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Overview

* Introduction of the Problem

* Initial Brainstorming Process

« Differential Modeling of Food Object
« General Assumptions

« Differential Modeling of Fritz

» Code

* Results

 Conclusion

Longenberger, Mohn, Tam
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The Problem

 Meet Fritz! He cannot catch food tossed to him

* Is Fritz clumsy?

* Is his owner bad at tossing food?

Longenberger, Mohn, Tam
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Initial Brainstorming

3D Probability Density Function for Modeling of Fritz's Likelihood of
Catching Food

 Arc Length Parametrization of a

Curve in R?
PDF 0.08
s(t) = / | (u) | de
where r(t) = (x(t), y(t),z(t)), a parametrized curve through R? space

Photo credits: https://vdocuments.mx/probability-density-function-pdf.html

Longenberger, Mohn, Tam
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Differential Equations-Air Resistance

« Differential Equations (No air Resistance)

j =—9.8

x=0

« Differential Equations (Air Resistance)

p - Air Density

T pCqa . 2 _
ST Tm Y T 9.8 C4 - Coefficient of Drag
¥ =Ll — g A - Reference Area

2m
m — Mass
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Differential Equ
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Assumptions Moving Forward

* Air resistance will be neglected, therefore the size of the object does
not matter

 Launch angle will remain constant

 Motion and model will be In two dimensions

 No wind
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General Model - Using Al

* Reflects Learning

* Variables can be changed

* More complexity than Basic Ordinary Differential Equations
 Applicable to Modern Work Environment

* Follows Differential Motion
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General Layout - Fritz

« Two Link Robot
Y « Simplification
« Ease of Programming

« Kinematic Equations
(xl) _ (11 cos(6,) + 1, cos(0, + 92)) 0<¥¢
Y1 l; sin(8,) + L, sin(6, + 0,) -

82 i )
* |nverse Kinematics

xXX+yr -4 - 1,0
szcosl( 4 - 2)

21,1,
01 y [, sin(6)
0, =tan ! (=) —tan~?!
X 1= (x) an (Il + 1, cos(8,)

Longenberger, Mohn, Tam
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Differential Motion - Fritz

01

02

Starting with Kinematic Equations:

(xl) _ (11 cos(6,) + 1, cos(6, + 92)) 0< 6, <m
Y1 l; sin(6,) + L, sin(0; + 6,) _ 0,

Remember Angles are a Function of Time:
01 =0.(t) 02 =10.(t)

Computing Derivative W.R.T. Time:

(x) _ _Ilgl Sin(ﬂl) — lz (91 + gz)Sin (91 + 82)
}} B 1191 COS(Hl) + Iz(gl + QZ)COS (81 + 92)

Longenberger, Mohn, Tam
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Al Implementation

* NeuroEvolution of Augmented Topologies (NEAT)
* Inputs

 Outputs

« Activation Function
 Population Size

* Fitness Function

* Max Generations

Inputs

Outputs
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Values for Al

* Inputs — Theta 1 & 2, Fritz to Food Distance, Food X&Y Position and
Time

« Outputs- Increase or Decrease to Theta 1 &2
 Activation Function — Hyperbolic Tangent
 Population Size - 100 Per Generation

* Fitness Function — "Reward" for Catches, Scaled "Punishment" for
Misses

* Max Generations — Approx. 500 Generations
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Code Part 1

pygame
ort math
1 random import randint

N_WIDTH =
_HEIGHT =

screen = pygame.display.set_mode((SC

pygame .display.set_caption(
clock = pygame.time.Clock()

dog_anglel =
dog_angle? =
dog_lengthl =
dog_length2 =
dog_base_pos_x =
dog_base_pos_y =
dog_delta_angle =
dog_mouth_rect =
dog_lines =

ball_x_pos =
ball_y_pos =
ball_angle =
ball_velocity =
ball_rect_ball =
catches =

Lc(dog, ball):
)s = dog.base_pos_x + (

dog.lengthl * math.cos(dog.anglel) + dog.length2 * math.cos(dog.anglel + dog.angle2)),

dog.lengthl * math.sin(dog.anglel) + dog.length2 * math.sin(
)g.anglel + dog.angle2)) + § HT
ball_pos = ball.ball_x_pos - 5, -ball.ball_y_pos + N_HELGHT
distance = ((
return distance

( , color):

.anglel = dog_angle

.angle2 = dog_angle:

.lengthl = dog_lengthl
.length2 = dog_length2
.base_pos_x = dog_base_pos_x
.base_pos_y = dog_base_pos_y
.delta_angle = dog_delta_angle
.mouth_rect = dog_mouth_rect
.lines = dog_lines

.color = color

.distance =

.min_distance =

.dog_x_pos =

.dog_y_pos =

.caught =

t(x, y):
X+ .base_pos_x, -y + SCREEN_HEIGHT -

pygame.draw.line(screen, (
pygame.draw.circle(screen, .color, to_robot( ), =
Lline_body = pygame.draw.line(screen, .color, =to_robot (

=to_robot( .lengthl * math.cos(

.lengthl * math.sin(

dog_pos[8] - ball_pos[8]) #* 2 + (dog_pos[1] - ball_pos[1]) #x 2) wx

i

, 0), to_pygame( -10), to_pygame(SCREEN_WIDTH, -

)

pygame.draw.circle(screen, .color,
to_robot( .lengthl * math.cos( .anglel)
.base_pos_y + .lengthl * math.sin(
line_head = pygame.draw.line(screen, .color,
to_robot( .lengthl * math.cos

to_robot( .lengthl * math.cos
.anglel + .angle2),

.lengthl * math.sin( .anglel) +

.anglel + .angle2)),
=5)
pygame.draw.circle(screen, .color,

.anglel)),

( .anglel),
.lengthl * math.sin( .anglel)),
( .anglel) +

to_robot( .lengthl * math.cos( .anglel) + .length2 * math.cos(

.anglel + .angle?),

.lengthl * math.sin( .anglel) + .length2 * math.sin(

.anglel + .angle2)), =10)

.dog_x_pos = .lengthl * math.cos( .anglel) + .length2 * math.cos( .anglel
.dog_y_pos = .lengthl * math.sin( .anglel) + .length2 * math.sin( .anglel

.mouth_rect = pygame.Rect(

.base_pos_x + (

.lengthl * math.cos( .anglel) + .length2 * math.cos

.lengthl * math.sin( .anglel) + .length2 * math.sin(
.anglel + .angle2)) + SCREEN_HEIGHT - 35, 10, 19)
pygame.draw.rect(screen, (0, 0, 0), .mouth_rect, =

Jlines = [
line_head,
line_body

= dog_anglel
= dog_angle2
= dog_lengthl
h2 = dog_length2
.base_pos_x = dog_base_pos_x
.base_pos_y = dog_base_pos_y
.delta_angle = dog_delta_angle

( .anglel +

.length2 * math.cos(

.length2 * math.sin(

.angle2))
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Code Part 2

.mouth_rect = dog_mouth_rect
.lines = dog_lines

.distance =
.min_distance =
.dog_x_pos =
.dog_y_pos =
.caught = True

( =
.ball_x_pos = ball_x_pos
.ball_y_pos = ball_y_pos
.ball_angle = ball_angle
.ball_velocity = ball_velocity
.rect_ball = ball_rect_ball
.x_vel =
.y_vel

.ball_velocity * math.cos(
.ball_velocity * math.sin(
.ball_velocity * math.cos(
.ball_velocity * math.sin(

Sy_vel =
pygame.draw.circle(screen, (
.rect_ball = pygame.Rect(
pygame.draw.rect(screen, (8, 0, 0),

ball_x_pos
= ball_y_pos
.ball_angle = ball_angle
.ball_velocity = ball_velocity
.rect_ball = ball_rect_ball
.x_vel =
Ly vel =

, B, 0), to_pygame(
.ball_x_pos - 5, - -ball_y_pos + SC
.rect_ball, =1)

(genomes, config):
pygame. time.wait( )
pygame.display.set_caption(
pygame.init()
run = True
time =

catches
ball
dogs =
ge =
nets =

_., g in genomes:

net = neat.nn.FeedForwardNetwork.create(g
nets.append(net)
dogs.append(Dog((randint (e, ), randint(
g.fitness =

ge.append(g)

.ball_angle) * time while run:
.ball_angle) * time - time += 1 /
.ball_angle) screen. Fil11((
.ball_angle) - * time fo
.ball_y_pos),

_HEIGHT -

. . )
event in pygame.event.get():

.ball_x_pos, if event.type pygame. QUL

pygame. quit()

quit()
pygame.display.set_caption(str(catches)
if len(dogs) =

(time)
X, dog in enumerate(dogs)

dog.d

config)

),

randint(

1))

dog.distance = distance_calc(dog, ball)

if distance_calc(dog, ball) < dog.min_distance:
dog.min_distance = distance_calc(dog, ball

output = nets[x].activate(
(dog.anglel, dog.angle2, dog.distance, ball.ball_x_pos
dog.dog_x_pos, dog.dog_y_pos, time))

if output[e] >
if dog.anglel >= a dog.lengthl * math.sin(dog.anglel -
dog.anglel + dog.angle2)
dog.anglel -= dog.delta_angle
elif output[e] < -
if dog.anglel <= math.pi a dog.lengthl * math.sin(
dog.anglel + dog.delta_angle) + dog.length2 * math.
dog.anglel += dog.delta_angle

if output[1] >
if dog.angle2 >= -math.pif2 and dog.lengthl * math.sin(dog.
dog.anglel + dog.angle2 - dog.delta_angle)
dog.angle2 -= dog.delta_angle
elif output[1] < -
if dog.angle2 <= math.pi/2 a dog.lengthl * math.sin(dog.a
dog.anglel + dog.angle2 + dog.delta_angle)
dog.angle2 += dog.delta_angle

x, dog in enumerate(dogs)
if ball.ball_y_pos > -
if ball.rect_ball.clip(dog.mouth_rect):

ge[x].fitness +=
dog.caught = T
catches +=
dogs.pop(x)
nets.pop(x)
ge.pop(x)

f ball.rect_ball.collideobjects(dog.lines) a
ge[x].fitness -=
dogs.pop(x)
nets.pop(x)

+ dog.min_distance/

, ball.ball_y_pos, ball.x_vel, ball.y_vel,

dog.delta_angle) + dog.length2 * math.sin(

sin(dog.anglel + dog.angle2)

anglel) + dog.length2 * math.sin(

nglel) + dog.length2 * math.sin(

dog.caught =
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Al Model
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Al Manipulation

 \ariables Modified for Food:
* \elocity
« Starting Position of Food (Distance and Height)

* Variable Modified for Fritz:
e |terations
* Number of Fritz’s per iteration

 Additional Assumptions
* Food will always cross through domain of Fritz’s movement
 Once food touches ground or Fritz, food is marked as not caught
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Results
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Longenberger, Mohn, Tam
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Conclusion

How precisely does the dog’s brain have to estimate the orientation of his head and eyes in order to
best predict the location of the item?

How much time will the dog have to orient its mouth to the correct position?

Are certain foods more difficult to catch due to different effects of air friction?

Does the height at which the object is thrown matter?

What are the most important aspects of the dog’s perceptions and behaviors for the dog’s success?

Use your analysis of the situation to decide if Fritz is just clumsy or if his owner is being mean to
the dog on the'Internet.
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Future Directions

 Improve model for multiple variable changes
 Delay reaction time

* Introduce noise for different-sized foods

« Change dog dimensions and mouth size
 Add air friction inside the model

« Expand model to 3D
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