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High-Level Overview

Human moves laser

pointer or boundaries

Poll sensors for current data
¢ Get image from camera
¢ Get distances from range
finders (staggered)

Put image in
data structure

Attempt to isolate the laser
from the image

* Image transformation

¢ Thresholding

Put range finder
datain
structure

Estimate state of laser
¢ Distance

"|®  Angle from center

¢ Color

surroundings

Process range data
¢ Combine data to create
instantaneous map of

¢ Estimate distances

Determine potential actions
¢ |nteract with laser
o |nteract with obstacles

Actuate
Move forward/back/
left/right
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Hardware |
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Chassis PCB Schematic Capture
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Hardware Challenges and Solutions




Image Processing Architecture

Capture
Image

uController

Convert to
HSV

Apply Mask —»

Obtain
Distance
Coordinates

Perspective
Transform

Blur Grayscale
v
Calculate Threshold
Moments







Image Processing Architecture

Capture
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uController
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Apply Mask —»
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Through the Eyes of the Robot

Original Masked Thresholded




Image Processing Architecture

Capture
Image

uController

Convert to
HSV

Apply Mask —»

Obtain
Distance
Coordinates

Perspective
Transform
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Control System Architecture

Laser
location
from RPi
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PID
controller
for distance
to laser

PID
controller
for angle to
laser

-(Current
Position
Estimate)

Use model
to estimate
position
change

Send
output to
motors

Use
encoders to
estimate
movement




PID Controller

r(t) e(t)

Plant /

Process

https://upload.wikimedia.org/wikipedia/commons/thumb/4/43/P1D_en.svg/971px-PID_en.svg.png



Differential Drive Robot Model

ICC = |xr — Rsin(0),y + Rcos(0)]

x! cos(wdt) —sin(wdot) 0 x— 1CC,
y | = | sin(wdt) cos(wdt) 0 y— 1CC,
0’ 0 0 | 0

P(t)

1CC,
1cc,
wot

P(t+dt)

https://chess.eecs.berkeley.edu/eecs149/documentation/differentialDrive.pdf



Controls Challenges and Solutions
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https://youtu.be/cO0_0CmIVKFY



Supplementary Slides
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H-Bridge

‘A’ side

Vbat

A D1

AD2

D3 &

‘B’ side
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http://modularcircuits.com/blog/wp-content/
uploads/2011/10/image7.png



Controls Implementation Details

Naive implementation of state observer

Loop time of about 5ms (200Hz)



Image Processing Used Before Milestone 2

Working Image Processing Code on Raspberry Pi
RGB -> HSV -> HSV (Green Mask)
HSV -> GrayScale -> Blur -> Find Contours -> Find Moment (average/center)
Display Center on masked HSV image
Works on pure black background

Works with moving laser (line instead of point in image)












