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I. Abstract  

This project was to build a SmartCan, an automatic garbage receptacle that uses image 
recognition to sort between recycling and trash items. The image classifier used was a 
convolutional neural network built by Collin Ching, using a dataset collected by Gary Thung and 
Mindy Yang. The camera used to take photos of the waste was a Raspberry Pi camera, which 
would be attached to a Raspberry Pi that the images are saved to and made predictions on by the 
classifier. Depending on the prediction made by the classifier, a servo would move to push the 
waste into either a recycling bin or a garbage bin. In the end, the project was unfinished because 
the classifier couldn’t run. Instead, as an exercise a facial recognition program using OpenCV 
libraries was implemented on the same Raspberry Pi, using the Raspberry Pi camera and tested 
on four test subjects [1]. (Note: Information about the facial recognition project is all written in 
Results) 
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II. Motivation and History 
a. Motivation 

For our second semester project we decided to build the SmartCan: an automatic garbage 
receptacle that uses image recognition to sort between recycling and trash items. Recently at 
school and in the news, we have heard more about the climate crisis and, more specifically, how 
improper sorting of trash can contribute to global warming. We have watched as the Climate 
Change Coalition at Menlo has implemented strategies to promote proper sorting of compost in 
the cafeteria, but realize that similar action is not being taken in response to improper recycling. 
We decided to use this project to see if we could develop a garbage and recycling receptacle that 
can be used at Menlo to promote proper sorting of recyclables. 

After realizing that we wanted to make some sort of automatically sorting garbage 
receptacle, we did some research for further inspiration. We found a video of a similar idea being 
executed: in this version, objects were placed into trash or recycling depending on the sound that 
they made when they hit the plate they were dropped on to [2]. Another similar project we 
encountered is the TrashBot by CleanRobotics, which uses cameras and sensors to scan items 
and a machine learning algorithm to sort the trash into either landfill or recycle [3]. We decided 
to take a similar approach by using photos and an image recognition algorithm to serve the same 
purpose.  

We hope to learn more about coding and computer science as we recognize that this is an 
area of engineering that we are less familiar with. We also ultimately want to have a finished 
product that is helpful and can be useful in the Menlo community and beyond. 
b. History 

According to BBC News, “the world produces over two billion tonnes of municipal solid 
waste every year, enough to fill over 800,000 Olympic sized swimming pools [4].” According to 
the US Public Interest Research Group, “Americans trash seven pounds of material per person 
every single day—that’s 2,555 pounds of material per American every year [5].” The world, 
especially Americans, wastes an enormous amount of material in everyday life. By trashing 
things instead of reusing or recycling, the environment is harmed, natural resources are depleted, 
public health issues arise, pollution is created, and climate change is accelerated.  

The SmartCan focuses mostly on plastic waste and aims to increase the amount of waste 
that is recycled instead of brought to a landfill or incinerated. Currently, according to the UN 
environment, “In total, half of all plastic produced is designed to be used only once — and then 
thrown away.” More than 99% of plastics are produced from chemicals derived from oil, natural 
gas and coal — all of which are dirty, non-renewable resources. If current trends continue, by 
2050 the plastic industry could account for 20% of the world’s total oil consumption [6].  

There are many benefits to recycling over discarding material after a single use. By 
increasing recycling, energy and natural resources can be conserved, air and water pollution can 
be decreased, greenhouse gases are reduced, and there is more forested land and open space. 
However, most plastic waste is not recycled currently. Only 9% of all plastic waste ever 
produced has been recycled. About 12% has been incinerated, while the rest — 79% — has 
accumulated in landfills, dumps or the natural environment [7]. Plastic ends up in oceans and 
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harms marine life, and it takes extremely long to decompose, so plastic waste remains in the 
ocean for a long time.  

Out of laziness or misinformation, many people do not place their recyclable items in the 
recycling. At organizations such as restaurants, recycling bins are often only placed for show. 
Due to frequent contamination of the recycling bins, many employees are told to discard the 
recycling in the trash anyways [8]. Much of the material from places such as parks, restaurants, 
and other stores could be recycled if sorted properly at its source. Recycling contamination is a 
large problem in other ways: contamination increases the cost of  processing recyclables and it 
decreases the quality of recyclable material that enters the market. Contamination hurts the 
economic status of recycling: “China – a major importer of recyclables – recently issued new 
rules on the types of materials it will accept, including a 0.5% max on recycling contamination.” 
Currently, “the average contamination rate among communities and businesses sits at around 
25% [9]. 

As mentioned in The Big Idea section of this paper, the TrashBot by CleanRobotics is 
one of a few similar self-sorting waste receptacles that exist today. The TrashBot has two 
openings at the top where trash items can be placed into a pocket equipped with camera and 
computer systems. Using AI machine learning systems, the item is sorted as recycling or garbage 
with a 90% accuracy, 3 times higher than the accuracy of current conventional sorting methods. 
The computer systems are also connected to a monitor above the bins so that users can track bin 
capacity as well as the types of waste the bin contains. CleanRobotics suggests that their product 
would be beneficial for facilities including convention centers, stadiums, commercial buildings, 
institutions, and transportation facilities--essentially anywhere with a high influx of people who 
are unlikely to be spending time thoughtfully sorting their trash [10]. The accuracy of this 
technology makes it seem like a promising sustainable choice that should be further developed 
and implemented. 
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Figure I. Image of the CleanRobotics Trashbox that sorts between recycling and landfill. There 
are other models some of which sort between recycling, landfill, and compost [11]. 

 
Figure II. Image of the inside of CleanRobotics Trashbot. The metal holders dip so that the item 

in question falls into a specific bin based on AI sorting algorithm [12]. 



Cleage + Xu 4 

Using similar technologies, a group of U of T masters students have been working on 
developing the RoboBin; a device that identifies and tells users whether the item they want to 
throw away is recyclable, compostable, or garbage. Their idea is that, rather than creating 
entirely new trash receptacles, these devices can be attached on top of already existing bins [13]. 
Although the RoboBin can certainly help decrease missorting, we think that many people in 
these settings would not take the time to wait for the device to tell them how to sort their item. 
For this reason, we decided to instead create a device more similar to the TrashBot.  

The SmartCan is a solution to help people and companies sort between recyclables and 
trash right at the source to ensure that recycling is not contaminated and available recyclable 
materials can be recycled as efficiently as possible.  
III. Theory of Operation 
a. Artificial Intelligence and Neural Networks 

As Artificial Intelligence (AI) becomes increasingly popular, different types of AI 
continue to be developed. Examples of commonly used AI algorithms include linear regression, 
logistic regression, decision trees, and neural networks [14]. Out of these algorithms, 
convolutional neural networks are a category of neural networks that are especially effective in 
image recognition and classification. Convolutional neural networks currently operate in systems 
such as self-driving cars to recognize traffic signs or in sorting and captioning images in photo 
processing applications [15]. 

 
Figure III: Convolutional Neural Network Diagram [16] 

There are four steps in a convolutional neural network: Convolution, 
Non-Linearity(ReLU), Pooling or Sub-Sampling, and Classification (Fully Connected Layer) 
[17]. In the Convolution step, the ConvNet extracts features from an input image. The input 
image is represented as a matrix of pixel values, and a second matrix (a “filter”) is moved over 
the original image. The multiplication inputs of each corresponding input from the two matrices 
are then recorded in a new matrix that is called a “Convolved Feature” or “Feature Map.” The 
resulting Feature Map depends on the number of filters used for the convolution operation, the 
number of pixels our filter matrix is moved over the input image per stride, and zero-padding, 
meaning we pad the edges of the input image matrix in order to apply the filter to the bordering 
elements of the input image. An operation called ReLU, Rectified Linear Unit, is a non-linear 
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operation that is used after every Convolution operation. (insert ReLU operation image). It is 
applied per pixel and replaces every negative pixel value with zero. Then, the pooling step 
reduces the dimensionality of the Feature Map but retains its most important information by 
sliding a window across a Feature Map and creating a new matrix. Pooling makes the input 
representations smaller and more manageable, reduces the number of parameters/computations 
to be made, makes the network invariant to small distortions, and helps to create a scale invariant 
representation of the image. This last step allows us to detect objects in an image no matter their 
size or location in the image. The Fully Connected layer is a traditional Multi Layer Perceptron 
that uses a softmax activation function (a classifier) in the output layer. It uses the information 
gathered from the previous steps to sort the input image into various classes based on the training 
dataset [18].  
b. Training the Neural Network 

The model used is resnet34, which is a convolutional neural network with 34 layers that 
has been pretrained on the ImageNet database. Resnets are a type of convolutional neural 
network that uses shortcut connections, which basically shortens the neural network and makes it 
possible for deeper architectures to perform more like shallow neural networks, which tend to 
perform better than deep neural networks [19].  

The learning rate must be optimized in order to make sure the classification progresses 
fast enough while ensuring the error updates do not cause divergent behavior. A built in learning 
rate finder was used to find the optimal learning rate before training the model [20]. 
c. Computers and Raspberry Pi 

Computers are electronic devices that store, receive, and process data. Through specific 
programming, it can automatically carry out a series of logical and arithmetic sequences. 
Modern computers follow programs that allow them to execute a variety of functions and tasks 
[21]. 

Raspberry Pis are inexpensive small single board computers, roughly the size of a credit 
card, that can easily attach to monitors, keyboards, and mouses. They were designed by a UK 
charity called the Raspberry Pi foundation in 2012 with the goal of creating easier access to and 
improving computer education. The computers run the Linux operating system and have a series 
of general purpose input and output (GPIO) that can be used to control other electrical 
components. With proper setup, they are able to execute all functions that would be expected of a 
desktop computer [22]. 
d. Servos 

A servo motor is a precise and efficient self contained electrical device that can rotate 
parts of a machine. It is essentially a normal motor with a sensor for positional feedback in order 
to control linear and rotational speed and position. The motor is controlled by pulse width 
modulation (PWM). Essentially, pulses of varying length are sent through the servo and the 
position of the Servo Motor shaft responds accordingly. The average servo has a 180° range, 90° 
to the left and 90° to the right. PWM frequency is fixed for each servo meaning that each servo 
has a set period, minimum pulse width, and maximum pulse width. For example, a servo with 
PWM frequency 50 Hz has a 20ms period, minimum pulse width 1 ms, and maximum pulse 
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width 2 ms. For this servo, when the PWM signal is 1 ms then the servo moves all the way to the 
left and when the PWM signal is 2 ms then the servo moves all the way to the right. At 1.5 ms 
the servo is in the middle neutral position [23]. This idea is shown below in figure IV. 
 

 
Figure IV: Shows how change pulse width affects the position of the servo [24]. 

 
e. Torque and Force on Servos 

Torque is the measurement of mechanical force that is used to express the strength of a 
servo. The torque rating of a given servo dictates the maximum force that can be placed at a 90° 
angle to any location on the servo arm. when the mass is at a 90° angle to the lever arm,Fτ = r  
so, as shown in the picture below,  the amount of weight, F, that the servo arm can hold 
decreases as a function of distance from the center, r [25]. 

 
Figure V: Shows how torque rating dictates force as a function of radius [26]. 

 
IV. Design 
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a. General  
When throwing away trash using the SmartCan, you place the item through the opening 

at the front onto the movable platform then push the front button. The button triggers the system 
to take photos of, analyze, then determine whether an object in question should be sorted into 
recycling or landfill. This process ensures that the Raspberry Pi only takes photographs when 
there is an object present rather than continuously scanning the empty plate. When the button is 
pressed, the Raspberry Pi also activates lights in the area surrounding the plate for 20 seconds. 
The lighting improves the camera’s image quality, making the image recognition system more 
likely to accurately assess and sort the object. The item of interest will be photographed by a 
camera located directly above the plate. Because recyclables are more uniform looking, it was 
determined that it would be easier to program the technology to identify a few specific 
recyclables rather than specific garbage items. A dataset of pre-sorted images of recyclable and 
non-recyclable items was extracted from the internet and used to train the model used in our 
program [27]. If the image classifier determines that the object in question is recyclable with 
over 50% accuracy, the item will be placed in recycling. Otherwise, the object will be placed into 
landfill.  

By making our prototype, we refined the model of the SmartCan plate. We originally 
thought to make the space where the trash is placed two plates that angle down and meet at the 
center. These plates would be attached to the upper part of the can with servos. Ater a trash item 
was sorted, the Raspberry Pi would direct one set of servos and move one flap downward, 
allowing the object fall in that direction: the left flap would open to allow items to fall to the left 
bin and the right flap would open to allow items to fall into the right bin. In building the 
prototype, it was determined that this system could be simplified. Instead of the two plates, a 
single plate with servos could be used. Once the image recognition system determines where an 
item should be sorted, the servos dip one direction, allowing the object to fall into the appropriate 
bin. The servos are attached to both ends of the plate and are at the 90° neutral position when the 
plate is horizontal. When an item is determined to be recyclable, the servos are instructed to 
move to the 0° and 180° position depending on which side of the plate they are on, dipping the 
plate down to the left and allowing the item to fall into the left bin. When an item is determined 
to be garbage, the servos are instructed to move to the opposite position, dipping the plate down 
to the right and allowing the item to fall into the right bin. The plate then returns to the neutral 
90° position so that another item can be received. 

Building the prototype helped determine the dimensions of the trash can; the SmartCan 
will be 4x4x2 feet total (height x width x depth). When thinking about the dimensionality, the 
dimensions of the average trash cans found around Menlo were considered. These cans are 
usually found in sets of three--garbage, recycling, and compost--each measuring 3.33x2x2 feet. 
Each can had an opening that measured 1.5x.41 feet on each side at 2.66 feet above the ground. 
Because the SmartCan is a combined garbage and recycling receptacle, it was determined that it 
should be slightly larger than the size of two cans so that it could hold roughly the same amount 
of trash while also incorporating the technology. The plate is located 3 feet above the ground for 

https://www.degreesymbol.net/
https://www.degreesymbol.net/
https://www.degreesymbol.net/
https://www.degreesymbol.net/
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easy access and will be attached to both the back and front walls of the can with servos. The 
plate is 20”x24” and is .5 inches thick so that it can accommodate larger, heavier pieces of trash. 

The front of the SmartCan will have doors that can be manually opened so that the actual 
bins can be easily removed and emptied as necessary. These doors, along with the majority of the 
structure will be made of wood. These designs as well as more specific measurements that 
account for the material being used can be seen in the CAD drawings below. 
b. CAD Drawings 

 
 

Figure VI. Diagonal Front View of the SmartCan. The doors in the front are open in this photo 
(the doors are used to open the trash receptacle to put in and take out the actual trash and 

recycling bins that are within).  
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Figure VII. Front view of SmartCan with dimensions.  

 

 
 

Figure VIII. Left and right view of the SmartCan. The doors are both open, and it is symmetrical 
on the left and right.  

 

 
 

Figure IX. Top view of the SmartCan. The lid of the can is not on to show the inside of the 
structure.  
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Figure X. Diagonal front view of SmartCan with front and side removed to view the inside.  
 

 
 

Figure XI. Front view of SmartCan with front removed to view the inside. 
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Figure XII. Side view of SmartCan with the side removed to view inside. 
c. Circuit Drawings 
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Figure XIII. Complete SmartCan circuitry. Allows for the control and operation of two servos, a 

button, and LED light strip, and the Raspberry Pi camera. 
 

Figure XIII shown above details the Raspberry Pi circuit that is used to operate the 
SmartCan. Because the servos are on opposite sides of the plate, to dip the plate in the same 
direction, they must move to opposite angles--one to 0° and one to 180°. For this reason, the 
servos each need their own output and ground pins so they can be given different voltages 
simultaneously. Batteries are also needed in this part of the circuit as the servos need more 
current than the Raspberry Pi can provide in order to function. This part of the circuit may also 
need analog and digital converters. The Raspberry Pi has its own camera port where cameras 
designed for the technology can easily be attached. The circuit also contains the led strip that, 
represented by the single light element above. These lights also need more voltage than the 
Raspberry Pi can provide and therefore have their own batteries wired in series. Finally, there is 
a button that is also attached to the Raspberry Pi with an output and ground pin. When the button 
is pressed, the wire connection is closed and current is allowed to flow through. The coding 
makes it such that when the button is pressed, the Raspberry Pi allows the appropriate voltage 
and current to flow to the servos, camera, and light strip.  
d. Flow Chart 

https://www.degreesymbol.net/
https://www.degreesymbol.net/
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Figure XIV: General overview of how the SmartCan responds to a trash item. 
 
V. Results 
a. SmartCan Results 
Had the waste sorter system run properly on the Raspberry Pi, the results would have consisted 
of determining the accuracy of the classifier. First, an overall accuracy on the test data would be 
calculated in the program. Using real waste samples, the “type” of each object would be recorded 
(ex. aluminum can, paper, plastic water bottle), and data would be gathered to determine which 
material was most consistently predicted correctly.  
 
Example of Results Table. 

Material of Object Accuracy  

Plastic Water Bottle x% 

Aluminum Can x% 

Paper x% 

Cardboard x% 
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In addition, a matrix can be used to visualize which materials were most often mistaken for other 
materials. The columns represent the actual waste type, and the rows represent the classifier’s 
predictions. In the sample image, Other than the correctly predicted categories in the diagonal, 
the category with the highest number of predictions was when metal was predicted to be glass. 
Therefore, according to this matrix, the classifier most often mistook metal for glass.  
 

 
Figure XV: Confusion Matrix [28] 

 
 
 
However, the necessary packages to run this classifier could not be installed on the Raspberry Pi. 
Instead, the project was converted into a facial recognition system using the Raspberry Pi 
camera.  
b. Facial Recognition System Results  
Background  

Before facial recognition, the machine needs to be able to detect the faces. OpenCV 
(Open Source Computer Vision Library) is an open source computer vision and machine 
learning software library. OpenCV uses Classifiers, which are a pre-trained set of data (an XML 
File) that can be used to detect objects. [29] 

In face detection, the algorithm uses positive images (images of faces) and negative 
images (images without faces) to train the classifier. Then, features are extracted using haar-like 
features. Haar Features break down images into rectangular regions, calculates the pixel 
intensities in the rectangles, and compares the pixel intensities across the rectangular regions. 
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Then, these features are applied over all the training images, and it finds the best ways to classify 
faces. [30] 

 
 
 

 
Figure XVI: Haar Features [31] 

 
A cascade of classifiers is used so that instead of applying all the features on every single image, 
they are sorted into different stages. If the image does not pass the first stage, then it can be 
concluded that there is no face detected in the image and the rest of the features will not be 
applied. This process is also used to recognize faces.  

 
Walkthrough of Code 

The source code used in this project was written by Aswinth Raj. [32] 
First, the directory containing the training images is accessed and all turned into 

grayscale and resized to stay uniform and so that it is easier for OpenCV to work with. Finally, 
the images are all converted to be stored as a numpy array. The cascade classifier is used to 
detect faces, and if it is detected then the image is cropped so that it only contains the face.  

Live video feed is used from the Raspberry Pi camera and converted into an image, and 
converted into grayscale. The faces are detected, and the cropped image of the faces is saved. 
The software gives a variable that represents its confidence at recognizing the face, and if it is 
greater than a predetermined value, then the name of the person is obtained from the directory 
containing the pre-labeled files of test images. Then a box is created around the face of the 
person and the name is written on the box, and it is displayed on the video feed.  
 
Design 

Although a project using this was never fully fledged out, there are many ways that face 
detection and facial recognition can be used in other technologies. Because this system was 
installed on a portable Raspberry Pi, it can be installed in many places and used as a security 
system to access doors, unlock devices, or keep track of people’s movement around a building.  
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VI. Conclusion 

Unfortunately it was very difficult to finish this project while out of school and without 
access to Whitaker. For this reason, we could not complete the SmartCan to the extent that we 
had hoped and instead focused on the AI and image recognition components. In order to gain an 
understanding of how this would have been executed while simplifying the process, we worked 
on setting up the Raspberry Pi for facial recognition as discussed in the results. 
 
VII. Next Steps 

If we had access to the necessary materials we would have been able to finish setting up 
the Raspberry Pi so that it could use image recognition to properly identify and sort trash items. 
This would have required using a different device to use the neural network created by Collin 
Ching, or more troubleshooting to download the necessary packages on the Raspberry Pi, but this 
ultimately never worked. Another approach that could’ve been taken was training a new cascade 
classifier on detecting one object at a time. [33] The dataset collected by Gary Thung and Mindy 
Yang could be used as positive and negative images. We would have then set up the technology 
in the physical SmartCan which was being built in Whitaker before shelter in place. Most of the 
outer box was already complete and the main focus would have been on constructing the plate 
complete with functional servos and lighting. 
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Appendix A: Parts List 

Part Use Where to Buy Cost 

Raspberry Pi B+ Operating SmartCan: 
needed to run image 
recognition and AI 
algorithm, control 

Found in Whitaker $35 
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servos, and control 
lights 

Display Monitor  Display for the 
Raspberry Pi, 
necessary for coding 
and setting up the 
system 

Found in Whitaker $200 

Servos (2) Controlling the plate 
that trash is placed 
and sorted on 

Found in Whitaker $13 each 

SD Card Necessary for coding 
and controlling the 
Raspberry Pi 

Found in Whitaker $13 

Raspberry Pi Camera Used to take 
photographs that the 
image recognition 
algorithm uses 

Found in Whitaker $20 

Wood Needed to build the 
walls and structure of 
the trash can 

Found in Whitaker  

Lights Used to light up area 
surrounding the plate 
and improve image 
quality 

Found in Whitaker  

Button Makes it so that 
image recognition 
analysis only occurs 
when the system is 
told that there is an 
object to be analyzed 

Found in Whitaker  
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