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Waste Management contributes to Climate Change

Source: EPA Reports 2018
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Better Waste Practices - 5 R’s



Zero Waste as a Movement



A Smart Space Initiative for Zero Waste

Help keep communities clean, make waste 
management more efficient, and encourage 

the practice of zero waste 



Focus of ZotBins

Waste 
ManagementWaste Sorting

Waste Education



Waste Sorting



Waste Sorting 



Waste Management overhead



Waste Education



What is the solution?

“Another has developed a “smart bin” that 
uses image recognition to track how much 
food is wasted in a house or business. It 
gives you a report on how much you threw 
away, along with its cost and its carbon 
footprint. The system may sound invasive, 
but giving people more information can 
help them make better choices.”



Transforming Waste Management



ZotBins System Overview



Smart Bin
- A smart bin is a regular bin equipped with 

microcontroller and multiple sensors that is 
connected to the internet

- Ideally deployed in a set (landfill, compost, recycling) but 
some are deployed individually

- The main challenge in building the smart bin are the 
placement of sensors

- Accurate measurement
- Does not get in the way of waste disposal and emptying of bins



Evolution of ZotBins
 

TBA



What Sensors Are We Using?

● Ultrasonic Sensor (HC-SR04)
○ Measures the current fullness of the waste bin

● Strain Gauge Load Cell (HX711 amplifier)
○ Measures the current weight of the waste inside the bin

● IR Break Beam Sensor
○ Indicates that trash has been placed in the bin

● Camera
○ Located in some bins, takes a photo of the contents of the bin

● Raspberry Pi platform (RPi3)
○ Manages the sensors and detects failures
○ Stores data locally and sends it via an API



TIPPERS

- TIPPERS is a system that manages collected sensor data and can help build 
smart applications like ZotBins.

- We use TIPPERS as IoT data management system for our sensor data.
- E.g., ultrasonic data points are turned into fullness level data points.
- https://tippers.ics.uci.edu/

https://tippers.ics.uci.edu/


TIPPERS + ZotBins

● ZotBins REST API
○ All of the sensor data is sent to TIPPERS using APIs where it is processed and saved to a 

DataBase Management System
○ Our web and mobile team uses these APIs to build different services for waste management

● Mock Sensors
○ are used to generate mock data for our web and mobile app team to continue development 

due to the inability to access the bins
● Error detection

○ In the case of sensor failure, the system will notify the API, so our team can fix the faulty 
sensor



Waste Recognition

Objective - user inputs information about type of waste they have and are given 
proper waste disposal instructions



Waste Recognition - Barcode

● Pros
○ Relatively simple to implement Low room for error
○ Reliable and fast

● Cons
○ Requires item has a barcode
○ Not all barcodes will be stored and labeled on database
○ Must be updated as barcodes are updated

● Current Status
○ API in place on mobile app already
○ Collab with UCI Dining who is providing us with 13,000 of the most 

common barcodes on campus



Waste Recognition - Image Classification

● Pros
○ Waste doesn’t need a barcode
○ Easier from a user standpoint
○ Won’t require updating as product names or barcodes change

● Cons
○ Hard to develop, Requires lots of data!
○ Larger room for error

Current Status
● Achieved 93% accuracy on 10 different classes of waste (close to ideal for 

image recognition which is 99%)



Image Classification steps

1. Collecting Data: ImageNet, Interns Collecting Data, etc.

2. Preprocessing Images: Resizing, Segmentation, Removing Noise, Data Annotation 

3. Data Augmentation: Helps with enlarging of a small data set 

4. Training the Models: Utilizing distinct architecture of CNN and Resnet (Pytorch, Keras)  

5.  Fine-tuning hyperparameters

6. Testing the performance of different models on tensorboards for common data set. 

7. Predicting the accuracy of each model on test data set. 



Applications
- Three applications that allows people to interact with our system

Web App Mobile App Digital Signage



Applications: Mobile App 

● Map: Displays the locations of all the 
ZotBins on campus and provides 
directions to the nearest ZotBin.

● Barcode scanner: Scan a barcode and 
learn how/where to dispose the item.

● Image Recognition: Click picture of the 
trash to learn how/where to dispose item.

● Login/Sign up: Allows users to track 
points, update their profile.

● Trivia: Trivia questions on waste 
management for incentivization. 
Leaderboard maintained (amongst all 
users) based on user Trivia performance. 
Top users get prizes from UCI Dining.

● Events: Events page containing the 
latest/upcoming events from UCI Dining.



Applications: Web App

Data visualization in charts and graphs
● Total trash collected over time
● Tracking diversion rate
● Types of trash collected over time 

(Recyclable, Landfill, Organic, E-Waste)
Check individual bin status

● Checking if a bin needs maintenance
● Tracking the weight in each bin
● Check if bin is full
● Registering new bins to collect data



Digital Signage
● Provide immediate feedback for users as 

they dispose their trash 
● Mounted on the smart bins
● Displays animated customized signage 

and interactive pop-ups of educational 
content whenever a waste item is thrown 
away

● Disposal instructions for waste items most 
commonly thrown away at a particular 
location

● Plan to leverage the camera inside of the 
bin along with the Waste Recognition 
Framework in order to identify and provide 
feedback for incorrectly disposed waste 
items



ZotBins System Overview



IoT Architecture



Deployment Story So Far

● 8 bins deployed on campus
○ 6 bins in UC Irvine’s cafeterias
○ 2 bins in our computer science buildings

● Collected over 100,000 weight and 
ultrasonic data points

● Over a period of 3 months, ZotBins was 
recorded to have increased 
composting by 22.72% and recycling 
by 5.53%

● One set of bins have an estimated 
$20,000 savings from recovering more 
compost and recycling material over 10 
years (estimated lifetime of a ZotBins’ 
set w/ regular maintenance)

ZotBins Set deployed 
in West Food Court



ACM SenSys 2020 Publication



Recognition

● Featured in UCI ICS Article (Jan 2020) ● Featured in UCI Rising Tide 
magazine (page 22) (Mar 2020).

https://www.ics.uci.edu/community/news/view_news?id=1690
https://issuu.com/juliemk-uci/docs/rt_2.2_final_pages_issuu
https://issuu.com/juliemk-uci/docs/rt_2.2_final_pages_issuu


Timeline of ZotBins

● Won the TIPPERS Hackathon (Jun 2017)
● Built the first Waste Monitor prototype and the web app (Aug 2017)
● Demoed the Project at ICS 50th Anniversary Gala (Oct 2017)
● Deployed multiple bins in Donald Bren Hall and started collecting data (Jun 2018)
● Demoed at UCI Sustainability Fair (Jan 2019)
● Demoed the project at UCI's Sustainability Co-Curricular Working Group (SCWG) (Feb 2019)
● Submitted the proposal for UC Carbon Offset Projects; invited to work with UC level Zero Waste Working group (May 2019).
● Submitted the proposal to NSF Smart and Connected Communities (Sep 2019).
● Demoed the project at UCI's Sustainability Co-Curricular Working Group (SCWG) (Sep 2019)
● Organized First Zero Waste Symposium at UCI

● Featured in UCI ICS Article (Jan 2020)
● Featured in UCI Rising Tide magazine (page 22) (Mar 2020).
● Submitted poster and presented to IEEE Sustech 2020 (Apr 2020).
● Submitted short paper to ACM BuildSys (Sep 2020).
● Accepted poster paper to ACM SenSys Yokohama Japan conference (Oct 2020).

https://www.ics.uci.edu/community/news/view_news?id=1690
https://issuu.com/juliemk-uci/docs/rt_2.2_final_pages_issuu
https://sensys.acm.org/2020/index.html




ZotBins Advisors and Mentors



Our Collaborators

● UCI Housing
● UCI Dining
● UCI Facilities Management
● City of Irvine
● Orange County Recycling Coalition
● Irvine Unified School District
● Irvine Company
● USC



Opening it up to the broader community

● ZotBins Community Edition (ZBCE) is an 
open-source continuation of the ZotBins 
Project

● Designed so that any community, city, or 
school could implement a smart waste 
metrics system

● Join our Discord! 
https://tinyurl.com/discord-zbce 

https://tinyurl.com/discord-zbce


Contact Us
Website - ZotBins.github.io

Email - zotbinsuci@gmail.com 

https://zotbins.github.io/
mailto:zotbinsuci@gmail.com

