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The Need for Large-Scale Streaming

Predictive Maintenance
Increase Operational Efficiency

Reduce Unplanned Downtime

Jet engine: ~800TB per day

Turbine:     ~ 2 TB per day

Medical Devices
Patient Safety

Better Treatment Outcomes

Connected Cars
Safety, Maintenance

Advanced Driving Features
Car: ~25 GB per hour

Many applications require

near real-time analytics
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Example Problem – How’s my driving?

Analyzing vehicle data to score

driving habits

▪ A group of MathWorks employees installed 

an OBD dongle in their car that monitors 

the on-board systems

▪ Data is streamed to the cloud where it is 

aggregated and stored
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Case Study: Stream based Analytics on drive data with MATLAB
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Challenges in building such a system…

MATLAB

Analytics Development

Business Decisions

Algorithm

Developers

End Users

Business 

Systems

Edge 

Devices

Build accurate algorithms

Aggregate data from multiple devices

Integrate algorithms into production systems

Run analytics on multiple streams of data
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Solution : MATLAB Production Server and Streaming engine 

Enterprise 

Application

Mobile / Web 

Application

Analytics Development

MATLAB
MATLAB 

Compiler SDK

< >

Package Code / test

Data sources

3rd party 

dashboard
Scale and secure

MATLAB Production Server

Request 

Broker

Worker processes

Access

Integrate

Deploy

Kinesis

Event Hub

✓ MATLAB Analytics to REST APIs

✓ Serves concurrent requests from web 

clients

✓ Scale by adding workers

Integrate
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Fleet Analytics Architecture

MATLAB

Analytics Development

MATLAB Production Server

MATLAB

Analytics

Business Decisions

MATLAB

Compiler 

SDK

Algorithm

Developers

Storage 

Layer

End Users

API 

Gateway

AWS 

Lambda

Kafka 

Connector

Business 

Systems

Edge 

Devices

Production System

Connectors provided by MathWorks
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Development to Deployment Workflow

Files

Databases

Sensors

Access and Explore Data

1

Preprocess Data

Working with 

Messy Data 

Data Reduction/ 

Transformation

Feature 

Extraction

2
Develop Predictive 

Models

Model Creation e.g. 

Machine Learning 

Model 

Validation

Parameter 

Optimization

3 Integrate with 

Production 

Systems

Desktop Apps 

Enterprise Scale 

Systems 

Embedded Devices 

and Hardware

4

Visualize Results

3rd party

dashboards

Web apps

5
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MATLAB

Analytics Development

MATLAB Production Server

MATLAB

Analytics

Business Decisions

MATLAB

Compiler 

SDK

Algorithm

Developers

Storage 

Layer

End Users

API 

Gateway

AWS 

Lambda

Kafka 

Connector

Business 

Systems

Edge 

Devices

Production System

Accessing data in MATLABAccess and Explore Data

1
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The Data: Timestamped messages with JSON encoding

{
"vehicles_id": {"$oid":"55a3fd0069702d5b41000000"},

"time” : {"$date":"2015-07-13T18:01:35.000Z"},

"kc” : 1975.0, "kff1225" : 100.65293, "kff125a" : 110.36619, … 
}

{
"vehicles_id": {"$oid":"55a3fe3569702d5c5c000020"} 
"time":{"$date":"2015-07-13T18:01:53.000Z"},
"kc” : 2000.0, "kff1225" : 109.65293, "kff125a" : 115.36619,
…

}

{
"vehicles_id": {"$oid":"55a4193569702d115b000001"} 
"time":{"$date":"2015-07-12T19:04:04.000Z"}
"kc":2200.0, "kff1225" : 112.65293, "kff125a" : 112.36619,
… 

}

Key

Values

Access and Explore Data

1

Timestamp
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Access a Sample of Data

Raw Data

Timetable

Access and Explore Data

1

✓ Decode JSON data

✓ Create Timetable
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Working with JSON in MATLABAccess and Explore 

Data

1
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Ad Hoc Access to Data from MATLABAccess and Explore Data

1

MATLABAWS

Athena

Service

AWS

S3
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Pre-processing and Feature EngineeringPreprocess 

Data

2
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Develop a Preprocessing Function

✓ Clean up

✓ Enrich

✓ Restructure

Preprocess Data

2

Timetable
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Building predictive modelsDevelop Predictive 

Models

3
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Develop a Predictive Model in MATLABDevelop Predictive 

Models

3

What happens when data is large?
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Submit Big Data jobs from MATLAB on HADOOP & SPARK

Worker NodesMaster Name Node

Hadoop & Spark 

Library

HDFS

Y
A

R
N

Data NodesResource

Manager

Developer Node

Spark MapReduce 
and SPARK jobs

MATLAB workers on worker nodes in the cluster

• MDCS workers (working from MATLAB)
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Develop a Predictive Model

MATLAB

Analytics Development

Algorithm

Developers

Storage 

Layer

Develop Predictive 

Models

3

MDCS

Parallel 

Computing

HDFS
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Develop and Deploy a Stream Processing Function

MATLAB

Analytics Development

MATLAB Production Server

MATLAB

Analytics

Business Decisions

MATLAB

Compiler 

SDK
Algorithm

Developers

Storage 

Layer

End Users

API 

Gateway

AWS 

Lambda

Kafka 

Connector

Business 

Systems

Edge 

Devices

Production System

Integrate with 

Production 

Systems

4
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A quick Intro to Stream Processing

▪ Batch Processing applies computation to a finite sized historical data set 

that was acquired in the past

▪ Stream Processing applies computation to an unbounded data set that is 

produced continuously

Messaging Service

• Reporting

• Real Time 

Decision Support

Dashboards

Alerts

Storage

Historical Data

Storage

Files

Configure Resources Schedule and Run Job Output Data

Storage

Files

• Reporting

• Data Exploration

• Training Models

Connected 

Devices

Continuous Data

f(x)

Stream Analytics

Integrate with 

Production 

Systems

4
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Why stream processing? 

MDCS, 

Compiler with 

Hadoop/Spark

Stream Processing with 

MATLAB Production Server

Edge 

Processing 

with 

MATLAB 

Coder

Time critical decisions Big Data processing on historical data 
Near Real time decisions
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Real-

Time
Seconds Minutes Hours Days Months

Today’s example 

focuses here

Kinesis

Event Hub

Integrate with 

Production 

Systems

4
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Connecting MATLAB Production Server to Kafka

▪ Kafka client for MATLAB Production Server 

feeds topics to functions deployed on the server

▪ Each consumer process feeds one topic to a 

specified function

▪ Configurable batch of messages passed as a 

MATLAB Timetable

▪ Drive everything from a simple config file

– No programming outside of MATLAB!
MATLAB Production Server

Request

Broker

&

Program

Manager

Consumer 

Process feeds 

Topic-1

Async Java 

Client

Topic-0

Partition

Partition

Partition

Topic-1

Partition

Partition

Partition

Kafka Cluster

Publisher Publisher Publisher

Consumer 

Process feeds 

Topic-0

Async Java 

Client

Integrate with 

Production 

Systems

4
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Event 

Time

Vehicle RPM Torque Fuel 

Flow

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

… … … … …

MATLAB 

Function

State

State

18:01:10 55a3fd 1975 100 110

18:10:30 55a3fe 2000 109 115

18:05:20 55a3fd 1980 105 105

18:10:45 55a3fd 2100 110 100

18:30:10 55a419 2000 100 110

18:35:20 55a419 1960 103 105

18:20:40 55a3fe 1970 112 104

18:39:30 55a419 2100 105 110

18:30:00 55a3fe 1980 110 113

18:30:50 55a3fe 2000 100 110

MATLAB 

Function

State

MATLAB 

Function

State

Input Table

Time window Vehicle Score

… … …

18:00:00 18:10:00 55a3fd …

55a3fe …

55a419 …

18:10:00 18:20:00 55a3fd …

55a3fe …

55a419 …

18:20:00 18:30:00 55a3fd …

55a3fe …

55a419 …

18:30:00 18:40:00 55a3fd …

55a3fe …

55a419 …

Output Table

5

7

3

9

4

5

8

Streaming data is treated as an unbounded Timetable
Integrate with 

Production 

Systems

4
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Develop a Stream Processing Function in MATLAB
Integrate with 

Production 

Systems

4

Process each window of data 

(input table) as it arrives

Current window of data to 

be processed

Previous state (pointer)

Current score (pointer)



26

Develop a Stream Processing Function in MATLAB
Integrate with 

Production 

Systems

4

Process each window of data 

(input table) as it arrives
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Develop a Stream Processing Function in MATLAB
Integrate with 

Production 

Systems

4

Process each window of data 

(input table) as it arrives

Use the model you created 

with Classification Learner 

App
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Develop a Stream Processing Function in MATLAB
Integrate with 

Production 

Systems

4

Process each window of data 

(input table) as it arrives

Database is updated with results of driver scoring

• Count of events by type and location

• Stored in MongoDB instance
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MATLAB

Analytics Development

MATLAB Production Server

MATLAB

Analytics

Business Decisions

MATLAB

Compiler 

SDK

Algorithm

Developers

Storage 

Layer

End Users

API 

Gateway

AWS 

Lambda

Kafka 

Connector

Business 

Systems

Edge 

Devices

Production System

Operationalize Analytics into Production Systems
Integrate with 

Production 

Systems

4
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MATLAB Compiler SDK Workflow

MATLAB

MATLAB Production Server

MATLAB

Analytics

MATLAB

Compiler 

SDK

Integrate with 

Production 

Systems

4
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Debug a Stream Processing Function in MATLAB

MATLAB

Analytics Development

Business Decisions

MATLAB

Compiler 

SDK
Algorithm

Developers

Storage 

Layer

End Users

Kafka 

Connector

Business 

Systems

Edge 

Devices

Production System

Integrate with 

Production 

Systems

4
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Debug a Stream Processing Function in MATLAB
Integrate with 

Production 

Systems

4
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Tie in your Dashboard Application

MATLAB

Analytics Development

MATLAB Production Server

MATLAB

Analytics

Business Decisions

MATLAB

Compiler 

SDK
Algorithm

Developers

Storage 

Layer

End Users

API 

Gateway

AWS 

Lambda

Kafka 

Connector

Business 

Systems

Edge 

Devices

Production System

Integrate with 

Production 

Systems

4
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Scalable Analytics with Enterprise BI ToolsVisualize Results

5

TIBCO Spotfire

Tableau
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MATLAB based applications in Production Level Ecosystem

Platform

Data Business SystemAnalytics

MATLAB 

Production Server

Request

Broker

Azure

Blob

PI System

Databases

Cloud Storage

Cosmos DB

Streaming

Dashboards

Web

Custom Apps

Azure

IoT Hub

AWS

Kinesis
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Volkswagen Data Lab develops 

driver recognition algorithms 

with MATLAB

Develop technology building block for tailoring 

car features and services to individual

▪ Need to identify individual drivers based on 

their driving behavior using collected data

Challenges

▪ Accuracy despite low training data

▪ Robustness despite environmental conditions

▪ Computing time

Data sources

▪ Logged CAN bus data and travel record 

Source: „Connected Car – Fahrererkennung mit MATLAB“ Julia Fumbarev, Volkswagen Data Lab, 

MATLAB EXPO Germany, June 27, 2017, Munich Germany
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Key Takeaways

➢ Spend your time understanding the 

data and designing algorithms

➢ You can run MATLAB on any 

development engine, desktop, 

server or cloud

➢ MATLAB can connect directly to your 

data repositories 

➢ MATLAB can deploy within your 

ecosystem and on platform of your 

choice using MATLAB Production 

Server

MATLAB users
Solution architects
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Resources to learn and get started

▪ Data Analytics with MATLAB

▪ Statistics and Machine Learning Toolbox

▪ Database Toolbox

▪ Mapping Toolbox

▪ MATLAB Production Server

▪ MATLAB Compiler SDK

▪ MATLAB with TIBCO Spotfire

▪ MATLAB with Tableau

▪ MATLAB with MongoDB

https://www.mathworks.com/solutions/data-analytics.html?s_tid=srchtitle
https://www.mathworks.com/products/statistics.html
https://www.mathworks.com/products/mapping.html
https://www.mathworks.com/products/matlab-production-server.html
https://www.mathworks.com/products/matlab-compiler-sdk.html
https://www.mathworks.com/products/reference-architectures/tibco-spotfire.html
https://www.tableau.com/about/blog/2017/8/put-your-matlab-models-and-algorithms-work-tableau-74016
https://www.mathworks.com/help/database/ug/import-and-analyze-data-from-mongodb.html
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Speaker Details 

Email: Pallavi.Kar@mathworks.in

LinkedIn: https://www.linkedin.com/in/pallavi-kar-2a591518

Twitter: @PallaviKar2512

Contact MathWorks India

Products/Training Enquiry Booth

Call: 080-6632-6000

Email: info@mathworks.in

Your feedback is valued. 

Please complete the feedback form provided to you.

mailto:Pallavi.Kar@mathworks.in
https://www.linkedin.com/in/pallavi-kar-2a591518
https://twitter.com/PallaviKar2512
mailto:info@mathworks.in
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Upcoming Sessions
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