Roboting with i0S,
OpenCV, BLE, and Lego

Robot Robot Stick Ball Robot

But Why? Domo6tér Gulyas’ and Arnau Vazquez’' Project for
“Special Aspects of Autonomous Mobile Systems” @ TH Kéin
presented @ Cocoaheads AC, 31.3.2016
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Fancy CPU/GPU

Fancy camera

BLE

Gyros! (not the
nomnomnom kind)

Brains of the operation

Waaaay faster than rpi
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 Everything Lego

* Except Electronics






Viore Powwwr
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* 4x 9V Lego motors, f
combined 0.05HP

* LiPoly Battery

e 1A motor drivers



Facts

e Top speed over 1.0 m/s when driving off tables

e Turn rate a dazzling 1807/s+

» Full speed too fast for 5 fps tunnel vision
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BLE Stack in Software T
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code all the things

I0OS natively, embedded with makefiles

O @ [ rfduino-lego-tank ) B8 My Mac rfduino-lego-tank | Build rfduino-lego-tank: Succeeded | 19.11.2014 :
Edit ble_gatts.h
B2 QN =obp 3|8 < . rfduino-lego-tank ) Makefile ) No Selection
». rfduino-lego-tank 1 # build scripts come from https://github.com/sprhawk/nrf51822-macosx-build-scripts
v - 1 target, OS X SDK 10.10 2 # modifiy Makefile.config.template from build scripts to adapt your environment
Makefil -
- aefle include Makefile.config
@ Makefile.config
v src TARGET_CHIP := NRF51822_QFAA_CA
b kank board.h BOARD := BOARD_RFDUINO

|
h pstorage_platform.h #Uncomment correct line if you have s110 programmed on the chip.

gcc_startup_nrf51.s DEVICE_VARIANT := xxaa

main.c #DEVICE_VARIANT := xxab



Voaules

* [Phone app (Objective C, C++)

* Image processing (OpenCV)

* Reasoning (tfetch the ball, atta boy!)
* Robot firmware (C)

e Motor control



Yay!

1SIoN,

Computer V

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



* Library for image
recognition and computer
vision

* Can detect friggin balls

OpenCV



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.
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 Badly parametrised
tracker tracks badly.




There are lots of parameters

K1

HSV

- K2

min(20, 209, 218) max(29, 236, 171)  Steer / Follow

Ball Info \_ \_

Stop CV Sensor Settings...




HSV Conversion

* Yay colorspace
conversions, always fun

« HSV more resilient to
Illumination changes than
RGB

anjep



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




Ball tracking (Hough Circles)

* Objects shaped like
circles are detected

* Also yellow sneakers




Gyro-Assisted Steering

ball px position [—% angle to ball —VO—V

* [ast
 Canremember ball heading

e sounds fancy

heading to ball

PID Yaw Contro




INndispensable lools

Open Bench Logic Sniffer Ball-on-a-Stick






