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A Fleet Is a Collection of Resources
that Generate Data You Want to Act on
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Benefits of Fleet Data Analytics

Understanding
Enables:

Better Design

= Faster time to insights (design, testing)

Good Reputation

[ %]

- Warranty / Transparency / Reputation /_/

New Business Opportunities

= New business opportunities in the Mobility Age
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Fleet Analytics in Practice: Volkswagen Data Lab

Develop technology building block for tailoring DataLab-Flotte
car features and services to individual 5 B 5

05.02.2014 - 20.06.2016
24

2.508.861 km
124 Fahrzeuge

= Driver and Fleet Safety
= Driver Coaching
= Driver-Specific Insurance

22.09.2015 - 20.06.2016

80
129.887

aaaaaaaaaaa

Data sources

= 2 < 2 ’ 7 ¢ Flotte Legende
- Logged CAN bus data and travel record ) e M N :
Results -
= Proof-of-concept model for “telematic fingerprint” SE . . g ‘  — :

= Basis for the “pay-as-you-drive” concept

Source: “Connected Car — Fahrererkennung mit MATLAB*
Julia Fumbarev, Volkswagen Data Lab .
MATLAB EXPO Germany, June 27, 2017, Munich Germany igil e onesphere Cveatons. 351 s



https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/solutions/aerospace-defense/files/2017/expo-de/klassifizierung-von-individuellem-fahrverhalten.pdf

Figure 1. Magic Quadrant for Data Science and Machine Learning Platforms
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Extract, Transform, and Load (ETL) Workflow Considerations

Extract

Raw Files

File Types

MDF (.MF4)
blf
.parquet

.mat
custom
binary

text

Transform

Data Manipulation

- Unit Conversion
- Bit mapping
- Unpacking

Enforce Schema

Load

Write File Set

.parquet
.mat
text

Write Mode

One-to-one

11l

Many-to-fewer
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Access Data in Many Formats From Many Locations

= Type

Structure

Location

E Databases |

//4
% Parquet
j’l-
“Zf"amazon
webservices™
ol ’;H MDF & BLF Files =~ mm Microsoft
- % WM Azure

“Simulation }}i

~
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http://hadoop.apache.org/
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Access Data From Anywhere With Minimal Changes

setenv("AWS ACCESS KEY ID",id)

setenv("HADOOP HOME",hadoopPath)
fileLoc = "hdfs://hadoop@lglnxa64:123/datasets/FoodPic.jpg"

img = imread(fileloc);
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http://hadoop.apache.org/

Scale to Large Collections of Data
with Datastore

Create a datastore from all CSV files

ds = datastore('*x.csv')

Read a single file of data

data = read(ds);

Reset the datastore back to the first file

reset(ds);

Find the maximum value of “Y” in each file

X = [1;
while hasdata(ds)
data = read(ds);
X(end+1) = max(data.Y);
end

Available Datastores

General

datastore

spreadsheetDatastore

tabularTextDatastore

fileDatastore

Database

databaseDatastore

Image

imageDatastore

denoisingImageDatastore

randomPatchExtractionDatastore

pixelLabelDatastore

augmentedImageDatastore

Audio

audioDatastore

Predictive
Maintenance

fileEnsembleDatastore

simulationEnsembleDatastore

Simulink SimulationDatastore
Automotive mdfDatastore

Custom subclass matlab.io.Datastore
Transformed | transform an existing datastore

4\ MathWorks
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Preprocess and Explore Data in Few Lines of Code
Import

tl1l = readtimetable("s3://bucket_name/file.txt");

Preprocess

= synchronize(tl,t2,t3);

= fillmissing(t,"linear™);
rmoutliers(t);

= smoothdata(t, "movmedian");
= normalize(t);

+ + A+ ot
[

Explore

top5 = topkrows(t,5,"RH");
byTime = groupsummary(t,"Time","year"”,"mean”);

scaled = grouptransform(t,“State"”,"rescale”);

chgpts = ischange(t,"variance","Threshold",20);
Visualize

stackedplot(t);

geoplot(t.Lat,t.Lon,t.RH);
heatmap(t,"State","AQILabel");
scatterhistogram(t.RH,t.DP);

4\ MathWorks
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Use Dedicated Functions for Common Preprocessing Tasks

= Synchronize by time Preprocess

= Find, fill, and remove missing t
- Work with outliers t

_ t = rmoutliers(t);
- Smooth noISy data t = smoothdata(t, "movmedian™);

= Normalize, rescale data t = normalize(t);] o™ v i o oo e B

synchronize(t1,t2,t3);
fillmissing(t,"linear");

17
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Explore Settings Quickly With Live Tasks

|=| Untitled.mlx* Xa
e R Fex
- Tasks are apps that can be ot = ]| 8 B B iy b |EEn | PG
- - - NiW Op'en 53:5 &4 Print { Find ¥ e coce &|Rf ctor v D = Break @RuntoEnd o St'p o
included in scripts e ecron
Data Analytics - Load Forecasting Case Study ;
= Preprocessing tasks allow you to: i i e ECTTET
load LETdata.mat - -
— Interactively explore parameters e
and options Missing Data S mT o
— Preview results based on those :
parameters and options
= Automatically generate the
corresponding MATLAB code

= Save the task as part of the script
for subsequent use by others
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Data Analytics Workflow
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Automotive Vehicle Fleet — Intrinsic Hierarchy

Vehicles o -y —"\ Gy

Trips (files)  bes D D D
Messages L» @ @ @

Signals L> JV\,. JV\,. JV\,.
Time — Value pairs L» @
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Fleet Analytics Questions Fall Into Two Broad Categories

“For Each” -

For each (trip, day, serial #, customer,
etc) in the fleet data set, calculate
some Key Performance Indicator
(KPI*) given parameters XYZ".

Question
Type

- “Across All”’

Across All (data) in the fleet data set,
calculate descriptive statistics of
specific variables (min, max, median,
count, etc.) to summarize and
visualize (histograms).

4\ MathWorks
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Scale Up to Big Data Without Big Changes

One file One hundred files

Access Data Access Data

measured = datastore('PumpData*.csv');
measured = readtable('PumpData.csv'); measured = tall(measured):
measured = table2timetable(measured); measured = tablel2timetable (measured);
Preprocess Data Preprocess Data

Select data of interest Select data of interest

measured = measured(timerange(seconds(1l),seconds(2)), 'Speed’) measured = measured(timerange(seconds(1),seconds(2)), 'Speed')

Work with missing data Work with missing data

measured = fillmissing(measured, 'linear’); measured = fillmissing(measured, 'linear');

Calculate statistics Calculate statistics

m
S

mean(measured.Speed) ;

mean(measured.Speed) ;
std(measured.Speed);

std(measured.Speed) ;

[m,s] = gather(m,s);

25



Big Data File-Based Workflows

function events = detectEvents (t)

<fill in analytics code here>

-

— -
— —
I

File set location
(C:\, NAS/NFS, S3, Blob, hdfs:/...)

T

ds

Datastore
parquetDatastore ("hdfs://myData/Test")

“For Each” -

tds = transform(ds, @detectEvents);
TT = tall(tds);

EventsSummary = gather (TT) ;

Question Type

4\ MathWorks
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Compute Groupwise Metrics and Detect Events

Explore range

= Grouped calculations

= Detect local minima
and maxima

= Detect abrupt changes
In data with ischange

top5s =
byTime
scaled
chgpts

topkrows(t,5, "RH");
= groupsummary(t, Time","year"”, " mean™);
= grouptransform(t,“"State”,"rescale”);

ischange(t, "variance","Threshold",20);

4500
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o
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o
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Big Data File-Based Workflows

function events = detectEvents (t)

<fill in analytics code here>

-

— -
— —
I

File set location
(C:\, NAS/NFS, S3, Blob, hdfs:/...)

T

ds

Datastore
parquetDatastore ("hdfs://myData/Test")

“For Each” -

tds = transform(ds, @detectEvents);
TT = tall(tds);

EventsSummary = gather (TT) ;

Question Type - “Across All”

TT = tall(ds);

MedianValSigABC = gather (median (TT.SignalABC));

4\ MathWorks
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Perform “Across All” Calculations with Tall Tables

Create a datastore from a collection of CSV files, and select the "Time" and
"EngineSpeedRPM" variables.

ds = datastore('EngineDatax.csv',...
"SelectedVariableNames", ["Time","EngineSpeedRPM"]);

Create tall table:

t = tall(ds);
Convert to tall timetable:

tt = table2timetable(t);
Plot EngineSpeedRPM vs. Time:

plot(tt.Time,tt.EngineSpeedRPM)

Visualizations

- Data preprocessing

= Machine Learning

File

4 Figurel

Edit ‘iew Insert Tools Desktop Window Help

DEde b ARATORL- S| 08| D

3500

3000

2500

2000

1500

1000

00:04:00 00:04:10 00:04:20 00:04:30

00:04:40
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Explore Fleet Data with Unsupervised Learning

[ MACHINE LEARNING J

SUPERVISED UNSUPERVISED
LEARNING LEARNING
( 7\
CLUSTERING

N
K-Means, K-Medoids
Fuzzy C-Means

S J
s N
Hierarchical
S J
s N

Gaussian Mixture

Neural Networks

Hidden Markov
Model

4\ MathWorks
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Unsupervised Learning for Operational Mode Clustering

Plot the raw data:

figure;
plot(t.Speed_OBD_,t.EngineRPM, '. k")
xlabel('Vehicle Speed');
ylabel('Engine Speed');

Cluster the data with the K-Means algorithm:

[t.Speed_O0BD_,t.EngineRPM];

X
I kmeans(X,5,"Distance","cosine");

DX

Plot results of the clustering:

gscatter(t.Speed_OBD_,t.EngineRPM, IDX);

xlabel('Vehicle Speed');
ylabel('Engine Speed');
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Data Analytics Workflow
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Deploying Fleet Analytics

Vehicle data, driver
profiles

s W

“Cold Storage”

Historic data:

« Batch processing

« Large data on cluster

» Explore long term trends
 Build models

u""..\

| -

_,_'I||1'~:::5-/j
g ¢
e 1

Sp or Kﬂ.J

“Hot Storage”

Streaming data:

* Near real-time

« Test and implement model
for new data

« Stream processing

§g kafka

&\ MathWorks
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Fleet Analytics Streaming Architecture

‘ MathWorks:

Eage | ( Production System ) Analytics Development )
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Use Reference Architectures to Run MATLAB on Cloud Platforms

l] MathWorks Reference Architectures
Reference Architectures

p:/www.mathworks.com/cloud
L] Repositories & People 1 Projects 0

Type: All ~ Language: All ~

mps-on-aws

‘‘‘‘‘

Stand up a MATLAB Production Server using CloudFormation

CloudFormation
<

[ B
%6 Updated 10 hours ago et @ (- : g:
- [
,,,,,,, { Auto
matlab-on-aws o
3 T ot
Stand up a MATLAB desktop with Remote Desktop access usi| R ‘ joaea

https://github.com/mathworks-ref-arch/

Azure AWS
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MATLAB Training Courses for Data Science

Get Started for Free
¥

MATLAB Onramp

Get started quickly with the basics of
MATLAB®.

» Details and launch

Machine Learning Onramp
An interactive introduction to practical machine

learning methods for classification problems.

» Details and launch

Deep Learning Onramp
Get started with deep learning techniques to

perform image recognition.

» Details and launch

Training Courses
MATLAB Fundamentals (3 days)

MATLAB for Data Processing and
Visualization (1 day)

Processing Big Data with MATLAB (1 day)
Statistical Methods in MATLAB (2 days)
Machine Learning with MATLAB (2 days)

Signal Preprocessing and Feature
Extraction with MATLAB (1 day)

Deep Learning with MATLAB (2 days)

Accelerating and Parallelizing MATLAB
Code (2 days)

4\ MathWorks

Practical Data Science with
MATLAB Specialization

% % % % W 4.9 14ratings

Enroll for Free
Starts Dec 03

Financial aid available

- Exploratory Data Analysis
- Data Processing and Feature Engineering
- Predictive Modeling and Machine Learning

- Data Science Project
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‘ MathWorks is a Leader in the Gartner Magic Quadrant for 2020
Data Science and Machine Learning Platforms

Figure 1. Magic Quadrant for Data Science and Machine Learning Platforms

MathWorks has the furthest completeness of vision in the
Leaders quadrant

We believe this recognition demonstrates our ability to:

=  Empower your team, including those with limited Al or data science experience

MHME o ‘

= Provide complete workflows for data preparation, Al modeling, system design, and & O
production
= Deploy Al models on embedded devices, edge, enterprise systems, and the cloud

= Use Simulink to tackle integration challenges and reduce risk in designing Al-
driven systems

ABILITY TO EXECUTE

COMPLETENESS OF VISION

Gartner (February 2020)

*Gartner Magic Quadrant for Data Science and Machine Learning Platforms, Peter Krensky, Erick Brethenoux, Jim Hare, Carlie Idoine, Alexander Linden, Svetlana Sicular, 11 February 2020 .




-

.,"%-\,-\. LY
L ! " " X
E? kY
b k! kY LY
b L L
Y %% Yy
Y % Y
b ' L LY
% s
L L % L
b kY LY
b L L
% %
Yy Y Y
‘ L
b L LY
b L T
b k! kY L LY
%, h Y, y 5
Y Y X 5 M
Y .
% N Y % O
L B LY L
L A ' ", %
L ! Lt
-\. % -\.
% %
Y Y %
B LAY L1
K b kY kY
y Y Y Y
k1 L
RN A y %
! %, L Wb %
k! k1 L
k. "\.-\. Y
k! , LT W
h'l._"".h"n L% | LT 1
v . kY LY
y -\.
% - L
Y LAY %
1. Y, % N
k L T
Y, Y Y
k! k1 L L]
b L
L % % L
\ ) % h
A Y 1 Y, Y
LR '
L LY LY LY LY
L , , \
% Y % Y,
L kY LY
Y y N Y
L kY W £ N, h
Y -\.-\.-.'." ALY L
Y %
'\ L

<« » MathWorkse




