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JimE — EEAE  CTAEEERARGHARDEY. SCEEIRRNBELERE HALE
BERABRESTREEABRATEDEY., NEATLDEANIMET oY BIEDE
.

EHE3 IR
1. HEFTRBRBERL  BRERFRBRB. ETUEF] 3 EHRMIRBRE

- BEPOK. EREARITHRISTREIEEN T ORE , RESE,
- REETERARN. EREABERRRENE K NEEGHHEEEEEERA,

* Bhik zig-zag, REVERVSERIFERORHIE. NMREMEASEOAED TS , ISR
SIEHER,

SB4 BEEEL 14
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® Note
MREFEEHTRBEY , FEET L,

2. (EA) BARBRAENS.
BN RBHE , AREEZSHERBRENRR,

HREARHNEERR  BAWLLER + MEREARANFNREXFEHR , MBRESE
o EEEAREAETEET—F  #TEANER, FERERENFHR  FREAEN
Xo BEREFER , FFRETH.

® Note
WO LR REBE G RBREENN , 5 E2EW Go with default code,

gE  EFSMRBREYREFESEVENR  UREHEFIRBREEAR. ®EEXS

?’iél&ﬂlﬁﬁ“%uﬁﬁ“ﬁ’ﬁfﬁﬁ%o MREHEABEELRRE LB EREABERAHRS
Hj(,ﬁu,g y n IEEEnXo
3. igj%-lt_io

SR 6 . RESERE  UWSEERXEHTE

BRIJIENFEREEEANEE, EIRNPHRRETERE  CEZIRLSBHNBERSE R
rESIRBRNERE.

EUIGRERNSRT |, ENIERRESRIZHTE, SULEBRUHEIZES RIGEFIRH,
BESFERBLEERERIEHITE

1. ERESFEREEREL , BEEAJIRGESEPEE—ERE,
2. HEEREAMAP  WABEENERER , HEIIERREMAERE,

® Tip
TERRHMEERNAEREENR , SINERRBEAEE LN B aZENSH , UREHE
’*“H AT RER -

SR 6 BEFERE  WRRBEEIEHTE 15
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3. EBEEEEUSH , BENKRBEIRTREBBRZE AWS DeepRacer B4 HETH. HE , &
LUZBEURZEUZ I S SAGE FE R A EE,

® Tip
BEREEEERERZTHTE, RRXERMHYETHERNEEMERNWEBER , T AK
S REEE  UEXSESR,

4. BEIRENER,
5. EWMBRLEEIRRERES , RERTE,

6. EIRERERL  SUUREERNIFRENAR. EIRRERETHE , St 7] UEER
MEE LREERIRNE . BEXZR TGP ERBZTHARAZEENETERR,

SRT7 . EHTE LR ERENMEE

DRRB DR RBREHTEE , BT URREREE,

AR B

1. EEAEEEKRT, §EE TREST. BRESE. EHOEEEL  SORRAEESURE

EEF, LERtHESHTEER , AT EsRXNEREE, BEFMETANGEFAHETE
B

2. EETHTENEEYS  £ENREREN BRY , BERBER A URGAEEMENT A

SR8 FRHERRAFRE

SERFIFRIEZE M RERRERZTER , ETURREEURERE, EREMTHELNTSR
I fEF A HIFRBHNE R ERTERNEE , BIRERRE,

ERMEAER

1. In AWS DeepRacer 4% | FABIEEERS , BEEZEWER,

2. EHEBEEL , EIER K ARBREER,

3. EALHERGEMALT , AEENERREMTERE K AREET D,
4

EETRBEEAL  STAMEY  ARRET 5. NBSTRDEROHEET
SE5: ATRBEY,

3
¢
dn

SERT  EHTE LR R MAE 16
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5.

ERESFEREER  AREERJIRSESERCTEARD  EEEHIRCPEAER A
BRIEIMEELH , RERNREEIZHTHE.

BEFIIREHEE, ENIIREDKRC. BEHRIGEEEE , AT 2 SERERWEBRER,
EIlRRERETHE , SO TUERRWEE ERRERIRNZ .

RESRNE WA LIRNER | BIEHTE LEIHEMEE,

SR (EA) THEHR

AIRERYEFM M REREHTER KRB ETHER LU HERE a AWS DeepRacer EREEEE L

=4

o BNEREEFMES .tar.gz B,

THER

1.

In AWS DeepRacer B4 | EAAIEEERKP , EEZHRNER,

2. EERZEEL | BRER K RAREETH.

3. EREBEBRTEMERTHNEE, THERR 6 SUUKHERFEAHERIHEMRFNFTE
B,
EEHE—S THUMER AWS DeepRacer £E , 5528 AWS DeepRacer 5/ RV IRIE
YourDeepRacer E#i, AWS DeepRacer

HEBR9: (FER) TEHER 17
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EEZEPEDIERNTEERLE  EBSMBEEREBERNYERAMEEFNERE, EERIEE
REROEG, BORBMER. EHFZHEM AWS DeepRacer BEHEKE. THREBFNREHKEE
ME  UREZILBNEESN, BEREAMESE  ELBBEMLE,

BEMBERBERMARERUUSNNSAERGE, BEUHRERHABT ITREIEHEREE
AWS TEAPEVYNLEHRE K BEAREBEFS M.

AETE TR INTZ N AWS DeepRacer BAEBBESBENME L HBBE,

SMBLEBRBERE

EREF , TR ERIRERE AWS DeepRacer 24 BBRHRE., LAILUEIIRBHEIERERER
EBLEPTE  USAZN—EE. WFEIREENFRES , 526 £ AWS DeepRacer 24
AliRsR (L B BEE,

S NEB L RHEE R

1. HEERIEEEEDH AWS DeepRacer 24 | RInFIREZE4L B,

2. ENEETRHEFMAEANGTE. CHAMBEEERY  BEEWAREURIER | FHENREN
REVER FHEEEVER, WEFMEENR , F28 1 AWS DeepRacer EAE AL EE
EE,

3. EEERERFNERAERY , FATHEEEEEERRUPIERRE,

4, BEMABRBEURIEWER,

5. HIIRIBREBEMGETEELR  BEFHTE  UTHEREHMSEENTEE,

6. HE , BEBEEURGSENRENRF.

7. BRZREREBEUWAS —EEDE, 518 AWS DeepRacer BABBEHF BN IRREEA 50,
SNE LM F

EARESF , THRIMAZENERERZE a AWS DeepRacer B4 EHRE, B LUEIBE FEHZURIR
BENHE L EESETHENENBFEERS , RESMBEXBERE,

SmMBEMERE

1. BIEEBEEALE ALEN AWS DeepRacer 24IRE,
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2. BAR K FEERAREREA,

EREEGENERTHXBESD  ENEELHRREPERANEE,
BEEAGBEURIEGNHER,

MREERBE RN BRIRRBERGETMME  FERHTE  ERCNEEEA 2 EENERNE
Bo

gE  EEBRURENENRERNR .

7. BREEBREURAS —EEE,

Hll-

o bk~ ©

o

BMBEHEHRE 19
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=HES

BURBREMGRTRBFTE K. SHRTRARAREBHENE,

TRANRBREEELETRANERTR. RTHXDERRERER  FEREERLCARKFETERTRE
BREREERRTRE. ATEXFERBEREN  FERECRBEOAELERS K IRBDEFEE
BV IERRER R EERE©E,

B LAERRER , ERAFHED CRMABEBEN A ERENRRERL , UIHBES B ERR
ITREBEN S ENRERE M | flE R iR,

HEERNERNRERE—ERAZSERBNERF. EXTENEKE, EENLEHSE K REENRE 32
28R |

8
o f{miE Python BB BT RBIRE
« AWS DeepRacer BB A S E

tmig Python BXNIFLL BT RBIRE
In AWS DeepRacer 24 | B LUREEFIRBEE , AENERGFEEHTHERR,
EHE:3 [

1. £ AWS DeepRacer BEXE VISR BBRNISR 5 . BRI RBNHERE L , EIEFIRBRE.
2. FERHMIRBHBEERTHNEXHRES , £A Python EXNH AT RBEENEGAZH.
3. ENRIFLUMERABRATEE, NE , EEERUEHHK,

4. THREBER K FENT—F,

£/ AWS DeepRacer REIRBNAAZSH THESESH, THREBDRAAFNFAEHTEHS
Ho

AWS DeepRacer BB E M A S &

AWS DeepRacer REIEH &1 Z AR Y EEN F Y HFparams A= A

w48 Python BB HETRBIRE 20
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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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FATYSE | #—5 7 # AWS DeepRacer B A S8,
all_wheels_on_track
Type (8H) : Boolean

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

EHRBRREEEEH EWBoolcaniif, MEABERRMWEIM—ERFURAREERZ
BIREREXFEREL (False), MBEMERFHEADNNDEEERA  IRRCEREL
(True). FEEREEBRHRERS,

TEER REEX , RAWMER FURNERR 2 , FIAREHEL,

all_wheels_on_track 22
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Eif5) : £ all_wheels_on_track SEH 3B B2

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)]

MERAEENBAE ((x, v)) REEMEME waypoint AT AERN RS, ERESURNKE
BXPROENBEESERIE, F—ERRREEXRARBENENE , E_@ExXA
EREERAARBENEME. Max AIRSMEBTENRE., & PERHEHSF Hwaypoints ,
closest_waypointss@ [16, 17].

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

AWS DeepRacer X #E T % Python 2 & : math. scipy. . random numpy#l shapely,
EEFH , BEREES import supported libraryZ BITBEABRR def
reward_function(params).

&5 : £ closest_waypoints SEKEBRE,

# 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

REEXPOEBEROCENER , LLARREMN, TEEINEARBEEAEEXNE[—E
WA ABEERINERERLE  BURRBEERNEE | ER M/ R AR track_width B—
*o

&5 : £ distance_from_center SE BB

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']
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

distance_from_center 26
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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)

heading
Type (BH) : float

Range (£8[E) : -180:+180

RERXAERNERRR x W ERE , LEREN,

&6l . 5 heading BBHREIHE

MEFMEN , FSBclosest_waypoints,

is_crashed
Type (FBH) : Boolean

Range (£8&) : (True:False)

heading 27
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EHARBEARECEMEAR —@AYH (True) RE KM LLAREE (False) BIBooleaniEiE,

is_left_of_center

Type (3Z) : Boolean

Range (#E) : [True : False]

BEHAEBEERARESMNVRBED D (True) HIFBEH L () WERAIRBooleanEiFEFalse,
is_offtrack

Type (¥ ) : Boolean

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

BHAAEEERERE F REENERIFRIAFEIER (True) A EBHIBooleantRaE ()False,
is_reversed

Type (%) : Boolean

Range (£8E) : [True:False]

EHAERXRIERFEGER (True) ERFREEE () WBooleaniEiZFalse,

e ELASEATSHAIBERFER.,

objects_distance

Type () : [float, .. ]

Range (#5@) : [(0:track_length), .. ]

REPYHEERGHEBNERSE, FiATZSAURREREPOR , B i EYHREEKRRZEH
BEEE (2 R).

(® 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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HEEMEER T REOYHNERR S KEIWHIRE| , FEM closest_objects 2
Ho

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

VHFTEE S ENEE (BE), Fi@TEZSNES i BYAFEHNEE, FEYHNEREES 0, ¥
REBAE  WENTRERMSAENIERE,

objects_left_of_center

Type (BZE) : [Boolean, .. ]

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

Boolean MEEEE, " THEMEEH " WHRBI P OMER (True) HAMA (False)o
objects_location

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

Range (88E) : [(0:N,0:N), ...]

BB EHAMENHVE, SECESRR (x. y) W,

BEAXNEEE LWYHHERS. JIHNYHSREEERY N B BRIMIRAE,
objects_speed

Type () : [float, .. ]

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

BELYANEESRE (BELABYNLRE). StHEENH , HEES 0. HRMBAER , ERE
HARPERENEE,

objects_heading 29
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ERAEER

HEE

Type (EH) : float

Range (£5[&) : 0:100
TREBENE D .

&5 : £ progress 2ENEBHE
WMEFMES , F2HEAEE,

speed

Type (BH) : float

Range (i) : 0.0:5.0

g5l . E£H speed SERRBEH

HEE

30
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WEFMENR , 552 E all_wheels_on_tracke

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

AmREREREEATRN T ABAE (B), 8% () XRrAARE , ER (+) RTOERE. REERX
By DR —ERBE R ORTAT , T B

&5l : FH steering_angle S EHEBIHE

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

TRNTRHE, TRERETRASERBBERTHN —EEREBEFS,
g6l : £ steps BRRVRBIEHE

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).

#fl . £ track_width BN RBIEE

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

REEXPORZLENECEEREN x WA y BN E , UARBKEN, REVARERENE

TA.

34
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waypoints

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

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

MEBEPONMEKEE Max EEEEFEE. SERRREEH (x,,. v) WERER, . BRIRRH
B, F-ENZE—EREHREHEN, BSRERNENEMIFRRHNE , F—ENZR—ERERHA
TR

waypoints 35
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1 ?\.

L
“ 15 14 13755
« 11

i) fEF waypoints S8 EBIRE

MEFHMEN , F2 B closest_waypoints,

waypoints 36
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Security in AWS DeepRacer 24

MERZEME AWS RESEEIEF. 58 AWS BF , BAUZSRERPOMBIRER , ZRBE
ATERZEHREBIEIRMEE.

ZEMR AWS BB ARRE, AFEEEEREERRERNZEMENERPHLZEMN

- BiRMLEM - AWS BEREM AWS Cloud FR#1T AWS RIS ERERE, AWS thAERET
ZEFEANRE, EABAWS ERFTEIN—HrD , FE=ARRBRAESEHARTRERMAZEHEN
M, BETHHERMN AWS DeepRacer B4 ESHRETE , FSRESHAFTEIN AWS RIFEE,

- ERNEEY - BNEFECRREER AWS R, St/ BHEMREESE  SRERNER
M, BRTNERFE A EENER

RGO BY R T SR ANMAITEE A AWS DeepRacer 2EBERAHARSIEER, ©RPUMEKRE AWS
DeepRacer 2 LUFERNEZLHEEGRBE, BT HOMEREM AWS BRFE 3K 1 Bh IR B i MR
% AWS DeepRacer 24 &R,

B &%

« ERRE in AWS DeepRacer 24

« AR AWS DeepRacer 24K & H MEFHEE
« AWS DeepRacer B4 &R E

- B8 in AWS DeepRacer 4

- ERERELZ S in AWS DeepRacer 24

B BRE in AWS DeepRacer 24

AT & EiEREA AWS DeepRacer 24 HEEUL E R | AR AWS DeepRacer 24 EfIEE A E R NE
RRBIENER,

B8 a AWS DeepRacer 24IRFI , BHEEY AWS IIRIRF . E£H AWS DeepRacer £
ERFAEUNERSEEFEREEN AWS IIRIRFH, IF AWS IIRIRFWNFMER , 520 AWS
DeepRacer 24 FAEEMTER AWS IIRIEF ? Fl9 .
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« 7£ AWS DeepRacer 4 A O #8135 § FEELHY & %
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DeepRacer 24 A OB P AN ERTE AR BEIXRERE.

FEERE # in AWS DeepRacer B4,

LR 27 AWS DeepRacer Student PE I FHE AWS TIRIRF PN ERHEE,

« FIREEMMRF AV E F B ut BT,
- BRBRBEERR

- BESEBBRBETE LML

- BAlIRBREE

- REBHHFEXR
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RIEFERL , AWS DeepRacer 24 A P HEEIWER S INE,

AWS IRk F A Amazon Cognito RN FMF AR ZE A AWS DeepRacer 24 E F B4
5, MEFMEF , 5528 Amazon Cognito FHIERHRE,

FH AWS HER £881EIB AWS Key Management Service AES-GCM AWS DeepRacer 3 {# i K/
A 256 Ut €  FERPHFENZHEINAMEEMEER, HERRFFHE Amazon Simple Storage
Service (S3) 1 Amazon DynamoDB A 3 jl %
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BEHAM AWS DeepRacer 24 &5 MENMEE
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