Steps to setup Preventive Maintenance ML Application

1. Before installing the application, user must enable the following list of APIs in Google
Cloud project. Go to to APIs & Service in google cloud console and enable the following
APIs

Compute engine

Cloud Storage

Cloud AutoML API

Al Platform Training & Prediction API

Google Cloud Storage JSON API

Deployment manager API
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Click on ENABLE APIS AND SERVICES,
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Fig: APIs & Services Dashboard

Search and Enable the following APlIs in the API library

1. Compute engine

Cloud Storage

Cloud AutoML API

Al Platform Training & Prediction API
Google Cloud Storage JSON API
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2. After enabling all the APls mentioned above, go to google cloud market place and
search for Preventive Maintenance ML

Google Cloud Platform

Explore, launch, and manage solutions in just a few clicks {

. v Marketplace lets you quickly deploy software on Google Cloud Platform .
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N Q

preventive maintenance ml

preventive maintenance ml

Browse all solutions Recommended

Your solutions

Partner portal $

Filter by

Virtual machines (775)
Google Cloud Platform (48)
APIs & services (597)
Kubernetes apps (72)
Container images (62)
Datasets (124)

Operating systems (78)
Developer stacks (139)
Netwarking (167)

Compute Engine
Google

Scalable, high-performance virtual
machines
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Featured
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WordPress
Google Click to Deploy

Web publishing platform for
building multiple blogs and
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Cloud Storage
Google

A powerful, simple and cost
effective object storage service

Type Google Cloud Platform

Cloud Load Balancing
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High performance, scalable load

balancing on Google Cloud

Type Google Cloud Platform
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https://console.cloud.google.com/marketplace

After selecting Preventive Maintenance ML , it redirects to Preventive Maintenance ML
solution home screen and below is the reference of that page. Next, click on LAUNCH
ON COMPUTE ENGINE button.

Google Cloud Platform pluto7-public

Preventive Maintenance ML

Pluto?7
Estimated costs: $1,144.02/month

Pluto74
Predicting the Remaining Useful Life
ICH ON COMPUTE ENGINE

Runs on Overview
Google Compute Engine

Preventive Maintenance the reduction of y scheduled repairs or repl in prod plantin
Type Consumer Products and Goods domain
Virtual machines
Single VM Learn more [
Last updated About Pluto7

12/3/19, 7:09 PM
“Pluto? is a services and solutions cempany focused on building machine learning, artificial intelligence, and

Cme‘gory analytics solutions to aceelerate business transformation. We are a Premier Google Cloud Partner, servicing Retail,

Anlytios Manufacturing, Healthcare, and Hi-Tech industries. "

Compute

Version

10 Pricing

Operating system Free for first 15 days or up to $500 of usage whichever come earlier, 1 user, US Item Estimated costs

Ubuntu 18.04 LTS clients can get up to $500 free credit for using GCP platform. $1.5 per hour or Breventive ML Usage Fee $1,085.00/month
2.5 cents per min You can customize the configuration later when deploying Show.more

shic caliting

Fig: Preventive Maintenance ML home screen.

After clicking on LAUNCH ON COMPUTE ENGINE it redirects to the deployment page.

< New Preventive Maintenance ML deployment

Deployment name su7a  Preventive Maintenance ML overview
preventiveml-1 Solution provided by Pluto7

Network interfaces

@ You have reached the maximum number of one network interface

Firewall
Add tags and firewall rules to allow specific network traffic from the Intemet

Creating certain firewall rules may expose your instance to the Internet
Please check if the rules you are creating are aligned with your security

Zone
$1,144.02 per month estimated
us-west1-b -
Effective hourly rate $1.567 (730 hours per month)
Machine type
Details
2vCPUs - 7.5 68 memory Customize
Software
—— Operating System Ubuntu (18.04 LTS)
My Boot Diskc z
f Dot ee Terms of Service
Standard Persistent Disk - :
2 bk The software or service you are ahout to use is not a Google product. By deploying
o the software or accessing the service you are agreeing to comply with the Pluto?
By Aot Dlek sk In GB terms of service [, GCP Marketplace terms of service and the terms of any third
10 party software licenses related to the software or service. Please review these
licenses carefully for details about any abligations you may have related to the
software or service. To the limited extent an open source software license related
Networking 1o the software or service expressly supersedes the GOP Marketplace Terms of

default default (10.138.0.0/20) ra

Service, that open source software license governs your use of that software or
service.

By using this product, you understand that certain account and usage information
may be shared with Pluto? for the purposes of sales attribution, performance
analysis, and support.

Goagle is providing this software or service "as-is" and any support for this
software or service will be provided by Pluto? under their terms of service

Fig: Deployment page 1.



In the deployment page scroll to the bottom of the page and to deploy the solution, click
on the deploy button.

= Google Cloud Platform & pluto7-public +
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The software or service you are ahout to use is not a Google product. By deploying
the software or accessing the service you are agreeing to comply with the Pluto7
terms of service L2, GCP Marketplace terms of service and the terms of any third
10 party software licenses related to the software or service. Please review these
licenses carefully for details about any obligations you may have related to the
software or service. To the imited extent an open source software license related

My Boot Disk size in GB

Networking 1o the software or service expressly supersedes the GCP Marketplace Terms of
Network interfaces Service, that open source software license governs your use of that software or
service.
default defaut (10.128.0.0/20) /s By using this product, you understand that certain account and usage information

may be shared with Pluto for the purposes of sales attribution, performance
analysis, and support.

Google is providing this software or service "as-s” and any support for this
(@ Vol e e had s iR i o 6 b i software or service will be provided by Pluto? under their terms of service

Firewal
Add tags and firewall rules to allow specific network traffic from the Internet

Creating certain firewall rules may expose your instance to the Internet.

Please check if the rules you are creating are aligned with your security
preferences. Learn more

' Allow HTTP traffic from the Internet
Source IP ranges for HTTP traffic
0.0.0.0/0,192.169.0.2/24

More

Fig: Deployment page 2.

Page will be redirected to deployment manager page, where it lists all the Google Cloud
resources that will be deployed for Preventive Maintenance ML solution,

Google Cloud Platform e pluto7-public w

& preventiveml-1 i DELETE X preventive-ml © EXIT PREVIEW
o) Preventive Maintenance ML
I & preventiveml-1 has been deployed Pluto74b
= Solution provided by Pluto?
[ Overview - preventiveml-1 Admin user admin
v \_gf preventive-ml preventive-mijinja Admin password root123
(Temporary)
~ [ preventive-mbvm-tmpl vim_instance py
Instance preventiveml-1-vm
B preventivemi-1-vm vm instance
Instance zone us-west2-a
M generated-password-0 password.py
e M-stardard
@ pluto7-public-pma-cbjects storage bucket
preventiveml-1-cp-80 firewall More about the software
Get started with Preventive Maintenance ML
SSH | -
Suggested next steps
Log on now
Start using your application by opening the external ip address
of the compute engine vm instance: https://www.google.com
Change the temporary password
For additional security, it is recommended that you change the
password
Assign a static external IP address to your VM instance
An ephemeral external IP address has been assigned to the VM
instance. If you require & static external [P address, you may
promote the address to static. Learn more [7
Documentation
Getting Started [7
s Document contains step by step guide for the application usage.

Fig: PML Deployment.



Next, go to compute engine VM instance section of Google Cloud Console,

Google Cloud Platform

WM instances

ﬁ Home Instance groups
Instance templates
&/
\.L.I Marketplace Sole-tenant nodes
B Biling Disks
Snapshots
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Images
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Committed use discounts
B 1AM & admin )
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® Getting started Gl chodiks
& security > Zones
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@ App Engine > Security scans
. Settings
ﬁ} Compute Engine >
@ Kubernetes Engine >
[+ Cloud Functions
)) Cloud Run
STORAGE

Next, in the Compute Engine the VM instances list shows an instance with name
preventiveml-1-vm. Click on external IP of the VM to access the Preventive Maintenance
ML application.
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3. After enabling all the APlIs listed above, open the external link of the VM instance in a
web browser which opens a login page. The default login details are-
User: Admin
Password: root123

Preventive Maintenance

Login

Username
Password

Login

4. After successful login, app loads datasets page

= Preventive Maintenance

Dataset / All datasets

Upload Dataset

No records found

Fig 1.1: Dataset home page



5. Upload New Dataset. Sample dataset is available in the cloud storage bucket and
bucket name can be identified as [GOOGLE_CLOUD_PROJECT_NAME]-pma-obijects.
Name of the file is sample dataset/sample-dataset.csv. Name field in Upload
Dataset is mandatory along with the csv file.

Note: Dataset file size is limited to < 50MB currently.

= Preventive Maintenance

Datasets / Create

Upload Dataset What's in the box?

Name

P
CHOOSEFILE | or drag and drop file here Y @ @ @

UPLOAD DATASET ANALYTICS DATA CLEANING MODEL & PREDICTION

Submit

Fig 1.2: Upload Dataset


https://console.cloud.google.com/storage/browser

6. After uploading dataset, the app will redirect to datasets list page and select any one
from the list to see sample set of the data. In the same page there is an option for
attribute mapping. In fig 1.4 data step 2 is attribute mapping.

= Preventive Maintenance

Dataset / All datasets

Name

Private_K2

Airport

Airport 3

k2 filer ml exp 2

k4 Filter

filter_slugify _dataset

working

Demo Exp

K2 FILTER

File Name

private_K2.csv

airports.csv

airports.csv

filers_K2.csv

private_Kd.csv

raw_ab6bedc0-f0c1-11e9-a544-7f54163f3a61-K2Filter.csv

K2_slug.csv

private_K2.csv

filers_K2.csv

Status

Upload Dataset

Added Time
16 Sep 2019 02:04:44
16 Sep 2019 03:08:39
16 Sep 2019 03:23:37
03 0ct 2019 06:27:34
04 0ct 2019 11:32:39
220ct 2019 12:41:36
22 0ct 2019 06:22:12
300ct 2019 07:11:04

06 Nov 2019 02:07:39

Fig 1.3: List of Datasets

Preventive Maintenance

Dataset / All datasets

© revvae

Basic Exploration

Summary Data

Preview Data

IATA AIRPORT ciTy STATE
Albuguerque

AB Albuquerque  NM

2 International ety

Ted Stevens

ANC Anchorage Anchorage AK
International
William B

ATL Hartsfield- Atlanta GA
Atlanta Intl
Austin-

AUS Bergstrom Austin >
International

BDL Bradley Windsor ot

International  Locks

Birmingham

BHM
International

Birmingham AL

e Data Mapping

First 10 rows of the dataset

COUNTRY LATITUDE LONGITUDE

USA 35.04022222 -106.6091944
USA 61.17432028 -149.9961856
USA 33.64044444  -84.42694444
USA 30.19453278 -97.66987194
USA 41.93887417 -72.68322833
USA 33.56294306 -86.75354972

e Done

Fig 1.4: Sample data of uploaded dataset.



7. After attribute mapping is completed for the dataset, go to data experiments page and
create a data experiment for the mapped dataset.

= Preventive Maintenance

Data Experiment / All Experiments

= Datasets

A Data Experiments

E ML Experiments
Id Name Dataset Status
1 K21 Private_K2
2 K2 Exp 2 Private_K2
3 K2 Exp 3 Private_K2
4 Data Exp 4 Private_K2
5 k2 data exp k2 filer ml exp 2 Completed
6 K4 Filter Testing k4 Filter
7 Data Exp 10 Private K2
8 Slugify Dataset Exp filter_slugify _dataset
9 working_exp working Completed
10 Demo Exp Demo Exp Completed

Fig 1.5: List of all data experiments.



In Create Data Experiment give a name for the experiment and choose a mapped
dataset. Then click create.

= Preventive Maintenance

¢
A

Data Experiment / Create

Datasets
Experiements ~  Create Data Experiment
Data Experiments
Name m @
ML Experiments — =
UPLOAD DATASET ANALYTICS
Choose Dataset -
Create

O ®

DATA GLEANING ~ MODEL & PREDICTION

Fig 1.6: Create a new data experiment.

8. In data experiments list page click on any of the list item to see the transformations
applied on the dataset.

= Preventive Maintenance

B

Data Experiment / DATA EXP

Datasets
g Details Visualizations
Data Experiments = e
& ML Experiments Experiment Summary .
= Applied Transforms
Started At 06 Nov 2019 02:12:10
Completed At 06 Nov 2019 02:12:22
Type Casting
Total Transformations 4
Status Columns to drop

Columns to drop

Impute Missing Values

Fig 1.7: Data experiment details and transformations.



= Preventive Maintenance

= Datasets
. Details
QO Experiements ~
X Data Experiments
ML Experiments

run
cycle
stepnumber

Data Experiment / DATAEXP k2 11

bodyfeed_d_e_run_total_bbl

schoene_beer_flow_run_total_bbl_w_one_decimal

pre_blender_wad_run_total_bbl_w_one_decimal

post_blender_wad_run_total_bbl_w_one_decimal

total_wad_run_total_bbl_w_2_decimals

total_k_filter_flow_run_total_bbl_w_2_decimals

total_filtered_beer_flow_run_total_bbl_w_2_decimals

Features

Fig 1.8: Lists of all features of dataset.
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Data Experiment / [

= Datasets
. Details
Q Experiements ~ R |
4 Data Experiments
ML Experiments

run
cycle
stepnumber

bodyfeed_d_e_run_tofi

schoene_beer_flow_ru

pre_blender_wad_run_

post_blender_wad_run

‘total_wad_run_total_bl

total_k_filter_flow_run_

total_filtered_beer_floy

Visualistion Details

Feature Name:

cycle

Histogram

12,000
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Fig 1.9: Data distribution.

9. After data experiment is completed, go to Ml Experiments. Click on create experiment
present on top right side of the page.



In create ml experiment zoo type indicates custom model developed by pluto7 and

AutoML which represents google cloud AutoML Table.

= Preventive Maintenance

ML Experiment / All Experiments
Datasets

Q Experiements ~ Create Experiment

X Data Experiments

Id Name Dataset Status
ML Experiments
No records found

Fig 1.9: List of all ML Experiments.

= Preventive Maintenance

ML Experiment / Create
Datasets

() Experiements ~  Create ML Experiment

4 Data Experiments

Name =
0 0) ® 0
2 o o/
ML Experiments
UPLOAD DATASET ANAIYTICS DATA CLEANING  MODEL & PREDICTION
Choose Dataset ¥
Choose Model Type -
Choose Zoa Type -
Create

Fig 2.1: Create ML Experiment.

10.In ML Experiments list page click on any of the list item to see the model output.



= Preventive Maintenance

ML Experiment / All Experiments

= Datasets
A Data Experiments
ML Experiments

Name Dataset Status

1 MLExp 2 K2 Exp 3
2 MLExp2 K2 Exp3  Created |
3 MLExp 3 K2 Exp3
4 MLExp 4 Data Exp 4 Created
5 MLExp 5 Data Exp 4
6 MLExp 6 Data Exp 4
7 EBxp 3 Data Exp 4
8 Exp 8 Data Exp 4
9 k2 ml exp k2 data exp
10 testing_exp k2 data exp

Fig 2.2: ML Experiment details.

= Preventive Maintenance

ML Experiment / FTST 01
Experiment Details Experiment Output Experiment Prediction
Target Feature Columns Optimized For TEST MAE TRAIN MAE
RUL 76 mae 2170.64 51.88
| Training Loss Validation Loss
3000
2500
2000
1500
1000 [
\\
~,
—
500 ‘~~..__‘_‘_
- I
o e e e e e
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 286 29 30

Fig 2.3: Model performance over the time period.



Once model is trained successfully then predictions can be generated for the model. To
create a new prediction click on create prediction button and give a name for the
prediction and upload the dataset. Sample dataset is available in the cloud storage
bucket and bucket name can be identified as
[GOOGLE_CLOUD_PROJECT_NAME]-pma-objects. Name of the file is

sample dataset/prediction-test-dataset.csv. Name field in Upload Dataset
is mandatory along with the csv file.

Note: Dataset file size is limited to < 50MB currently.

= Preventive Maintenance

ML Experiment / 5dea606526b2777fd39a143d / Prediction / Create

Prediction Data

Dataset Name

CHOOSEFILE | or drag and drop file here

Fig 2.5: Create new prediction.


https://console.cloud.google.com/storage/browser
https://console.cloud.google.com/storage/browser

= Preventive Maintenance

ML Experiment / 5dea606526b2777fd3%9a143d / Prediction

Experiment Details Experiment Output Experiment Prediction
Id Name Status Time
1 FTST 01 PRED 06 Dec 2019 07:46:37

Fig 2.5: Model Predictions.

= Preventive Maintenance

ML Experiment / 5deab06526b2777fd39a143d / Prediction / S5dea62c526b2777fd39a143e
Prediction Details Prediction Preview Download predicticn
Id Sdeab2c526b2777fd3%a143e No. Prediction
(sequence steps in interval of 10 seconds)
Status ; sigi
ML Experiment 5dea606526b2777fd3%a143d 2 2025
Added At 2019-12-06T14:16:37.836Z 3 2225
Dataset Prediction Dataset 4 2225
5 2225
6 2225
7 2225
8 2225
9 2225
10 2225

Fig 2.5: Prediction output.

Contact Information:



For any queries please mail us at contact@pluto7.com.

Know more:
1. Preventive maintenance.
2. Ab Inbev customer success story and google cloud Case Study.
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