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• Fancy CPU/GPU 

• Fancy camera 

• BLE 

• Gyros! (not the 
nomnomnom kind) 

• Brains of the operation 

• Waaaay faster than rpi

iPhone



Lego Lego Lego Lego
• Lego Pieces 

• Lego Motors 

• Lego Gears 

• Lego Tracks 

• (Lego tracks don’t 
like carpets)



…Lego

• Everything Lego 

• Except Electronics



If it sparks, you haven’t 
used enough tape



More Powwwr

• 4x 9V Lego motors,  for a 
combined 0.05HP 

• LiPoly Battery 

• 1A motor drivers



Facts
• Top speed over 1.0 m/s when driving off tables 

• Turn rate a dazzling 180˚/s+ 

• Full speed too fast for 5 fps tunnel vision



RFduino
• Arduino compatible 

• BLE Stack in Software  

• Nordic 32bit ARM @ 
16MHz 

• tiny 

• Program in Arduino C 

• Drive motors



• CPU shared with 
binary BLE 
SoftDevice  

• Custom BLE Service 
& Characteristics

RFduino BLE



Xcode all the things
iOS natively, embedded with makefiles



Modules
• iPhone app (Objective C, C++) 

• Image processing (OpenCV) 

• Reasoning (fetch the ball, atta boy!) 

• Robot firmware (C) 

• Motor control



Computer Vision, Yay!

http://www.psy.ritsumei.ac.jp/~akitaoka/index-e.html



• Library for image 
recognition and computer 
vision

• Can detect friggin balls



OpenCV
• Currently at Version 3.x 

• Called “OpenCV2.framework” when downloaded, 
haha 

• C/C++, works on iOS out of the box 

• Prototype in Python on OS X 

• Image processing to hit the ground running



Er, yeah, sometimes uggh.

• Badly parametrised 
tracker tracks badly.



There are lots of parameters Wow Much Parameters



HSV Conversion
• Yay colorspace 

conversions, always fun 

• HSV more resilient to 
illumination changes than 
RGB



Ball tracking (Mask)
• Mask is applied to selected 

range in the HSV image 

• The output is a black and 
white image.



Ball tracking (Blurring)

• for better edge detection, curiously



• Objects shaped like 
circles are detected 

• Also yellow sneakers

Ball tracking (Hough Circles)



Gyro-Assisted Steering

ball px position angle to ball

current heading

heading to ball PID Yaw Control

• Fast 

• Can remember ball heading 

• sounds fancy



Indispensable Tools

Open Bench Logic Sniffer Ball-on-a-Stick



The End
Questions?


