Chapter 1: Foundation for Advanced
Robotics and Al

The OODA Loop

OBSERVE ORIENT DECIDE ACT

I THE ENVIRONMENT I

Collect data from Put data into Perform Analysis Put planinto
the environment common frame of Alternatives action by sending
using sensors of reference andselect a commands to

relativeto the Course of Action. robot motors

robot




[2]




Wifi network

USB
Camera

ush

Raspberry Pi 3

5v power

5v Power
Regulator

11v power

Single Board
Computer 5v power
Independent 5v power

for servo motors

Arduino Mega
2560
Microcontroller

11v power

Motor control
Direction 2x
Speed 2x

Motor Controller

)

11v Battery
2700 mah

11v power

WiFi

Send telemetry

> Network

s Receive Commands

S Read Make Change
enyars Sensors Decisions State
Send Control
Msgs
USB Process
Camera Video
Motors < Servos

[3]




N

Temperature Sensor

Controller

Pot of Water

E
A A

B B :] B B B B :]
c (] [ [ c G G G G (sl
D D D D D D ] D D ] D D D D D D D D D D 2] D D D D D o D D o

[4]



Frame 1 should end here;
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Frame 1 Time

Frame 2 Time

Compute

Sleep

Error] | Compute

Sleep

Error

But Actually ends here f

But now ends here
Because itstarted at the

irong time

Frame 1 Time

Frame 2 Time

Compute

Sleep

Error] | Compute

Sleep

We take this

And put it here

Which puts Frame 2

?

End point inthe right place

WMMMHMWMM

A o MHMMMMWMWMN O

[5]




Heartbeat messages go from the
control program to the Pi 3 and
from the Pi 3 to the Arduino. Each
system that receives a heartbeat
message with a time tag just
repeats it back verbatim. This
provides both a positive response
that the software is working and a
measure of latency through the
interfaces
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Chapter 2: Setting Up Your Robot
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Subsumption Architecture
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this wheel
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Chapter 3: A Concept for a Practical Robot
Design Process

TO DO LIST

& MAKE ROBOT
O Robot does cool stuff

Are you
finished?

| don't know,

what is it supposed ’—'
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Toys in the playroom
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Not toy

Look for toys
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target

Select nearest toy

[26]



@@

\

Plan route to target
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Look for obstacles o\n Route
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need to rotate
hand

+ center of mass

4
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Pick up toy
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Find toy box

toy box

obstacle
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Align toy with box
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Drop toy in box
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Chapter 4: Object Recognition Using Neural
Networks and Supervised Learning

Not toy

Look for toys
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AN o

Result of Sobel Edge Detection Convolution
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ARTIFICIAL NEURON
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w
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alue = Sum of (Input x wei
Input Val S f (Input ht) + BIAS
Activation function determines

if there is an output
Generally if value > @
train by adjusting weights
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BINARY
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Max Pooling
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Data Augmentation works by random rotations, flips, mirrors, noise, shears, and lighting
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BACK PROPOGATION

Layer n-1
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Loss/Accuracy
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Chapter 5: Picking up the Toys

6

/" center of mass Pick up toy

Position RobotHahd

need to rotate I
> hand
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ARM SCHEMATIC

97.2
| M3
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|
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Drop Off
At toy box

Neutral Carry —
normal arm
position

High Carry
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ARM TRAINING PROCESS

START

CREATE GOALS @2\

/

CREATE RANDOM
MOVES

GENETIC
MIXING
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Reward Points

Arm Training with Actions Selected at Random

The program only uses
an action if the reward
gets larger

150

Number of Actions Considered

300
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Arm Training Actions with Adaptive Learning Rate

Reward Points

Learning Rate starts large and automatically
becomes smaller as the program nears the goal

Learning Rate

Converges 4 times as
fast as random actions
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GENETIC ALGORITHMS

Create move primitives

|| [921| [173] [123]

l
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[54]




Genetic Algorithm Learning Graph

Reward %

Final Score
99.76%

Number ofmGenerations

[551]




Chapter 6: Teaching a Robot to Listen
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Chapter 7: Avoiding the Stairs
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Selection by Different Attributes:

Select by Similar Saturation Second Image

Select by Similar Hue Select by Similar Value (luminosity) ~ Select by Similar Hue

Floor Finder Concepts

Select Region thatrepresentsthe floor Adding an “erode” function reduces
Image from Camera (red trizngle) &

noise

Down sampled to 320x240

MNowwe can projectlines from the center
bottom of the image to the placewhere
they encounterared pixel. Thatis our

Selectallthevalues inthe red triangle
and find matchingvalues inthe image.

. Turn matching pixels GREEN and non- L
Gaussian Blurx 3 matching RED safe driving zone
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Toys

Select Region that r_epresentsthe floor Now we can project lines from the center
(redtriangle) bottom ofthe image to the place where
they encounterared pixel. Thatisour
safedrivingzone

Since our camera geometry is fixed, we
can estimate the distance to obstacles by
counting the number of pixelsalong the

projected lines

Selectall thevaluesinthe redtriangle

and find matching valuesin the image.

Turn matching pixels GREEN and non-
matching RED
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Only Processing the Top Half of the Image

We have to convertthe
rectangularimage to a
square for the neural
network. This makes no
difference in the results
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Image Processing for Neural Network

-
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Values after Equalize
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Present to Neural Network
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Neural Network
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Chapter 8: Putting Things Away

Breakfast

CHot Cold

Cereal Yogurt

cams D (3 | D an\ = ==

- Not-so-healthy

Off
Stuck  tracks

o 1P Stuck / Jammed
wires No WiFi ailed
otors
No voltage ontaminated
overheated
Mot charging
ot following procedure
ug in sw dead B

Failed
disconnected

BATTERY OPERATOR

Fishbone Diagram
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gim = 0.8166
samples = 17
vale =[1,2,3,5.1.3,2]

g = E i!.\

samples = 4
value = [1,2,0.0, 1,0, 0]

R

samples = 12
valwe=[1,2,3.0, 1,3,

# of Wheels<=4.5

g = 0.6939
samples = 7
vale = [1,2,3.0,1.0,0]

value = [0, 0, 0, 0, 0, 3, 2]

ey

am = 0.0

gmi = 0.0
samples = 3

samples = 3
BUILDING TOY

STUFFED ANIMAL

g = 0.5
samples = 2
value = [1, 0, 0. 0. 1. 0, 0]

g = 0.0
samples = 2

Example: Decision Tree with Gini
Index. Extra labels were added
for clairity
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Material s 2.5
entropy = 2.5577
samples = 18

[1. 2,3,6,1,3,2)

class =car

Truy Y:Ise

value =

[ Widths 2.0 B Noise 0.5
entropy = 1.571 entropy = 1.5613
samples = 10 samples = 8
-[10061 0,2] value =[0,2,3,0,0,3,0]
% class = car 2 class = build

'

[ Length s 4.0 B Ntrnberofwheelsszo
entropy = 1.5 erm':py=0971
samples = 4 samples = 5
-[10001021 value = [0, 2, 0,0, 0, 3, 0]
I, dus-u class = music
Materlals10 \
entropy = 1.0 ng
sampless 2 value = [0,2,0,0,0,0,0]
value =[1,0, 0,0, 1,0, 0] st e e
class = action

-

Example: Decision Tree with
Entropy (Information Gain)
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Length=15

gini = 0.8025
samples = 18
value = [1,2,3,6,1,3,2)
class = car

Number of wheels <0.5
gini = 0.8056
samples = 12

value=[1,2,3,0,1,3,2]

class = build

Color_white <0.5
gini = 0.6939
samples =7

value=[1,0,3,0,1,0,2]
class = build

Length=4 5
gini = 0.48

samples = §
value=[0,2,0,0,0,3,0]
class = music

Type<4.0
gini = 0.625
samples = 4
value =[1,0,0,0,1,0,2]
class = stuffed

Material_fur = 0.5
gini=0.5
samples = 2
value =(1,0,0,0,1,0,0]

class = action

Example: Decision Tree with Gini
Index and One Hot Encoding
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OUTDOOR NAVIGATION
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Road Network
Database
has a list of

nodes (circles)
and links (lines).

Each node hasa
list of which links
intersect atthe

node

Eachlink hasa
length and a cost
(type of road), as
well as a pointer
to the node at
each end
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Chapter 9: Giving the Robot an Artificial
Personality

We have to work

@ on your personality !

&
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Passenger Arrival Times

| 1 1
i A i
i 1 ]
i i i
1 1 ]
1 1 1
i i i
A 1 i
PR [ 1
I+ 1 I
] I ]
1 | 1
] 1 1
1 1 ' 1
1 Y 1 LY 1
f - b / . oo O g 1
| 1 . e s 4 i = aF |' Mizzed Fight
/ - - o ]
[ I i
S heure -1 hours Flight Departure
Time
Passenger Arrival Times Approximation Model
We can approximate the arrival function with two standard
distributions (bell curves) and two uniform distributions
(boxes)
I I i
1 1 1
[ /T 1
i Sy i
I B 1
' AN 1
I AW i
! SN i
/’! : I". :
;1 J ' ! i
¥ i '
1 1 i
1 1 H
[ 1 H
[ [ H
| IF i | II e =T = i II Mizzed flight
/ : : -1 Missed flight
J ! I i —
- 2 hours -1 hours Flight Departure

Time

[75]




0.030

0.025

0.020

0015

0010

0.005

Histogram of Random Number Generator: Normal

Samples

Histogram of Random Number Generator: Uniform

0034

002 4

001 4

Histogram of Random Number Generator: Lognormal

samples

[761]




Open/closed

Robot Emotion Model I
- = » Happy/sad

This is the robot’s physical
state
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Human Emotion Model

Robot’s Opinion about Human Emotion State
Can be expressed as this point |
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Chapter 10: Conclusions and Reflections

Subsumption Architecture

Do My Job

Re_l_r:plond W Interact Clean
. eleop z :
Minutes | Commands With Voice room
Complete This Task
S
Monitor Range with Avoid

Seconds

Take Care of My Self

Milli-
seconds

The OODA Loop

OBSERVE ORIENT DECIDE ACT

F 3

I THE ENVIRONMENT J

Collect data from Put data into Perform Analysis Put planinto
the environment common frame of Alternatives action by sending
using sensors of reference andselect a commands to
relativeto the Course of Action. robot motors

robot
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Self Actualization

Ego

Social

Security

Physical

Human Needs (Source: Mazlow)

Learning

Friendship - Conversation

Curiosity-Explore

Goals — Tasks

Battery — Power - Energy

Theoretical Robot Needs?
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