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def reward_function(params)
reward = ...

return float(reward)

params FHEYH TS THIEEY .

{

"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, y).

"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, 1], # 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,
"speed": float,
"steering_angle": float,
"steps": int,
"track_length": float,
"track_width": float,
"waypoints": [(float, float), 1]
track center

percentage of track completed

agent's speed in meters per second (m/s)
agent's steering angle in degrees

number steps completed

track length in meters.

width of the track

list of (x,y) as milestones along the

HOoH HF O B B O

REEBRAZSE 21
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FRATENSETLIE T 7 #AWS DeepRacer i A28,
all_wheels_on_track

Type (¥#) : Boolean

Range (#8E) : (True:False)

AREHREBEEXREEEETPHHBooleanEE, MERREBEANTMERVATEEZR S
S, AIRERERXFIE track (False) L. MRFMENEEHEEABMNATHEZRAN , R
track ( True ) £, TEEREEETHFHRERR,

TERRTHRAMERZEREVANEER 2NN A EHNE LHRERER,

all_wheels_on_track 22
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Eif5] : FHall _wheels_on_trackZHM BB

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 23
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closest_waypoints
Type (EH) : [int, int]
Range (#E) : [(0:Max-1),(1:Max-1)]

MEEAEERNBNE ((x, v)) RIFBEHEMB waypoint AT AERNRS|, EHS
HRKEBEEXPOUOTENBLESERIE, F—EAREREEXRFRIBINERE £
“ErxRARRERRNA A RELNERY, Max IRERSEFTENRE., EFRNEE
Hwaypoints , closest_waypoints&[16, 17].

AT g5 5B R B RE £ A waypoints # closest_waypoints , SA% heading RET&E I
BN 2R/

AWS DeepRacer X & T % Python =& : mathrandomnumpy, . scipy. Hshapely, BEfE
A—EpR= , BEREERTEIIE import BRIRdef reward_function(params). import
supported library

i : FHclosest_waypointsBHHEBRN,

# 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):
HHAHHBHHBHHBHHBHHBRH B HH B HHBHH B HH B HH B HH B HH B HH B HH B HH B HH B HH B HH B HH R HH B HH R HH B R 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

24
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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
Type (BH) : [int, int]
Range (2E) : [(0:1en(object_locations)-1), (@:len(object_locations)-1]

WELRAEREN B BLE (x, y) RBOYHNUAZTRAERRS, F—ERSIZEREEXRAREIINY
, EERSIARAEEANARBENYSH. IRIAF—EYH , AIMERSISHEER 0.

distance_from_center

Type (EH) : float

closest_objects
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Range (#8[E) : 0:~track_width/2

U% , UKBEN , BNPONRENFOZE, TERINEARESEREREXAEM — i
REEEFNERELE  BORRPEERNEE , EFESH/NHM AR track_width B—3¥,

g1 : fEfdistance_from_centerZ M ERH

def reward_function(params):
bufubupubububibibibibibibibibibibibibib g g g g ggg g g g g g g g g bbb bbb bbb b b i SSG G b b g g g g b

Example of using distance from the center

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

# Penalize if the car is too far away from the center
marker_1 = 0.1 * track_width
marker_2 0.5 * track_width

if distance_from_center <= marker_1:
reward = 1.0
elif distance_from_center <= marker_2:

distance_from_center 26
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ERAEER

reward 0.5
else:

reward

return float(reward)

heading
Type (BH) : float

Range (£5E) : -180:+180

RERXAAHRERERR x BmEsE , AEAE.

&l . FAheadingZ B EBRR

MEFMER , 52 Bclosest_waypointso

is_crashed
Type (382! : Boolean

Range (#8E) : (True:False)

EHREEAREBCERES —EYWH (True) = no (False) fEA#K ILREMNBooleaniEE,

le-3 # likely crashed/ close to off track

heading

27
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is_left_of_center

Type (382! : Boolean

Range (#8E) : [True : False]

BEHABEXNRESVAEBRF O (True) £AIFBooleani®EZE () H4 (False)s
is_offtrack

Type (382!) : Boolean

Range (#8E) : (True:False)

—{BBooleantZit , ETRREANFENEERESEEE EHNENARRARR ( True ) 254
(False)

is_reversed

Type ($8&) : Boolean

Range (#8E) : [True:False]

EHREREXRIERE (True) ERERE () EBBIAVBooleanififf., False

e ELABEADSHAT OB ERER.

objects_distance

Type (&) : [float, .. ]

Range (28@) : [(@:track_length), .. ]

RBP4 EEENERENERSE, FiALRSAUSREREPOR , i EYHERERRZ
EAVEERE (A R)o

(® Note

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

is_left_of _center 28
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EENSER A RBEVHENRS , UREREHRZBINEHNZRS]
Fclosest_objectsZ#,

3
m

objects_heading
Type (BH) : [float, .. ]
Range (£iE) : [(-180:180), .. ]

VHFIEESENEE (BE), Fi@TEZSNES i BYAFEHN S E, BEYHNERES 0, ¥
REBARE  HELENERMSBSAENREA,

objects_left_of_center

Type (BZE) : [Boolean, .. ]

Range (#i@) : [True|False, .. ]

BooleaniiAHE, * i AAKERT" | BYM4RERETVNER (TrueFalse) BR right ().

objects_location

Type (&) : [(x,y), ...]

Range (@) : [(0:N,0:N), ...]

k2 aREMENHVE, SELERR (x, v) HTiH.
BERNRPMREELNYHHERS. JIHNHREFEEEERY N B BRI ATE,

objects_speed

Type () : [float, .. ]

Range (%) : [(0:12.0), .. ]

BELYANEESRE (BEUNABYNLRE). SHHEENH , HEESR 0. YRAMBAERMS , X
EREEIRPRENRE,

objects_heading 29



AWS DeepRacer 24

ERAEER

HEE

Type (BH) : float

Range (£5[&) : 0:100
TREBENE D .

g : FRprogressSHWEBEHR
WMEFMES , F2HEAEE,

speed

Type (BH) : float

Range (i) : 0.0:5.0

& . FHspeedZHEBIHR

HEE

30
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WEFMENR , 552 E all_wheels_on_tracke

steering_angle
Type (EH) : float
Range (ZiE) : -30:30

mREEREERXTRENTREAE (B), 8% () XRBARE , EF (+) R OELRB. M TEFT
™, REEXPPOET—EHEHEHE RO parallel,

g5l : FHsteering_angleZE K LB

def reward_function(params):

Example of using steering angle

# Read input variable

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

steering_angle 31
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# 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

Type (BEH) : int

Range (Z8E) : 0:Ngtep

EXTHRNTRE., TREENRERXEA B 8IRATRE —E8EE-BEIEF
Efl : EAstepsSERERHN

def reward_function(params):
buuuouuiidididiiiiiigipigigigigigggignggigrgipiprpipipppp bbb bbb iR i RS S g

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

reward += 10.0

return float(reward)

steps 32
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track_length

Type (3H) : float

Range (£8E) : [0:Lpax]

LARABBENHNEERE, L, is track-dependent.
track_width

Type (BH) : float

Range (gﬁ) : @:Dtrack

BERE (2R).

i : EHtrack widthS 8N REHR

def reward_function(params):
bububububububibibibibibibibibibibibibii g g g gg g ggg g g g g g bbb bbb b b b b GG bbb bbb g g

track_length 33
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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)

X, Y
Type (EH) : float
Range (£8E) : 0:N

REEXPORZTENINERREN x My BMONVE ALRBEN), REUAERRENET
)8

X,y 34
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waypoints

Type (J8H) : [float, float] B9 list

Range (ﬂ) [[XW,Q;yw,QJ [Xw,Max—lf yw,Max-l]]

MEBEFONMEKEE Max EREEEFFE. SERREE (X, yw,) WERRER. BRIRARE
B, F-ENZE—EREHREHEN, BSRERNENEMIFRRHNE , F—ENZR—ERERHA
TR

waypoints 35
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1 ?\.

.'{_-‘_—-.H__
“ 15 14 13755
- 11

TBIERSEHNERREwaypointsE

MEFFMEN , F2B closest_waypoints,

waypoints 36
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