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ABSTRACT

Big data has been dominating the IT mindshare for the last few years. And, with a slew of new technologies, i.e. in-
memory database, NoSQL, machine learning, and cloud added to the Big data - Hadoop ecosystem, IT is left to
grapple with reality vs. hype. Where do you begin, and how do you proceed? McKinsey, in a January 2015 article —
“Getting Big Impact from Big Data” - makes these recommendations:

“Visualization tools... are putting business users in control of the analytics tools by making it easy to slice and dice data, define the
data exploration needed to address the business issues, and support decision making,” writes David Court. Earlier in the article he
says “...analytics specialists builds models targeted to specific use cases. These models have a clear business focusand canbe
implemented swiftly.”

Sensor data, i.e. time-series data from aircraft or ground assets or from manufacturing operations, has its own
flavor of bigness — along with its three V’s - volume, velocity, and variety to make up the industrial big data. But we
have successfully dealt with it across numerous industries — in power generation, oil & gas, chemicals,
pharmaceuticals, metals and mining, paper & pulp, utilities such as water, gas and electric transmission and
distribution, critical facilities, data centers, and others.

And, in working with our customers, we find self-service data analytics using models targeted to specific use cases
is key to rapid insights — whether it is small data or large data, or even big data. Attend this session — we will

explore the various ways to getting insights from data.
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Time-series data is different — but not hard

Instruments and sensors - data, data sampling, data rates, data compression... é

Shaping the data - list, hierarchical..., data structure, data dictionary... ﬂ R

Calculations - virtual sensor, expressions, roll-ups, SQC, FFT... streaming data ittt

i

Framing the time-series data - Start/End of a time window...

* Out-of-the-box - visualization, display tricks, replay, Excel, notifications, smart device...

External - business intelligence, data mining, machine learning, Matlab, R, Big Data...
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Time-series data is different — but not hard

* Instruments and sensors - data, data sampling, data rates, data compression...
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Instruments and sensors — data, data sampling, data rates, data compression...
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Instruments and sensors — data, data sampling, data rates, data compression...

once a day to microseconds

107> to 104

signal frequency range
10° (billion) order of magnitude
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Instruments and sensors — data, data sampling, data rates, data compression...
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Time-series data is different — but not hard

* Shaping the data - list, hierarchical..., data structure, data dictionary...
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Shaping the data - list, hierarchical..., data structure, data dictionary...

Specifying the meta-data
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Time-series data is different — but not hard

* Calculations — virtual sensor, expressions, roll-ups, SQC, FFT... streaming data
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Calculations — virtual sensor, expressions, roll-ups, SQC, FFT... streaming data
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Time-series data is different — but not hard

* Framing the time-series data - Start/End of a time window...
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Framing the time-series data - Start/End of a time window...

&
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Digester - Heating Phase

Heat-Temp-Top by TimeAfter, and EventFrame

340 EventFrame
DigCycHeat 2015010
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Time-series data is different — but not hard

Instruments and sensors — data, data sampling, data rates, data compression... é

Shaping the data - list, hierarchical..., data structure, data dictionary... @

Calculations - virtual sensor, expressions, roll-ups, SQC, FFT... streaming data F?ﬁ;?;;a

Framing the time-series data - Start/End of a time window... |_®|
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Time-Series Data, Assets and Events
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FEDERAL WORKSHOP
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Industrial Big Data

= Volume - huge
— Millions and billions and trillions of measurements

= Velocity - high

— Every few seconds, and some with millisecond/microsecond precision

*= Variety - many
— Production - sensor, automation controls - time-series data
— Quality - lab data
— Maintenance - relational, text
— Inventory - relational, transactions
— Other - manual input with annotations, web pages, external systems...
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100K cells, 2M breakers

10 years online

1K assets, 1M points

3 years online 7 years online

1 4 10 Unique Events: 177 Trillion

Estimated Data: 1,410TB

10 years online
Unique Events: 6,307 Tr
Estimated Data: 50,460TB

Unique Events: 105 Trillion
Estimated Data: 840TB

Unique Events: 55 Trillion
Estimated Data: 430TB
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Time-series data is different — but not hard
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* Out-of-the-box - visualization, display tricks, replay, Excel, notifications, smart device...
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Out-of-the-box - visualization, display tricks, replay, Excel, notific-~ ns, smart device...
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(]arnegie Mellon Facility manager’s screen

Energy Trend
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Out-of-the-box - visualization, display tricks, replay, Excel, notific-~ ns, smart device...

A B C D E F H |
2 site Name|5an Leandro Power Plant
3 Search Start 1/10/2014 0:00| 10-1an-14 00:00:00 Unit Name|Unit 1
4 Search End| ¥ 24-Mar-14 14:17:41 Pump Name | Boiler Feed Pump -
o |merer reee
g | Pump Information [Pl AF] PRESSURES
k 1 Bearing Vibrati k 1 Bearing Outboard Beari- Discharge

9 X Vibration ¥ Vibr- oearing Vibration ¥| Bearing Oil Pressure| Control Oil Pressure Pressure
10 Uom mils mils mils psi psi psi
1 Value at Start: 10-Jan-14 00:00:00 |0 | 16|l 130l | 155 15.04 3p.33 3675.56
12 Value at End: 24-Mar-14 14:17:41 I] 0.09 0.13 4 0.05 8.40 3419 28.38
13 ini I] 0.05 2 0.04 211 29.82 -76.94
14 Average . 1.05 I:l ‘ 1.26 1414 32.87 2786.92
15 i [ 236 D A 188 19.12 39.91 4081.23
16 stDev|l | ] R 0.62 3.69 0.96 1687.24
19 EF NAME ~ATEGORY EVENT TEMPLATE
20| Pump Events [Pl EF] (281) |* | |* [v
21
22 .mum 0 0:05:00 Minimum #VALUE!
23 Average 012:15:22 Average #VALUE! 281 <<Boile
24 StdDev 1 6:01:40 StdDev #VALUE!
25 Maximum_ Maximum H#VALUE!
27 | |Event name a3 End time ion|Event I i
28 | |Boiler Feed Pump #1 -~ ~.00:00 11-lan-14 06:40:00 1 6:40:00|Boiler Feed Pump Low Discharge Flow
29 | |Boiler Feed Pumr -4 00:00:00 11-lan-14 06:40:00 1 65:40:00(Boiler Feed Pump Low Discharge Flow
30 | |Boiler Feed ™ san-14 00:00:00 10-Jan-14 00:55:00 0 0:55:00|Boiler Feed Pump Cavitation Anomaly
31 | |BoilerF 10-Jan-14 00:00:00 10-Jan-14 00:55:00 0 0:55:00|Boiler Feed Pump Cavitation Anomaly
32 | |Boiler) 10-Jan-14 06:35:00 10-lan-14 07:00:00 0 0:25:00(Boiler Feed Pump Bearing Temp
33 | |Boiler Fec ~um 10-Jan-14 06:35:00 10-Jan-14 07:00:00 0 0:25:00|Boiler Feed Pump Bearing Temp
34 | (Boiler Feed eed Pun 10-Jan-14 09:35:00 11-lan-14 11:30:00 1 1:55:00|Boiler Feed Pump Cavitation Anomaly

» L LIVE Root Cause Compare Boiler Feed Pump Relative Production Summary Report Hourly Report Daily Anomaly Inves ... 1 »
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Boiler Feed Water Pumps

Station OvrVw | l Generator

Main Steam Flow

Pump #1 28.64 k Ib/hr
Active Thrust
. Inner Temp 189 degF
0.1592 mils  Bearing Metal 87 degF A
0.1503 mils _ . -
Bearing Temp
90 deg F
o N______________,
' Oil Temp Leaving Cooler
l 90 deg F
all X'Pmbesl BFP Steam Turbine Trends Coupling Trends
allY-probesI | vibe | |brg templ l vibe I Iradial brgI Ithrust brg] IIubeoiII I MHM I

X:

SUCTION DISCHARGE
195.5 psig 228.068 k Ib/hr
140.53 psi
0.1519 mils 274 deg F
0.1823 mils

Bearing Temp
88 deg F

Pump Trends

| vibe | | brg temp | |case templ Ioper parl | MHM I
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- Scarch NuGreen Energy'" :

NuGreen Energy - Wind Turbines Analysis - RS2013

WTGO3|Power

WTGO3|Rotor Speed

WTGO3|Tower Acceleration

K 3 oooees ‘ mennwo (TR 2013-09-13 22.04:12 2h 2013-09-14 0.04.12
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MITSUBISHI HITACHI
POWER SYSTEMS

MPSA Project Sites > Wolf Hollow Portal

Company Products Service

A MITSUBISHI wolif Hollow Portal
POWER SYSTEMS

Welcome DiPersia, Bryan ~ | Mylinks » | @ =

[This Site: Wolf Hollow Portal =] L

RMC@mpshq.com

90° gh\ 88°
Granbury, TX  .J.%' Orlando, FL

8/27/20093:14PM  8/27/2009 4:14 PM
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for Grand River

082209_WH ! new
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Latest Monthly Report

#  \impshaphWH1:LA10474

829

|
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New Gas Fired

Type Name

|

050909_WH_MO

Select Unit

i
J

l

\impshaplWH 1:LA10511
2‘7 387

|
M

a A ‘Wolf Hollow

Generation Facility

Parameters value EngUnit O IGV-POSITION
GT CONTROL - LOAD 225.40 Mw
GT CONTROL - SPEED 3595.95 RPM
Learn More AMBIENT - TEMP 88.83 F
COMPRESSOR - INLET AIR TEMP. 74.50 F Unit .~ Output (MW)
COMPRESSOR - OUTLET AIR TEMP 865.49 F Wolf Hollow GT1 Load Output
1GV - POSITION 97.38 % Wolf Hollow GT2 Load Output 1 —
‘COMB SHELL - PRESS 266.52 PSIG
FG - FLOW (CORRECTED) 2283645.00  SCFH
EMISSIONS - NOx 4131 PPM

24 Hour(s) 812712009 21:14:53

* AMBIENT - TEMP
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Turbine Vibration Excursion — Comanche Peak Nuclear
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o CP1 Wkib HP 23 SH Bearing-Cwarall
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* CPSES U1 Unit1 Turbine FR 4 Owarall Amplituda

O CP1 ¥MVil LP2 BX SH Beanng-Overall
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OSlsoft Partner: Metrix — seTPoINT www.setpointvibration.com

Demonet] \Turbine Vib\TIB\TIBX 63VE2902B

@) osiot. FEDERAL WORKSHOP
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Phasor measurements - FFT and SQC charts

0.8 Hz Osdillations : [Moving Average]
E 000-020 \ Chart Tag: OAK FREQ-MAG-036.FFT
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Dereyatiion jo USLILSL: 01/0

[ 040-0580 Sigma:  0.00298
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3132015 1211:41PN .
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Out-of-the-box - visualization, display tricks, replay, Excel, notifications, smart device...

Thu 3/26/2015 7:00 AM

DoNotReply@QOSlsoft_PINotif.com

Flash 3 Press\Notifications[Daily FD3 Production KPIs] generated a new notification event.
To Gopal Gopalkrishnan
Name: Daily FD3 Production KPIs

Trigger Time: 3/26/2015 6:00:00 AM Central Davlight Time (GMT-05:00-00)
Unit: Flash 3 Press

In the Last 24 hours:
F3 Press Cycles = 202 count
F3 Total Pounds Produced = {Emor retnieving result} b

F3 Downtime = 2166667 h

Cake Wash = 56814.78 US gal
Sharry Feed = 1214521 US gal

http://dfpicoresight/Coresight/#/PBDisplays/10073
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% Boiler Feedpump Overview

O PI Coresight

o Boiler Feed Water Pumps

it Anaiyeie

Main Steam Flow SucTion DIsCHARGE
29.12 k b/ 0.

e Pump #1

Active Thrust

|4l X et BFP Steam Turbine Trends Coupling Trends Pump Trends
| i ¥ pmoban [Cwee | [emwnees] [[ts | Scmtiom] [mmseng] [bwit | [ | [vee |[omnems | [casmimns] “compur ][ sem |
r— T 5 B

B =)

Coupling Trends

wtn [-m.nm] Wsid ey ‘u-ul M ]

| ﬁ"~=-=°-'-| BFP Steam Turbine Trends
[all' ot wbe I Bnm'

Pump Trends

] [ [ ] [

3/25/2015 7:31:06 AM < 1d >

Ad Hoc Display 4

3/26/2015 7:31:06 AM
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Boiler Feedpump Overview Ad Hoc Display

® Boiler Feed Pump #1|inboard Bearing Vibration X
0.15573
mils
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Time-series data is different — but not hard

@ Pl Coresight &

@ 2\ Pl ProcessBook a

|_| PI Datalink i
B #1 webparts ﬁ

@

External - business intelligence, data mining, machine learning, Matlab, R, Big Data...
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System of Record

* Guaranteed Delivery & Storage

* Full Fidelity of Sensor

e Optimized for Real-Time
* Backup/Restore

« HA

e Security

ﬁ Cleanse

Pl Integrator

f

- Augment

1

| Shape

J,+
+‘++++ob|ecu*

@

- Excel

©Spotfire’ cocnos QlikView

TIBCO Software

ap Hediuceml”

§sas
SAPd

" Transmit q Analytics Packages

Designed to Analyze Large Sets
Expects that the Data Exists
Problem Defines Data Shape
Typically Evenly Spaced in Time
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Business Intelligence / Visual Analytics
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Date Cycles - Duration Statistics
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Machine Learning and Predictive Analytics
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OutsideTemp(degF): 60.00
DayofWk: 7-Sun

Average of BldgEnergy(kWh): 880.11
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R2013a

R2013a (8.1.0.604)
64-bit (win64)

February 15, 2013
License Number: 842125

Pl System with MATLAB...
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Phasor Analytics

. Pl Server .
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NA SP North American
SynchroPhasor Initiative
http://www.osisoft.com/resources/presentations/presentation_abstracts/2014_-_Industry_Session_-

_Transmission_and_Distribution,_Smart_Grid/TD140050_Real-time_Event_Detection_of_Microgrid_Dynamics.aspx https://www.naspi.org/File.aspx?filelD=1343
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Your Pl Infrastructure is Essential for Big Data

M F E D E RA L WO R KS H O P © Copyright 2015 OSlsoft, LLC 64



InformationWeek

Merck Optimizes Manufacturing
With Big Data Analytics

Pharmaceutical firm uses Hadoop to crunch huge amounts of data so
it can develop vaccines faster. One of eight profiles of
InformationWeek Elite 100 Business Innovation Award winners.

Liado (left) and Megaro used cloud-based Hadoop computing to speed up

the analysis of vaccine yield rates.
http://www.informationweek.com/strategic-cio/executive-insights-and-innovation/merck-optimizes-manufacturing-with-big-data-analytics/d/d-id/1127901
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Gopal GopalKrishnan, P.E.

gopal@osisoft.com

Solution Architect
OSlsoft, LLC

Time-series data is different,
but not hard...
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