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Learning objectives

Understand why predictive maintenance matters to Amazon

Understand what Amazon Monitron is

Understand options for integrating Amazon Monitron with other AWS services

Understand the benefit Amazon Monitron has provided to Amazon
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Agenda

Working backwards from the customer

Typical preventative maintenance

Predictive maintenance as a service

Amazon's implementation of Amazon Monitron
Operational impact

Lessons learned
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Working backwards
from the customer
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The customer promise

Hello . . . Hello, Garry Returns 0
ama; on © select your address AR hand soap antibacterial O\ Z&=EN- Account&Lists ~ & Orders -\.-./Cart

— All Backto School Offto College Amazon Basics PrimeVideo Today'sDeals BuyAgain Prime ~ BestSellers Customer Service Kindle Books New Releases Coupons Watch "The Rings of Power"

All Beauty  Premium Beauty Makeup Skin Care Hair Care Fragrance Tools & Accessories Personal Care Oral Care Men's Grooming Professional Beauty Best © “<A Eligible Items

629

NOW Solutions, Organic Vegetable Glycerin Oil... ‘ :
e 2 Y Subscribe & Save $8.54 $8.99 ,prime

¢« Back to results Yonsored

$9 595 ($12.98 / Count)
SOFTSOAP Antibacterial Liqt
Soap Refill, Fresh Citrus, 2 x! FREE delivery Tomorrow,
Bottle , Bathroom Soap, Bulk November 28. Order within 2 hrs

Moisturizing Antibacterial Set 8 mins. Details

Visit the Softsoap Store
20 ratings

A

N Select delivery location
$2 595 ($12.98/ Count)

Get $50 off instantly: Pay $0.00 upon approval for the Amazon

Rewards Visa Card. No annual fee. Add 16 Cart

Available at a lower price from other sellers that may not offer
free Prime shipping. Buy Now

Softsoap { Item Form Liquid

Antibacterial - % Antibacterial skin Type All

Eliminates 999% of Bocienia” £R Efminates 97.9% of Bocteria”

Secure transaction
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On-time delivery
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Lifecycle of a package
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Conveyors, conveyors, COnveyors
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10 miles of conveyors
800+ motors
500+ belts
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And more conveyors
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A customer order will travel acro
tens of miles of conveyor belts

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Delay means broken customer promise
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Maintenance strategies
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Industrial maintenance strategies

Reliability OEE and uptime

PHASE |
Reactive

Source: Deloitte

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved
)



Not recommended
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Industrial maintenance strategies

Reliability OEE and uptime

PHASE | PHASE Il
Reactive Planned

Source: Deloitte
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Non-invasive
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Invasive
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Typical challenges

EE.-_GD IL)I

Frequency Human Safety Service Cost of
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Industrial maintenance strategies

Reliability OEE and uptime

PHASE | PHASE II PHASE IlI
Reactive Planned Predictive

Source: Deloitte
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Difficult and costly to implement

{CJ'E: Require installing

L expensive sensors
O
- :__ ogeo
r— ¢/ > Ability to capture and
- T 4[p transfer data

ian, Analyze sensor data for

= failures

aWS, © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Customers want a managed,
end-to-end, predictive
maintenance solution
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Amazon Monitron

ISO and ML-based
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End-to-end managed solution

Operations site
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_ Operations center

Monitron service

 Temp & vibration

« Anomaly detection
ISO standards

* Machine learned
models
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Mobile and desktop apps




Desktop and mobile app

Assets (1745+) CB.SRT.01.IF07.8201.10.02

Left bearing drive shaft

Q. Find assets . .
Left bearing drive shaft

¥ CB.SRT.01.F07.8201.10.02 o . Ala rm

Left bearing drive shaft [ ntaren ] @)  Alarm invoked at Sep 19, 2022, 11:33 AM. Detected based on vibration Machine Learning.

Gearbox

Left bearing wel Measurements M Download Csv

AFE3.5.1.TOTE.05.50362.10

@ Last1 0oy Alarm invoked at Sep 19, 2022 at 11:33
Vibraton RMS Velciy AM. Detected based on vibration Machine
MNL.PCK.AR.P4.LN.233180 : Lea rn i n g :

MNL.PCK.PSOLV.8300.50.16

WST.MRG.TA.210255

]

210335/ metal detector 2
AFE3.5.1.DIS.LN.08.4100.23.03
Measurements

AFE3.5.1.MRG.M.IF02.4100.15.02

AFE3.5.1.MRG.M.IF03.4100.72.02

AFE3.5.1.MRG.PCK.01.5501.02.01 Sep19  Sep19  Sep19  Sep13  Sep19  Sep19  Sep19  Sep19  Sep19  Sep19  Sep19  Sep19  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep 20

12:00PM 01:00PM 02:00PM 03:00PM 04:00PM 05:00PM 06:00PM 07:00PM 0B:00PM 09:00PM 10:00PM 11:00PM 12:00AM 01:00AM 02:00AM 03:00AM 04:00AM 0500 AM 06:00 AM 07:00AM O0B:00 AM 09:00 AM 10:00 AM 11:00 AM 2W

Alarms based on ISO thresholds are stopped. Learn more [3 1 D 1 W

Temperature (°F)
90.0

AFE3.5.1.MRG.PCK.01.5501.02.05
AFE3.5.1.MRG.PCK.01.5501.02.05

AFE3.5.1.PCK.02.F421.1106

Sep 19, 2022 - Sep 20, 2022
Vibration RMS Velocity X

[~ I <<~ I~~~

AFE3.5.1.PCK.04.5504.01.01

a

AFE3.5.1.SRT.RCRC.4100.05.04
AFE3.5.1.TOTE.03.3400.22.01
AFE3.5.1.TOTE.03.50562.12 O. 248 I n c h /S, Sep 20 at 1 0.36 AM

ARZONE.2.LN.IFO1.F201.1104

AUTO.PCKTAF702.1147

AUTO.PCKTAF702.1173
19 Sep19  Sep19  Sep19  Sep19  Sep19  Sep19  sSep19  Sep19  Sep19  Sep19  Sep19  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep20  Sep 20

Sep P P P P P P
CB.SRT.01.1D02.5 12:00PM 01:00PM 02:00PM 03:00PM 04:00PM 05:00PM 06:00PM 07:00PM 08:00PM 03:00PM 10:00PM 11:00PM 12:00AM 01:00AM 02:00AM 03:00AM 04:00AM 05:00AM 06:00AM 07:00AM 08:00 AM 09:00 AM 10:00 AM 11:00 AM

CB.SRT.01.1D03.8

CB.SRT.01.1D07.8800.87.08

ooz ooooan

CB.SRT.01.IF01.F804.1125
Sensor ID Last measurement time Gateway signal strength Firmware version

f5¢7¢4424531 Sep 20, 2022, 10:36 AM = -87 dBm 1565

“]

CB.SRT.01.IF03.1
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Continuous operation

Automatic
operations

Alerting and
feedback

Anomaly
detection

Temperature
and vibration
measurements
Amazon Monitron
Machine Automatic
learning data analysis
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Amazon’'s implementation
of Amazon Monitron
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9-month pilot

33 fulfillment building
25,000 sensors

700 gateways

9,000 assets




Single motor installation
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Assembly installation

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
N7



66% on critical L1
33% on critical L2
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Dangerous or hard-to-access equipment
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AWS building blocks
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Extended integration

Operations site

~—"

Machinery Local network
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Event-driven, serverless solution

Operations site
_» I
{ }
—
Machinery Amazon Data
Monltron
i Operations cénter
=
o -‘S"gs
Mobile and desktop apps
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Data

(XX} data — Ggalinsk-monitron

@ {} data U X

misc > {} data > ...

}:) 13 "gateway": {
14 "physicalld": "string"
15 },
g& 16 "measurement": {
17 "features": {
o 18 "acceleration": {
B:l 19 "band@To6000Hz": {
20 "xAxis": {
aws 21 "rms": 1.23456
— 22 h
23 "yAxis": {
F' 24 "rms": 1.23456
25 Iy
26 "zAxis": {
o 27 "rms": 1.23456
28 +
'z‘ 29 g
30 "band1@To1000Hz": {
31 "resultantVector": {
32 "absMax": 1.23456,
33 "absMin": 1.23456,
34 "crestFactor": 1.23456,
35 "rms": 1.23456
36 I
37 "xAxis": {
@ 38 "rms": 1.23456
39 i
40 "yAxis": {
{:} 41 "rms": 1.23456
42 Ip

mam o |
t m -
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data — Ggalinsk-monitron

{}data U X
misc > {} data > ...
62 tr
63 "zAxis": {
64 "rms": 1.23456
65 }
66 }
67 }
68 lp
69 "sequenceNo": 1.23456
70 g
71 "models": {
72 "temperatureML": {
73 "persistentClassificationQutput": "string",
74 “pointwiseClassificationOutput”: “string"
75 ¥,
76 "vibrationIS0": {
77 "isoClass": "string",
78 "mutedThreshold": "string",
79 "persistentClassificationQutput": "string",
80 "pointwiseClassificationQutput": "string"
81 Ig
82 "vibrationML": {
83 "persistentClassificationQutput™: "string",
84 "pointwiseClassificationOutput": "string"
85 }
86 g
87 "assetState": {
88 "newState": "string",
89 "previousState": "string"
90 H
91

Dem| o
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Event-driven, serverless solution

Operations site

oA
|
3l
|
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Amazon Data AWS loT Events

Machinery Mon't .
itr

i Operations cénter

0 | 2

Mobile and desktop apps
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AWS loT Events state model

Alarm Healthy
Change-to-Alarm

10 events

«

8 events

Change-to-Alarm In-Maintenance Change-to-Warning Change-to-Healthy In-Maintenance

e

Warning ] Maintenance
——{ In-Maintenance }——

8 events T T T e 8 events
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Event-driven, serverless solution

Operations site
— Q-
Y o PG 72\ VP .
{ . o—C~ 0
—
Machinery Amazon Data AWS loT Events AWS Lambda Amazon Chime
Monitron
i Operations cénter
| .|_ ==/ ooo |___
— .I |V
o ;\"% e lN_
. Third-party asset
Mobile and desktop apps management Chat room
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Chat room

In reply to message:

EM: MONITRONM - VIBRATION - ALARM

Workorder: 1002327516

Mame: AFE3.0.1.MRG.M.LN.1091.81.3.M3

Position: DriveRoller

Sensorld: chd1e99a8fc9

Trigger: 150

lmestamp: 2022-07-08T10:06:17.2912
Investigated, finger guard fouling 3x belts. Have reported to shift senior and will be dealt with
at next break

Monitron Webhook

RM: MONITRON SITE SENSOR HEALTH

Site:

Sensars (total): 862

Sensors (offline): 225

Gateways (total): 16

Gateways (offline): f4aa27eb381a, f02ef445637e, f09a15a89274, dOb3e565620a, f17d8780-
faf3, d146028bd868, d8338e0e39b0, cd3eaf25cdb4

RM: MONITRON - VIBRATION - WARNING
Workorder: 1002259422

Mame: AFE3.0.2.RTG.LN.2080.2.10
Pasition: FrontETU

Sensorld: c3842f1d9ac8

Trigger: ML

Timestamp: 2022-07-04T18:30:07.0522

In reply to message:

RM: MOMNITRON - VIBRATION - WARNING
Workorder: 1002259422

Name: AFE3.0.2.RTG.LN.2080.2.10
Position: FrontETU

Sensorld: c3842f1d9ac8

Trigger: ML

Timestamp: 2022-07-04T18:30:07.0522

Tech investigating

Amazon Chime Room

That's a lot of gateways to go offline in one hit on Sunday. Did we see a power cut?

aws
~—
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Architecture

Update State Machine
namoDB
(PartiQL)
Retry < Timeout
DyndihoDB 505 Refy Queue
(MonitranCynamoDB) incremental backoffidelay
(MenitrongqsQueue)
Update DynamoDB Elaslic IP Ti it
N R (ParfiaL) IP Allowisad Access i
gisLa (ManitfonEip)
A, Yy
. ‘ 3 -\
) PUT Trigger Meaningfull WARNING Test
ALARM ’}’ Site ID
b
Monitron 53 Bucket Lanjbda loT Events Larf'bda NAT Gateway APM Endpoint APM Endpoint X
(MonitronS3Bucket) (MonitronJsof TolotEvents) (MonitronDetectorModel) (Monitronlr i (Hexagon) (Hexagon Hosted)
UNKNOWN
Si
Gt
e Creddntials
>< Failure Request
Use EAM XML
EAM Endpaoint
Get (RME Hosted)
Credentials
AN SN
Secrets Manager Aurora MySaL Secrets Manager DynamnoDB
(MonitronDatabaseSecret (MonitronAdsCluster) (Monit \PartnerSecret) DynamoD| 100ks)
(MonitronintegrationPartnerSecretAll)
SQL SELECT Query DynamoDB
CRON Trigger Push Sensor Health Report Push Waork Order Creation
EventBridge Schedule Rule Lambda
i HealthFunction)
Has Wibhook
Chime Room
Notification
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Architecture

Amazon AWS AWS Amazon
Monitron loT Events Lambda Chime
aws © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Event-driven, serverless solution

Amazon Monitron

aws
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Oqfr\o
=

AWS loT Events

%5

Amazon Chime

~
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AWS Lambda
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Amazon SQS

=

Amazon
DynamoDB

&

Amazon
EventBridge

K,:7I g
S

Amazon RDS Amazon Kinesis
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AWS Secrets Amazon S3
Manager



Operational impact
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Increased frequency of measure
from every 4 or 12 weeks to hourl
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Reduced mechanical failures by'
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Track operational changes week
in advance. Plan repair safely and
without impact to operations.
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Amazon Monitron detected 4,800

potential failures, saving the busin
$20 million
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Lessons learned
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Everything fails all the time.
Need multiple maintenance strate
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Amazon Monitron is an early warn
system allowing for the eliminatio
some manual, scheduled checks
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Easy to install and ready to
scale to Amazon's size
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Trusted by Amazon'’s
repair and maintenance
engineering organization
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ROI of less than one year
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Questions?
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Thank you!

[waeres] Please complete the session
'8

survey in the mobile app
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