) 

Ultrasonic Sensor (HC-SR04) 
Sonar distance sensor offering a range of up 

to 4m (Appendix B) 

Solar Panel 

 

 

Fielect 5V 1.2W Polycrystalline Mini Solar 

Panel Module DIY for Light Toys Charger 

110x69mm 1Pcs 

Rechargeable 3.7V lithium-ion battery 
3.7V Batteries, Pre-Charged  

Charging Module  
TP4056 / TC4056A Lithium Battery Charger 

and Protection Module (Appendix D) 
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the battery from being discharged below 2.4V (Richards, 2020). These features make this 

component necessary.  

 

 

Figure 4: DC Power Supply circuit diagram 

Figure 4 displays the basic diagram for the flow of power through the charging circuit. The 

solar panel charges the 3.7V battery through the TP4056 charging module which is responsible for 

both pulling energy from the battery and charging the battery utilizing the input from the solar 

panel. The main layout for the TP4056 is described in the datasheet in Appendix D.  

The complete circuit is comprised of the charging circuit, ESP32 microcontroller and the 

Ultrasonic sensor. The charging circuit of Figure 4 sends power from the TP4056 to the ESP32 

microcontroller and the ultrasonic sensor (HC-SR04). The ESP32 is then programmed to send the 

status of the waste receptacle over BLE to the connected device(s). For this implementation, the 

device that receives the status is the mobile application. A cell phone is used here to show not only 

the status, but also the amount full.  
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Figure 5: Complete circuit diagram 

The basic layout shown in Figure 5 depicts the basic flow of signals for both power and 

information. The flow for the signals between the ESP32 and the ultrasonic sensor is two-way. 

The information that is gathered by the ultrasonic sensor is sent back to the ESP32. ESP32 sends 

the current status of the bin to the mobile devices based on the received sensor data. 
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A code was developed to properly execute the operation of the circuitry. The code is used 

for the data processing and data relay to the relevant device(s) using Bluetooth low energy (BLE). 

The implementation model uses a server client model which allows for the interconnectivity of 

nodes and creates a star topology. The core of the code follows the flowchart in Figure 6. After the 

initialization of the serial and I/O ports, the signal generated by the sensor is transmitted to the 

ESP32. Once the ESP32 receives the data it is then transmitted via Bluetooth low energy to the 

connected device(s). By creating a specific characteristic for the waste receptacle status, the code 

simply updates the value of the status characteristic. This automatically updates sanitation 

Figure 6: Basic Code Flowchart 
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worker’s mobile devices. The data flow in real time, showing the change in data for the waste 

receptacles. 

The pseudocode in Figure 7 shows the basic strategy for updating the characteristic and 

displaying the characteristic in the serial monitor. The characteristic is given the NOTIFY property 

which allows for notifications about the update of the status to be sent to the connected device(s). 

The full code for the implementation can be found in Appendix E. 

 

 

 

 

 

  

BLE characteristic status 

 

if distance < 5 

print FULL 

update status variable 

if distance > 32 

print EMPTY 

update status variable 

else 

print HALF FULL 

update status variable 

Figure 7: Sensor Pseudocode 
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4 Results 

The overall circuitry for the implementation in figure 8, shows that the main power comes 

from the 3.7 V battery which can keep the implementation running for approximately 24 hours 

without the solar panel recharging. With the help of the solar panel, recharging the battery, the 

implementations battery life more than doubles. This can be seen to extend the overall life of the 

battery as well so that the maintenance requirements for the implementation’s battery are 

minimalized. The basic flow of the power from the TP4056 can be seen in figure 8, which shows 

that all power for the main implementation flows through the TP4056, but the ESP32 pushes the 

power to the ultrasonic sensor. Figure 9 shows the experimental setup created from the diagram in 

Figure 8. More photos of the experimental design can be found in Appendix F. 
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Figure 8: Circuit Diagram 

TP4056 

Solar Panel 

TP4056 

Solar Panel 



 

 

20 

 

 

Figure 9: Experimental Setup 

The code does all the basic functions (reading/writing data to the BLE and power relay) 

necessary for the implementation to function without any bugs. The overall functionality as 

outlined in the code has three status updates that are relayed via BLE to the connected devices: a) 

Empty, b) Full, and c)  Half Full. The various updates are obtained by continually checking the 
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distance with the ultrasonic sensor and the implementation status is updated in real time on the 

connected devices. Figure 10 shows the three status options for the modules along with the output 

for the statuses in the sanitation workers’ device. 

 

Figure 10 shows that the code does all the intended functions while maintaining the low 

energy standard necessary. Thus, the result of the implementation shows that the implementation 

is fully functional and has very little drawback other than the short range. 

Figure 10: Relevant code and associated output 
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Table 3 : Pricing Table 

Component Name Description Price 

ESP-32 Development Board Dual 

Core WLAN Wi-Fi + 

Bluetooth 2-in-1 

Microcontroller  

$7 (rounded up) 

Ultrasonic Sensor 

(HC-SR04) 

Sonar distance sensor with a 

range of up to 4m  

$8 (5 pk approx. $1.60) 

Solar Panel 5V 1.2W solar cell $8 (approx. rounded up) 

3.7V battery Lithium ion 3.7V, pre-

Charged 

$9 (approx. rounded up) 

Charging module TP4056 Lithium-ion charger $2 (approx. rounded up) 

Arduino IDE Programming IDE FREE 

Total:  $27.60  

 

The overall pricing is reflected in table 3 which shows that the overall budget for this 

implementation stays in a reasonable price range. The overall estimated budget for one 

implementation module is approximately $27.60. The original goal was to find an affordable 

method. This goal has been achieved, but if you factor in the creation of more than fifty modules 
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the price begins to reach thousands of dollars, but this only covers the modules themselves. The 

cost for rollout in a city will depend on the city and the amount of modules needed for the project. 

The components are easy enough to obtain, but the resources required for a feasible 

utilization of this implementation are personnel and mobile devices. Some cities already have 

mobile devices issued to several city departments, like Lexington has an electronics recycling 

program that was projected to cost $230,000 (Kentucky Department for Environmental Protection, 

Division of Waste Management, 2018-2022). In most cases cities have an allotment for the 

provision of mobile devices to municipal employees; Louisville for instance has a cell phone 

program that in 2017 had about 900 phones which cost the city about $528,000 annually (Ryan, 

2017). These mobile phones are allotted to multiple departments in the city including Public Works 

(which houses the waste management department). The recent COVID crisis has caused many 

municipal departments to switch to a more remote option, and because this implementation utilizes 

BLE instead of mobile networks the devices necessary for application only need to be Bluetooth 

capable. Roughly six-in-ten U.S. workers say their jobs can mainly be done from home and (59%) 

are working from home all or most of the time (KIM PARKER, 2022). A Bluetooth capable mobile 

device can be purchased at a reasonable price such as the Blu® View 2 which can be purchased 

for $29.99 (excluding tax) from simple mobile (Simple Mobile, 2023). Though the mobile devices 

are necessary for the functionality of the implementation, only the sanitation workers that will be 

out on a route will need them which will curb some of the losses accrued from misuse or loss of 

the mobile devices; the devices would simply be returned once the sanitation workers return from 

their route.  

The personnel that will manage the functionality of the implementation will be run from 

the municipal office of Information Technology (OIT), which manages the technology needs for 



 

 

24 

 

the city. The major functionality of the devices is inherent within the code, so that there is little 

need for routine maintenance. The creation of the implementation can be outsourced to experiential 

learning programs such as the Craft Academy at Morehead State University. By allowing programs 

like Craft Academy to create the devices, the students will gain experience and knowledge while 

working on a real-world application. A partnership with these types of programs could allow for a 

mutually beneficial arrangement that could bring publicity to the program and also allow the city 

to create the needed amount of device while keeping the cost of creation negotiable. 
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5 Conclusions 

The results show that the implementation does all the functions necessary to be considered 

successful. The objective of the implementation was to show the status of the receptacle from a 

distance to make waste removal more efficient. The solution to the problem was to create a way 

for the waste receptacle to communicate its status (Full, Half Full, Empty) with the sanitation 

workers ahead of time; thus, limiting unnecessary travel. If an implementation like this were to be 

introduced into a city the useful life of sanitation vehicles could be improved, which could 

eliminate several concerns especially as far as the required maintenance is concerned.  

The previous work shows that though many implementations have been attempted/created 

there is still a lot of improvement needed before it is applicable for city use. The main problems 

that were encountered with the creation of this application stem from the network model creation 

and coding. The network model that would have been preferrable was the BLE Mesh because of 

its many features, such as low power and modularity. The BLE Mesh model at present can only 

be created using the Espressif IDE because of the many header files that have to be included in the 

project. After trying to create the network model in several other IDEs, to no avail, it was realized 

that the only program that could sufficiently run the code for the BLE Mesh was the Espressif IDE. 

The Espressif IDE requires learning several things that are not in basic code which requires a great 

deal of time. In the future, a BLE Mesh will be created. If this project could incorporate a fully 

functional BLE Mesh, and a custom chassis for the implementation, it would then be relatively 

complete. 

This application shows great promise in that it will be able to help streamline the efficiency 

of public and commercial waste removal while being more affordable than most city plans to help 

reduce waste removal time. The main goals of the implementation were to find an affordable, 
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modular, and efficient method for public and commercial waste removal. The implementation can 

be created costing no more than thirty dollars, which has achieved the goal of an affordable 

implementation. The network model allows for the modularity of the project and the signal relay 

allows the project to make public and commercial waste collection more efficient.  

In conclusion, this work has shown that IoT can be used in many beneficial ways, not just 

in civilian applications, but also for commercial or public use, though there are many things to 

consider when building a project on such a large scale. This project shows that IoT can help to 

eliminate many big issues, while maintaining a low budget which is best for public projects.  
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6 Future Work 

In the future, the best course of action would be to upgrade the code and create a final 

chassis for the implementation. The software design for this implementation would use a BLE 

Mesh topology to use each node in the network as a receiver of information and a sender. The 

Mesh topography can also be achieved using Wi-Fi, but BLE is a better option, due to the low 

power consumption. The mesh topology allows for modulation and expansion of the network, 

which is ideal for cityscapes such as Louisville or Atlanta. By utilizing the existing libraries and 

directly creating some scripts personally, the software implementation will become feasible. 

The primary logic involved in the software comes from the BLE mesh networking 

protocols. The uses for this network protocol are immense and the various features of a BLE Mesh 

allow for the creation of a managed flooding network for scenarios like sensors (Espressif, 2023); 

which is exactly what this implementation calls for.  There are two parts to logic: the network code 

and the sensor application code. The network code works on the nodes and the transmission layers 

while the application code works on the sensor data and that gets transmitted through the network 

layer.  
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Figure 11: BLE Mesh Flowchart (Wicaksono & Rahmatya, 2021) 

In Figure 11 the basic flow for the implementation of the BLE Mesh is outlined. The code 

begins by initializing all the serial and mesh aspects of the BLE mesh. It will create the basic server 

and friendship protocols needed to send and receive messages. After initializing these protocols, 

if there is no error then the next step will be to send out friendship requests to other nodes. BLE 

mesh nodes are described as being provisioned or un-provisioned, the server will provision the un-

provisioned nodes into the network. For the purposes of this implementation, all the nodes are 

servers which are capable of provisioning nodes into the mesh. Once a node receives the request 

from the provisioner, the node will choose whether to connect to the mesh network. Once the un-

provisioned node connects to the network, the status in the network will be updated, and the 

relevant data will be sent to all the connected nodes on the network. 
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Figure 12: Sensor Flowchart 
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 Figure 12 explains the logical flow for the code on the ESP32 and sensor(s). After 

the initialization of the relevant I/O ports and variables the ultrasonic sensor will initialize and 

continuously read and sense the waste level in the receptacle. If the data has changed from the 

previously stored information, then the data will be overwritten and sent along the network to all 

the connected nodes connected to the device in the network. Before the information gets sent out 

along the network, the mesh elements for the node must be updated in the configuration the 

element structure for the node and then sent out with the element information in a packet containing 

a unique identifier, the data and the receiver’s unique identifier. 

There are several header files that were already created for ESP-IDF. The software 

implementation makes use of the header files that were previously created for BLE mesh networks 

and adds one that was specifically designed for this implementation. By using what has already 

been created it lessened the burden of having to create immense amounts of code. To make the 

code useful in the software implementation for this project, the added header file was used in 

conjunction with the existing header files to add in the necessary I/O pins and variables, such as 

Trig Pin and Echo for the ultrasonic sensor.  

A BLE mesh allows for almost endless expansion of the network and supports a low-power 

option. Although the code for building this option is much longer than creating a Wi-Fi mesh, the 

low power option is worth the extra time on the code. The short range of the BLE network may be 

a disadvantage, but the modularity of the network is worth it. 

The implementation chassis would need to be compact and utilize the space required to 

keep all the wiring contained in the chassis. The initial thought is to make the chassis flat to make 

it harder to damage from outside forces, but by making it flat, there will be a few issues that could 
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arise like allowing for optimal sunlight. In the future different options and solutions can be 

explored to solve the potential problems with the chassis. 
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Appendix A: ESP32 data sheet 
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Appendix B: Ultrasonic sensor data sheet 

 

Ultrasonic Ranging Module HC - SR04  

 Product features:  

Ultrasonic ranging module HC - SR04 provides 2cm - 400cm non-contact 

measurement function, the ranging accuracy can reach to 3mm. The modules include 

ultrasonic transmitters, receiver, and control circuit. The basic principle of work:  

(1) Using IO trigger for at least 10us high level signal,  

(2) The Module automatically sends eight 40 kHz and detects whether there is a pulse 

signal back.  

(3) IF the signal is backed through high level , time of high output IO duration is the 

time from sending ultrasonic to returning.  

Test distance = (high level time×velocity of sound (340M/S) / 2,  

 Wire connecting direct as following:  

 5V Supply  

 Trigger Pulse Input  

 Echo Pulse Output  

 0V Ground  

  

   Tech Support:  services@elecfreaks.com   
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Electric Parameter  

Working Voltage  DC 5 V  

Working Current  15mA  

Working Frequency  40Hz  

Max Range  4m  

Min Range  2cm  

Measuring Angle  15 degrees  

Trigger Input Signal  10uS TTL pulse  

Echo Output Signal  Input TTL lever signal and the range in 

proportion  

Dimension  45*20*15mm  

  

  
               Vcc  Trig  Echo  GND  
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Timing diagram  

The Timing diagram is shown below. You only need to supply a short 10uS 

pulse to the trigger input to start the ranging, and then the module will send out an 8-

cycle burst of ultrasound at 40 kHz and raise its echo. The Echo is a distance object 

that is pulse width and the range in proportion .You can calculate the range through 

the time interval between sending trigger signal and receiving echo signal. Formula: 

uS / 58 = centimeters or uS / 148 =inch; or: the range = high level time * velocity 

(340M/S) / 2; we suggest to use over 60ms measurement cycle, in order to prevent 

trigger signal to the echo signal.  
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Appendix C: Solar panel data sheet 

Features: 

Brand Fielect 

Material Crystalline silicon 

Efficiency High Efficiency 

Style Compact 

Maximum Voltage 5 Volts 

Maximum Power 1.2 Watts 

Manufacturer Fielect 

Part Number FLT20191025T-0041 

Item Weight 0.81 ounces 

Package Dimensions 4.6 x 3 x 0.4 inches 

Country of Origin China 

Item model number FLT20191025T-0041 

Size 5V 1.2W 
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Color 110mm x 69mm 5V 1.2W 

Batteries Included? No 

Batteries Required? No 
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Appendix D: TP4056 Charging Module Datasheet 
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Appendix E : Implementation code 
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Appendix F: Experimental Setup photos 
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