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Overview
—
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-
Data Aggregator
Publish data A Data storage Deploy analytics
to aggregator A Online analytics to aggregator
A Visualization and reporting
o~ o
Deploy algorithms to nodes/devices ‘
- AL
~ Monitor and control nodes/devices l:
; _ ——
= Edge Nodes Exploratory Analysis
g'_ A Embedded algorithms for sensing, A Historical analytics .
-" data reduction, and control A Algorithm development
A Models and simulation of system
behavior

MathWorks Provides Capabilities for All of these Steps
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loT T Design challenges

A Streaming data management and storage
A Availability of complex analysis as services
A Ability to turn results into actions

(
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A Advanced analysis algorithms
A Tools for deployment and connectivity

A Embedded development is challenging
A Increasing algorithmic complexity
A Need connectivity to cloud resources
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Use all types of data

MATLAB Data Support

Business and
Transactional Data

Engineering,
Scientific, Test and
Field Data

File I/10

A Text

A Spreadsheet
A XML

A CDF/HDF

A Image

A Audio

A Video

Types of Data
A Geospatial

Repositories
A Databases (SQL) and other
A NoSQL

A Hadoop MATLAB also has deep

capabilities to handle and

Real-Time Sources process images, audio, RF

A Sensors
A GPS ot her
A Instrumentation
A Cameras
A Communication systems
A Machines:
A embedded systems
A fieldbus
A Financial datafeeds

inewo

Communication Protocols

A CAN (Controller Area Network)
A DDS (Data Distribution Service)
A OPC (OLE for Process Control)
A XCP (eXplicit Control Protocol)
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Traditional Data Sources Dominate, But
Many New Sources Are Planned

MATLAB handles numbers,
text, time-series, categorical,
Atradit.i

Social media profile data

Emails/documents

Social media chat/interaction data
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Transactions ? 79%
Log data | 5c

Geosaatialiloi:atlon data
0} a (0]

Sensor/machine-generated data

signals, video, telemetry and
soufrces
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43%

® Analyzed now
. Planned

Gartner
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Extensive toolboxes and apps tuned for domain experts

MATLAB Advanced Analytics Algorithms

Analysis, Modeling, Design
Data visualization
Statistics
Regression
Machine learning (supervised and unsupervised)
Neural networks
Optimization (gradient-based and stochastic)
Symbolic computing

4 _ ) / / 1 Image and video analysis
Business and Signal processing
Transactional Data Financial modeling
‘ Analyti cs, Geospatial computing
Design, and System Design
4 : . ™ Development Linear and nonlinear control methods
_ Eng_ Ineering, Object recognition/  Speech recognition
Scientific, Test and System simulation and design
Field Data | k / Mechanical modeling

RF and communication systems

Fixed-point arithmetic

Phased-array and radar analysis
Communications system design

Thousands of community-provided algorithms



Access to Aggregators and Services

A Aggregators

ThingSpeak
Google Cloud
AWS
homegrown

A Web services
A Protocols (e.g., Xively)
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Operationalizing Analytics in @‘W
Production Environments .l_l@_
[ ]

A Dashboards and webpages

A Hadoop servers MATLAB

A Databases

A Custom environments < = Pt

(e.g., Google Earth)

--------

uuuuuuu




Modeling and Simulating the Edge Behavior

from simple devices to complex systems
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A Physical components
AElectronic :
AMechanical gﬁu“f:.f‘
AHydraulic, etc. :
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A Communication protocols
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ALTE =
A802.11 b
ADDS

APersonal area networks

A Algorithms
AFeedback control
AComputer vision
ASignal and image processing, etc.
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Implementing Algorithms at the Nodes 1—»@

A Automatic Code Generation e P

Produsts  Solufions  Academia  Support  Community  Fuests  Company

AEmbedded processors and FPGAS Hordwars SopiRl

Overvies  Sdaech Hardwars Suopont Requast Hadears Supson

APopular 10T devices (e.g., Arduino, Cortex M, ARM mbed) | .o i con €A MathWorks oo 0

o optimized for Cortax-M peocesson

Products Solubons ACodemia Suppon Community Evants Company

Hardware Support
|
Ovanaew fAasrch Hars

Hartwars SOpper Requesr Hartwars Suppedt

A Communication e
AM2M (e.g., DDS) o —
ADevice to aggregator (e.g., ThingSpeak) = e T (—
ADevice to analyst (e.g., XBee®)

s via the QMG Dato Dishibution Sesvice (DDS)

A Verification/Validation and Process Support
AModel- and Code proving
ALifecycle management tools - -

Continuous monitoring of wireless

RSN network of temperature sensors 3 X
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ThingSpeak, MATLAB and
the Internet of Things (loT):
Collecting and Analyzing loT Data

© 2015 The MathWorks, Inc.



What is ThingSpeak?

A Free online data aggregation platform
I Typically used to collect data from sensors
(AThi ngso)
I Provides instant visualization of the data
i Popular for people experimenting in loT
I Has more than 60,000 users

A Can be used to analyze data

I New MATLAB integration allows users to run
scheduled MATLAB code on data coming into
ThingSpeak

A Can be used to act on data

I E.g. Tweet a message when the temperature
in your backyard reaches 32 degrees

. ‘."\‘. 7 ./l

Communicatign

v
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Connectivity

Data Aggregator
= Online analytics
= Visualization and reporiing

Edge Nodes

= Local embedded
algonthms

= Data reduction

Exploratory Analysis
» Historical analytics
» Algornithm development

11
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ThingSpeak: Collecting Data using Channels

A For any new data, first login and
create a channel in ThingSpeak

D Th|ngSpeak Channels ~ Apps Blog Support - Account - Sign Out

New Channel Help
A Channels have read and write API

Name i
ThingSpeak Channel keys and can be public or private

Description Channels store all the data that a ThingSpeak application collects. Each

channel includes eight fields that can hold any typ us three

fields for location data and one for status data. On <t datain
< Field Label 1 . channel, you can use Thn.gﬁ;u;.,«h 2pps Lo analyze and visualize It . . .
Field 1 v | A A channel is made up of 8 fields and
s Channel Settings

- I can store 8 streams of data (Temp,
« Channel Name: Enter 2 unique name for the ThingSpeak channel R
Field3 ! . l)osmiptmn Enter a description of the llnug'\;w.’-.k« hannel H u mld Ity, etC .)

« Field#: Check the box to enable the field, and enter a field name,
Field 4 | Each ThingSpeak channel can have up to 8 fields.

Py “ v :‘;:“T’”“ln{\'[”';’: information about channel data, including JSON, A Chan nels Can be u pdated at a
« Tags: Enter keywords that identify the channel, Separate tags with m aXi m u m rate Of O n Ce eve ry 15

Field 6 commas

« Latitude: Specify the position of the sensor or thing that collects Seconds

data in decimal degrees. For example, the latitude of the city of
14

Field 7

London is 51.5072

ThingSpeak Weather Channel

12


https://thingspeak.com/channels/12397
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Getting data into ThingSpeak

A

A

Rest API

Native Libraries

I Particle

I Arduino

Simulink Support Packages
I Raspberry Pi

I Arduino

I BeagleBone Black

Gtﬂub .o Taphwn  Pysnawn  Trisrprer  Frney
(4n ) things peai -arduine v =
SV wanter = g 1 +
[ & R
2
o
-
7 ARALME e

ThingSpeak Communication Library for
Arduino

e Arduino Support from Simulink &
8 Create and run Simulink models on Arduino boards
o | Vendors: Arduino
. o Tags: C/C++ Code Generation, MathWorks Supported, Project-Based Leaming, Run on Target Hardware, Support Package

Installer Enabled

w==— '—w=— Raspberry Pi Support from Simulink &
_§_, b i g Credit-card sized, low-cost, single-board computer with audio and video input/output, designed for

T Vo Conrn —= o=y e teaching.

e | I ‘& Vendors: Raspbery Pi
Tags: C/C++ Code Generation, MathWorks Supported, Project-Based Leamning, Run on Target Hardware, Support Package

Installer Enabled

13
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ThingSpeak: Visualizing the Data

A Each field in each channel is provided
CIThingSpeak  cramels - Apps  Biog with a default visualization which
Car Counter updates automatically based on the
o, et data coming in

A The default visualization contains

e T IFrame code which can be used to

embed the visualization n other
Field 2 Chart osmn [EN—— vrmn applications

Car Counting In Live Video _ Mep sad

A | ? A Channel Location is also shown on
_ Google Map

Fleoid 1 Chart 0/ -x

ThingSpeak Car Counter Channel

14


https://thingspeak.com/channels/38629/
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ThingSpeak: Custom Analysis with MATLAB
Analysis App

A ThingSpeak is integrated with MATLAB in the
Cloud

ETERREEET | . IR A Use the Apps Tab to use MATLAB inside
: . ThingSpeak

Apps

i hannels =  Apps og  Support -
ThingSpeak channels store data, Upload data from the web or send data from devices to a ThingSpeak channel, Use these apps to Q Thlngspeak Lhanneis \PpS Blog Support
transform and visualize data or triggers an actlon. See Tulorial: ThingSpeak and MATIAB to create a channel, Leann more about MATLAB

inside ThingSpeak."

Apps  MATLAB Analysis  Calculate Dew point 16

JJ.IILL Analytics N.:lm(_

MATLAB Code
‘ l o sl . . ith. Tield

MATLAB Analysis MATLAB Visualizations Plugins

Explore and transform data Visisalize data In MATLAR plots Display data in gauges, charts, or custom

plugins Lpos : 121
readChannelID = 12397;

HumidityFieldiD « 3;

TanperaturaFisaldId = §y

Example: Calculate Dew Point on Live Data

15



ThingSpeak: Custom Analysis

D Th|ngspeak Channels Apps

New MATLAB Analysis

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

Get data from a webpage

Examples: Samplie code to analyze and transform data
' Calculate Average Humidity
Calculate Dew point
Convert Celsius to Fahrenheit
Eliminate data outliers
Convert Fahrenheit to Celsius

2 Calculate hourly max temperature

Blog Support « ccount « Sign Out

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
These examples read data from public ThingSpeak channels:

« Calculate average humidity, and write the data to a new
channel

« Calculate dew point from temperature and humidity data, and
write data to 2 new channel

« Convert Celsius to F ahrenheit. and write data to a new
channel

« Eliminate data outiiess from temperature data, and write data
o a new channeal

= Convert Fahrenheit to Celsius, and write data to a new
channel

+ Calculate hourly max temperature, and write data with the
timestamps to a new channel

« Ronlara miccine walnoc in dasts of 5 wasthar rhannsl and
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Create a new analysis
Use code examples as a template

Code examples use data sources that
are already live in ThingSpeak

16
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ThingSpeak: Custom Visualization with MATLAB
Visualizations Apps STm—

MATLAL coGe run saccasahiity,

Apxrs MATLAL Yesudllratony Trathie Thosse Juw past AN Howrs {3114

[JThingSpeak chomnels~ Apws Blog  Suppart - =

Tramic low tor past 48 houwes

MATLAB Code
M Extmr yuus WAY

APPS T e o A

atimeedatanm (maw-d) t

andlnte~ datotizs (stime, 'Comrarciras’, ‘decwms')
ThingSpeak channets store data, Upload data rom the web or send data lrom devices 1o 3 ThingSpeak channel, Use these apps to startCatee datetime|stims, 'Convert¥ras®, ' detamen|
¥ Crasts gt wwct

transform and visuafize data or trigger an action, See Tutorial: ThingSpeak and MATLAE to create a channel, Learn more about MATLAB
Inside ThingSpeak."

duteVector -

MATLAB Plot Output

_,th_ Analytics

Traffic Volume in 15 seconds for last 48 hours

70 Wed Feb 24 2016 14:13:25 GMT-0500 (Eastern Standard Time)
T T T T T T T

={}

MATLAB Analysis MATLAB Visualizations Plugins
Exploss and transform data Visualize data in MATLAB plots, Disphay data in gauges, charts, or custom
plugins,

I

0 ! Mokl ‘ ‘Muh..l

Tue23 06 AM 12 PM 06 PM  Wed24 06 AM 12 PM
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Example 1. Monitoring Weather

Objectives

A Measure, explore, discover weather patterns
A Provide niche weather service

Solution

A Arduino station with weather sensors

A Cloud-based aggregation and analysis

A Full example available at
makerzone.mathworks.com

4\ MathWorks
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http://makerzone.mathworks.com/
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Example 2: Monitoring Traffic 1_'@‘_1
T F

Objectives

A Measure, explore, discover traffic patterns

A Provide live local traffic information service

Solution

A RaspberryPi + webcam

A

I (

Automated deployment of vision
algorithms on embedded sensor

Full example available at
makerzone.mathworks.com
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http://makerzone.mathworks.com/
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Traffic sensor i step 1
Design a car counter in Simulink

[o&@ =]

[~ ST IS r n e 1 i e
@0 Simu =) E=2EoN == Q Search Documentation pel -

: . | = @ = —
O e oo RN 8 [T @reees &0 (3)
Computer Vision System Toolbox/Sources : ) ‘ » - :
it / PL untitled - Simulink o |[@ =]
o S'mgg"mkmonly b R — X X File Edit View Display Diagram Simulation Analysis Code Tools Help
12 Inege peppen g vage = fi——— —— q
Continuous s at’\gm'" = = > ml A~ 5| A ,‘

giasir;tr,\ctji?l‘;dities From Multimedia File ~ Image From File = =) ! s . =
Discrete P i
Logic and Bit Operations i D fom v [Pa]untitied v
Lookup Tables op
Math Operations Image From Workspace  Read Binary File
Model Verification
Model-Wide Utilities a23238)  waae
Ports & Subsystems
Signal Attributes Video From Workspace
Signal Routing
Sinks
Sources
User-Defined Functions
I Additional Math & Discrete

I~ Aerospace Blockset

I» Communications System Toolbox

I» Communications System Toolbox

4 Computer Vision System Toolbox
Analysis & Enhancement
Conversions
Filtering
Geometric Transformations
Morphological Operations
Sinks
Sources
Statistics »
I.ﬁ:}g‘fo‘i:gh‘cs Ready 100% VariableStepAuto
Utilities

Cantral Cuctam Trnlhav
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Traffic sensor 1 step 2 1"@‘_1

(2] Search Documentation

a5 b ljg » C: » Docs » Material » VMyEvents » 2015-10-07 - EXPO2015 » TrafficDemo » “SensorDsidgn ';
‘\-I.Vorkspace ®  Command Window ®
Name « Value fx >
< 0 ‘ » 1
‘Command History _] Current Folder ® ,
[ Name ~ Size Date Modified
| Details A
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