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      Abstract-- The population of our country continues to grow, and the need for a good lifestyle is most visible in the urban region. Traditional waste management systems have failed, necessitating the development of a new strategy to address this problem. Traditional waste management systems have failed, necessitating the development of a new strategy to address this problem. Because we are unable to limit the amount of waste generated by citizens, a proper technique for managing this massive waste is essential. The proposed model is mainly focused on the emptying dustbin from time to time and recycling of the bio-wastages. Here we will install MACHINE LEARNING and IoT to provide a smart management system for the waste. Ultrasonic sensor, load measuring sensor, and microcontroller is used to make a smart dust-bin so that when it is filled with enough waste, the municipality gets a message to clean it. Using IoT this smart dust-bin is wirelessly connected with the base station. In machine learning CNN(Convolutional Neural Network) model algorithms are used to identify the digestive and indigestive wasted so that we can easily sort them and recycle the waste. Image processing methods of ML are used to detect the bio and non-bio wastes. CNN has some hidden convolutional layers with a particular no. of filters in each layer. These filters detect the pattern of an image and then compare it to the pre-trained image of the ML algorithm. It’s a smart way to monitor the waste and clear remediation of the wastage problem in big cities, organizations, etc. also this project makes us a step forward to the green environment.  The efficiency and accuracy of the predicted model are evaluated by machine learning algorithms so changes of model failure will be less in percentage.
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I. INTRODUCTION
Waste collection and disposal are causing environmental issues in modern cities. As a result, for cities that want to achieve their goals, efficient waste management solutions have become critical to saving money and time by reducing costs and managing resources[1]. The current tendency is to use smart devices with machine learning and IoT algorithms for solving these problems like waste management in metro cities. Optimizing the process of trash collection and the segregation of biodegradable and non-biodegradable waste is the main goal of this project[2]. 
Waste management comprises the acts and activities necessary for managing the waste from start to end disposal. India is dealing with this waste management issue for several years. Scientific treatment, insufficient waste disposal, or ethical issues are key challenges surrounding solid waste management[2]. This in turn leads to dangers such as destruction of the environment, contamination by water, soil, and air pollution. Waste management consists of the routine collection, transport, sorting, disposal, and recycling of waste materials and the surveillance of various kinds[3]. These programs can save a significant amount of money and can also avoid damage to the environment. The proposed smart system involves clearance of the dustbin whenever it is filled and sorting of digestible and non-digestible waste so then we can carry it for the recycling process.
Biodegradable:-The solids and liquids which remain at the end of the digestion process are the digested material. Value nutrients (Nitrogen, Phosphate & Potassium), as well as organic carbon, are contained in the digested material. Since biodegradable or organic waste can be recycled, such as crop scrubbing, wastes, feed, dead flowers, and egg shells[4], they can be turned into manure by burying them in compost boxes. Composting is called agricultural waste recycling, such as vegetable peels, waste food, leaves, etc.
Non-degradable waste:-Non-metabolic waste is primarily material that is not digestible or unusable by an organism because of its chemical composition. These materials include digestible (metabolizable) and indigestible materials,[4] and are almost instantly excreted even though they are also used as food. we can't recycle this kind of waste.
Benefits of recycling:-
· Reduces waste shipped to deposits and incinerators.
· Preserves natural resources like wood, water, and minerals.
· Improves economic safety by leveraging a domestic content source[5].
· Prevents waste by reducing the need for new products to be collected.
· Supports and conserves important capital in American production.

A. Smart Trash Box
The Smart Dustbin utilizing Arduino project in Object Detection's basic concept. It has previously detected the thing using an Ultrasonic Sensor. When the trashcan receives the signal[1], it automatically opens and closes its hatch. A level measuring ultrasonic sensor, touch sensor, and IR sensors are also included in the dustbin, which continuously monitors the level of rubbish in the bin and automatically identifies when it is about to fill up. This process is facilitated by an ultrasonic sensor that is interfaced with an Arduino UNO to check the level of garbage-filled in the garbage bin and sends an alarm to the municipal web server via IoT once the waste bin is 90% full. For connecting the Arduino to the website, we'll utilize the ESP8266 Wi-Fi[1] module. To demonstrate how this Garbage Monitoring System works, we used a local webserver. 
Using GPS in every dustbin we will directly know which dustbin is filled and where the dustbin is exactly placed[4]. So cleaner will not be faced any kind of difficulty to collect waste from filled dustbin whenever it is needed as a particular GPS location will be declared in the local web server of the city.

B. Waste segregator 
The goal of waste management includes the segregation of biodegradable and non-biodegradable wastages. To do this work smartly and efficiently, we use some machine learning algorithms such as the CNN model[6]. CNN(Convolutional Neural Network) is effectively involved in creating the trained model and also comparing the process with the test model. This machine-learning algorithm does the “photodetection” or “image recognition” which is the pattern detection of a test image and comparing with the train image of the machine.
Image detection:- The method of image detection is classified as "Computer Vision"[7], an interdisciplinary field concerned with how computers can extract high-level information from digital photographs or movies.
In various deep learning methods, data is utilized to train neural network algorithms to accomplish multiple machine learning tasks, such as the classification of different classes of objects[7]. Convolutional neural networks (CNNs) are deep learning algorithms that may be used to effectively evaluate pictures. CNN's job is to condense images[8] into a format that is easier to analyze while preserving important properties for accurate prediction. This is critical when we need to scale the method to large datasets.
the benefits of using CNN to recognize images Ruggedness in the face of picture changes and distortion. CNN detection is resistant to distortions such as camera lens distortions, variable lighting conditions, varied stances, partial occlusions, horizontal and vertical shifts, and so on.
CNN Model: - The convolutional neural network, often known as CNN or Comp net, is a type of artificial neural network widely used in image processing. Although CNN can also be utilized to solve data analysis and classification issues [8].
In general, we can assume that CNN has a specialty for detecting and deciphering patterns. 
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Figure1:- Basic architecture of CNN model
· This pattern detection is used in image analysis.
· Convolutional layers are a type of hidden layer used by CNN. CNN[7] is built on these foundations.
· Inputs are received by these convolutional layers, which then transform the input in some way, with the output becoming the transform input in the following layer.
· This transformation is known as the convolution operation[6] in convolutional layers..
· In each convolutional we should define the no. of filters the layer has. These are detecting the patterns in an image
·  in an image there is multiple edges, shapes, textures, objects, etc. some filters detect edges some detect `corners, some shape[9] 
· In deeper layers these filters[9] can detect food, water, grass, etc.
· These filters will be organized according to the pre-trained images of the model with which the camera took image will be compared.  
Building a structured trash disposal procedure and maximizing waste recycling[4] are two areas where an effective plan for dealing with the challenge of waste management should focus. Economic and environmental considerations should be taken into account when implementing these steps. Waste transportation has a substantial impact on both elements[4], and optimizing it can greatly increase the positive effects.
Simultaneously, there is a strong desire that recycling stations be emptied on a regular basis in order to keep them clean. Meeting this condition is difficult in a scenario with hundreds of recycling stations (each with numerous containers) distributed across a large geographic area[5]. Its optimization has the potential to considerably boost the good benefits.
There are various technical obstacles to overcome to provide high-quality forecasts. According to our evaluation of a functioning Smart Waste Management system[2], one of these difficulties is the accurate identification of a container being empty using measures from a sensor positioned on top of a container. Also, while building the trained model for image detection, we faced a lot of problems caused in real life we can get thousands of verities of the images of waste. So, making a generalized version of all these was quite difficult for us.

II. PROBLEM DEFINITION

A. In Smart Waste Management systems, the demand for exact emptying detection is a driving force.
Solid waste management is a major issue in urban areas. In a typical waste management system, the garbage collection authority is unaware of the quantity of garbage in the dustbin; if the dust bins become full of garbage, it overflows and spills out, resulting in unsanitary conditions in cities[10]. People put debris into the already overflowing trash can. When waste bins are not kept clean, a foul odor develops, as well as harmful and unsanitary gases, all of which contribute to air pollution and, in some cases, to disease. Easily spreadable diseases are dangerous[5]. The city has a really poor appearance. When a traditional system is used, it results in a system that is inefficient and wastes time and money.
There are millions of public trash cans that people use and that are emptied by the government in a matter of days. The issue now is that not all dustbins are filled at the same rate, and the dump vehicle wastes time inspecting each one[3]. This results in increased fuel use, labour, and cost. A smart dustbin is an answer.
The goal of a Smart Waste Management system is to predict when a recycling container will be full enough to be emptied and where it will be deposited using a precise GPS location[1]. When the filling level of a recycling container reaches 90.0 percent in the system under consideration[10], it should be emptied.
A. challenge in waste segregation for recycling

Mainly the waste pollution happens due to the poor management of the waste. A good waste management system requires not only regular cleaning of the garbage or public trash cans, but also proper segregation of solid waste.
In solid waste segregation, we considered the biodegradable and non-biodegradable types of wastages[4]. In the conventional method of waste management, it is noticeable that people are used to throwing all type of waste in the same container then these are collected and gathered in garbage day-by-day[10]. Now, this whole thing is caused bad effects in the environment.
Biodegradable waste can be used to give nutrition to plants and able to increase the quality of soil for farming but as they are mixed with non-degradable particles it is harmful to both soil and plants. On the other hand there are lots of non-biodegradable waste which can be reused by processed through a no. of methods which will reduce the amount of waste that is garbaged[11] daily. Thus, we can directly use degradable waste as vermicompost to increase the nutrition of soil and helps in good farming and recycle the non-degradable waste for future reuses. These are needed to reduce the waste pollution and it’s a part of precision smart and advanced waste management.
Waste and garbage wind up in the roads and adjacent areas due to a lack[12] of effective disposal and collection procedures. Separating degradable and non-degradable waste by hand is a difficult task for humans. As a result, we came up with the idea of creating a product that automatically separates degradable and non-degradable garbage.
If we watch out the traditional way of waste segregation, we found that some people are appointed to do so by hand. They physically separate all biodegradable and non-biodegradable waste and send it to different recycling areas, which poses a significant risk of viral and bacterial illnesses spreading through these garbage[2].
In this proposed smart waste management system, we cover both the problems. Using advanced technology in segregation process we converts waste to useful i.e wastes are not waste anymore. This precision management system stops the waste pollution[12] by regular cleaning of dustbin and reduce the amount of waste by segregating and recycling it which helps the environment to be in a better form.

III. OBJECTIVE

1. Smart waste management is a concept that allows us to address a variety of issues that plague society, such as pollution and sickness[10]. As we know every year in many area diseases are spreading due to the inefficient and poor management of the waste disease like dengue, malaria.
2. Waste management must be done immediately, or else it will result in irregular management, which will harm the environment[12]. Smart waste management is primarily compatible with the smart city concept.
3. Here in many cities specially in urban area there are several public dustbins which are keeping without any surveillance which causes a major problem in collection of wastes properly[1]. Sometimes this happens that one or more dustbins are keep uncleaned without awareness and public continuously put trash on it which causes overflow of waste and keep a bad mark on the city road and environment.
4. In this paper, we are providing a smart way to keep all the public dustbin under proper surveillances so there will no chance to leave any dustbin uncleaned as server will get alarmed whenever any dustbin will be filled 90 percent[3] of its capacity and through the GPS one can easily found where exactly the filled dustbin is situated.
5. Along with this smart approach of collecting waste time-to-time from filled dustbin also an automatic way of properly segregate these wastes is found using machine learning algorithms. Here the biodegradable and non-biodegradable wastes are automatically separated[7] for recycling process using CNN model image-detection process of machine learning.
6. Here in this paper, we find a way to automatically segregate the wastes for recycling and through recycle[12] process the amount of thrown or unusable waste will be reduce which will be one of the important components of the save the environment from waste pollution. 
7. Through recycling we can use our waste for several fields which not only increase the value of this project technically but also give an economic support to the cities or urban areas as we make wastes useful.
Surroundings of this approach to covert the waste to a useful product many factories will be come up to it.
8. Afterall this project helps any city manager to save its time in the field of waste management and disposal[13] and an automated and advanced system will be adopted.
9. This will reduce the demand of man power for waste disposal and segregation. Also, we can tell that reduce the involvement of human in the risky tasks[14] as hand-by-hand waste separation can be the cause for viral and bacterial infection spreading from wastes. 
As all the public dustbins are under proper surveillance of local web server through GPS module and several sensors(ultrasonic sensor, touch sensor and IR sensors) there will be very low chance for getting the wasteful dustbin in very damaged situation which will increase both environmental and sociological health of the city[10].
10. It’s an onetime investment for any city to install this smart management system for wastes as this will save money, time and manpower.

IV. METHODOLOGY OF THE PROPOSED MODEL
In this section of the study, we describe in detail the entire system architecture of the device that we are discussing. As mentioned above, the entire model of waste management is specially focus on two main parts, first one is smart surveillance of the al public dustbin for time-to-time disposal of the wastage and second one is to smartly segregate the biodegradable and non-biodegradable wastage using efficiently trained machine learning algorithms. Here basically we used CNN model for image detection and the sensors(ultrasonic and IR sensors) functionalities and the Raspberry pi model and ATMEGA Arduino UNO[15] for controlling purpose, GPS model for situated location find out and ESP8266 for wireless connection to local web server.

A. designing for the precision waste disposal from dustbin
The basic working of this project designing is like that a public smart dustbin will be containing a group of sensors[16](ultrasonic sensor, touch sensor and IR sensor) to detect the object/waste level inside the dustbin with its GPS module[17] which will helps to find its proper location. Through wireless connection, ESP8266[18] module this dustbin will be connected to local web server and the real-time data from the sensors will be shown on the users application. To control all this process ATMEGA Arduino Uno is used. For automatic opening of the dustbin we used a servomotor inside the dustbin and a motor driver to connect it with Arduino.
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Figure2:- block diagram of the object detection of smart dustbin


MAJOR COMPONENTS USED
	S.No
	        Name
	Specifications
	Role

	1.
	microcontroller 
ATMEGA324PA
ATMEGA324PA micro-controller
	8-bit AVR core, 32-KB flash, 16-bit timer, 10-bit ADC, 8-channel ADC, 2KB SROM, 32 I/O lines
	A sensor node control chip that is linked to an ESP module and a motor

	2.
	HC-SR04 Ultrasonic sensor module
	40 KHz, 0.2 to 6 m range, 67 dBm, 112 dB (min) , 20 V(max)
	Detect the waste to open the dustbin automatically

	3.
	LM393 IR sensor module
	3 to 5 VDC, 2 to 10 cm range, 35° detection angle, 3mm D mounting hole.
	Use inside the dustbin to detect the level of waste inside it.

	4.
	mTouch AR1000 Series resistive Touch sensor module
	2.5-5.0V ±5%, 200 ohm layer, 3.0A, 10 bit resolution, 140 reports per sec
	Placed at the top of the bin, will sense when the waste level reach to that

	5.
	8051 micro controllers 
	4K bytes ROM, 128 bytes RAM, 2 timers, 32 I/O pins, 1 serial pin
	To drive the servo motors according to the given commands.

	6.
	SG90 DC servo motor
	Torque: 2.0kg/cm (4.8V), Speed: 0.09s/60° (4.8V), angle: 180°
4.8 ~ 6V
	Used to automatically open and close the dustbin


To execute this proposed idea mainly three types of sensors are used inside the smart dustbin. The first is the LM393, an infrared sensor that detects any object in the vicinity of the trashcan. It emits Infrared radiation towards the outside of the dustbin with a particular wavelength(3mm)[19] if any object come inside its fixed range(1-3m, 35 degree) then the infrared radiation will be reflected by this object and by receiving this reflected radiation IR sensor will detect the object. It gives the input signal to the Arduino to generate the response to on the servomotor which will open up our dustbin so that people can easily put their waste bag inside it.
Next two sensors are ultrasonic sensor(HC-SR04) and resistive touch sensor(mTouch AR1000 series)[20]. These are both used to detect the dustbin's level. Because our goal is to be notified when the garbage is 90% full, two of these are strategically placed inside the dustbin. Ultrasonic sensor sends the ultrasonic pulse downwardly inside the dustbin which travels in cone-shaped beam. Ultrasonic sensors measure the level by measuring the duration and strength of high-frequency sound waves reflected off the waste's surface and back to the sensor. The amount of time necessary depends on the distance between the sensor and the garbage. When it reaches to its predefined fixed value it’s give the signal to the controller Arduino. Arduino Uno (ATMEGA324P) is connected to a local web server via WI-FI module ESP8266. Whenever ultrasonic sensors give the input that dustbin is filled[3], it creates a response to the web server so that the dustbin can be cleaned at time. Also, a touch sensor is located up to where we want our dustbin to be filled at most. This touch sensor is resistive in nature so that it gets ON by the touch[5] of the waste. This sensor is also connected to the controller Arduino and provide the input signal to notify the local server. For any reason if any of the sensor becomes defected another will give right signal which reduce the chance of technical failure.
Here we used GPS module to identified the exact location of the dustbin as shown in Figure2, block diagram. The Global Positioning System (GPS) is a satellite-based navigation system. It sends time and location data to a GPS receiver that can be found anywhere on or near the earth's surface. GPS works in all kinds of weather. A GPS works regardless of whether the user has an internet connection[15] or a phone signal. Their existence, on the other hand, improves the accuracy of GPS locating. Radio waves from GPS satellites can be received by anything having a GPS receiver.
 
B. Designing for segregation of wastes for proper recycling
Here, in this part of project model fabrication we will be mainly focused on the processes and procedures of image detection to separate bio degradable wastes from non-biodegradable wastes. For giving a life to this idea we used machine learning algorithm like CNN(Convolutional Neural Networking) model for photo detection or photo reorganization where we provided a predefined trained model and test models will be fed with every disposal of waste into the dustbin through capturing photo by a camera. In our user computer system there will be a machine learning based software which will compare our test model to the trained model and accordingly give the response. To control the whole working we used raspberry pi 3[21] model as a controller inside the bin.
Major Hardware Component Used
	S.No
	Name
	Specification
	Role

	1.
	MIPI camera module with CSI-2 v3.0
	1080p, 24 bit, 8K, 1.6 Gbps, 400 MHz, 0.9 D-PHY
	click the photo of image with every disposal to provide the test models 

	2.
	Raspberry pi 3B
	1 GB RAM, Wi-Fi+ Bluetooth, 40 GPIO Pin, 1.2GHz, 64-bit CPU, 2 USB port.
	Control the whole section of waste segregation 

	3.

	Micro SD card 
	NOOBS preloaded, 32 GB, class 10
	Works as a memory storage device to store the data of controller.

	4. 
	MG995 standard servo
	Dual BB, 58gm, DC motor, 4.8v,5 mA, 0.17 sec/60 degree.
	For tilting the inner circular lid and open anyone chamber.


Let’s discuss about the physical structure of the smart dustbin. It had two chambers one for biodegradable waste and another one for non-biodegradable waste. A circular lid is fixed a few inches above from both the chamber which can be tilted at both the sides by almost 45 degrees for the disposal of the right waste in to the right chamber. A servo motor is placed at the centre of this circular plate for tilting the plate in accordance to the response from controller. Basically, public throw the wastes on this circular plate or lid and after the analysis of the test model which is provided above fixed camera, the raspberry pi give signal to the servo motor to open up right chamber. 
Now both the chambers are consisting of arrangements for waste level detection for notifying when ever any chamber is 90 percent full.
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Figure3:-basic physical structure of the smart dustbin
In Figure3 we briefly show how the hardware and physical arrangement of the proposed smart dustbin.
Software Implementation:-
For designing the software which will classify images into their appropriate categories, we used CNN(python 3.8 and TensorFlow) and ImageNet database[6]. TensorFlow is an open-source software framework that may be used to programme dataflows for a variety of applications. It's a symbolic math package that's utilised in neural networks and other machine learning applications. The ImageNet project is a massive visual database that was designed to help with the development of visual object recognition software[7]. The project has hand-annotated over 14 million photos to specify what objects are depicted, with bounding boxes provided in at least one million of them.
The building blocks of CNN model are convolutional layer, pooling layer, reLU layer[9], fully connected layer, loss layer. Here for preparing the train model, first we have to do the normalization by transforming image into NumPy array. Then one hot encoding has to be done. In this process, the target image has to be labelling into 1 or 0, by indexing the classes. A specific are of the image class is assigned to 1 and others are assigned to 0 values according to our requirement and the desire of building a model[8]. Almost at last stage of the process, randomization of the data is to be done which make sure that the data is as random as possible for ensuring maximum randomization of the image. 
This whole process is a machine learning or deep learning method. Here convolutional neural networking works as a class 

of deep, feed-forward artificial network that has successfully been applied to analyse visual imagery. To require less processing, CNNs have a multilayer perceptual design. Shift invariant or space invariant artificial neural networks (SIANN)[5] are other names for them. based on their share-weights architecture and translation invariant characteristics.
For a demonstration we use the images of biodegradable wastes as the trained model. Now with every waste disposal into the dustbin we got the test model which will be directly compare using machine learning algorithm. If models are matched then wastes are shifted into biodegradable container and if not matched then into nondegradable container.
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Figure4:- Flowchart of waste segregation using image processing
V. FUTURE WORKS
1.According to new study, the global smart waste management system market is expected to develop at a healthy rate. The market demand for this project will be heavily increased in recent few years. Using this project we can make an eco-friendly environment for our society.
2. In this project we used a no.of sensors, people can work on making this idea more efficient by using a précised WSN. As we know sensors nodes or networks work with minimum failure.
3. In between two successive disposals of the wastage into the dustbin a minimum process time is required to segregate the waste. By using a more efficient and faster model we can reduce this delay time of the project.
4. Increase the controller's operating speed, memory capacity, and instruction cycle period to boost the system's performance even more[14]. The number of channels can be extended to interface a bigger number of sensors by using upgraded versions and more effective controllers.
5. To operate this whole system an electrical power is required. As this is an outdoor system i.e. will be implemented in the open area, we can use solar energy to drive the whole system which will be more economical in nature. 
6. This system can be connected to communication devices such as modems, cell phones, or satellite terminals to make data collection easier[13]. Also using advanced technologies, we can make an MMS[12] video system for proper surveillance of the smart waste management in the area.
7. In this project we can also adopt more AI technologies to make it more automated system. Like the smart dustbin would be auto-moving.  When it gets filled up to maximum level automatically it will be moved to the garbage area and become empty by itself only.
8. A data logger and a graphical LCD[3] panel can be used to update the system, which displays the measured data over a period of time.

VI. CONCLUSION
A smart waste managing system which gives a total surveillance on the public dustbins of a urban area for when to clean the chambers of a fulfilled dustbin and exactly where it is located is propose here. This article, on the other hand, investigated leveraging the cellular network to deliver a fullness SMS alert to the user directly[1]. As a result, the work presented in this paper can be classified as a smart device rather than an IoT solution. This system does not include all of the features found in the web applications for IoT products and papers described earlier. In terms of security, the author believes that adding an accelerometer sensor to transmit a warning in the event of vandalism and a GPS module to track the location of the bin in the event of theft would be impractical[5].
This research demonstrated the application of an automated machine learning approach for industrial informatics by accurately identifying the emptying of a recycling container using data from a sensor positioned on top of the container[2]. The article proposed an iterative data-driven methodology for achieving the best results, in which the existing problem solution was evaluated first, then this solution was optimised using the collected dataset, then machine learning algorithms were applied to the problem, and finally, feature engineering was used to see if adding additional features would improve the results. On the acquired dataset, the existing manually generated model showed a reasonable accuracy of 86.8% but a low recall of 47.9%. The recall of the manually generated model was improved to 90.5[2] percent by simply optimising the model's parameters using grid search on the training dataset. Notably, combining the expanded features with the ensemble classifier (Random Forest) resulted in a significant improvement in performance, with an accuracy of 99.1% and a recall of 98.2%.
However, when compared to the expense of commercial waste management approaches, the cost savings afforded by this paper is significant. as well as the work in due to the absence of an online server. The setup performed flawlessly under normal settings, according to the findings of the indoor test. It’s a one-time investment maintenance cost is minimum and most notably this work reduces the demand of man power.
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