~ Phil Rottier
- MathWorks UK Consulting

MATLAB EXPO 2016

The Rise of Engineering-Driven
Analytics




4\ MathWorks

MATLAB EXPO 2016



4\ MathWorks

Analysis

Apply robust, statistically-motivated methods

to data produced from complex systems to

DS?;;,‘,'?;L‘;?C& understand what has happened and why,

predict what will happen

Predictive
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Analytics

Apply robust, statistically-motivated methods

to data produced from complex systems to

DS?;;‘,'?;LVEC& understand what has happened and why,

predict what will happen

Predictive

e suggest decisions or actions. Decision Decision
Prescriptive Support Automation
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We have data

Engineering
Business
Transactional

MATLAB EXPO 2016

Analytics are pervasive — Why Now?

We have compute

Desktop

Multicore, GPU
Clusters
Cloud computing
Hadoop with Spark
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Machine Learning
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We know how

* Neural Networks

« Classification

* Clustering

* Regression

e ...and much more...
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7k Use Image Processing

"~ Images to add image data to the model,

Engineering Data . .
improving performance

Social profile

- IMPROVED Improved
Geolocation Predictive Offer to
Customer

\Yi[eYe [=)

Keystroke logs

Business Data
Transactions
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" Consider the Data in Data Analytics

Video

Audio

Images

Engineering Data
Sensor

Social profile

Geolocation

Keystroke logs

Business Data Transactions

Level of Industry / User Adoption

MATLAB EXPO 2016 Source: Gartner Big Data Industry Insights, March 2016 7
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The Rise of Engineering-Driven Analytics
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Architecture of an analytics system

Data from instruments Data from
and connected systems business
systems

Analytics-
— and Machine
~ Learning = O
- 2
= O
=__ o
= -]
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Architecture of an analytics system

MATLAB & Simulink Integrates in
Embedded Systems and Enterprise
IT Workflows

4\ MathWorks

Predictive Model Predictive Model
deployed in smart and deployed on cloud and
embedded systems business systems

MATLAB EXPO 2016
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Example — BuildinglQ

Adaptive building energy management
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http://uk.mathworks.com/company/user_stories/buildingiq-develops-proactive-algorithms-for-hvac-energy-optimization-in-large-scale-buildings.html?s_tid=srchtitle

4\ MathWorks

Example — BuildinglQ
Adaptive building energy management Buildingl
degrees 4 Actual temperature

Celsius !
Temperature setpoint

time

0:00 8:00 am 6:00 pm 0:00

MATLAB EXPO 2016

13


http://uk.mathworks.com/company/user_stories/buildingiq-develops-proactive-algorithms-for-hvac-energy-optimization-in-large-scale-buildings.html?s_tid=srchtitle

4\ MathWorks

Example — BuildinglQ
Adaptive building energy management Building|

Time of Use
| Weather Energy Prices %
Managed
Services & NOC

v : Demand
Response

Open Access Platform

Running Client Software =
: .

ok Optimization
v DS Program

:./%.:
2k
223 - .

(—)
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http://uk.mathworks.com/company/user_stories/buildingiq-develops-proactive-algorithms-for-hvac-energy-optimization-in-large-scale-buildings.html?s_tid=srchtitle

Real-time, closed-loop optimization algorithms

DATA - Billions of data points:

—— | ambient temperatures, ambient humidity, building
3 operation schedule, comfort bounds, etc.

Analytics and

< Machine Learning
plus signal processing,

Control, optimization

& more @
Q = %
¥ )
Current
_’ Weather
energy costs Feeds
Predictive Model & demand
deployed on cloud with client system
MATLAB EXPO 2016 and real-time data feeds

Physics, energy cost, power, internal temperatures,

4\ MathWorks
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Example — BuildinglQ
Adaptive building energy management Building|

Actual temperature

degrees ,
Celsius
10% to 25% |
cost Temperature setpoint
reduction

6:00 pm 0:00

MATLAB EXPO 2016
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Why MATLAB?

= Robust numerical algorithms
= Extensive visualization and analytics tools

= Industry-robust and reliable mathematical
optimization routines

= Good object-oriented framework

= Ability to interface with Java (for backend work)
= Running MATLAB in the cloud in production

= Unit-testing framework

MATLAB EXPO 2016
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Buildinga

We could rapidly translate our
prototypes into production
algorithms that deal reliably
with real-world noise and

uncertainty
Borislav Savkovic, BuildinglQ
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50 km/h - sudden brake
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Example — Scania
Automatic emergency braking using sensor fusion and analytics

Sensor fusion

‘_;ﬁ»: * Radar

: + Range (longitudinal)
+ Relative velocitv

+ Solid object reflection
- No shapes

- Lateral position

* Camera
+ Object type
+ Object width
+ Lateral position
- Range
- Optical illusions

MATLAB EXPO 2016
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Example — Scania
Automatic emergency braking using sensor fusion and analytics

MATLAB EXPO 2016
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Using Model-Based Design

to build and deploy the analytics
in an embedded control system

MATLAB Integrates Analytics and
, Model-Based Design
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Generate statistics and compare ca\m\:lidates I 1

Local improvements
with direct feedback
<
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[ X
\ / mm Analyze of situations
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Implementing Sensor Fusion at Scania

Machine learning
to develop fusion algorithms

for situation detection
PN

~Jad)

Vehicle logs ‘
of video and radar data ,@Jz:x:::::: me‘;: aR

Rt

S 201305-22 00:27 7| W i
s \
201305270605 | OW, ’t:w‘ I\
7z \
.

F \
Generate staﬁs!iés and compare ca}\gidates

l

Predictive Model
deployed on vehicle

MATLAB EXPO 2016
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e Predictive Maintenance
mond' for polymer-based production machines

W

1 ] 3
~ H TIMESTAMP PARAMETER STATE
Se nsor Data ( 1 m I n Ute) g ~ '2015-07-14 00:49:12.0" 160 160 160 160 1000 7 1000 9 33 32 1
\\__—__// . .
. 2015-07-14 00:50:12.0 160 160 160 160 1000 8 1000 10 33 32 1
105_1005 senSOrS/mach I ne >.__________,.< ‘2015-07-14 00:51:13.0° 160 160 160 160 1000 & 1000 10 33 32 1
H ~ ° ) M~ '2015-07-14 00:52:12.0° 160 160 160 160 1000 & 1000 10 33 32 1
Qua I Ity State ( 40 m I n Utes >___‘—_”< '2015-07-14 00:53:12.0° 160 160 160 160 1000 8 1000 11 33 32 2
\_\_—__/ '2015-07-14 00:54:12.0° 160 160 10 160 1000 8 1000 12 33 32 2
'2015-07-14 00:55:12.0° 160 160 160 160 1000 8 1000 10 33 32 2
~N_

Classification using Statistics, Machine
Learning, and Neural Networks

Nearest Neighbor Classification Support Vector Machines (SVMs)

k=1 .=

SN @ @3-

Naive Bayes Classification

‘ﬁ?@ P(I=T0)>p(3=T)?
L
— |

MATLAB EXPO 2016
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mondi
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Deployment — a MATLAB App
used by machine operators

File  Wiew  Tirmer

a (ibersicht [§

15-Jan-2016 16:34:36
ExtA_Massetemperatur | 29767 14.85%

CMP

Mak%
4006000331351

s M181

M182 176
M184 Walue Label
M185 24 2000 ExtaA_Massetemperatur auto 2971 -
208 9000 ExtE_Massetemperatur auta a7
ExtB_Massetemperatur | 20768 - 2
302000 ExtC_Mazsetemperatur auto 2971
— M1 210 ExtD_Massetemperstur aLto a7
- 30.1000 EXtE_Mazsetempersatur aLto 297
- 152 234 BETS Extr_A_Maszedruck_wor_Sieh  auto 474
e M153 125 ga22 Extr_B_Massedruck_wor_Siebh  auto 475 -
mEx1r_C_Massedruck_vor_Sieb auto 475
- M154 El 142 7485 Extr_D_Massedruck_vor_Sieb  auto 451
— ExtC_Massetemperatur | 29769 B Extr_E_Maszsedruck_vor_Sieh
- M155 E A
MGeschwmmgkeﬁ
— M156 MLuf‘trakel_Nnkel

_ Compound_Gebinder
& mM157 I - inound_F A

M158 _ Compound_F2A
=

E M159 rrerrerrer
KFL

- M271

M272 ' 3
(0]
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ExtD Massetemperatur | 29770
Predictor

M274
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' « Deployment — a MATLAB App
mondi

‘ used by machine operators

File  “iew  Timer k]

m - 15-Jan-2016 15:48:05 [0.52]  Speicher [20 hours]

3T_1 :mp_massetemperatur_vor_seo | 23346

“Our financial control department .
determined that we are saving more

206 Extd_IST_Temp_Massetempera... auto

13-hn-2NE 133233
20.20%
50 .00%

208 ExtB_IST_Temp_hMazszetemp_w... auto

than 50,000 euros per year by using = o teerm s

25 ExiD Isttemp Massetemperatur_... auto

MATLAB for predictive maintenance,” A ——

says Dr. Kohlert. “That total is based

T 1 imp_Massetemperatur_vor_Sieb | 43374 R | [l auto

on just eight machines. We expect | o

) VORI o :. s _S‘tippe m:rt Haf (Summe \-’orf%lle) auto
that to increase at least fourfold as | B v o Vi) it
<

me Yaorfélle)  auto

i

we analyze the data from more of .. ... s ses s

our machines.”
NOT OK

MATLAB EXPO 2016 =
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Architecture of an analytics system

MATLAB EXPO 2016
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The need for data scientists

Domain
expertise

Coding and
integration skills

Statistical and
mathematical
knowledge

MATLAB EXPO 2016
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@ Essential Guide loT analytl&s guide: Understanding Internet of Things data

rehensive collection of articles, videos and more, hand-picked by our editol

Shortage of data scientists, big data pros vexes
loT efforts

CRUNCH NETWORK

How To Stem The Global Shortage Of Data Scientists

Posted Dec 31, 2015 by Amy Gershkoff (@amygershkoff)

Big data talent shortage: How to bridge the gap?

By Abhishek Rar

What they say
* Expand university programs
* Train existing analysts

MATLAB EXPO 2016
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coursera

i= Catalog Q

Institutions Login m

Core Concepts in Data
Analysis

Learn both theory and application for basic methods that have been
invented either for developing new concepts - principal components or
clusters, or for finding interesting correlations - regression and
classification. This is preceded by a thorough analysis of 1D and 2D
data.

coursera

Stanford

University

€© Courseinfo

coursera

i= Catalog Q

Institutions  Login Sign Up

j INICORATION CENTER

Big Data Science with the
BD2K-LINCS Data
Coordination and
Integration Center

Learn various methods of analysis including: unsupervised clustering,
gene-set enrichment analyses, Bayesian integration, network
visualization, and supervised machine learning applications to LINCS
data and other relevant Big Data from high content molecular and
phenotype profiling of human cells.

MATLAB EXPO 2016

i= Catalog

4\ MathWorks

FORNIA NSTITUTE O F TECHNOLOGY

CAL

LEARNING FrROM DATA

Machine Learning course - recorded at a live braadcast from Caltech

| ——

HIGHLIGHTS

[Home]

The lectures
Areal Caltech course, not a watered-down version

Featured on ﬂ

Homework
Textbook

Machine Learning

Stanford University

Institutions Login

coursera 1= Catalog Q

w

UNIVERSITY of WASHINGTON

Computational Methods for
Data Analysis

<div=Exploratory and objective data analysis methods applied to the M
physical, engineering, and biological sciences.</div> <div></div>

=SS h - et S B8 B )= M i
P ———

et “+ = PR
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loT open data platform for students and makers

Built-in MATLAB analysis

O Apps - ThingSpeak X

IS C A | & https://thingspeak.com/apps/matlab_analyses/templates

L] ThingSpeak

Apps = MATLAB Analysis = New
New MATLAB Analysis

Templates:
*® Custom (no starter code)
Get data from a private channel
Get from a public channel

Get data from a webpage

Examples: Sample code to analyze and transform

MATLAB EXPO 2016

Help

MATLAB Analysis
Templates

Templates provide sample MATLAB code for
analyzing data and writing it to a ThingSpeak
channel. If you are new to MATLAB, you can learn

interactively at MATLAB Academy.

MATLAB Analysis
Examples

To see MATLAB Analysis in action, select the
example and click Create.

Simulink support via Raspberry Pi

Q) Interet Of Things - Thine X / 4 Counting Cars and Analy- X

B ]

. Oy et _amaton) B

C A [) makerzone.mathworks.com/blog/counting-cars-and-analyzing-traffic-ras5.e 206 =
-
i rmcteryes st - St R—]
fe tan Vew Dugley Dugran Seuston Assiss Code Took  Melp
2-B¢% | JRO-@-w- -~ (e O D

Live Car Counting with RuL\borry Pi Hardware

“Run” button. Note that the simuistion mode i “Externa™. This mode
S10WS yOu 10 1UNe DAFEMEtErs aNd MONSr SIgrals in the model whe

To run Mis model on hardware, on the Editor toobar chck the
e apEICABON 1 FUNNING ON Rardware

L2

e I UN e ———— ‘....} ooy Mo | L ofmee
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loT open data platform for students and makers

¥ raspberrypi_viptraffictd3 - Simulink o | B e
File Edit Wiew Display Diagram Simulation Analysis Code Tools Help
-0 ¢ e -=-» Y - Extemal 2 | (@ - -
| raspbemypi_viptrafficd3
B |[Fa] raspherryp_viptrafficfda b -
@
- Live Car Counting with Raspberry Pi Hardware
— T run this medel on hardware, on the Simulink Editor toolbar, click the
“Run® button. Mote that the simulaticn mode is "External”. This mode
= allows you to tune parameters and monitor signals In the model while
the application is running on hardware.
L=
RASEERPIR]—ofs ‘ —
'~E__.z G * AGDE—— ForegroundDetector  Ighlask L (LI Ve I
— B L] ComnaiE vl ra
VLY Video Capiurs RN
Comtroid # Cariraid
B 332864 Bt
- Widoo B Avalysis ThingSpeak Wite
Frarme e g Ll Caurit wiowi e
ey Foreground Mask B G
Car Countes
-
Vidag
ﬁ Imags Vi
" Miedan Fitered Foreground Mask
Rcad;' 100% FinedStepiscrate
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MATLAB lets you be your own data scientist ,

. “As a manufacturing company we
4 don’t have data scientists with
machine learning expertise, but
MathWorks provided the tools and
technical knowhow that enabled us
to develop a production

preventative maintenance system
in a matter of months,”

o
g

!

Dr. Michael Kohlert, head of
information management and
process automation at Mondi.

MATLAB EXPO 2016
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Limited
users, scope,
& technology

In MATLAB

MATLAB EXPO

* Engineering
 Business
« Transactional

« Native support for
engineering data

« Database interfaces

» Streaming

2016

§ Dok

e \ , o o salgonthmiTe-,
Compute Machine
Power Learning F
graphs csing ===

Desktop - * Neural Networks
Multicore, GPU « Classification
Clusters * Clustering
Cloud computing * Regression
Hadoop with Spark * ...and much more...

NEW for MATLAB

Audio System Toolbox R2016a
Vision HDL Toolbox R2015a

4\ MathWorks

Pervasive
users, scope,
& technology
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Limited
users, scope,
& technology

In MATLAB

T A

Copute

Power

Engineering » Desktop -
Business Multicore, GPU
Transactional * Clusters

* Cloud computing
* Hadoop with Spark

Native support for

engineering data

Database interfaces

Streaming

Datastore

text, image, video,

Excel files

Timetable, string, and

tall arrays 2016b

MATLAB EXPO 2016

S E.m‘?i%ﬁ_rA
Machine
Learning

gr. aim@h:ﬂﬁ AT

* Neural Networks
« Classification

* Clustering

» Regression

4\ MathWorks

Pervasive
users, scope,
& technology

34



Limited
users, scope,
& technology

In MATLAB

Engineering
Business
Transactional

Native support for
engineering data
Database interfaces
Streaming
Datastore

text, image, video,
Excel files

Timetable, string, and

tall arrays 2016b

MATLAB EXPO 2016

Compute
Power

Desktop -
Multicore, GPU
Clusters

Cloud computing
Hadoop with Spark

Multicore & GPU
MATLAB Distributed

Computing Server
and EC2 Support

Hadoop with Spark
support R2016b
MATLAB Production
Server

M..‘t— Py
_ zxalgorithmi -, .

| Machine F

Learning
graphis clastéring = ="

* Neural Networks
« Classification

* Clustering

» Regression

4\ MathWorks

Pervasive
users, scope,
& technology
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Limited
users, scope,
& technology

In MATLAB

Engineering
Business
Transactional

Native support for
engineering data
Database interfaces
Streaming
Datastore

text, image, video,
Excel files

Timetable, string, and

tall arrays 2016b

MATLAB EXPO 2016

Desktop -
Multicore, GPU
Clusters

Cloud computing
Hadoop with Spark

Multicore & GPU
MATLAB Distributed

Computing Server
and EC2 Support

Hadoop with Spark
support R2016b
MATLAB Production
Server

4\ MathWorks

S Em%%:!_r.
Machine Pervasive
. users, scope,
I—earnmg & technology

graphs clastéring ===

Neural Networks
Classification
Clustering
Regression

Statistics and Machine

Learning Toolbox

Classification Learner App R2015a
Neural Network Toolbox

CNNs for Deep learning R2016a
Machine learning

with code generation
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MATLAB Apps for Data Analytics

4\ Classification Learner - Scatter Plot - O X

[ CLASSIFICATION LEARNER

Classification Learner o2 . @ . G

New Feature  PCA Fine KNN | Medium KNN Coarse KNN Advanced  Train Scatter  Confusion ROC Curve Paralle! Export
Session ¥ Selection Plot Matrix Coordinates Plot Model ¥
FILE | FEATURES [ CLASSIFIER | TRAINING | PLOTS | EXPORT h
- - - - - Data Browser @ |: | Scatter Plot |
istribution Fitting
- ~ Predictions: model 1.4 Rict
1.2 Tree Accuracy: 97.0% 1 . (O Data
Last change: Medium Tree 5/5 features L]
. (®) Model predictions
o o - 1.3 = Tree Accuracy: 97.0% 0.9 ‘. e o xe °
Sy S t e I e n t I f I C at I O n Last change: Simple Tree 5/5 features . ®  Correct
I I l 08F e . ° X Incorrect
e ® o
1.4 KNN Accuracy: 99.0% . L 0 ° oo o
Last change: Fine KNN 5/5 features 0.7 F L ] - " °
. ° . .
° ® Predictors
1.5 © KNN Accuracy: 98.0% .
= = ) o~ 0.6 o © * o
SI n al n al S I S Last change: Medium KNN 5/5 features | o e 0. ! . . ol
f= ) e = - r— »
g M y 16 kNN pearsev 9% Y| E 05F o 4\ Neural Network Training (nntmmt_ oS
< > = ° :
[=] L}

~ Current model
Neural Network

Model number 1.4 ~ 8 o

Wavelet Design and Analysis [ e 2T — o

Prediction speed: ~5300 obs/sec : ® In O ut
Training Time: 0.28722 secs 0.1 L '. - - [ —
. * o > >Q I
- . Classifier o °®e |
Neural Net Fitting e : ’
10 2

Number of neighbors: 1 0 0.2 0.4
Distance metric: Euclidean c

v
Diad -

Original Dataset: X Observations: 100 Predictors: 5 Response Variable: CD'I}I A'gOI'itth

Neural Net Pattern Recognition Dat Diviion: Random (dernd

Training: Scaled Conjugate Gradient (trainscg)
Performance: Cross-Entropy (crossentropy)
Derivative: Default (defaultderiv)

Training Image Labeler

Progress

Epoch: 0 E 23 iterations 1000
Time: | 0:00:00 ,
and many more... Peformance 120 NN ] 0%

MATLAB EXPO 2016 e e s e — . | 1|




Using

MATLAB R2016a

App Designer

&\ MathWorks

4. Patient Data

Gender
| Male

V| Female

Blood Pressure

®) Diastalic
Systolic

Size

&) Weight
Height

Diastolic

::\- PID Controller EI@
Response Model
-
[Trrrirrrrrrrrorrrrrrt TITT[TT I IT T [TToT StUp(__'RUrI
0 20 40 EF g0 100 o 20 4[} &0 100
Valve Position Flow Rate Running O
Controller
40 &0 4 6 0.8 12
;«- Pulse Generator = — -
20 - = /} 80 2= M-e 04—l -1
Frequency 500 Auto Update off (" on - T e
0 100 0 10 0 2
Signal Length (s) Proportional Integral Derivative
Plant
Type |gaussian L 4
Blood Pressur e I s0 90 4o Low ,  Medium
100 r , 30 .‘“‘ 70 \\\\\\ =
16 24 0.4 06 00, 14 20 <0 | J =80 ofs| '\ |sHigh
12 28 - NN
O o, . 10 - an .
91 VER | EEP 02 | |-0s s0sf A : . -
N y /
o0 0.4 36 & . . Set Point Current Setpoint Measurement Noise
[oTa I )] 0 4 0 1 0
a0
oo Edge Window Modulation
(o] 03F
o0 © (o] 0
= 0.4 06 0.4 06 05 - 05 02F
&) (8 .‘ B - - I -
@ & : 01}
g0 @ o0 O 02 L ) /-08 0:2 -8 10 e 1.0 -
0 QW O - )4 ‘
m 0 | i L i L 1 1 L 1 Il
Do O 0 1 0 1 -1 08 06 D4 02 0 D2 04 06 0.8 1
sr OOD Low Pass High Pass Dispersion Time (s)
S 3
70T o]
[s]
65 . : . . : - . : - d
110 120 130 140 150 160 170 180 190 200 210
Weight
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Deep

4\ MathWorks

_earning with Neural Network Toolbox - New in R2016a

o (&)

Edit View Inset Tools Desktop Window Help

ool
NEHL R ANEOPDEL- S |0E D

;:fﬁ';rg ”isgvrs“‘

Fe

S

MATLAB EXPO 2016

sports car, sport car (9.94 %)

minivan (6.64 %)

convertible (2.19 %)

minibus (0.74 %) 1

moving van (0.30 %)

Lo |lo s
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The Rise of Engineering-Driven Analytics

imi L ST o . :
Limited . Compute Machine Pervasive
users, scope, Blg Data I . users, scope,
& technology B S Power Learning & technology

LE :/'5”/ YLlapis vy = -

Be your own Data Scientist! 9

MATLAB EXPO 2016

4\ MathWorks
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More details in ...

Application Track 1 Application Track 2 Introductory Sessions Master Classes

What's New in Simulink
Release R2016a and R2016b

Big Data

11:45 Introduction to MATLAB Signal Processing
) MATLAB and Advanced Analytics j§ Fast-Paced Development in F1
at Shell Control and Analysis Systems
Machine Learning and Deep o . Introduction to Parallel Hardware-in-the-Loop: Real-Time
: New Capabilities in Testing . . .
Learning Computing Simulation
12:45 Lunch
13:15 Lunchtime Talk - Science Capital
14:00 The Adoption of MATLAB Apps and Phy§|caI Mode;lllng Integ_ratlon and
Toolboxes at Jaguar Land Rover Cosllmulatlon In aReal-Time
Environment Introduction to Simulink and Simulink for Teams: High-
: - - : : fl P ivity Workfl
14:30 Developing and Sharing Connecting to Hardware and Rapid Stateflow roductivity Workflows
MATLAB Apps and Toolboxes Prototyping
15:15 Break
15:45 MATLAB Algorithm Development  Applying MathWorks Tools to
and Verification for Eurofighter Automotive Embedded Software
Typhoon Praetorian Development Modelling Physical Systems in Developing Robust MATLAB Code
16:15 Modelling and Simulating RF Verification of Automatically Simscape and Apps
Sensor Systems Generated Code

MATLAB EXPO 2016
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The Rise of Engineering-Driven Analytics

Limited T e . Pervasive
users, scope Big Data ComPUte Machine users, scope
» ’ K hahu | . » ’
& technology . Y Power Lea rning & technology
L O\ Ylapis vy = -

Thankyou

MATLAB EXPO 2016

4\ MathWorks
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More details on ...

- BuildinglQ: Adaptive building energy management
— http://uk.mathworks.com/company/user stories/buildinqiqg-develops-proactive-
algorithms-for-hvac-enerqy-optimization-in-large-scale-buildings.html?s tid=srchtitle
= Scania: Automatic emergency braking using sensor fusion and analytics

— http://uk.mathworks.com/company/newsletters/articles/developing-advanced-
emergency-braking-systems-at-scania.html?s tid=srchtitle

= Mondi: Predictive Maintenance for polymer-based production machines

— http://uk.mathworks.com/company/user stories/mondi-implements-statistics-based-
health-monitoring-and-predictive-maintenance-for-manufacturing-processes-with-
machine-learning.html?s tid=srchtitle

MATLAB EXPO 2016
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