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1  Simulating the Dataset

In this section, the modeling steps for simulating the dataset for Communication Based Train
Control (CBTC) system. It consists of a dataset that simulates train operations, equipment
status, task offloading, maintenance schedules and environmental conditions.

1.1 Dataset Overview
The SimPy library was used to create the dataset by simulating dynamic operations of trains
and associated infrastructure. The key features include:

e Train speed, train position, onboard computation load.

e The costs for wayside equipment status and maintenance.

e Temperature, humidity, wind speed, environmental factors.

e Decisions of offloading tasks over network latency and bandwidth.

1.2 Simulate the dataset.
1.Set up the simulation environment in Google Colab:
e Open Google Colab, create a new notebook.
e Import the necessary libraries

Libraries to install

%pip install simpy

%pip install numpy

%pip install pandas

%pip install tensorflow==2.12.0

%pip install keras

%pip install numpy

%pip install pandas

%pip install gym

%pip install scikit-learn

%pip install stable_baselines3==2,3.2
%pip install shimmy>=0.2.1

%pip install upgrade stable-baselines3

2 Defining Parameter for Simulation

o Set edge device, number of trains, and time intervals simulation parameters.

o Category Feature Description

Train Operations Data timestamp Time when the data was
recorded

Train Operations Data tramn_1d Unique 1dentifier for each
train

Irain Operations Data speed _kmph Speed of the train (km/h)

Train Operations Data position_km Distance from the starting
point (km)




Train Operations Data energy consumption kWh | Energy consumed by the
train (kWh)

Wayside Equipment Data equipment_id Unique identifier for each
piece of equipment

Wayside Equipment Data equipment_status Operational status of the
equipment

Wayside Equipment Data maintenance_cost eur | Estimated cost of

maintenance (EUR)

Network Communication

signal strength dbm

Signal strength between
train and equipment (dBm)

Network Communication

latency ms

Tatency between train and
equipment (ms)

Environmental Data

temperature celsius
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Duration of downtime
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Key Constraints for the simulated D

(minutes)
ptaset

Generate the data: Simulate data for each train, equipment, and environmental factors of trains,

edge devices, and time intervals using a loop.

4. Save the dataset:

Simulated dataset is exported to the CSV file for processing.
Upload the CSV file generated to Google Drive for model train.

3  Model Training in Google Colab

In the next section, we explain how the model is trained using the simulated dataset. For Deep
Q-Network (DQN) and Q-learning model, we implemented it through Stable-Baselines3
library to optimize the CBTC system.



3.1 Create Training Environment

3.1.1 Install necessary libraries.

Library imports

import simpy

from datetime import datetime, timedelta

import  random
import- gy!

from gym import spaces
from stable baselines3 import DQN

from s
import t

mmon. logger import configure

from sklearn.model selection import train_test_split

e Define the custom environment: Simulation of the CBTC system will be performed
by creating a gym environment.

e Initialize the DQN model: To do this we set the learning parameters and model

architecture.

e Train the model: Model should be trained for a given number of timesteps
e Save the trained model: After training we should save the model for deployment

4 Deploy the Model to AWS IoT Greengrass.

4.1 Set Up AWS Greengrass

Step 3: Install the Greengrass Core software

Operating system

© unux *) Windows

Step 5.1: Install Java on the device
The AWS IT Graengrass Core software runs on Java. Follow Instructions to install the Java runtime on the device. Learn

Step 3.2: Configure AWS credentials on the device
The Greengrass Installer uses AWS credentials ta provision the AWS resources that It requires. You ean provide

dential variables. Copy below to your device's terminal, Replace the text after the '=
sign with the specified informatian. Learn more (3

[ cony |

AMS_SESSTON_TOKEN>

Step 3.3: Run the installer

AWS IoT Greengrass provides an Installer that you can use o Set up  Greengrass core device in a few minutes. The

Installer runs on the device and dees the following:

1. Provisions the Greengrass core device as an AWS 0T thing with a device certificate and default permissions. Learr
more (2

2. Creates a system user and group, gge_user and gg¢_group, that the software Uses to run compenents on the device

3. Connects the deviee to AWS loT.

4. Installs and runs the latest AWS 10T Greengrass Core software as a system service.

Download the Installer

& folliwing comiand an the device t dwnlaad the AWS 1aT Gresnpres Core saftwire.

curt -5 meps: clouaront nucteus-tatest.zip | 1D Copy
> greengrass-nucleus-latest.zip && unzip greengross-nucleus-lotest.zip -d h *
(Bhtntsderbe L

G copy i

oller/1ib
tcare

@ The installation process takes a few minutes. When the installer completes, you can find your device In the
Uist of Greengrass core devices on the Core dev I the installation fails or you can't see the device,
| youcan troubleshoot the Issue and try again. L ]

This Instal command deploys the Greengrass Command Line Interface (CLI) o your device. You can use the
Greengrass CL to develop and debug components on your core device. Learn more [3

cancel View core devices.

1. Install AWS CLI and AWS Greengrass.
2. Install AWS Greengrass on the Edge Device.
e SSH into the edge device.

e Download the Greengrass Core software using the above instructions.



e

4.2

AWS loT Pl © \When Greengrass installation completes, your core device GreengrassQuickStartCore-193b81135c7 appears on this page. If your care device doesn't appear

within 5 minutes, you might need to troubleshoot issues and run the installation again. Learn more [3

Lo AWSIoT > Greengrass > Core devices
Greengrass core devices i
Connect

Connect one device
» Connect many devices Greengrass core devices (2) I (¢] ‘ Configure cloud discovery Set up one core device

An AWS IoT Greengrass core device is a device that runs the Greengrass Core software. Once your device is provisioned, it will show up here.

Domain
configurations Updated
gurations Updated | Q search by core device name 1 o)
Test Name v | stats v | status reported v
» Device Advisor & KStartCore-
reengrassQuic
0 @ Healthy 13 hours ago
MQTT test client 193b392fede e

Device Location New GreengrassQuickStartCore-

Health, hy
193acc27edb Q Healthy 22 hours ago

Manage

» All devices

v Greengrass devices
Core devices
Components

Deployments

B cloudshell  Feedback © 2024, Amazon Web Services, Inc. or its affiliates. Privacy ~Terms  Cookie preferences

After all the above steps are complete, the edge device should be set up and running

and it should show on the connected core device wit status ‘healthy'.
Configure Greengrass components: The components, DQN model and the task
offloading service should be set up to run on the edge device.

Deploy trained model to the edge device with the use of AWS loT Greengrass.
The model is deployed and evaluated on the edge device once, the key metrics
evaluated include Latency reduction, Energy savings Cost optimization

Prepare the Lambda Function

Create the Lambda Function:
a) Develop the function to evaluate your model.
b) Name the handler function lambda function.lambda handler.

Package the Lambda Function:
a. Include the inference script and required dependencies in a .zip file:
e code mkdir package cp lambda function.py package/
e pip install -r requirements.txt -t package/
e cd package
e zip -r lambda package.zip.

@ coutFront @ oyramovs. B v 853

= Lambda > Functions > greengrass o @
[ @ You are using the new console editor. Switch to the old editor % ]
& 1 greengrass Domes
= EXPLORER X @ test_data.csv [
 GREENGRASS GRLe® /
Ig > pythen loading and prediction
B cbte_dgn_model zip -
[ # lambda_function.py init_(self):
4 # Initialize any required model parameters here

i test_data.csv

o
&
~ DEPLOY [UNDEPLOVED CHANGES] 58
& You have undeployed changes.
-1-

odel (this 15 a mock for simplicity)

el (mode_path) :

model_path) .exists():

t("Model Loaded successfully.”)

odeL() # Return a mock model for this simplified version

~ TEST EVENTS
3 t("Hodel tile not found:")
You haven't created any test events. e’ sl

) Cloudsheil  Feedback




3. Upload the Lambda Package:
a) Open the AWS Lambda Console.
b) Create a new function or update an existing one with the lambda_package.zip.

4. Test the Lambda Function in AWS: Use sample data to ensure the function processes
correctly.

4.3 Deploy the Lambda Function to Greengrass

1. Add Lambda to Greengrass Deployment:
a) Navigate to Greengrass Groups in the AWS Management Console.
b) Create a deployment or update an existing one.
¢) Add the Lambda function to the group.
d) Configure the function to start automatically.

2. Push the Deployment to Edge Device: Deploy the group to the registered Greengrass
Core device.

4.4  Set up Connectivity and send Test Data.

1. Set up connection to IOT Greengrass by AWS IoT > Connect > Connect one device.
And follow the steps.

Ty

Download connection kit «

1 the software on your device

¥ 4 -
A e e

i ham o

Omeniasd connection it

2. After downloading the configuration kit, should get all necessary key files to send and
receive messages from AWS IOT securely via MTTQ.



& Searchrosults - Google Drive X [E] Connect one device | Connec % 4 ~

A#/connectdevice - 4 L] @  MewChrome available }

All Bookmarks

B & © @ endv  nipunos @8885-77046019 ¥

B Copy

ko view your device's messages
flpt, return to this screen to see the messages between your device and AWS IoT. The
messages from your device appear in the following list.

Subscriptions  sdk/test/python pause | [ Clear

sdk/test/pythan |

w sdkjtest/python December 11, 2024, 23:43:25 (UTC+00:00)

"Hello World! [7@]"

¥ sdk/test/python December 11, 2024, 23:43:24 (UTC+00:00)

"Hello World! [69]"

3. Prepare Test Data: Format the test data based on the expected structure of your Lambda
function.

4. Whenever the test data is given to the model, it will trigger the Lambda function and show
the results on IOT Greengrass.

@ Cloudfront [P DynamoDB B 1AM [ S3

AWS loT Nl © AWS loT successfully generated your connection kit

Monitor T e
Subscriptions sdk/test/python Pause Clear Export Edit
Connect
Favorites Message payload
Connect one device
{
s sdk/test/python O X
. Connacc many devices P “message": "Hello from AWS loT console™
Domain }
All subscriptions
configurations Updated
» Additional configuration
Test Publish

> Device Advisor

MQTT test client

Device Location New ¥ sdk/test/python December 11, 2024, 23:47:21 (UTCZ)

Manage {
"Average Reward": 48719.64000543736
¥ All devices )
b Greengrass devices
» LPWAN devices
» Properties
Software packages New

» Remote actions

(5] Clovdshell  Feedback

5 Verify Model Execution:
a) Check logs on the Greengrass Core device.
b) Alternatively, check CloudWatch logs.

5.1 Validate Edge Evaluation Results
a) Collect Inference Outputs: Retrieve inference results from the Lambda function logs or

MQTT response topic.
b) Analyse Results: Compare outputs with expected results to validate model accuracy.
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