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Rationale and Motivation
▶ Make edge computing more accessible to beginning learners

▶ Hands-on tutorial, theory and concepts

▶ Self-pacing to suit different levels of experience and learning speeds

▶ Inspire new ideas and applications

▶ Give access to a broad knowledge of technology as a tool to better 
people's lives

▶ Provide free and open source educational module/platform for 
teaching Cloud Computing concepts, Edge devices technology, and 
Artificial Intelligence driven applications
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Opportunity
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Keahey, Kate. "The Silver Lining." IEEE Internet Computing 24, no. 4 (2020): 55-59.
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AutoLearn: Learning in the Edge to 
Cloud Continuum
▶ An educational module that integrates a collection of educational artifacts

▶ Based on DonkeyCar [1], an open-source self driving platform for small scale cars

▶ We leverage the Chameleon testbed to teach topics relating to autonomous driving 
ranging through engineering, data collection, interactions in edge to cloud continuum, 
various types of ML, to digital twin models

▶ The artifacts offer several digital learning pathways and allow educators to tailor 
the content to different learning objectives

▶ We describe how the artifacts leverage various features of the Chameleon testbed, as well 
as the Trovi digital artifact hub [2]
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[1] Roscoe Will and Conway Adam. 2019. Donkey car: An opensource DIY self driving platform for small scale cars. Retrieved August 4, 2023 from from https://www.donkeycar.com/
[2] Keahey Kate, Anderson Jason, Powers Mark, and Cooper Adam. 2023. Three Pillars of Practical Reproducibility. In rewords23: 3rd Workshop on Reproducible Workflows, Data Management, and Security During eScience’23.
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Cloud and Edge Hardware Requirements | Chameleon Cloud

▶ NSF-funded cloud testbed
▶ Supports computer science research through cloud infrastructure
▶ Provides incredibly customizable configurations and Bare-Metal Nodes

▶ Diverse nodes and architectures available

▶ Supporting reproducibility and education
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A Shareable Digital Educational 
Artifact
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Testbed by the numbers
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Advantages:
1. Bring Your Own Device:

▶ Ability to enroll a device you control to CHI@Edge

2. Cloud-Edge Environment Compatibility with Chameleon Cloud
▶ GPUs and Pi connected through same service

3. Multi-Tenancy: 
▶ Easier for students to just reserve the device you enrolled
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A Shareable Digital Educational 
Artifact
Cloud and Edge Hardware Requirements | CHI@Edge
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▶ Open Source Machine Learning Small Self Driving Cars
▶ Inexpensive ∼($200) and generally available cars kits and accessories 

that minimize the configuration time for this type of course [3]. 
▶ For Hobbyists, Students, and Contributors
▶ Community:

▶ Virtual and in-person racing leagues/competitions
▶ Very active Discord with knowledgeable maintainers

▶ How our module improves Donekycar
▶ Lowers knowledge barrier for using Donkeycar
▶ Allocated hardware through Chameleon
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A Shareable Digital Educational 
Artifact
Autonomous car module | DonkeyCar

[3] Waveshare. 2023. Waveshare, PiRacer Pro AI Kit. Retrieved August 32023 
from https://www.waveshare.com/wiki/PiRacer_Pro_AI_Kit
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Learning opportunities
1. Edge, cloud computing and robotics

▶ Raspberry Pi
▶ Remote-host connection

2. Machine learning driven applications
▶ Drawbacks of poor data collection
▶ Data augmentations and transformations
▶ Analyzing effectiveness of models

3. Systems topics
▶ Unix, understanding how to configure hardware and

software 
▶ File manipulation and Linux command line
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And 
more!
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The Educational Module: Structure
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The Teaching Module

▶ Contains three types of courselet layers:
▶ Data collection (actual car versus simulator)
▶ Machine Learning courselets training models
▶ Verification via self-driving (actual car versus simulator)

▶ Supports different emphasis and different pathways through the curriculum:
▶ Introduction to engineering might emphasize driving the actual car
▶ Machine learning focus might use the simulator

▶ Contain suggestions for exercises and individual exploration: 
▶ E.g., digital twin combining simulator and experimental driving

A collection of courselets exploring concepts in autonomous 
driving
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Collecting and cleaning data

Figure 1. AutoLearn provides three different data collection 
paths. Sample datasets, data collected through the Unity 

game platform via simulation, and through the real physical 
car. Ultimately, these datasets serve for training the ML 

models.

▶ Collecting data from manual driving sessions 
▶ For those students who have access to the physical 

car, the most interesting method is to drive the car 
around an actual track

▶ Students can drive the car using a physical joystick 
controller, or use the DonkeyCar web controller 
that provides the same functionality via a web 
interface 

The Educational Module: Structure
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The Educational Module: Structure
Additional data collection and 
Sample data:

Figure 2: Sample datasets can be collected by manually
driving the car around a track, and through the DonkeyCar
simulator. We used a default track that was made with an

orange tape oval shape and a commercial conventional track
(Waveshare)

▶ AutoLearn contains sample datasets that students can use to 
train models without having to drive the car

▶ The sample datasets were collected by manually driving the car 
around a track, and through the DonkeyCar simulator 

▶ This can be seen as a good entry level exercise that gets 
students familiar with the car setup; they can be 
generated either by driving the actual car or via the 
DonkeyCar virtual driving environment

▶ Alternatively, students can use the DonkeyCar simulator which allows them to do the same – but with a virtual 
car in a simulated track environment.

(a) Default track (b)  Waveshare track
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Autonomous Cars Project Extensions
1. Continuation of project with less guidance

2. Allows students to act on what was learned

3. Ideas for extensions:
▶ Analysis of performance differences between various default Donkeycar 

models: Assignment Outline Completed
▶ Running inference model locally vs. hosting model on Chameleon node
▶ Comparison of data augmentations in training
▶ Attempting offline RL and Bridging the Simulation to Real Gap
▶ Edge computing optimization for Inference models
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Summer 2023 in Chameleon Cloud

BigDataX: From theory to practice in 
Big Data computing at eXtreme 

scales
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Road to Reliability: Optimizing Self-Driving Consistency 
with Real-Time Speed Data [4]

▶ How do we improve speed consistency in autonomous vehicles?
▶ Use real-time optical encoder speed data in self-driving model 

training

Chasing Clouds with Donkeycar: Holistic Exploration of Edge and 
Cloud Inferencing Trade-Offs in E2E Self-Driving Cars [5]

▶ What are the trade-offs or offloading self-driving inferences to 
proximal cloud sources?

▶ Analyzing autonomy score and resource utilization when offloading 
to the NVIDIA triton server hosted on Chameleon cloud

[4] Road to Reliability: Optimizing Self-Driving Consistency with Real-Time Speed Data. William Fowler, Kate Keahey and Alicia Esquivel Morel. In Proceedings of the International Conference for High Performance Computing, Networking, 
Storage and Analysis (SC’23 Poster). IEEE Press. November 2023
[5] Chasing Clouds with Donkeycar: Holistic Exploration of Edge and Cloud Inferencing Trade-Offs in E2E Self-Driving Cars. Kyle Zheng, Kate Keahey and Alicia Esquivel Morel. In Proceedings of the International Conference for High 
Performance Computing, Networking, Storage and Analysis (SC’23 Poster). IEEE Press. November 2023

REU 2023 - Impact of the Educational Module
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Contributions and Feedback
How can educational modules be supported as a long-term
project, and as a foundational resource for teaching and learning? 

▶ We provide a set of instructions in our GitBook artifact, in which learners can start their 
own educational module

▶ Learners can make additional changes to the module, extensions or improvements

▶ Through collaborative support and learning, students can make a merge request to the 
original repository

▶ We facilitate a Google Group [6] , and a set of instructions for providing feedback or sharing case 
study information about how the educational materials benefited or what improvements can be 
made

[6] Chameleon Cloud. 2023. Chameleon Education Google Group. Retrieved August 1, 2023 from https://groups.google.com/g/chameleon-education/
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How to Access AutoLearn?

▶ GitBook documentation
▶ Shareable artifact on Trovi
▶ Uses allocated Chameleon resources
▶ Experiment executed in python notebooks
▶ Artifact can be edited and re-shared to Trovi

https://chi-education.gitbook.io/chi-edge-or-education/

https://www.chameleoncloud.org/experiment/share/880
0ebd1-411e-4e94-9b62-6883f09188e7

https://groups.google.com/g/chameleon-education/
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Thank you
Questions?

We’re here to change


