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1 Introduction

This paper has a detailed, step-by-step plan for how to carry out this research
study. It will explain everything I did to finish my study and how those steps can
be done again.

1.1 Prerequisites for conducting the research project

To conduct this research project, make sure you have an Azure and Datarbricks
account set up and a small cost that would require you to use these services. There
are very few prerequisites as the main aim of the research project was to make it
simpler and automated following the best practices of security. Hence, we will
do the most out of Azure services and integrate a few third-party libraries such
as scikit-learn-1.1.3, Seaborn-0.12.1, and yellowbrick-1.5. TO integrate these li-
braries automated code is already written in .ipynb files.

« Using url ! create Azure account

« Using url 2 create databricks free account where azure account credentails
are required.

« Using url ® create Github free account where code and dataset will be up-
loaded
2  Setup Environment

2.0.1 Setup Databricks environment

Setup the Databricks cluster as per Table 1 and create a cluster in data bricks as
shown in Figure 1.

Ihttps://azure.microsoft.com/en-gh/free/
2https://www.databricks.com/try-databricksaccount
3https://github.com/signup?source=login


http://www.databricks.com/try-databricksaccount

@ Data Science & Engi...¥

1] Workspace
Eter policy v
Repos

Recents s v Policy Runtime Actiy

Custer creation

Data Location policy - 104
Autoscaling
Compute Cluster Creation

General Policy - Fixed 104

workers
v— Wor| =

Figure 1: Databricks Cluster

Table 1: Databricks Cluster Specification

Type Value

Databricks Runtime Version | 9.1 LTS (includes
Apache  Spark
3.1.2,Scala 2.12)

Worker Type Standard D8s v3
(32 GB, 8 Cores)

Driver Type Standard D8s v3
(32 GB, 8 Cores)

Number of workers Autoscale (1-4)




2.0.2 Setup Azure environment

Setup the Azure Key to access the Storage account and contains in Azure Data
lake storage as shown in Figure 2.

Home > ci-buildpipe - Overview > ci-buildpipe - Secrets
[_7 ci-buildpipe - Secrets
"% + Generate/Import C) Refresh 4 Restore Backup
QOverview i NAME TYPE STATUS
B Activity log

NewsServiceApiKey v Enabled

wa Access control (IAM)
& Tags

X Diagnose and solve problems

SendGridApiKey v Enabled

Settings
Keys

. Secrets

Facbifinnban

Figure 2: Azure key setup

2.0.3 Setup GitHub

Integrate the GitHub account with Azure data bricks by going into the data bricks
user setting as shown in Figure 3. Before that, we need to create a repository
for the code and generate a token/key from GitHub to authenticate the user from
Databricks. We can follow standard documentation from url *. Either you can
upload all .ipynb files into databricks as shown in Figure 4 or upload file in GIT
and add repo into Databricks as shown in Figure 5

2.0.4 Setup databricks cli

« Install latest version of python from ® into personal laptop.

« Install data bricks cli by using the command into PowerShell or cmd termi-
nal is shown in Figure 6.
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“https://docs.databricks.com/repos/index.html
Shttps://www.python.org/downloads/

Microsoft Azure databricks CTRL + P

User Settings

Access tokens Git integration Notebook settings Email preferences Language settings Preview

With co-versioned repo

Databricks Repos allows you to clone a remote Git repo, which you can specify when you add a repo. Learn more

With individual notebooks

Although we recommended using co-versioned repo for Git integration, Databricks supports individual notebook version control integration with GitHub
only).

Set your Git provider and credentials

You can also set your Git provider credentials via APl.Learn More

Select your Git provider from the dropdown.

Git provider

Azure DevOps Services (personal access token

Change settings

Figure 3: GitHub Integration


http://www.python.org/downloads/
http://www.python.org/downloads/
http://www.python.org/downloads/

Import

Import from: © rfie O URL

Target folder: /Repos/n.sharma@ckhgbdp.onmicrosoft.com/evista/notebooks

Drop file to upload, or browse.

(To import a library, such as a jar or egg, click here)

Figure 4: Import .ipynb in Databricks

Add Repo

Location O
/Repos/n.sharma@ckhgbdp.onmicrosoft.com

Create repo by cloning a Git repository

Git repository URL () Git provider

Select a Git provider

Repository name

Advanced v

Cancel Create Repo

Figure 5: Add GIT Repo into Databricks
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1 pip install databricks-cli

Figure 6: Cli Installation

« Setup secret scope in data bricks to access azure with the personal token is
shown in Figure 7.

1 databricks secrets create-scope --scope <your_name_of_the_scope>

Figure 7: Scope in Databricks

« Check the list of scopes already created is shown in Figure 8.

1 databricks secrets list-acls --scope <your_name_of_the_scope>

Figure 8: List Scope

« Putthe principle id and key created in Azure as scope in databricks is shown
in Figure 9.

1 databricks secrets put-acl --scope <your_name_of_the_scope> --principal <microsoftusername>(

»

Figure 9: Scope creation

2.0.5 Create Storage account and containers in Azure

Create a storage account and a container in Azure to store datasets and interme-
diate and output external tables data to feed into the Spatial model as shown in
Figure 10



Vv == Storage Accounts

Vv = dreistoredev

\ 1 Blob Containers (@> Attach to a resource
$logs Don't have permissions to access Azure subscriptions? You can connect to

devstore individual storage resources using various authentication methods.

™71 ingest
> 48 File Shares
> M Queues

> EH Tables

Tasks

= \liaus Amiivn vncanivmnn

Figure 10: Azure Container creation

3  Collecting data-sets

For this research, we are using seven datasets 1. UK postcode dataset.csv (uk-
postcode-electricity-consumption 2022) 2. UK Car_ownership dataset.csv (Trans-
port 2022) 3. Mobility Footfall dataset.csv(Uk Mobility Footfall (2022)) 4. Mo-
bility passerby dataset.csv(Uk Mobility passerby (2022)) 5. UK traffic count.csv
(Trafficcount—data.gov.uk (2022)) 6. UK Postcode mapping.csv (ukpostcode —

NSPL (2022)) 7. UK Qutputareas with population.geojson (ukpostcodegeojson (2022)).
There is a requirement to upload all these datasets to Azure containers as shown in

Figure 11 so that Databricks notebook can consume data for processing and feed
it into the model.

=, GetStarted X  devstore X

T, &l Mo 4 F (I H = = | 8 2 X
Upload Download | Open Preview New Folder Select All Copy Paste Clone @ Rename Move = Manage ACLs Properties = Delete = More

e /P devstore > ric_model

Name

A Access Tier Access Tier Last Modified Last Modified Blob Type Content Type Size Status Deletion ID Re:

bl‘_vsnue_energy_utlhza(von 14/12/2022 08:38 Folder Act
br_venue_id 14/12/ ) Folder Act
ev_footfall 14/12, der Act
ev_passerby 14/12 Acti

Act

e\/_venue_er\ergy_u(\|\zat|on 14/12/2022 09:21

Figure 11: Files at Azure



4

Notebooks

There are eight Notebooks involved in this research which are described below:

4.1

This is the first notebook that should run. The main purpose of this notebook is to
create a database in data bricks with name ric. model use all the necessary datasets
and create a final table that acts as input to ev.model_dataset_creation.ipynb. You
have to run this notebook multiple times with the table name and path of the files
uploaded on Azure as shown in Table 2. Figure 12 shows the notebook where we

ev_static_csv _file_load.ipynb
ev_carownership_excel_ingestion.ipynb
ev_outputareas_carownership_ingestion.ipynb
ev_model _dataset_creation.ipynb

ev_create dataset traffic_carownershp.ipynb
ev_unsupervised_model _monthly.ipynb
ev_regression_model_monthly_data.ipynb

ev_spatial_model.ipynb

ev_static_csv_file_load.ipynb

need to mention the path and table name.



Table 2: Table Creation

File Path Table Name

/Raw/ric/ev passerby.csv ric model.ev passerby

/Raw/ric/ev footfall.csv ric model.ev footfall

/Raw/ric/ev passerby.csv ric model.ev passerby
/Raw/ric/energy utilization.csv ric model.ev venue energy utilization
/Raw/ric/post code uk.csv ric model.br postcodes uk
/Raw/ric/traffic count.csv ric model.br traffic counts uk




ev_static_csv_file_load Python v

File Edit View Run Help Lastedit w  Give feedback

file_sep src_file_path src_table_name

abfss://devstore@evinsta.dfs.cc ric_model.ev_passerby

Cmd 1

A table of contents will be
added here when a notebook
has Markdown headings.

%run /Shared/adls_credentials/configurations

Command took 1.04

. n.sharm: t 14 2:24 on unknown cluster
%md # Heading 1
<
Cmd 2

%sql

create database if not exists ric_model

» B _sqldf: pyspark.sql.dataframe.DataFrame

oK

Command took ©.08 seconds -- by n.sharmagckhgbdp.onmicrosoft.com at 14/12/2022, 09:22:26 on unknown cluste

cmd 3

''"'Read config path from widget'''
dbutils.widgets.removeAll()
dbutils.widgets.text("src_table_name","ric_model.br_venue_id","src_table_name")

9O 4 [©) » Runall

® Connect v

B Schedule v

£ -2

dbutils.widgets. text("src_file_path","abfss://devstore@evinsta.dfs.core.windows.net/Raw/Ista/ric/Postcode_level_all_meters_electricity

_2020.csv","src_file_path")
#abfs

/devstore@evinsta.dfs.core.windows.net/Raw/Ista/location/NSPL_NOV_2019_UK.csv
#tev_ista.br_postcodes_uk
dbutils.widgets.text("file_sep",",","file_sep")

Figure 12: ev_static_csv file_load

4.2 ev_carownership_excel_ingestion.ipynb

The main purpose of this notebook is to download car ownership datasets from
the ® and load it into stage table ric. model.br_carownership_stat. The notebook as

shown in Figure 13.



ev_carownership_excel_ingestion  Python v
X P_ _Ing © 4 O | »Runal ® Connect v B Schedule v

File Edit View Run Help
Note: This notebook must...
All vehicles veh0122.0ds

Low emission vehicles ve...

A

Last edit was 27 minutes age  Give feedback
Command complete

Cnd 37

saL ) prv=2n
%sql

CREATE TABLE IF NOT EXISTS ric_model.br_carownership_stat
(postcode_dist string,cars_count int,car_type string,year int,quarter string,country string,date string,load_datetime timestamp);

MERGE INTO ric_model.br_carownership_stat a

USING carownership

ON a.postcode_dist = carownership.postcode_dist and
a.car_type = carownership.car_type and

a.year = carownership.year and

a.quarter = carownership.quarter and

a.country = carownership.country

WHEN MATCHED THEN
UPDATE SET a.cars_count = carownership.cars_count,
a.load_datetime = carownership.load_datetime

WHEN NOT MATCHED THEN

INSERT (postcode_dist, car_type,year,quarter,country,cars_count,date,load_datetime) VALUES (carownership.postcode_dist,
carownership.car_type,carownership.year,carownership.quarter,carownership.country,carownership.cars_count,carownership.date,carowners
hip.load_datetime);

Command complete

cmd 38

%sql
drop table carownership

Command complete

Figure 13: ev car ownership excel ingestion

Shttps://www.gov.uk/government/collections/vehicles-statistics

11


http://www.gov.uk/government/collections/vehicles-statistics
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4.3 ev_outputareas_carownership_ingestion.ipynb

The main purpose of this notebook is to use ric model.br_carownership_stat table
and load it into the final table ric_.model.br_outputareas_carownership_stats after
mapping it with the postcode. The notebook as shown in Figure 14.

ev_outputareas_carownership_ingestion Python v
File Edit View Run Help s 1

A table of contents will be
added here when a notebook
has Markdown headings.

%md # Heading 1

9 4 ©

Last edit was 1 hourago  Give feedback

#sql

CREATE TABLE IF NOT EXISTS ric_model.br_outputareas_carownership_stats

» Runall ® Connect v B3 Schedule -

(outputareacode string,percentage_district_overlap double,postcode_dist string,cars_count int,car_type string,year int,quarter

string,country string,cars_count_overlap double,load_datetime timestamp);

MERGE INTO ric_model.br_outputareas_carownership_stats a
USING merged_geog_intersection b

ON

a.outputareacode = b.outputareacode and

a.postcode_dist = b.postcode_dist and

a.car_type = b.car_type and

a.year = b.year and

a.quarter = b.quarter and

a.country = b.country

WHEN MATCHED THEN
UPDATE SET a.cars_count = b.cars_count,
a.percentage_district_overlap=b.percentage_district_overlap,
a.load_datetime = b.load_datetime,
a.cars_count_overlap =b.cars_count_overlap

WHEN NOT MATCHED THEN

INSERT (outputareacode,percentage_district_overlap,postcode_dist,
car_type,year,quarter,country,cars_count,cars_count_overlap,load_datetime) VALUES
(b.outputareacode,b.percentage_district_overlap,b.postcode_dist,

b.car_type,b.year,b.quarter,b.country,b.cars_count,b.cars_count_overlap,b.load_datetime);

nd complete

Figure 14: ev_outputareas_carownership_ingestion

4.4 ev_model_dataset_creation.ipynb

This is the second notebook that should run. The main purpose of this notebook
is to use energy consumption, passerby, and footfall, and aggregate them all and
create a single output table with the name ric_model.ev_model_dataset monthly
that acts as input to various machine-learning models. The notebook is shown in

Figure 15.

12



ev_model_dataset_creation Python v

9D 4 O  »Runal ® Connectv
File Edit View Run Help Lasteditwas9hoursago  Give feedback

granularity

monthly

¥ Notebook to create datas...

Engergy utilization

Notebook to create dataset to be used for EV regression models.

run /Shared/adls_credentials/configurations

ook .18 sacond y n.sharmagckhgbop.ormicrosoft.com at 14

from pyspark.sql import functions as F

from pyspark.sql import Window

from pyspark.sql.types import FloatType, IntegerType
import numpy as np

L v v x

['daily’, 'monthly' |}

dbutils.widgets.dropdow

butils

Figure 15: ev_model_dataset_creation

4.5 ev_create_dataset_traffic_carownershp.ipynb

This is the third notebook that should run. The main purpose of this notebook is to
combine traffic count, car ownership, and output table from the second notebook
i.e ric. model.ev_model_dataset_monthly. Output is ric model.br ev_model_dataset
which contains the total motor and total car count. The notebook is shown in Fig-
ure 16.

13



ev_create_dataset_traffic_carownershp  Python v

File Edit View Run Help  Lastedit was5 hours ago

Combining carownership ... %sql

create or replace table
select a.*,b.total_motor,b.car_counts
from ric_model.ev_model_dataset_monthly a left outer join ric_model.br_venue_traffic carownership b on a.venue id=b.postcode

venue table

Adding Mobility Data

Give feedback

where b.year=2021

» (6) Spark Jobs

ric_model.br_ev_model_dataset as

9 4 ©

» B _sqldf: pyspark.sql.dataframe.DataFrame = [num_affected_rows: long, num_inserted_rows: long]

Query returned no results

Command took 11.88 seconds

cmd 14

%sql

select * from ric_model.br_ev_model_dataset

» (3) Spark Jobs

» B _sqldf: pyspark.sql.dataframe DataFrame = [venue_id: string, year: integer ... 74 more fields]

Table v +
venue_id
1 BD18 35T
2 BD183ST
3 BD18 3ST
4 BD183ST
5 BD18 3ST
6 BS1 6HY
7 BS1 6HY

Q Search

energy_utilization

month

9 229.33
12 14849
8 291.28
10 197.14
n 121.98
2 38843
6 1864.88
M E A -

- ®

144988
null

164001
148782
126363
624580
738566

Qa

“  total_footfall

» Run all B Terminated v

Notebook detached

cluster not in usable state

by n.sharmagckhgbdp.onmicrosoft.com at 14/12/2022, 15:32:11 on DE_General

age_band_18 24
0.10329130686677518
null
0.10604813385284236
0.09980373969969486
0.09409399903452752
0.19901373723141952
0.18546209817402914

Figure 16: ev _create dataset traffic_carownershp

14

age_band 25 34
0.18471873534361463
null
0.1867854464302047
0.1866153163689156
0.18556064670829278
0.2209164558583368
0.2287161878559262

B3 Schedule v

age_band 35 «
0.14377741606.
null

0.14424302290:
0.142819695931
0.14330144108
0.14471164622:
0.15339861294

A ) b LS



4.6 ev_unsupervised_model_monthly.ipynb

The main purpose of this notebook is to take the ric. model.br_ev_model_dataset
table created and feed into the KMean clustering model. Before feeding it into
the Machine learning model EDA and min max scaler have been performed. The
notebook is shown in Figure 17.

ev_unsupervised_model_monthly  Python v
File Edit View Run Help Last ed as 5

S 4 O »Runal B Terminated v B Schedule

s5hoursago  Give feedback

Notebook to create unsu...

i Markdown | [l v = X
Correlation

o Notebook to create unsupervised models and analyses
cans

Affinity Propagation < Using monthly dataset for analyses. Daily dataset should create more clusters due to seasonality

Predict
Analysis
%/ databricks/python3/bin/python pip 1 ra £
%pip install --upgrade seaborn
%pip install umap-learn[plot]
%pip install yellowbrick
Python interpreter will be restarted.

Re: fied: seaborn in /local_disk@/.ephemeral_nfs/envs/pythonEnv-1cf154dd-0d17-46ef-bf24-bofb654des lib/python
R in /local_diska/.ephemeral_nfs/envs/pythonEnv-1cf154dd-8d17-46ef-bf24-bofb654de52d/lib/p
thon: e

Requi ready s ! ib! 6.1,>=3.1 in /databricks/pyt 3/1lib/python3.8/site-packages (from seaborn

Re =1.17 /local_disko/.ephemeral_nfs/envs/pythonEnv-1cf154dd-0d17-46ef-bf24-bofb6s:

th

=351

al_nfs/envs/pythonEnv-1cf154dd-8d17-46ef-bf24-bofbesades2d/1ib/

3.8/site-packages (from matplotlib!=3.6.1,>=3.1->seabor

satisfied: kiwisolver>=1.0.1 in /databricks/python3/lib/python3.8/site-packages (from matplotlib!=3.6.1,>=3.1->s
eaborn)

Requi

ded: pyparsing>=2.2.1 in /databricks/python3/lib/pyt site-packages (from matplotlibi=3.6.1,>=3.1->se

aborn

Requirement already satisfied: six in /databricks/python3/lib/python3.8/site-packages (from cycler>=0.10->matplotlib!=3.6.1,5=3.1->s

Figure 17: ev_unsupervised_model_monthly

4.7 ev_regression_model_monthly_data.ipynb

The main purpose of this notebook is to take the ric. model.br_ev_model_dataset
table created in the first step as input, feed it into six machine-learning mod-
els, and save the output into a table that acts as input for the spatial model table
ric_model.regression_model_output. The notebook is shown in Figure 18.
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ev_regression_model_monthly_data Python v
File Edit View Run Help La > G

9D 4 [©] » Runall ® Terminated v

B Schedule v

Linear Regression with all...

Predict # %/databricks/python3/bin/python -m pip install ipgrade pip

%pip install --upgrade seaborn
p install umap-learn[plot]

Linear Regression with to...
Regression model with tr... %pip install yellowbrick

vill be restarted
tisfied:

Python in

eaborn in /local_disko/.ephemeral_nfs/envs/pythonEnv-3f4

Require

yth eaborn) (1.5.2)

atabricks

Requirement : matplotlib! /python3/1ib/python3.

phemeral_r

Requirement alr pythonEnv-3

seaborn 2.4)

sfied: python-dateutil>=2.7 in /databricks/python3/1ib/pythan

tisfied: pillows=6.
(from matplotlib!

python3 .6.1

Requirement al satisfied: cycler>=0.10 in /

Requiremer

v satisfied: pvtz>=2020.1 in /databricks/

conmand took 18.58 second: by n.sharmagckhgbdp.onmicrosoft.com at 14/12/2022, 15:34:@3 on DE_General

cf6e-4a18-854

: pandas>=0.25 in /local_diska/.ephemeral_nfs/envs/pythonEnv-3f4488e5-cfoe-4218-8754-937eads2fcfo/1ib/p

ite-packages (from matplotlib

vs/pythonEnv-3f4488e5-cf6e-4al18-8f54-937eada2fcfe/1ib/

.8/site-packages (from matplotlib!=3.6.1,

n) (6.10.0
Requirement already satisfied: kiwisolver>=1.8.1 in /databricks/python3/Llib/python3.8/site-packages (from matplotlib!=3.6.1,>=3.1->s
eabor

Requi dy satisfied: pyparsing>=2.2.1 in jdatabricks/python3/Llib/python3.8/site-packages (from matplotlib!=3.6.1,>=3.1->se
aborn) (2.4.7)

y satisfied: six in /databricks/python3/lib/python3.8/site-packages (from cycler>=6.16->matplotlibi=3.6.1,>=3.1->s

ite-packages (from pandas>=

Python | BY v = %

s2fcfo/lib/python

>seabor

0.25->seaborn} (2020,5%

cnd

import pandas as pd

Figure 18: ev_regression_model_monthly_data

4.8 ev_spatial_model.ipynb

The main purpose of this notebook is to take the final output of the model and run
the spatial model. The output of this notebook is. a JPEG file that contains the
locations where to place Electric Vehicle charging stations are as per the energy
utilization ranking. The notebook is shown in Figure 19.

16



ev_geojson_plot  Pytho;
File Edit View Run Help

A table of contents will be
added here when a notebook
has Markdown headings.

%md # Heading 1

n v

9 4 ©
Last edit was 5 hoursago  Give feedback
BEULU P RS LS ST SR VSIS GATGA y ST GRSy NS T e
Out[87]:
= @ 1NN172AE
¢ @ 10CF23B8RA
® 11AB118DD
) ® 12 MK137RA
® 13SE10BA
o op ® 14IG1178BA
-
S""- ® 155017 1AQ
v ® 28D183sT
©® 3YO104FD
B © 4CF104RT
3 5 CF10 4BE
r 6 AB11 8DE
P 7 AB11 8DB
¢ > 8 AB11 BDF
L 9 AB11 8DA
56
54
52
50
3 % & =2 0 2

» Runall

B Terminated v

B Schedule v

Figure 19: ev spatial model
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5  Pipeline Setup

The pipeline of notebooks is set up in the Databricks workflow manager as shown
in Figure 20. The pipeline contains all the notebooks in the below order:

« ev_static_csv_file_load.ipynb
 ev_model_dataset_creation.ipynb

« ev_create dataset traffic_carownershp.ipynb
+ ev_unsupervised_model_monthly.ipynb

« ev_regression_model_monthly_data.ipynb

« ev_spatial_model.ipynb

& databricks = Q Search CTRL+P

Runs Tasks >
& Job details
® Job ID 216504091539
EV_MODEL_PIPELINE_RIC
A Creator @ nsharma@
on
S Run as @ @ n.sharma@
&8
v data Tags ® + Tag
Git
Not configured
ship
Add Git settings
Schedule
nsupervised_ | None
Add schedule
ra
+
i 4° Compute
- Shared_job_cluster
18]

Driver: Standard_DS3_v2 - Workers: Star

Figure 20: Databricks Worflow
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6 Resources URL
Artefact:

https://studentncirl-
my.sharepoint.com/:f:/g/personal/x21167818_student_ncirl_ie/EqSYdxrs
8rBDjjQ7278KKT8BSAsbnFseK5UclUafd4L TUA
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