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def reward_function(params)
reward = ...

return float(reward)

params SMUE| AxolE ChEa 2

rlo

7|-2t w047t XZElLct.

{

"all_wheels_on_track": Boolean, # flag to indicate if the agent is on the
track

"x": float, # agent's x-coordinate in meters

"y": float, # agent's y-coordinate in meters

"closest_objects": [int, int], # zero-based indices of the two closest
objects to the agent's current position of (x, vy).

"closest_waypoints": [int, int], # indices of the two nearest waypoints.

"distance_from_center": float, # distance in meters from the track center

"is_crashed": Boolean, # Boolean flag to indicate whether the agent
has crashed.

"is_left_of_center": Boolean, # Flag to indicate if the agent is on the
left side to the track center or not.

"is_offtrack": Boolean, # Boolean flag to indicate whether the agent
has gone off track.

"is_reversed": Boolean, # flag to indicate if the agent is driving
clockwise (True) or counter clockwise (False).

"heading": float, # agent's yaw in degrees

"objects_distance": [float, ], # list of the objects' distances in meters
between @ and track_length in relation to the starting line.

"objects_heading": [float, 1, # list of the objects' headings in degrees

between -180 and 180.

"objects_left_of_center": [Boolean, ], # list of Boolean flags indicating whether
elements' objects are left of the center (True) or not (False).

"objects_location": [(float, float),], # list of object locations [(x,y), ...].

"objects_speed": [float, ], # list of the objects' speeds in meters per
second.

"progress": float, # percentage of track completed

"speed": float, # agent's speed in meters per second (m/s)

"steering_angle": float, # agent's steering angle in degrees

2y g ™ metolg 23



AWS DeepRacer &4 ALEXl 710|=

"steps": int, # number steps completed
"track_length": float, # track length in meters.
"track_width": float, # width of the track

"waypoints": [(float, float), 1] # list of (x,y) as milestones along the

track center

AWS DeepRacer 221 ml2t0|E{E Cf & Olal5i2i™ CHE & 1 AR E A HEAM L.

all_wheels_on_track

-y
Ho{L £ 24 OIEE*(False)‘.’:.'L—IEF. u| +$|7+ B U =2 24 °+o+| '.3_4 == —’F—%‘(True)
olLict. kg a2le ofolMET} ot 22 LhERLICH

CHS 382 F HF7F EB B ol QloiM E= o|E QI 0| EE EoiFLICH

J
0

all_wheels_on_track 24
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def reward_function(params):
bufubububububibibibibibibibibibibibib g g g g g g g g g g g g g g bbb bbb b b bbb S bbb b b g g g g

Example of using all_wheels_on_track and speed

# Read input variables
all_wheels_on_track = params['all_wheels_on_track']
speed = params['speed']

# Set the speed threshold based your action space
SPEED_THRESHOLD = 1.0

if not all_wheels_on_track:
# Penalize if the car goes off track
reward = le-3
elif speed < SPEED_THRESHOLD:
# Penalize if the car goes too slow
reward = 0.5
else:
# High reward if the car stays on track and goes fast
reward = 1.0

return float(reward)

all_wheels_on_track 25
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closest_waypoints

H: [(@:Max-1),(1:Max-1)]

olo|MES| #A kIl (x, y)oll 7HE 7HZ A QIxEt = waypointll ME 7|tk Q=i Al |C}. 7
2l Ho|FHE SLM REEIE(Eudlidean) {22 SHEELICH & Hm| 2 A= of|0|HE F ol M

71 742 B2 X|™HE UEHHD, F Hw| 24 = of0|ME oM 713 71t &7 X|HE LIE}
HLCH Max= &7 X|IH S5 9| Zo|uct 7+ x[&e| 2 RloM closest_waypointsE [16,
17]10[AH Euct.

CHS 24 &4 of|dlE waypoints, closest_waypoints & heading2 A5 FZH%{Q1 HAMS
HAtstE WS LEEHAH Zddu|ct

AWS DeepRacer?} X|2&H= Python 2H0|22{2]&= math, random, numpy, scipy, shapely %!
LIC LIS AF83tE4™ & MOl def reward_function(params) &0l 7FXK{27|import
supported libraryE F7}&fLICH.

of: closest_waypoints T2tO|EE At st E4 &=

# Place import statement outside of function (supported libraries: math, random, numpy,
scipy, and shapely)
Example imports of available libraries

#

#

# import math

# import random
# import numpy

# import scipy

# import shapely

import math

def reward_function(params):
HHAHHBHH SR HBHHBHHBRHBHHBHHBHHBHH B HHBHH B R H B HH B HH B R H B HH B HH R HH B R BB HH SR BB HH SR B R HHSH

Example of using waypoints and heading to make the car point in the right direction

# Read input variables

waypoints = params['waypoints']
closest_waypoints = params['closest_waypoints']
heading = params['heading']

closest_waypoints

26
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# Initialize the reward with typical value
reward = 1.0

# Calculate the direction of the centerline based on the closest waypoints
next_point = waypoints[closest_waypoints[1]]
prev_point = waypoints[closest_waypoints[0]]

# Calculate the direction in radius, arctan2(dy, dx), the result is (-pi, pi) in
radians

track_direction = math.atan2(next_point[1l] - prev_point[1], next_point[0Q] -
prev_point[0])

# Convert to degree

track_direction = math.degrees(track_direction)

# Calculate the difference between the track direction and the heading direction of
the car
direction_diff = abs(track_direction - heading)
if direction_diff > 180:
direction_diff = 360 - direction_diff

# Penalize the reward if the difference is too large
DIRECTION_THRESHOLD = 10.0
if direction_diff > DIRECTION_THRESHOLD:

reward *= 0.5

return float(reward)

closest_objects
S&: [int, int]
HR|: [(0:1len(object_locations)-1), (0:len(object_locations)-1]

ool E 2| EM RIRl(x, y)oll 7+E 7tk 2 F 2~ o AUHAOFE AN LICH 3 #Hmf QIHA = of
O|ME FolM 7HE 7hh2 M E Hxstn F Hm QA E o 0[TE AoiM 7HE 7H7t2 AN E &

—_ -1 =
FBLICH Z4A7} SHLERE 2= FS F Qlsias 3 0| ELich

closest_objects 27
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HR|: 0:~track_width/2

2+ A2, ofumf 2|0 Hel=
X

AL 2 & A&LICH

def reward_function(params):
HHAHHBHHBHHBHHBRHBHHBHHBHHBHH B R H B HH B HH B R H B HH B HH B HH B HH B HH B HH B R BB HH SR BB HH R HH R SRS

Example of using distance from the center

# Read input variable
track_width = params['track_width']

e

distance_from_center = params['distance_from_center']

# Penalize if the car is too far away from the center

0.1 * track_width
0.5 * track_width

marker_1
marker_2

if distance_from_center <= marker_1:
reward = 1.0

H
74
(=)

Abolel #2|(O[E) LICt oo|MEo| HE 2| & StLtEt: EB FA|

7o L4H|o]| [2F = x| gt

distance_from_center
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elif distance_from_center <= marker_2:
reward = 0.5
else:
reward = le-3 # likely crashed/ close to off track

return float(reward)

el -180:+180

ZEA L xF0f ChEh o O|ME Tl L& (2 ) ULICh.

Q| (True:False)

heading 29



AWS DeepRacer &4 INT=IY A To] =]

OO|MEV}ICHE A SEF=X(True) E= SESHX| LAY EX|(False)E T=E AENZE LIEIHLHE=
Boolean Z2f21QL|C}.

is_left_of center

2 &: Boolean
HL|: [True : False]

oo|MET E3 Yol 2IZ0| JU=X|(True) EBY Y42 2IFZ0f UK 2 X|(False)E LIEtLY
o

= Boolean ZEHi1LICH
is_offtrack
2%d: Boolean

HQ|: (True:False)

HO|ME | HFF 4747t 25 E=40| 4% tE= HIZZE AAHM o2 T =K|(True) E= 2EX|
P2 X|(False)& LIEtLH= Boolean S22 &ILICEH

iS_reversed
23: Boolean

HRl: [True:False]

OOIMET} AA EE2Z F&H(True)st=X| AlA B Y& o2 F8(False)st=X|E LIEILIE
Boolean Z2{aLCt.

Zt | A~=oi CHEr B HES HEsE M AFSELICH

&: [float, .. ]
HRl: [(0:track_length), .. ]

Eoz BE W A 7 He| SSFULICH iHm 24 = E= SYMS ek it 2R e Al

is_left_of _center 30
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® Note

abs | (var1) - (var2)| = how close the car is to an object, WHEN var1 = ["objects_distance"]
[index] and var2 = params|["progress"]*params|["track_length"]

A2 oM 7HY THk2 AN A Sl M THE 7H2 A2 QIHA S T 22 H
closest_objects TtEtO|EHE AFS & LICH.

objects_heading
28: [float, .. ]

Hel: [(-180:180), .. ]

7o) WEH(T)ol SBULICH iRl QAL N Aol WS SHELIC THE Ao WEe o
QLI 2 Aol B ST 240 e 1 % Ao W T eLic

objects_left_of_center

28: [Boolean, .. ]
H|: [True|False, .. ]

Boolean E2id S&. iHM| @4 g2 I iHm| A7t E= S M| 2IFZ0o] U=K|(True) LEZ
U=X|(False)E LIEHHLICE.

objects_location

FE[(x,y), ...]
Ml [(0:N,0:N), ...]

ol mt2tOlE= 2E A fIRIE MEELICH Z !IXl= (x, y)ol FELICH

_l'=_
objects_speed
28 [float, .. ]

H: [(0:12.0), .. ]

objects_heading 31
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of: speed TetO|E{E AHE 5t

rr
HI
Yal
ok

KFMIEE LI 2 all wheels on track &= & X5t4

steering_angle
F: float

H2|: -30:30

of: steering_angle Tt2tO|E{E At

oo
Q'I_l
rr
HT

def reward_function(params):

Example of using steering angle

steering_angle
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# Read input variable

abs_steering = abs(params['steering_angle']) # We don't care whether it is left or
right steering

# Initialize the reward with typical value
reward = 1.0

# Penalize if car steer too much to prevent zigzag
ABS_STEERING_THRESHOLD = 20.0
if abs_steering > ABS_STEERING_THRESHOLD:

reward *= 0.8

return float(reward)

steps

0%

cint

=l

|:£||_CI?_| 0: Nstep

2tF & EHA| £ ULICH & BHAHE o|O|TME T #HA) HAE AL 504 2t = 8t SHLEo| BHE-E X| A|RAO
SHE & LICE.

of: steps DIEIOIEIE AIR5tE 24 &4

def reward_function(params):
HHAHHBHHBHHBHHBHHBHHBHHBHHBHHBHHBHH B R HBHH B HH B HH B HH B HH B HH B HH G HH B HH B HH B HH RS HH

Example of using steps and progress

# Read input variable
steps = params['steps']
progress = params['progress']

# Total num of steps we want the car to finish the lap, it will vary depends on the
track length
TOTAL_NUM_STEPS = 300

# Initialize the reward with typical value
reward = 1.0

# Give additional reward if the car pass every 100 steps faster than expected

steps 34
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if (steps % 100) == 0 and progress > (steps / TOTAL_NUM_STEPS) * 100 :

reward += 10.0

return float(reward)
track_length
{8 float
L] [0:Lpax]
E= Zo|(OE)LICt. Lyax is track-dependent.
track_width
7Y float
L] 0:Dirack
E34 L4|(0|Ef) YLich.
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o: track_width Lt2l0|E{E Al 5}
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def reward_function(params):
bufubububububibibibibibibibibibibibibiid g g g g g g ggggggg g g bbb bbb b b bbb SSb bbb

Example of using track width

# Read input variable
track_width = params['track_width']
distance_from_center = params['distance_from_center']

# Calculate the distance from each border
distance_from_border = 0.5 * track_width - distance_from_center

# Reward higher if the car stays inside the track borders
if distance_from_border >= 0.05:
reward = 1.0
else:
reward = le-3 # Low reward if too close to the border or goes off the track

return float(reward)

E=jo| 2 E AlZclo|M BEoM xF1 yFof HE oo|ME ol !IR|(DIE)YULICH HH2 AlE
cilo|M gh ol M 21% st 2 S0l iLCh.
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E2i =9 ofl o|&E35l= Max OI HE S5ULICH Z OI™HEE (X, Yw,)
EZ g £ %'%L—IE} =g E | %-‘?— A gmfet orx|et 57+ X|HS2 sUELICH &M == CHE |
=gt EBO| A, A HHr|<t EIP |2 SZF X|H2 EI’EL—|E|'.
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