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EERMEYGRE , AESEANRHEBBEME S,
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IEFRIEHTRE (R )

1. HEERRWENEL , EE-FEWEENBRENILRIFE,
2. ii?%jt_io

E4L RBEE
AWS DeepRacer ¥ £ HFRMUIGHET MR, TRNEEUTAARBARERRERE. Ex

2 MAEN AWS DeepRacer FE &K , FRHEAXARE L, AXEENESER , BSHAWS
DeepRacer iJIZ& 3%,

ERINGE L
1. BEEFEERBTELE | EREEARE, GRMEARIAMHIEE
« Proximal Policy Optimization (PPO), XfiR EEFERERENEZENEFERZBERNIT—
o

« Soft Actor Critic (SAC). XA REBBIFEBRRENE EENEKENR 2B ATRERITR — B,
2. iﬁ?¥—|:_$o

E 5% HENENREEK

YHEKEEEI L. ACREBENRE (RE ) £RATE (5 ) NXBMEENTH. B
GESHAMEL RN ELT N — | SUUERRATERSRHENRERRTR—B | M 1TYH
FESE A B 37T

YGRS —MERE | ETEESERARANLHEERG, AR PEER RN | TE
ERBHEETRERDRAENLHER. BXHENEHERNEMAES B8 BEVLHE
.

TR R B

1. ERENEHERAEL , £E— A EHERRA. 53 PEHERRAITAEAEY

« BEPLOL. HENREFBIRTRFEFET OLEREN , LTFRAE,
- REELRARN, SENREFAIEREMAENMN EFRBEASEFELRAAN , HTFRM.

« Brlb#iiT, HENBEFRFEPOLMILEN , 4 TRE. IRENREERASKOAENRER
B, MaZHLT,
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® Note
MREFBEHENRBEE , FERET—F,

2. (Hik) ERREEBARD.
EFE—-DIRMEBRE] , REEE SHRLAE,

NTFRENENES , EUUNBIER + RETEEFERUENEINBHANETEREEES
FE. EBNMRHEONFEET —F  #ETHRBEES, BRHBHAXKE , FEEAE
M Xo ERHIES , BHIEETK.

® Note
& LUB I 1R 6 A BA RS SRR R A R EE R i B BUR B

( Nk ) BEEREREEBURG IR R REROIAEREERDERBRORB, mEAEFIL

BRI ELNAE, MREHNRBEERIE  IFLBRRRBEENERBRES , B&
REE.

3. ii?%jt_io

£ 65 ERNKHAFENRERERIBEITE

BRYIGHFENRSPMEME, TSN RETREN , SNZNESBNBRDNETE
Y =pey 13 STEZN: ORI

HFNSGEENX—FH , IGIHREFREIFHITE, SULBETHUHEPZERERERIERH,
ERAHOT R BEIR X B P T

1. EEEFENEREL , EEFEERYIZGKEKPIRERE,
2. ERBEHERFERD  NENERMARANER  XF88TRICERMEILER,

® Tip
BRENNERERNER , FINREHREME LN YNERMENR , ARENERHRER
BRi%,

864 EENKAFENERRBERBNGTE 15
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3. EHRZERETEINLTHE B RHENERERE AWS DeepRacer ZAEHTHE. HE , &
OB BUHE P iZ SR EREE N RREHRE,

® Tip
RMNBWAHERNERFNFETE, BRER RS T RENERSHEMER NN LS
W, ARERERSR , MESR TS ER,
4. ERIVNLKEEDR,
5. EYBERYILEREEQS | ERBE,

6. HIGEERNHEL A SANEERENIIGSRENEE, NHKRSHARTHE , BEATUNERE
FEFMATRE LGB M. MEMB AT AR BRREERHNINE | AXENERSHRE,

B75  BHTELERRENRN
VG EMEHBRRRAETERE  LTNEELRI,

EEEENRY

1. BEENSRERT , SMERRART. EE-IRE, #HTEREL , ENERENERETRE
— MR, ZRERESE-—MHTERS  EHESERXNERETIR, EFFREMLEFHIEE

To
2. HEETRHTENRES K EHEENNTARBNED , EENEWHFANE NN TR ENERR
o

B8L EARMERHEER

ER)GTEEAEERMTERERFBTEZE , SO E#TRENNERHTU0E, B EA
ERNETHERENFEENER  REEETUTESRARSIISGRE,

SRR R

1. 1 “AWS DeepRacer Z4&” # | EEMSEMBEHKF , SMEEHNER,

2. ELEMERETEL , SR MEREAERRE,

3. EmBLEMERTEY  NENREERRH-—IHEN , REEET %,
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5. HAERF&ZMERES  FARRENSHKFRIWANE  EREAHERFRPRAHER , R
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6. ERGENER, ENIEENHRE, EEFERIGEERE , BT 28X ENEERY
F8. NHERBANBITHE , LR T AN B REAEFTIEIRE LIS,

7. HRERENEEHTNGESR | UESTE LRERERN.
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FH. ZHEIFEER . tar.gz X,
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1. 7&£ “AWS DeepRacer 4" 1 |, TEMEMERSF , SMEIBHWERE,

2. EFMERTEL , ER-MERHEERTH

3. EMNUBMPREEETHRAOHE, THEREE , AUAGHRFIAMES I HMEEFHEES
.,

EBTHBEXER AWS DeepRacer BEHNEZE L | ESRAWS DeepRacer 18RRI RIEER
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EEMAFRDNEMTEENERE  EXS NIRRT ERENMREE MR EFHRERTLER, F
ERRAIER RS, MERIMMR M, SHAM AWS DeepRacer FA# XK ARITELRR, T #EF
SNRESRENINSURTET ONERE ARHRENZERRE  ZERENHRXRSR.

FERRRREFA -ANELRR , MBZERAUSM,. FAHXEREHHAE THEEIENELR
BHEAWS Z2HATERNMARRE , ZEAREIBBETES M,

AT @S i AWS DeepRacer ZFEBRBRZERMNFELXER,
AN Y AY ﬁ
SMFLEREESE
EAT & | ZFIMAFENERIE RS AWS DeepRacer FEBRZER, BAUBLERERFE

FITERRELTININGNERRSNEBNANRR. EXBERIGNESER , B5H £ “F AWS
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ESMPLERERS
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2. ZNHEREFFENHETE, ELARRY  EEHALRERER , ENRE ROIEE
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3. HEERSTEEHRy , FATHIREEFERFRPIEFER,

4. SEFSMERURTENEE,
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SMFEHXER
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B3R, REHEALTFERE,

HEARSEEHETNIIRS , ARBEEHXERRAERANKRE,

EFRHE A LLTFRREHRE,

BREREIERDTEENEEE  FESHTE  THRENEESHASRENREHFRITRL,
(AL ) IEFEAME LR BN T RENTERIL

EFRER LR A H MRS,
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BIBR B ERBE SR ITEm TR —#. SHEARTHERDITEE,

TRNBIREXSHTRNEFH TN, EELEWERBITR , FRIAEIRETL TR AR E T BT K
— B RERENRBAE, N TEEEHHUNHLERERX  FEHRRE—NROHENTERS
HANEWMEELTE LROBHA GRS TR,

BUERARR (REREFOLLEZURNGHN AL EHRBENRSIRG ) REDEFREEERTHERE
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RITEMWEEBRE —MEEFNERENERE. ZRTEANER , BERRSH , REENZE , It
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BURBl,
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def reward_function(params)
reward = ...

return float(reward)

params HHENRIEUTR/MEX :

{

"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

R A S 21
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FERLUTSZ L EFi# T #% AWS DeepRacer i ASH,

all_wheels_on_track

%A : Boolean

B : (True:False)

—/ Boolean#ric , ATHEAMMERERELERFRERE. NREWMNE—FERUTHREDLRI ,

MIFZAEA N FEIE (False ) . MBEFHHEAELHENDOADRELRA , NFEFAN
EEEL (True). FESRTABEREEL,

TERERTHTRM FERELR AT AREAFERNRE,

all_wheels_on_track 22
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T~ EH all_wheels_on_track SEHHIE B

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
KR [int, int]
Bl : [(0:Max-1),(1:Max-1)]

BEAREYFNVE (x, v) WHEANHESLS waypoint WMNEBFHRNES, EEERBESKEH LR
KEEXRNEN, F— I TEEREBEEEARENER , ESATRERBIHZRENE . Max 25
RIIFRMWKE. 7 waypoints WERHF , closest_waypoints ¥H [16, 17].

LUR R BI3R mh BR BUE R I waypoints, closest_waypoints # heading RitEENet2R A,

AWS DeepRacer XL T Python FE : mathrandomnumpy. scipy. . #shapely, EfEHAHEF—
N, BEEBEN def reward_function(params) ZBIRM—NS AEG import supported
library.

R~ :  closest_waypoints SRR

# 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']

# Initialize the reward with typical value

closest_waypoints 24
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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
KR [int, int]
S : [(0:1en(object_locations)-1), (0@:1len(object_locations)-1]

RELRELHENE (x, y) WA MEHINETEORE, F-IReIEREEERRKRINDE , F=1
R ERENEKIIN Y. WRIAFT—NE , WHENREIEH 0.

distance_from_center
KA - float

B : 0:~track_width/2

closest_objects 25
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REROMFTEPOZBWNME (BURAEN ) . HRENE-—FRAUTRELFANTARINEK
u®% , FARBEREDLANEE , EUTUB/NTHAT track_width B—%,

T~ (£ distance_from_center Sk

def reward_function(params):
ufuhububububibibibibibibibibibibibibibibibidididigididididdg g g g g g g g g bbb bbb bbb bbb bbb bbb bbb bbb g g g g g g g g bbb

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:
reward = 0.5

else:

distance_from_center 26
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reward = le-3 # likely crashed/ close to off track

return float(reward)

heading
%KAM : float

SBE : -180:+180

RIFARN TRIRR x WAVBIRS @ (LENEN )

B : EF heading SR BRI

BXREZEE , ES closest_waypoints,

is_crashed
2K# : Boolean
SBE : (True:False)

—\ Boolean #rid , ATHETRENFRLARSREDS — MK (True ) , BT =2 (False ),

heading 27
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is_left_of_center

%A : Boolean

B : [True : False]

Boolean #f& , AT RREEMNTFREFOELEEL ( True ) ERTFEREHOLLID (False ),
is_offtrack

KA : Boolean

SEE : (True:False)

Boolean /7#& , ATHERRENONFERL S HBRENABHALLSR (True ) 5& (False ),
is_reversed

%A : Boolean

SEl : [True:False]

Boolean #ii& , ATFIERABRIRET4 ( True ) ERFE4 (False ) T8,

SHESHNE NIRRT F @ ER.

objects_distance

KR [float, .. ]

SBE : [(0:track_length), .. ]

HIRRYEZ BAEXN TRAKNERR, FiMTRNERTEFOLSE | MIKERIRL AR
B

(® Note

abs | (var1) - (var2)| = AEEWAEREIAREZE, WHEN var1 = ["objects_distance"][index] and
var2 = params["progress"]*params["track_length"]

ERNER A REMENEREHBEYMAEN RS , BFEH closest_objects ¥,

is_left_of _center 28
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objects_heading
KA [float, .. ]
SBE : [(-180:180), .. ]

YRR A (AENEN ) FIR. BiPTRNES | MIERNRIRGE. BIEYERNRER 0, X
TEHIEFER , AETENERIBASEFNIEAE.

objects_left_of center
KA : [Boolean, .. ]
SBE : [True|False, .. ]

Boolean fRicMy 5k, B i MU REERE | MIELTREROWEM ( True ) E2EMN
(False) o,

objects_location

XA [(x,y), ...]

Sel : [(0:N,0:N), ...]

SHEFEMENHTVE, SMEBRE (x, v) HT4d.
FIRHARNETRE LY ER, HENYAESESRENESYNBIRARLE,
objects_speed

%A : [float, .. ]

B [(0:12.0), .. ]

FELMERNRE (K/Y ) FIR. XNTEILEME  HEERN 0. N TEIEFER , ENEEIILS
REREE,

i
KA : float

SBE : 0:100

objects_heading 29
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TETKE T L.

Rl £ progress SRR
EXEZER , BSASE,

speed

KA : float

el :0.0:5.0

MBI RERE |, BUK/B (m/s) BB

Ml - EF speed SEEIRFHERER

EXEZEER , 2 all_wheels_on_tracke

steering_angle

KA : float

speed 30
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B ; -30:30

R ERER L L BANFEEOA (UERNEMY ). A5 () RRAAED , ES (+) RREERKE,
BENPOLLTN—EEREROLFT , MITERR.

Rl . fEF steering_angle SHHIR MK

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

# 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:

steering_angle 31
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RAriEmE

reward *= 0.8

return float(reward)

RS RE, —MNEBRX N TREER S5 R TR — MNILEREF5.

Ml EF steps SEEVRFHERER

def reward_function(params):
HHH AR S S A R RS S H 444

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

[J

if (steps % 100) == 0 and progress > (steps / TOTAL_NUM_STEPS) * 100 :
reward += 10.0

return float(reward)

track_length

KA : float

HYR

32
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Bl : [0:Lnax]

ot

FEKE (LLKRBENM ). Ly is track-dependent.
track_width

KA : float

Al A track_width Z¥ER G EE

def reward_function(params):
B AR A S HHH R R R H R HHHHHH 444

Example of using track width

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

track_width 33
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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)

KA : float

E:0:N

ot

BEFENRURENG x My HONKERMIE (URNEN ) . ERETEUFRENETA,
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waypoints
KA : [float, float] WY list

SEHE [[Xw,wryw,w] [Xw,Max—lr yw,Max—l]]

BEEF OS], BURTREMN Max ERNAEFIIR. SNEREGHA (), yu,) BIRER. X THE
RE , F-MRERERE—IBREL/MEE, X TEENEMERERE , F-—MRERSRE B

BRTE.

LN

'15 14 1377
SEAS
)

Rl . A waypoints SEHIREH BRI

BEXEZER , H5H closest_waypoints,

waypoints 35
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