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Ryan Vanderwerf

● Software Engineer on Grails/Micronaut team at OCI
● Father of 2 kiddos 6 and 13
● Talk to me if you need Grails, Groovy, or Micronaut support
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Agenda

● The Project

● The Hardware

● The Software

● The Future
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The Project
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Real World Applications

Cadillac Super Cruise

Tesla

Nvidia
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Our Cars
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The Hardware
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Chassis
● Exceed RC Magnet Truck
● 1/16 scale
● Available for about $100 USD
● https://www.nitrorcx.com/51c853-savared-24-ghz.html

https://www.nitrorcx.com/51c853-savared-24-ghz.html
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Processing
● Raspberry Pi 3B
● 1.2GHz 64 bit quad-core ARM CPU
● 1 GB RAM
● 802.11n wireless adapter
● Camera interface
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Servo/Motor Driver

● Servo Driver PCA 9685

● 16 Channel

● 12 bit PWM Servo Motor Driver

● Adafruit is most common version

● Costs about $12 USD
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Camera
● Wide Angle Raspberry Pi Camera

● This is used as input for self-driving model

● Costs less than $30 USD

● https://amzn.to/2K5sLqF

https://amzn.to/2K5sLqF
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Battery
● Anker Astro E1 Candy-Bar Sized Ultra Compact Portable Charger
● This powers the Raspberry PI Board NOT the motors and servos
● Important because motors draw a lot of power that can make the PI 

unstable so separate power sources are needed
● Costs $20 USD
● https://amzn.to/2KMNOiB

https://amzn.to/2KMNOiB
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Rollcage
● 3D printed
● 2 pieces
● Plate for mounting Pi and 12 bit pwm controller
● Cage has built in mount for camera
● Built to Donkeycar specs
● https://bit.ly/2HZEtGE

https://bit.ly/2HZEtGE


objectcomputing.com© 2018, Object Computing, Inc. (OCI). All rights reserved. 14

The Training
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Teen Driving
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A Track
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A Track
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A Track



objectcomputing.com© 2018, Object Computing, Inc. (OCI). All rights reserved. 19

A Track
● Shape doesn’t matter so much

○ Loop
○ Figure 8
○ Curves
○ Straightaways

● Bright lines
● Well lit area
● Variety of materials

○ Tape
○ Ribbon

● Create two if possible
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A Track
● Running reverse track
● May require retraining
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Training the car
● Need manual control of the car

○ Web controller

○ Game controller

● Teach the car by example

● Drive the car 10-20 laps

● Car records data

○ Images

○ Car telemetry

● Train the model
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The Software



objectcomputing.com© 2018, Object Computing, Inc. (OCI). All rights reserved. 23

● Micronaut

● Robo4J

● Keras

● Tensorflow

● DonkeyCar - currently for self-driving replaced in future revisions

Software Components
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Software Components
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What is Micronaut?
● A modern, JVM-based, full-stack framework for building modular, easily 

testable microservice applications

● Features built in dependency injection, auto configuration, configuration 

sharing, HTTP routing, fast configuration, and load balancing

● Fast startup time, around 1s on a well equipped development machine

● Supports Java, Groovy and Kotlin

● Has support for distributed tracing with third party tools like zipkin

● Includes a nice CLI for generating code and a console

● Profile support for creating projects of various usage types

● Can act as a server, client, or serverless function
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Micronaut
● What does Micronaut have to do with an RC car?

○ Because of its quick startup and small memory footprint 

makes it an ideal framework for the Raspberry Pi
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Robo4J

● IoT Robotics Library for Java 
○ Robo4J is a framework for quickly getting started building and 

running robots and IoT devices
○ Winner - Duke’s Choice Awards 2017
○ Maintained by Marcus Hirt (@hirt) and Miro Wengner 

(@miragemiko)
○ http://www.robo4j.io
○ We use these libraries to control the motors and servos
○ Native support for PI and Lego EV3 platforms

http://www.robo4j.io
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Robo4J

● Contains many components

○ Robo4j-core

○ Robo4j-math

○ Robo4j-units rpi and lego

○ Robo4j-hw rpi and lego

○ Robo4j-db-sql for inline storage
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● Galecino 
○ Horse breed developed in Mexico, bred from 

horses brought from Spain by Hernán Cortés and 
other conquistadors

○ GalecinoCar is a port of DonkeyCar - a popular 
python RC project

○ Micronaut runs as the remote control for the RC 
car motors and servos

○ Serves up remote control UI with camera to see 
what the car sees

○ Can toggle between remote control and native 
Keras/Tensorflow self-driving

GalecinoCar
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Keras
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Keras
Convolutional Neural Network
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Keras

● What is Keras?
○ Keras is a high-level neural networks API, written in Python and capable of running 

on top of TensorFlow, CNTK, or Theano
○ Uses a convolutional neural network (CNN) that you train to drive like a human
○ This is currently controlling the pilot model, which is trained from driving the car 

around a track about 9 or 10 times
○ The goal is to replace this with DeepLearning4J or proper Tensorflow java support 

once it becomes stable for 32bit PI systems
○ After training on a track we create the model and import it to Keras
○ Once the model is trained it will control throttle and steering automatically or just 

steering
○ Instructions for training: http://docs.donkeycar.com/guide/train_autopilot/

http://docs.donkeycar.com/guide/train_autopilot/
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Tensorflow
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Tensorflow

● A Machine learning framework by Google
○ Keras is running on top of Tensorflow to simplify building
○ Pilots from Keras feeds data into Tensorflow for self-driving of car
○ The most popular machine learning framework
○ Currently Java support doesn’t work on 32 bit systems
○ Projects like DeepLearning4J have been built as better solution for JVM 

users
○ You can create models for almost anything for machine learning
○ Can be applied to all sorts of things like lip reading, chat, object 

recognition, touch and art
○ Cool list of interesting projects at https://bit.ly/1SVAKpD

https://bit.ly/1SVAKpD
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DonkeyCar
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DonkeyCar

● Donkeycar
○ Python project

● GalecinoCar is a port of DonkeyCar
○ Because Deeplearning4J and Tensorflow Java JNI isn’t ready 

on the Pi we still need a part of it
○ The most promising is Deeplearning4J
○ We have pre-done the training and loaded the model
○ GalecinoCar bridge in Micronaut allows UI switching between 

remote control and self-driving modes
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GalecinoCar

● GalecinoCar Code Walk Through



objectcomputing.com© 2018, Object Computing, Inc. (OCI). All rights reserved. 38

GalecinoCar - Web UI
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GalecinoCar
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GalecinoCar
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GalecinoCar
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GalecinoCar
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GalecinoCar
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GalecinoCar
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GalecinoCar
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GalecinoCar
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The Future
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Phase I (current)

● Build DonkeyCar

● Convert from Python code to Groovy, 

Micronaut and Robo4J



objectcomputing.com© 2018, Object Computing, Inc. (OCI). All rights reserved. 52

Phase II

● Switch from Keras and Tensorflow to Deeplearning 4J
● Deeplearning 4J can import Keras models and replace 

Tensorflow
● https://github.com/deeplearning4j/
● Currently build issues on PI are blocking this 

https://bit.ly/2wpSQ1H

https://github.com/deeplearning4j/
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Phase III

● Add more hardware:

○ Accelerometer for more telemetry

● Improve autopilot for control
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Phase IV

● LIDAR

● Add object detection and avoidance

● Road sharing
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Not Planned

● GPS

● Scaling up
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Demo Video

Also viewable on YouTube at https://youtu.be/672G7CUpovM

https://youtu.be/672G7CUpovM
http://www.youtube.com/watch?v=672G7CUpovM
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Special Thanks

● Lee Fox (@FoxInATX)

● Todd Higgins (@AnActOfTodd)

● Charles Grossman

● Justin Howe (@syntaxinvalid)

● Robo4J Team:

○ Marcus Hirt (@hirt)

○ Miro Wengner 

(@miragemiko)
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Resources

● Micronaut 
○ http://micronaut.io/

● GalecinoCar Source
○ https://github.com/vanderfox/GalecinoCar

● Donkeycar 
○ http://donkeycar.com
○ https://github.com/wroscoe/donkey

● Robo4J
○ http://www.robo4j.io

● DeepLearning4J
○ https://github.com/deeplearning4j

● Keras autopilot
○ https://wroscoe.github.io/keras-lane-following-autopilot.html

● Opensource.com GalecinoCar Article
○ https://opensource.com/article/18/6/galecino-car

http://micronaut.io/
https://github.com/vanderfox/GalecinoCar
http://donkeycar.com
https://github.com/wroscoe/donkey
http://www.robo4j.io
https://github.com/deeplearning4j
https://wroscoe.github.io/keras-lane-following-autopilot.html
https://opensource.com/article/18/6/galecino-car
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Image Credits

● Nvidia Car -  Dean Takahashi
● CNN Diagram - Elite Data Science
● Cadillac Super Cruise - ExtremeTech
● Tesla - Tesla
● Galecino - Nature Mobile
● Nascar cartoon - Takealookatthis
● Robo4J - robo4j.io
● Hardware - Amazon and Donkeycar
● Tracks - Donkeycar
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Any questions?

● Ryan Vanderwerf
○ @RyanVanderwerf
○ rvanderwerf@gmail.com

● Lee Fox
○ @FoxInATX
○ lee.h.fox@gmail.com

Deck:  https://bit.ly/2LVlgHS

Code:  http://bit.ly/galecino-code

mailto:rvanderwerf@gmail.com
https://bit.ly/2LVlgHS
http://bit.ly/galecino-code

