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Action space info

Action space defines the specifc actions an agent can take in both the simulator and physical world. While a real vehicle
can choose from a continuum of actions, AWS DeepRacer simplifies the agent's decision-making process by reducing

that space to a set of discrete actions.

Configure this discrete action space by setting the range and granularity for speed and steering angle. The system
automatically generates an action space according to that specification. Note that your model will take longer to train

under a larger action space.

Maximum steering angle

30 degrees
Max values are between 1 and 30.
Steering angle granularity

5 v

Maximum spe ed

1 m/s

Max values are between 0.8 and 5.
Speed granularity

2 v

Action list

Action number Steering

-30 degrees

-30 degrees

max.
right

Speed

0.5 m/s

1T m/fs
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The reward function describes immediate feedback (as a score for reward or penalty) when the vehicle takes an action
to move from a given position on the track to a new position. Its purpose is to encourage the vehicle to make moves
along the track to reach its destination quickly. The model training process will attempt to find a policy which
maximizes the average total reward the vehicle experiences.

Code editor ‘ Reward function examples H Reset H Validate

* def reward_function{params) :

(I

Example of rewarding the agent to follow center line

(A

# Read input pa g
track_width = params['track_width']
distance_from_center = params['distance_from_center']

1
3
4
5
7
3
9
(5]

] L narkers that are at varying dis

marker_1 * track_width

marker_2 * track_width

marker_3 * track_width

# Give higher reward if the car is closer

if distance_from_center <= marker_1l:
reward =

glif distance_from_center == marker_2:
reward =

elif distance_from_center == marker_3:
reward

else:
reward

P P P
(W I - Y

return float(reward)
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AWS DeepRacer Reinforcement learning

Garage

Create model | Build new vehicle

Garage

lhe garage shows the DeepRacer vehicles that you can train models for. You can add

vehicles by using the “build new vehicle button®

Evo

CeNSOr

Lidar
Ltoreo Camieras

Meural network topology

DCH Shallow

Action space

Speed: 4 mys Steering
Angle: 30°

Mad vehicle

Mod your own vehicle

Mod specifications

Thie garage shows the DeepRacer vehicles that you can train models for. You can add vehicles by using the “build new

Sensor modification
Swap sensors to improve your DeepRacer’s racing performance

Front-facing camera

12 images

# Benefits of the front-facing camera

0 Stereo cameras (right/left) sensor

» Bonefits of the stereo camera

Add-on sensors

LIDAR sensar

# How LIDAR works with autonomous driving

STEREQ
CAMERA

FROMT

FACING CAMERA

STEREOQ
CAMERA
RIGHT

LIDAR
SENSOR




~>E:L L—>3 W 8EIRIEADEHUS
ZalL—>3>EigEFIBAUTE
“btu%ﬁ T (SR ROE
&7z F F

EIREOTER> =1L —> 3>
LU
25
IRISH{HZEHFR(SIEDTD
IRIBICS A ARRERZIBENN
EF)LDOEZ1—)UE

Za1L—>32 EFERIED R XA 2ERR

\l/

l




AWS DeepRacer DB h% ¥ @

%i"ﬁ
N



78 AWS DeepRacer ARwW 72

CAR:18th scale 4WD with monster truck chassis
CPU: Intel Atom Processor

MEMORY: 4 GB RAM

STORAGE: 32 GB (expandable)

W- Fl: 802.11ac

CAMERA: 4 MP camera with MJPEG

DRIVE BATTERY: 1000 mAh lithium polymer
COMPUTE BATTERY: 13600 mAh USB-C
SENSORS: Integrated accelerometer and gyroscope

EIBKR/ITS: 4x USB- A, 1x USB- C, 1x Micro- USB, 1x

SOFTWARE: Ubuntu OS 16.04.3 LTS, Intel OpenVINO
toolkit, ROS Kinetic

(D ©penVIN®

inside”
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SN AWS DeepRacer Evo AW ZJ

« 1:18 4D scale car

« Intel Atom processor

« Intel distribution of OpenVINO toolkit ~
- Stereo Camera (4MP) \

« 360 Degree 12 Meters Scanning Radius
LIDAR Sensor

« System memory: 4 GB RAM
« 802.11ac W-Fi

- Ubuntu 16.04.3 LTS

« ROS Kinetic

© 2020, Amazon Web Services, Inc. or its Affiliates.
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Agent . environment simulator...
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https://aws.amazon.com/jp/blogs/news/custom-deep-reinforcement-learning-and-multi-track-training-for-aws-deepracer-with-amazon-sagemaker-rl-notebook/

u Simulation Run Log Analysis and Visualization for AWS
DeepRacer

https:/ / github.com/ aws- samples/ aws- deepracer-
workshops/ blob/ master/ log- Path takemrin:a particular Iteration

v
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o
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analysis/ DeepRacer9%20Log%20Analysis.ipynb Qo
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Machine Learning

AWS DeepRacer

The fastest way to get rolling
with machine learning,
literally

Get hands-on with a fully autonomous 1/18th scale race car driven by reinforcement
learning, 3D racing simulator , and global racing league.

How it works

Get started with reinforcement learning

Build your model, evaluate its performance on a
virtual track, ar n compete in the AWS
DeepRacer|w

Get started

DeepRacer League

Developers, start your engines! Welcome to the
world's first global autonomous racing league, open

dWsS
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Create model

AWS DeepRacer AWS DeepRacer Reinforcement learning

Reinforcement learning ———
Models Action ¥ ‘ Create model

DeepRacer Virtual Circuit

Resources o l@}

Get started with reinforcement

i L Creation
earning Description Status ¥
time

DeepRacer League [4

League standings [4 sample- Tue, 17 Sep
_ - Model trained with reward function that penalizes the agent 2019
230 for steering too much 02:24:34
Forum [4 . GMT

Documentation E Prevent-zig-

Tue, 17 Sep
Ssample-Stay- Model trained with reward function that incentivizes the 2019
on-track agent to stay inside the track borders 02:23:58
GMT

Tue, 17 Sep
Model trained with reward function that incentivizes the 2019
agent to follow the center line 02:23:09
GMT

Sample-
Follow-center-
line

dWsS
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M Create resources

Create model

Overview info

In reinforcement learning for AWS DeepRacer, an agent (vehicle) state St

learns from an environment (a track) by interacting with it and
receiving rewards for performing specific actions. reward My

The model training process will simulate multiple experiences of the
vehicle on the track in an attempt to find a policy (a function
mapping the agent's current state to a driving decision) which
maximizes the average total reward the agent experiences.

Environment

After training, you will be able to evaluate the model's performance
in a new environment, deploy the model to a physical vehicle, or I

submit the model to a virtual circuit.
action a;

Account resources info

To get you set up AWS DeepRacer needs to create account resources so that you can train and evaluate the models you
build. Setting up account resources will not incur any charges on your account.

() 1AM roles

~,

(+) AWS DeepR: ources stack

Create resources aWS
\—/‘7




ZL8 Model name OD

Account resources info

To get you set up AWS DeepRacer needs to create account resources so that you can train and evaluate the models you
build. Setting up account resources will not incur any charges on your account.

() You have valid IAM roles

@ You have a valid AWS DeepRacer resources stack

Having issues? Try resetting the resources created by AWS DeepRacer to start again from a clean slate. Info

‘ Reset resources

Model details

Model name

20191004-deepracer-workshop

The model name must be unigue and can have up to 64 characters. Valid characters are a-z, A
underscores.

Model description - optional

The model description can have up to 255 charas
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Environment simulation e

Simulated environment emulates a track to train your model.

Choose an option

0 re:lnvent 2018 Cumulo Carrera Training Shanghai 5udu Training

The official 2019 DeepRace ain your model on this track Train nde
Leat miit i to or the Curmulo t : Tor the S

Empire City Training London Loop Training

I|_I|||_ your model on this track a ur maodel on this track aWS

pare for the Kumao to | e for the London . >)
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<8 Action space D E

Action space o

Action space defines the specifc actions an agent can take in both the simulator and physical world. While a real vehicle
can choose from a continuum of actions, AWS DeepRacer simplifies the agent's decision-making process by reducing
that space to a set of discrete actions.

Configure this discrete action space by setting the range and granularity for speed and steering angle. The system
automatically generates an action space according to that specification. Note that your model will take langer to train
under a larger action space.
Maximum steering angle
30 degrees
alu e | 1 and 3

Steering angle granularity
max.

5 v right

Maximum speed
1

M alues are bet
Speed granularity
P v

Action list

Action number Steering Speed
=30 degrees 0.5 m/s
=30 degrees 1 m/s
-15 degrees 0.5 m/s

— HEFCHELT!

o o httpy/ / bit ly/ dr-

15 degrees 0.5 m/s

15 degrees 1 m/s

30 degrees 0.5 m/fs aWS
) 30 degrees 1 m/s v‘7
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¢ D ee p Ra Ce I — Re I N fo rce m e nt AWS DeepRacer Create model
learning — Create model =  |—

\ DeepRacer Virtual Circuit
1’ > J E ¥ Resources
state S5¢

Get started with reinforcement In reinforcement learning for AWS DeepRﬁacer, an_ ager.lt (\._rehlclel
learning learns from an environment (a track) by interacting with it and |
recelving rewards for performing specific actions. reward e

M i+ ‘ St+1

W DeepRacer League [ o L ; ;
L The model training process will simulate multiple experiences of the
League standings [F vehicle on the track in an attempt to find a policy (a function ‘ & o

Documentation [2 mapping the agent's current state to a driving decision) which
I \J O) F \ J |] % maximizes the average total reward the agent experiences.
J : ( ; ; ’ Forum [4 :
) — After training, you will be able to evaluate the model's performance Environment

in a new environment, deploy the model to a physical vehicle, or ‘

DA, HEED Y INFIRE T -
RETRARR CTE D TVE T

PS \ g 7_ \ =%A B <‘\ 7:— @ ( ( i To get you set up AWS DeepRacer needs to create account resources so that you can train and evaluate the models you
- ST, build. Setting up account resources will not incur any charges on your account.
: i c|~ O/N\Alz E )Ij — (- \

& Ypu have valid IAM roles

Reset resource =2 w9 EY Heeee—

Havina issues? Trv resetting the resources created by AWS DeepRacer to start again from a clean slate. Info

UL, S3LIFDEEED Y — X =
(FHIBRE=MNFE T,
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- HIBRUTZWEFTILZEIRLU. Action — Delete Z:&iR

AWS DeepRacer AWS DeepRacer Reinforcement learning

Vv Reinforcement learning Models Download model Action Vv Create model

Get started with reinforcement " Clone .
learning Q 1 {o}
~ Delete |

Reinforcement learning

Creation

Description Status Vv ]
time v

¥ Racing League

Official DeepRacer Virtual Circuit
Mon, 18

20191118- Nov 2019

¥ R
esources deepracer 09:43:50

DeepRacer League [4
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aws L

VPCAEBDFE - = =

UY=Z =T ~ . ) © *

Bf:: 2019%F 6 4

BMESE

WAL, WRESARTFEhIeRRShET,

S¥ i

AWS Service Charges

» CloudTrail

+ CloudWatch

» Data Transfer

» Elastic Compute Cloud

» GuardDuty

» Key Management Service
» Kinesis Video Streams

+» Lambda

+» RoboMaker

» SageMaker

» Simple Notification Service

» Simple Queue Sarvice

» Simple Storage Service

C EDEIES

aLb—=3>(C SageMaker, RoboMaker.

j:) ﬁEn:b\T = 3}

& csvoyorO—FK & ENRI

$227.99

+ TATEM

$227.99
$0.00
$0.00
$22.15
$114.21
$0.00
$0.00
$0.16
$0.00
$78.71
$12.22
$0.00
$0.00
$0.54

HIE -

9
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8 IAM DU — X HIBR

aws H—EZA » YY=RIN=F v L ) ©
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P& FE

1AM

AWS DeepRacer
AWS Cost Explorer
A —)LOiR—1I

Amazon SageMaker

iam
IAM
A—H—-FIteALES{tr—0ER
EC2
Lightsail &
ECR
ECS
EKS
Lambda
Batch
Elastic Beanstalk

Serverless Application Repository

77
AWS RoboMaker Athena Alexa for Busin{
EMR Amazon Chime

CloudSearch WorkMail

eoa JOVIFI—

Amazon Managed Blockchain

QuickSight & Tvra-¥

Data Pipeline WorkSpaces
S AWS Glue AppStream 2.0
Sironnd Station MSK WorkDocs

WorkLink

“Spe—
¥ N S=

« DeepRacer OFIEERF. 9 CIC DeepRacer @ IAM UV —-XHYESNTUL\DIGE

(3

3B ENHDDZ

C 5 —HVES

9,

e ZMDFR(ZL. Create Resource TRk U1z IAM role ZHIPR I DdIEENHDFET,
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m IAM role 75 DeepRacer BEEOO—) L= HlIBR

» DeepRacerf8:EdDO—)LZHIBRL T ZEL),
« &%) DeepRacer Cld. CN5D IAM O—)LHAMEHOHNTLET,
« Cloudformation

e | AN |bda O— L DK
ZOFZvavickD, LTFoO—LELUECRFIVFENLINRTOSYAZYATIOTFAILET S0 RY
® QO b O M a (e r I—hYEBEhET, LToO—-/ILEYBLTLELWTT I

O-—JL& BMEROFIT1ETr
® Sa g e M a (e r AWSDeepRacerCloudFormationAccessRole 1 day ago
AWSDeepRacerLambdaAccessRole 1 day ago
AWSDeepRacerRoboMakerAccessRole 1 day ago
o D e e p Ra Ce r AWSDeepRacerSageMakerAccessRole 1 day ago

AWSDeepRacerServiceRole 1 day ago

Frotil KW, HIERLET

dWsS

\/‘7



DeepRacer E:E®D |IAM O0— )& 1R3R

aws Y—ER v YY-RIN—7 v u B @ * Al v A=~

S

vy aR—R Q deepr

FI—TF
aO—=JL% « Bl EBEINnlcIVyT1T«

i ke e
A= AWSDeepRacerCloudFormationAccess...  Allows CloudFormation to create and manage AWS stacks and resources on your ... AWS H—E X: cloudformation
Ay — AWSDeepRacerLambdaAccessRole Allows Lambda functions to call AWS services on your behalf. AWS H—E R: lambda

ID 70O/ 45— AWSDeepRacerRoboMakerAccessRole Allows RoboMaker to create required resources and call AWS services on your be... AWS Y —E Z: robomaker

FHIYMERE AWSDeepRacerSageMakerAccessRole Allows SageMaker to create required resources and call AWS services on your be...  AWS ¥ —E X: sagemaker

AORLTA ¥ L R— b ] AWSDeepRacerServiceRole Allows DeepRacer to create required resources and call AWS services on your be... AWS H—E R: deepracer

« DeepRacer BE#&E IAM O—)L%=+&2 ("deepracer” &AN)
« ZHID5D000—-I/LZ&ERLU. [O—JLDHIBR] Z20Uw D
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78 Create resource 5T ) IAERR\

Create model

Overview info

: ; ) state s
In reinforcement learning for AWS DeepRacer, an agent (vehicle) state -t
learns from an environment (a track) by interacting with it and

receiving rewards for performing specific actions. reward re

The model training process will simulate multiple experiences of the

vehicle on the track in an attempt to find a pelicy (a function

mapping the agent's current state to a driving decision) which

maximizes the average total reward the agent experiences.

Environment

After training, you will be able to evaluate the model’s performance
in a new environment, deploy the model to a physical vehicle, or ‘

submit the model to a virtual circuit.
action a;

Account resources info

To get you set up AWS DeepRacer needs to create account resources so that you can train and evaluate the models you
build. Setting up account resources will not incur any charges on your account.

) 1AM roles

(%) AWS DeepRacer resources stack

Create resources

Create resourcezET79 D3 ET. BEET)L/ERRNBIEEICIADE T,
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