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AWS Machine Learning Blog

Build an Autonomous Vehicle on AWS and Race It at the re:Invent Robocar Rally

by Justin De Castri and Sunil Mallya | on 28 SEP 2017 | in Apache MXNet On AWS, AWS Deep Learning AMIs | Permalink | #® Comments | @ Share

Autonomous vehicles are poised to take to our roads in massive numbers in the coming years. This has been made possible due to advances in deep learning and its application to
autonomous driving. In this post, we take you through a tutorial that shows you how to build a remote control (RC) vehicle that uses Amazon Al services.

1) Build an Autonomous Vehicle on AWS and Race It at the re:Invent Robocar Rally

2) Build an Autonomous Vehicle Part 2: Driving Your Vehicle

3) Building an Autonomous Vehicle Part 3: Connecting Your Autonomous Vehicle

4) Building an Autonomous Vehicle Part 4: Using Behavioral Cloning with Apache MXNet for Your Self-Driving Car

Typically each autonomous vehicle is stacked with a lot of sensors that provide rich telemetry. This telemetry can be used to improve the driving of the individual vehicle but also the user
experience. Some examples of those improvements are time saved by smart drive routing, increased vehicle range and efficiency, and increased safety and crash reporting. On AWS,
customers like TuSimple have built a sophisticated autonomous platform using Apache MXNet. Recently TuSimple completed a 200-mile driverless ride.

To drive awareness of deep learning, AWS loT, and the role of artificial intelligence (Al) in autonomous driving, AWS will host a workshop-style hackathon—Robocar Rally at re:Invent
2017. This is the first in a series of blog posts and Twitch videos for developers to learn autonomous Al technologies and to prepare for the hackathon. For more details on the hackathon,
see Robocar Rally 2017.
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Donkey Server

Pull requests Issues Marketplace Explore

wroscoe [ donkey @ Watch~ 92 | S Star 821  YFork 331
<> Code Issues 20 Pull requests 0 Projects 1 Wiki Insights

self driving car

self-driving-car raspberry-pi tensorflow keras
P 672 commits I 7 branches © 10 releases 22 36 contributors s MIT
]

Branch: master v New pull request Create new file =~ Upload files = Find file Clone or download ~
B wroscoe Merge pull request #256 from joekickass/master = Latest commit 79a2e@4 8 hours ago
B docs Push robocarstore details into docs 11 days ago
B8 donkeycar Merge branch 'master’ into fix_math 14 days ago
B envs remove empty icon file 2 months ago
= .gitignore sort tubs list in tub editor 7 months ago
B .travisyml Fix for #242 13 days ago
[E LICENSE Create LICENSE (#146) 8 months ago
E README.md Update README.md 2 months ago

https://github.com/wroscoe/donkey adWsS
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Donkey Server

Control Mode a Max Throttle Throttle Mode

Joystick Gamepad | Device Tilt Select Max Throttle v | User v

Angle &
Throttle
Lad
!
Mode & Pilot
User(d) v Click/touch to use joystic.

Start Recordi

dWS

AWS HRE (4657 RS EREEE i N’
AWS HE (F8) REHBRRIEEE Start Vehicle




{"user/mode": "user", "cam/image array": "9870 cam-image array .jpg", "user/throttle": 0.40, "user/angle": 0.9},
{"user/mode": "user", "cam/image array'": "9871 cam-image array .jpg", "user/throttle": 0.40, "user/angle": 0.9},
{"user/mode": "user", "cam/image array": "9872 cam-image array .jpg", "user/throttle": 0.35, "user/angle": 0.8},
{"user/mode": "user", "cam/image array": "9873 cam-image array .jpg", "user/throttle": 0.35, "user/angle": 0.8},
{"user/mode": "user", "cam/image array'": "9874 cam-image array .jpg", "user/throttle": 0.35, "user/angle": 0.9},
{"user/mode": "user", "cam/image array": "9875 cam-image array .jpg", "user/throttle": 0.35, "user/angle": 0.9},
{"user/mode": "user", "cam/image array": "9876 cam-image array .jpg", "user/throttle": 0.35, "user/angle": 0.8},
{"user/mode": "user", "cam/image array": "9877 cam-image array .jpg", "user/throttle": 0.35, "user/angle": 0.8},
{"user/mode": "user", "cam/image array": "9878 cam-image array .jpg", "user/throttle": 0.35, "user/angle": 0.8},
{"user/mode": "user", "cam/image array": "9879 cam-image array .jpg", "user/throttle": 0.30, "user/angle": 0. aws
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1. XERIEIEFEEN=RAEINEIK

2. BEUEEXE] Amazon EC2

3. =B
python ~/d2/manage.py train --model ~/d2/models/mypilot

4. BREENZINEK
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YIIEAREE—CNN BIRILEE N

def default_categorical():

img_in = Input(shape=(120, 160, 3), name='img_in') # First layer, input layer, Shape comes from camera.py resolution, RGB

X = img_in

X = Convolution2D(24, (5,5), strides=(2,2), activation="relu') (%) # 24 features, 5x5 kernel(convolution, feauture)window, 2wx2h stride, relu
X = Convolution2b(64, (3,3), strides=(1,1), activation="relu') (x) # 64 features, 3px3p kernal window, 1lwxlh stride, relu

# Possibly add MaxPooling (will make it Tess sensitive to position in image). Camera angle fixed, so may not to be needed

X = Flatten(name="'flattened"') (x) # Flatten to 1D (Fully connected)

X = Dense(100, activation='relu') (x) # Classify the data into 100 features, make all negatives 0

X = Dropout(.1) (x) # Randomly drop out (turn off) 10% of the neurons (Prevent overfitting)
X = Dense(50, activation="relu"') (x) # Classify the data into 50 features, make all negatives 0

X = Dropout(.1) () # Randomly drop out 10% of the neurons (Prevent overfitting)

#categorical output of the angle

angle_out = Dense(1l5, activation='softmax', name='angle_out') (x) # Connect every input with every output and output 15 hidden units. Use Softmax
to give percentage. 15 categories and find best one based off percentage 0.0-1.0

#continous output of throttle
throttle_out = Dense(l, activation='relu', name='throttle_out') (x) # Reduce to 1 number, Positive number only
model = Model(inputs=[img_in], outputs=[angle_out, throttle_out])

model.compile(optimizer="adam’, Toss={'angle_out': 'categorical_crossentropy', 'throttle_out': 'mean_absolute_error'},loss_weights={'angle_out':

'throttle_out': .001}) aWS

return model
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1. XRENEIEFEET = AFNNEIR

2. BEUEEEXE] Amazon EC2

3. =R
python ~/d2/manage.py train --model ~/d2/models/mypilot

4. REAE 2SR
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AWS loT
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Input

Data on road conditions and
performance transmitted

%

\'u

AWS loT

Process data based on rules, and

interpret that moisture levels are

high. Send alert to nearby cars.

@mn

Data destinations

Cars and drivers are alerted about
slick roads.

Engine performance data stored
in 53 for future analysis.

Qutput

Visualize analytics with
Amazon QuickSight. The
engine performance data trains
an Amazon Machine Learning
model for predictions that get
more accurate over time.
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def run(self, =*args):

API function needed to use as a Donkey part.

Accepts values, pairs them with their inputs keys and saves them
to disk.

assert len(self.inputs) == len(args)

self.record_time = int(datetime.now().timestamp() - self.start_time)
record = dict(zip(self.inputs, args))
self.put_record(record)

https://github.com/chankh/donkey/blob/master/donkeycar/parts/iot.py
aws

AWS HHE ({65) K OREEE N’
AWS HE (TB) KEHmEEEEE



https://github.com/chankh/donkey/blob/master/donkeycar/parts/iot.py

Stream record data using AWS loT

Camera

"user/angle":0.7,

{
"current_ix": 1525, @
"cam/image_array":"1525_cam-image_array_.jpg", .
| =

# Raspberry Pi

RC Car

"vehiclelD":"demo",
"time":"2018-05-10T09:15:38.338987",
"user/mode":"user",

"user/throttle":0.35,

"image":<base64 encoded>
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AWS loT Amaz_on Kinesis
Firehose

Amazon S3

(raw) /
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Process data using AWS Lambda

"current_ix":1525,
"cam/image_array'":"1525_cam-image_array_.jpg",
"user/angle":0.7,

"vehicleID":"demo",
"time":"2018-05-10T09:15:38.338987",
"user/mode" :"user",
"user/throttle":0.35,
"image" : <baseb64 encoded>

AWS Hi[E (Itm) XEHRYGAMIEE
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3. 1
python ~/d2/manage.py train --model ~/d2/models/mypilot

4. RN RN EIR
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Amazon SageMaker

afully managed service that enables data scientists and developers to quickly
and easily build machine-learning based models into production smart applications.
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+4 2 Amazon SageMaker?

Deploy
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notebook L3

Easier training
with
hyperparameter
optimization
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One-click

training for ML, 6

DL, and custom GLUON
algorithms ¥ TensorFlow

PYTHRCH
Train aws
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{5 Amazon SageMaker iJll&x

K-means Clustering
PCA

Neural Topic Modelling
Factorisation Machines
Linear Learner —
Regression

XGBoost

Latent Dirichlet Allocation
Image Classification
Seq2Seq

Linear Learner —
Classification

DeepAR Forecasting

AWS FRE (JbR) XEBYERiEE
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ML Algorithms TensorFlow SDK

R MXNet (Gluon) SDK
MXNet

TensorFlow

Caffe

PyTorch

Keras

CNTK

Apache Spark Python
library
Apache Spark Scala library

Amazon
EMR

T
Fscala
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» Amazon SageMaker FUELEFEFFTE3I%E1E Docker =&

o  TEREY)I|1Z5RS, Amazon SageMaker H{T NEIEVARS:

docker run 1mage train

E)IlERR9ETE, /opt/ml FITNEAYFBREH Amazon SageMaker (5F
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* Training Data
« Jopt/ml/input/data/training
« [Jopt/ml/input/data/validation
« /Jopt/ml/input/data/testing

* Training Output
« /Jopt/ml/output/failure
« J/opt/ml/model
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gl EBE N A Docker =%

FROM ubuntu:16.04
MAINTAINER KH Chan <khchan@amazon.com>

RUN apt-get -y update_&& apt—get install -y --no-install-recommends wget python virtualenv build-essential python3-dev
python3-pip gtortran 1ibhdf5-dev ca-certificates \

&& rm -rf /var/lib/apt/lists/*

ENV PATH="/opt/program:${PATH}"

COPY donkeycar /opt/program

COPY train /opt/program

WORKDIR /opt/program

RUN virtualenv env -p python3 \
&& . env/bin/activate \
&& pip3 install keras==2.0.8 \
&& pip3 install tensorflow==1.3.0 \
&& pip3 install AwSIoTPythonSDK \
&& pip3 install -e . \
&& donkey createcar --path /opt/program/d2 \
&& chmod +x /opt/program/train

dWS
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gl EBE N A Docker =%

#! /bin/bash

source /opt/program/env/bin/activate

python /opt/program/d2/manage.py train \
--tub=/opt/ml/input/data/training/* \
--model=/opt/ml/model/robocar

AWS Hi[E (Itm) XEHRYGAMIEE
AWS fiE (TE) XEHARKIEEE
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gl EBE N A Docker =%

=,

Amazon SageMaker Amazon ECR
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= Training Traigmg
© code code
= N J

Model Training (on Amazon EC2)

dWS

AWS (1550 EKEEDRITREE N

AWS HE (TE) KiHAREREE



{£ Notebook H;llliz

Training DonkeyCar model with SageMaker

The SageMaker Python SDK makes it easy to train and deploy ML models. In this notebook we train a model from data collected from the robocar.

Setup the environment

First we need to define a few variables that will be needed later. Here we specify a bucket to use and the role that will be used for working with SageMaker.

In [5]:

In [6]:

AWS Hi[E (Itm) XEHRYGAMIEE
AWS fiE (TE) XEHARKIEEE

from sagemaker import get execution role

#Bucket with input data
data_location = 's3://autonomous-vehicles-data'’

#IAM execution role that gives SageMaker access to resources in your AWS account.

#We can use the SageMaker Python SDK to get the role from our notebook environment.
role = get_execution_role()

Create the session

The session remembers our cennection parameters to SageMaker. We'll use it to perform all of our SageMaker operations.

import sagemaker as sage
from time import gmtime, strftime

sess = sage.Session()

dWS
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In [13]:

Create an estimator and fit the model

In order to use SageMaker to fit our algorithm, we'll create an Estimator that defines how to use the container to train. This includes the configuration we need
to invoke SageMaker training:

« The container name. This is constructed as in the shell commands above.

« The role. As defined above.

« The instance count which is the number of machines to use for training.

« The instance type which is the type of machine to use for training.

« The output path determines where the model artifact will be written.

« The session is the SageMaker session object that we defined above. Then we use fit() on the estimator to train against the data that we uploaded above.

account = sess.boto_session.client('sts').get_caller_identity()[ 'Account’]
region = sess.boto_session.region_name
image = '{}.dkr.ecr.{}.amazonaws.com/donkey:latest’'.format(account, region)

tree = sage.estimator.Estimator(image,
role, 1, 'ml.c5.2xlarge',
output_path="s3://{}/output".format(sess.default_bucket()),
sagemaker session=sess)

tree.fit(data_location)

AWS FE (JbR) XIS
AWS FE (FE) XiGHA=IEzE

#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#
010#010#010#010#015412/455 [ =>...] - ETA: 31s - loss: 0.1404 - angle out_loss: 0.1559 - thro
ttle_out_loss: 0.0383#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010
#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#
010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#0
10#010#010#010#010#010
/opt/program/env/lib/python3.5/site-packages/h5py/__init .py:36: FutureWarning: Conversion of the second argument of
issubdtype from “float™ to “np.floating™ is deprecated. In future, it will be treated as “np.floaté4 == np.dtype(flo
at).type” .
from ._conv import register_converters as _register_ converters
Using TensorFlow backend.
#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#
010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#0
10#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#01
0#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010#010
#010#015455/455 [ ] - 364s - loss: 0.1405 - angle_out_loss: 0.1561 - throttle_out_loss:
0.0373 - val_loss: 0.0332 - val_angle out_loss: 0.0369 - val_throttle_out loss: 0.0250
Epoch 00013: early stopping
===== Job Complete =====
Billable seconds: 5981

dWS
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Download the model and deploy to robocar

Run the code below to get the S3 location for model data. Download this onto the robocar and test running with it.

In [14]: print(tree.model_data)

s3://sagemaker-us-west-2-831212071815/output/donkey-2018-05-03-09-44-51-204/output/model.tar.gz

dWS
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BUERIIERIESSRY API-CreateTraining lob

AH CreateTrainingJob #0 API, EEEI—MIIEES. RFESEERG, Amazon SageMaker 15&
B HHRFEISER Amazon S3 L,

AlgorithmSpecification - I5E& L

HyperParameters - BgERIABXRATESENMIUIRENEE

InputDataConfig - f#IAT)||IZ5E0EE, 12 Amazon S3 _EEURERIFMHENE

OutputDataConfig - 2{f Amazon S3 HEBI RN S

ResourceConfig - I8EFFEMTERR, B ML compute instances F1 ML storage volumes, LAR%57%
U GRSHESHVEE

RoleARN - £2fft Amazon SageMaker 1Ei)||ZRT TR Z2HVG A EBARSFAIINR The Amazon Resource
Number (ARN)

StoppingCondition - IZE(ESHITATRERTAT
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BUERIIIERESSAY API-

import boto3, os, datetime

def main(event, context):
sm = boto3.client('sagemaker")

training_job_name = 'donkey'+str(datetime.datetime.today()).replace(' ', '-'").replace(':', "-").rsplit('.")[0]
role_arn = "arn:aws:iam::831212071815:role/service-role/AmazonSageMaker-ExecutionRole-20171204T7163957”
algorithm_spec = {

"TrainingImage": "831212071815.dkr.ecr.us-west-2.amazonaws.com/donkey:Tatest",

"TrainingInputMode": "File"
}

resource_config = {
"InstanceType": "ml.c5.2xTlarge",
"InstanceCount": 1,
"VolumeSizeInGB": 30
}
stopping_condition = { "MaxRuntimeInSeconds": 86400 }

dWS
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BUERIIIERESSAY API-

input_data = [{
"ChannelName": "training",
"DataSource": {
"S3DataSource": {
"S3DataType": "S3Prefix",

"S3uri": "s3://autonomous-vehicles-data",
"S3DatabDistributionType': "FullyReplicated"
}
},
"CompressionType": "None",
"RecordwrapperType": '"None"
]
output_data = {
"Kmskey1d": "",
"S30utputPath": "s3://sagemaker-us-west-2-831212071815/output"”
}

dWS
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BUERIIIERESSAY API- |

print("Starting training job %s" % training_job_name)

resp = sm.create_training_job(
TrainingJobName=training_job_name,
AlgorithmSpecification=algorithm_spec,
RoleArn=role_arn,
InputDataConfig=input_data,
OutputbDataConfig=output_data,
Resourceconfig=resource_config,
StoppingCondition=stopping_condition,
HyperParameters={},
Tags=[])

print(resp)

AWS Hi[E (Itm) XEHRYGAMIEE
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BUERIIIERESSAY API-

54:Tra1n1ngjobArn": "arn:aws:sagemaker:us-west-2:831212071815:training-job/donkey2018-05-29-08-09-

"ResponseMetadata": {

"RequestId": "6db2646c-55e6-4eb9-9d21-42809d8bcd04",

"HTTPStatusCode": 200,

"HTTPHeaders": {
"content-type": "application/x-amz-json-1.1",
"date": "Tue, 29 May 2018 08:09:54 GMmT",
"x-amzn-requestid": "6db2646c-55e6-4eb9-9d21-42809d8bcd04",
"content-length": "100",
"connection": "keep-alive”

1,
"RetryAttempts": O

dWS
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) USRS AWSChina

RIS https://www.weibo.com/amazonaws/

@ SRk : https://www.linkedin.com/company/aws-china/
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