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A path for how your team can
better explore, understand
and analyze data.

4\ MathWorks



4\ MathWorks

Data Science Maturity Levels
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Ad-hoc Generally Useful Infrastructure:
Individual Tools for Tested and
Analysis Analysis Documented
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Ease of scaling
to more people

Cost of asking a
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 Goal isto be fast: reduce time to insight
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Overview of Flight Data

35 unigue aircraft

180,000 unique flights
300 GB of data ; l

Source:
— NASA Dash Link: Sample Flight Data

— https://c3.nasa.qgov/dashlink/projects/85/

En


https://c3.nasa.gov/dashlink/projects/85/
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Big Data Creates Opportunities

O\ Find rare events, then dive deeper

@ Build and validate test scenarios that match real-world conditions

4l

?(?( Perform fleet-wide calculations
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Exploring a New Dataset - Missing Data \
4 o =5\
geoplot gau
1. Control data import with ImportOptions )
2. Working with table and timetable datatypes . renatude
: : : : : s ¥l geoscatter
3. Interacting with data in the Live Editor Y
4. Filling in outliers with a Live Task o=
5. Synchronizing time-based data
_ _ _ _ geobubble £
6. New geographic visualizations e
t = synchronize(tlhz,t4hz) |
t = fillmissing(t, 'previous") geoelems 1 EyR. Ot
inFlight = t.WOW==1; :
geoplot(t.LATP(inFlight),t.LONP(inFlight), ‘LineWidth',3) https:{ -
matle
~— https://www.mathworks.com/help/

\_ matlab/geographic-plots.html 4



https://www.mathworks.com/help/matlab/preprocessing-data.html
https://www.mathworks.com/help/matlab/geographic-plots.html

Getting Started: Exploring a New Dataset

= 100% @3 Tue 3:41 PM

Q
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@ MATLAB Window Help
MATLAB R2019a

0@
= 1 o N il [ i New Variable » 7 Analyze Code & (Y (“% Communi
= LPE “|_jk:I \ Lol Find Files & Lﬁ ug ¢ L\( y {0} Preferences (% (2 R4
= 1> Open Variable v é,/ Run and Time o j"’ Request Support
New New New Open | 1=/ Compare Import Save b Favorites Layout [5\ Set Path Add-Ons  Help
Script Live Script = - - Data Workspace (7 Clear Workspace - |/ Clear Commands ~ - v w»  [Z] Learn MATLAB
FILE VARIABLE CODE ENVIRONMENT RESOURCES =
v P
®

Sign In

/ » Work » MATLAB » CettingStartedWithFlightData

< EHA L
Workspace ® Command Window
Name & Value ‘
Jx >>
Current Folder ®
B Name &

@ flightData_1Hz.csv
@ flightData_4Hz.csv




Getting Started: Exploring a New Dataset

Import Data
ImportlHzData
flightDatalHz =
Time ABRK - ACMT AlL_1 AlL_2 ALTS

1 10-May-20... 119.9836 59 91.8789 91.5925 6000

2 10-May-20... 119.9836 59 91.5994 91.5925 6000

3 10-May-20... 119.9836 60 91.5994 91.5925 6000

4 10-May-20. . 119.9836 29 91.8994 91.5720 6000

5 10-May-20. . 119.9836 60 91.8789 91.5720 6000

B 10-May-20... 119.9836 60 91.9607 91.5720 6000

7 10-May-20... 119.9836 59 91.9198 91.5516 6000

il 10-May-20... 119.9836 60 91.8789 91.5925 6000

9 10-May-20... 119.9836 59 91.8175 91.5516 6000

4\ MathWorks



Getting Started: Exploring a New Dataset

ABRK W  ACMT AIL_1 AIL_2
119.98! || Sort Largest to Smallest
s || Sort Smallest to Largest
119.98:
Min: 60 Max: 119 9836
119.98:
119.98: ¥ I;]
119.9874000
119.98: 3000
119.98:
2000
119.98:
1000
D .
60 80 100 120
60 119.9836
‘a table:

¥] Include Missing (NaN) - 0 rows

Selecting 4636 out of 4636 rows

double

rm rm

rm

N el T ]

rm

4\ MathWorks
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Getting Started: Exploring a New Dataset

4\ MathWorks

flightDatalHz = 45/72x89 table Reduced from 4636 rows
Time T ABRK ACMT AlL_1 AlL_2 ALTS APFD ATE
1 10-May-20. .. 119.98: ﬂ Sort Largest to Smallest 5 6000 i
2 10-May-20. .. 119.98: u Sort Smallest to Largest 5 5000 2
3 10-May-20. .. 119.98: 5 6000 2
iin: 60 Max: 119.9836
4 10-May-20. .. 119.98: 0 6000 2
5 10-May-20. .. 119.98: 1;} Y 0 6000 2
6 10-May-20. . 119.98:4000 0 5000 2
7 10-May-20... | 119.98%3000 6 6000 2
3 10-May-20. .. 119.98: 5 6000 2
2000
9 10-May-20. .. 119.98: 6 6000 2
1000
Code ~
flightDatalHz = flightDatalHz(- 0 80 80 100 120 issing(flightDatalHz .ABRK), :)
 Update Code | | Copy | 80.3635 119.9836
¥ Include Missing (NaN) - 0 rows

11



4\ MathWorks

Getting Started: Exploring a New Dataset

Slicing the data Accessing a variable:

Access rows or columns of a table: _
flightDatalHz.ABRK

flightDatalHz(1,:) ans =
119.9836
ans = 119.9836
119.9836
Time ABRK ACMT AlL_1 119.9836
119.9836
1 10-May-20... 119.9836 59 91.8789 119.9836
119.9836
119.9836
119.9836
. 119.9836
flightDatalHz(:,1) )
ans =
Time
Access variables b e:
1 10-May-20. .. yyp
2 10-May-20... flightDatalHz{:,vartype("numeric")} flightDatalHz{:,vartype("datetime|')}
3 10-May-20._.
ans = ans =
4 10-May-20... 18°% x 18-May-2881 17:03:54
8.0001 @.0001 8.0001 2.0801 10-May-20881 17:83:55
§ 10-May-20... 9.0001  ©.0001  ©0.0001  ©.0001 18-May-2001 17:03:56
. 10-Mav-20 8.0001 @.0001 8.0001 2.0801 10-May-20881 17:83:57
y-2u... 8.0001 @.0001 8.0001 2.0801 10-May-2081 17:83:58
7 10-May-20 8.0001 @.0001 8.0001 2.0801 10-May-2081 17:83:53
- @.0881 0.8001 0.0001 9.0001 18-May-2881 17:04:08
8 10-May-20... 8.0001 8.0001 8.0001 0.00801 10-May-2801 17:84:01
8.0001 @.0001 8.0001 2.0801 10-May-2001 17:04:02
9 10-May-20. .. 8.e001 0.0001 8.0001 9.0001 18-May-2881 17:04:83
P, 8.0001 @.0001 8.0001 2.0801

12



Getting Started: Exploring a New Dataset

tlhz = table2timetable(flightDatalHz)

tlhz =
Time ABRK AlL_1
1 10-May-20. . 119.9836 59 91.8789
2 10-May-20. . 119.9636 o9 91.5984
3 10-May-20. . 119.9636 60 91.8904
4 10-May-20. . 119.9636 o9 91.5984
5 10-May-20. . 119.9636 60 91.8789
6 10-May-20. . 1199836 60 91.9607
7 10-May-20. . 119.9636 59 91.9198
8 10-May-20. . 119.9836 60 91.8789
9 10-May-20. . 119.9636 59 91.8175

w ABRK

4\ MathWorks

ACMT AlL_1

ﬂ, Sort Newest to Oldest

]I Sort Oldest to Newest

Min: 10-May-2001 17:03:54
Max: 10-May-2001 18:21:09

b, Y
0.5
0
May 10 May 11
2001
10-May-2001 v| 10-May-2001 | =
1 1 17:03:54 18:21:09

I
d Include Missing (NaT) - 0 rows

13



Getting Started: Exploring a New Dataset

Index a timetable using time.

starttime
endtime = datetime(2001,5,10,17,30,5);

datetime(2001,5,10,17,30,0);

tlhz(timerange(starttime,endtime),:)

dans

cri

Time

10-May-20._.
10-May-20._.
10-May-20._.
10-May-20._.
10-May-20._.

ABRK
119.9836
119.9836
119 9836
119 9836
119.9836

ACMT

o6
o6

56
o6

AlL_1
83.7775
83.81584
83.8798
84 0230
83.838%5

4\ MathWorks

14



4\ MathWorks

Getting Started: Exploring a New Dataset

stackedplot(tihz,{'0IT 1','0IT 2','0IT 3", '0IT 4'});|

10022001 17:53:20 @
- —————————{ 106.947 | —

—

- e ~#1108.2901 —p———_

—T —19[106.947 } ———_

-~ — 105.6039 f——————

17:15 17:30 17:45 18:00 18:15
Time May 10, 2001

15



Getting Started: Exploring a New Dataset

LIVE EDITOR INSERT
_é Normal = | Task"| _, |=| @ Run Section [) (T,
' 7T UM = X
Text B I UM Code PE i

% : DATA PREPROCESSING

- N W M M EH OB N -

: — m Clean Missing  Clean Qutlier  Find Change Find Local Join Tables Remove Smooth Data
ringteams\exploringflightdata\Explaorir Data Data Points Extrema Trends I

datacentricengineeringteams » expld

COMNTROL 5YSTEM DESIGM AND AMALYSIS -

T2 - PID
Convert Reduce Model Tune PID
Model Rate Order Controller

PREDICTIVE MAINTEMAMCE

A A A A
V U"l V V
Estimate Estimate Estimate Reconstruct

Approximat.. Correlation ... Lyapunov Ex.. Phase Space

SYSTEM IDEMTIFICATION

Estimate Estimate
Process Mo... State-Space ...

4\ MathWorks
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Getting Started: Exploring a New Dataset

Clean Outlier Data
Find, fill, or remove outliers

Select data

Input data | select ¥ | Xaxis |default v

Specify cleaning method

Cleaning method  Fill outliers L 4

Define outliers

4 p

Detection method adian ¥  Threshold factor

Visualize results

4\ MathWorks
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Getting Started: Exploring a New Dataset

4\ MathWorks

Clean Outlier Data

cleanedData

Select data

= Filled outliers in t1hz.0IT_1 using the linear interpolation method

Input data | t1hz

v | [om_1 v | <. Timetable variable from t1hz | [ Time

Specify cleaning method

Cleaning method | Fill outliers ¥ | | Linear interpolation ¥
Define outliers
Detection method | Median ¥ | Threshold factor 3 %

Visualize results

Filled outliers

Cleaned data Inputdata Dutliers Dutlierthreshnlds DDutlier center

k4

18
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Getting Started: Exploring a New Dataset

Number of outliers: 129

200 T T . . .
Input data
Cleaned data
100 | Outliers
Filled outliers
N — Qutlier thresholds
-100
-200 r
-300
-400 .
_EDD i i i i i
17:00 17:15 17:30 17:45 18:00 18:15
May 10, 2001

18:30

% Visualize results

clf

plot(tlhz.Time,t1hz.0IT 1, 'Color’,[109 185 226]/255,...
‘DisplayName’, 'Input data')

hold on

plot(tihz.Time,cleanedData, 'Color',[@ 114 189]/255, 'Linewidth',1.5,...
‘DisplayName’, 'Cleaned data")

% Plot outliers

plot(tilhz.Time(outlierIndices),t1hz.0IT_1(outlierIndices), 'x',...
‘Coleor’',[64 64 64]/255, 'DisplayName’, 'Outliers")

title([ 'Number of outliers: " num2str(nnz(outlierIndices))])

% Plot filled outliers
plot(tlhz.Time(outlierIndices),cleanedData(outlierIndices), .", ‘Markersize',12,...
'Color',[217 83 25]/255, 'DisplayName’, 'Filled outliers')

% Plot outlier thresholds

plot([x1lim missing xlim],[thresholdLow*[1 1] MNaM thresholdHigh*[1 1]],...
‘Color',[145 145 145]/255, 'DisplayName’, "Outlier thresholds')

19
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Getting Started: Exploring a New Dataset

Define outliers

Detection method [Mean v ] Threshold factor 3 %

Median
Visualize resull yjean

/| Filled outliers v Quartiles stlier thresholds | | Qutlier center
Grubbs

F Y

. | Generalized extreme studentized deviate (GESD)
% F111 outlier

[ cleanedData,¢
filloutli¢ Moving mean lePoints’,t1hz.Time);

Moving median dHigh] =

#% F111 outliers
[ cleanedData,cutlierIndices,thresholdLow,thresholdHigh] =
filloutliers(tihz.OIT 1, 'linear’, ‘'mean’, 'SamplePoints’,tlhz.Time);

20
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Getting Started: Exploring a New Dataset ~N
Missing Data
1smissing

@ : | o ! rmmissing
® Controls and Code ' fillmissing
Controls Only
Code Only L Outliers
isoutlier
" Autorun Section :
rmoutliers
Run Section Ctrl+Enter filloutliers

Restore Default Values

Convert Task to Editable Code Change Points

_ ischange
Insert Section Break Ctrl+Alt+Enter
Cut Ctrl+X Noisy Data
Copy Ctrl+C smoothdata
Paste Ctrl+V
and more...
Help Fi

https://www.mathworks.com/help/
matlab/preprocessing-data.html

\_ J

21
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Getting Started: Exploring a New Dataset

Apply outlier filling method to all oil temperature variables in our timetable.

tilhz = filloutliers(tihz, 'linear', 'mean’, 'DataVariables',{'0IT 1',"'0IT 2',"'0IT 3", '0IT 4'});

stackedplot(tihz,{{'0IT 1','0IT 2"},{'0IT 3", '0IT_4"'}});

OIT 1

or2 |

OIT_3 90

1201

100

10
100

OIwa

70

N oIT 1
oIT_2
|
oIT 3
OIT 4
| ¥ \
17:15 17:30 17.45 18:00 18:15
Time May 10, 2001

4\ MathWorks
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Getting Started: Exploring a New Dataset - ~ =
: Join Tables

Combine two tables using key vanables

tahz = table2timetable(flightDatadHz) oIn TR | MATLAB 97.0.1190202 (R2019b)
tdhz =
Time ALT ALTR ADAM
1 10-May-20... 861 16 6.5918
2 ||‘1D-Mayf—2ﬂ0’1 1?:[}3:54.25[}}1 16 6.5918
3 10-May-20... 861 16 6.5918
4 10-May-20... 861 16 6.5918
5 10-May-20... 861 0 6.5918
6 10-May-20... 861 0 6.5918
7 10-May-20... 861 16 6.5918
: 10-May-20... 861 0 6.5918
9 10-May-20... 861 0 6.5918

23



Getting Started: Exploring a New Dataset

Join Tables

joinedData| = Combine flightDatalHz and flightData4Hz using outer join

Select data
Left table  flightData1Hz ¥ | Right table  flightDatad4Hz \
Merging variable | Time v | Merging variable |Time v | |E|
Specify join
- O @ @ e
Quter Left Right Inner
jain ) outer join outer join join Jain

Combine merging variables
Visualize results

Qutput table | | Input tables

% Join tables

joinedData = outerjoin(flightDatalHz,flightDatadHz, 'Keys', 'Time',...

‘MergeKeys ' ,true)

4\ MathWorks
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Getting Started: Exploring a New Dataset

Synchronize 1Hz and 4Hz Data
Join the 1Hz and 4Hz data using the synchronize command.

The sychronize command gives us flexibility in how the synchronize occurs.

Here, we use the default synchronize method which synchronizes the data onto a union of the timestamps from t1hz and t4hz.

t = synchronize(tihz,t4hz)

Time ABRK ACMT AlL_1 AlL_2 ALTS APFD ATEN A_
1 10-May-20. . 119.9836 59 91.8789 91.5925 6000 2 0
2 10-May-20. . NaN NaN NaN NaN NaMN NaN NaMN
10-May-20. . NaMN NaN NaMN NaN NaMN NaN NaMN
10-May-20. . NaMN NaN NaMN NaN NaMN NaN NaMN
10-May-20. . 119.9836 59 91.8994 91.5925 6000 2 0
10-May-20. . NaN NaN NaN NaN NaN NaN NaN
10-May-20. . NaMN NaN NaMN NaN NaMN NaN NaMN
10-May-20. .. NaMN NaN NaMN NaMN NaN NaMN NaN
10-May-20. . 119.9836 60 91.8994 91.5925 6000 2 0




Getting Started: Exploring a New Dataset

t = fillmissing(t, "previous’)

4\ MathWorks

DATA PREPROCESSING

L

Clean Missing
Data

Clean Missing Data
Find, fill, or remove missing data

—

MATLAB 9.7.0.1190202 (R2019b) |

Time
1 10-May-20. .
2 10-May-20. ..
3 10-May-20. ..
4 10-May-20. ..
5 10-May-20. ..
6 10-May-20. ..
7 10-May-20. ..
] 10-May-20. .
9 10-May-20. .

ABRK

119.9836
119.9836
119.9836
119.9836
119.9836
119.9836
119.9836
119.9836
119.9836

ACMT

29
o9
29
59
o9
59
59
29
60

AlL_1
91.8789
91.8789
91.8789
91 8789
91.8994
91.8994
91.8994
91.8994
91.8994

AlL_2
91.5925
91.5925
91.5925
91.5925
91.5925
91.5925
91.5925
91.5925
91.5925

|

26
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Getting Started: Exploring a New Dataset

inFlight = t.WOW==1;

geoplot(t.LATP(inFlight),t.LONP(inFlight), 'LinewWidth",3);

81°"W

42°N | ]
o 41°N .
-
=
kS
2
40°N | ]
50 km | 6
39°N ?D mi | . . . . Esri, HERE, NPS]
87 "W 86" W 85°"W 84*W 83°"wW 82°"W

Longitude

/’» 42 k_//”:\
geoplot g
§40
39
-86 -84 82
Longitude
;’ﬁ Py ' gcoscatter
ey X
d 0w
1M} muﬂlm 100
geobubble £
:z e
2 1 E geodensityplot
https://www.mathworks.com/help/

\_ matlab/geographic-plots.html )

27
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Getting Started: Exploring a New Dataset

B8EHEHGT @  Coden
T T

ax = gca;
’./? chart = ax.Children(1);

Latitude 42 .25 datatip(chart,42.25,-83.35);
Longitude -83.35

| Update Code | Copy |

=1 [+ [E] {7 @ Code ~
T

| analimits([33.2 47.5],[-96.8 -72.2])
(Z:]cum Out From Map Center !

[ Update Code || Copy |

4\ MathWorks
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Data Science Maturity Levels

Common
Ad-hoc Generally Useful Infrastructure;
Individual Tools for Tested and
Analysis Analysis Documented

® e e

 Explore and understand data
« Document analysis

* Tools will be re-used Iin next steps

29
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Data Science Maturity Levels

Common
Ad-hoc Generally Useful Infrastructure;
Individual Tools for Tested and
Analysis Analysis Documented

® e e

 Apply to different datasets
* Functions/Scripts
« MATLAB Apps

« Trend: Work with BIG DATA

30



Reusable Tools for Big Data Analysis

1. Custom datastore for reading all the data
2. Extension of the datastore for specific queries
3. Extending datastore with tall variables

ds = flightDataStore('\Data\666");
ds.SelectedVariableNames = {'FIRE 2'};
ds.AddFlightIdentifier = true;

while hasdata(ds)
t = read(ds);
if any(t.FIRE_2)

4\ MathWorks

t = tall(ds)
Tt =
Mx6 tall timetable

binEdges = 0:80;
histogram(t.FE,binEdges);

results = [results; {t.Flight(1), sum(t.FIRE_2)}];

end
end

31



Big Data Requires New Tools

Create a datastore from all CSV files

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

Built-In Datastores

General

datastore

spreadsheetDatastore

tabularTextDatastore

fileDatastore

Database

databaseDatastore

Image

imageDatastore

denoisingImageDatastore

randomPatchExtractionDatastore

pixellLabelDatastore

augmentedImageDatastore

Audio

audioDatastore

Predictive
Maintenance

fileEnsembleDatastore

simulationEnsembleDatastore

Simulink

SimulationDatastore

Automotive

mdfDatastore

4\ MathWorks
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Big Data Requires New Tools
Custom Datastore

= Customize a datastore to work with
your dataset

= Gives you control over how data is
loaded and formatted

= MATLAB subclass: “fill-in-the-blanks”

= Build a piece of infrastructure, then re-
use it in your analyses

function [data,info] = read(ds)

end

function tf = hasdata (ds)

end

function reset (ds)

end

function p = progress (ds)

end

function data = readall (ds)

end

4\ MathWorks
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A Custom Datastore for Flight Data

ds = flightDataStore( ' \Data\666");
ds.SelectedvariableNames = {'FIRE 2'};
ds.AddFlightIdentifier = true;

B Name

B8 666200104010314.mat
B8 666200104010414.mat
B8 566200104010905.mat
B 666200104011149.mat
W 666200104011526.mat
8 666200104012010.mat
B8 666200104012127.mat
B 666200104020010.mat
8 666200104020300.mat
B 666200104020404.mat

i 666200104020910.mat

47 KB
125 KB
2,001 KB
2,130 KB
1,863 KB
97 KB
40 KB
41 KB
108 KB
1,876 KB
1,511 KB

B 666200104021227.mat 1,874 KB
B8 666200104021518.mat 783 KB
B8 666200104021643.mat 859 KB
B 666200104022046.mat 710 KB

ds =

flightDataStore with properties:

CurrentFilelndex:
NumberOfFiles:
VariableNames:

SelectedVariablelNames:
AddFlightIdentifier:

preview(ds)
ans =
Time FIRE_2
1 01-Apr-200...
2 01-Apr-200...
3 01-Apr-200._.
- 01-Apr-200. .
5 01-Apr-200. .
B 01-Apr-200. .
7 01-Apr-200...
3 01-Apr-200. .

e e T o T o Y s s Y s Y s

1
6691

{1x186 cell
{"FIRE 2'}

1

Flight

666200104. .
666200104. .
666200104 . .
666200104. .
666200104. .
666200104. .
666200104. .
666200104. .

4\ MathWorks
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A Custom Datastore for Flight Data

t = readFullFlight(ds, '666200303212002")

Time
1 21-Mar-200...
2 21-Mar-200...
3 21-Mar-200. .
4 21-Mar-200. _.
5 21-Mar-200...
B 21-Mar-200...
7 21-Mar-200...
8 21-Mar-200...
9 21-Mar-200...

ACID DATE_DAY DATE_MONTH
666 3

signalMetaInfo(ds)

ans =
Signals Rate Units Description Alpha

1 ‘ABRK 1.0000|'DEG' ‘AIRBRAKE PO_.. "TABRK'
2 ‘ACID 0.2500 " ‘AIRCRAFT NU... "ACID
3 ACMT 1.0000 | " '‘ACMS TIMING... "ACMT
4 ‘AIL_ T 1.0000 | 'DEG' ‘AILERON PO5... "AIL1T
5 AlL_2 1.0000|'DEG' ‘AILERON POS... "AIL 2"
B ALT 4 0000 |'FEET 'PRESSUREA... 'ALT
7 ‘ALTR! 4 0000 | '"FT/MIN' ‘ALTITUDE RA._. 'ALTR!
8 ‘ALTS 1.0000  'FEET 'SELECTED AL... "ALTS
9 'AOAT 4 0000 |'DEG' '‘ANGLE OF AT... "ADAT

4\ MathWorks
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A Custom Datastore for Flight Data
Read a file from the Dash Link Flight Data

hitps://c3.nasa.gov/dashlink/projects/85/

function tt = readfFlightFile(filename,varnames,addidentifier)

% Load the data
if nargin==
% Load the entire file
s = load(filename);
elseif nargin»=2
% Load only the specified variables
if ~isempty(varnames)
s = load(filename,varnames{:});
else
s = struct([]);
end
end

ExtractStartTime
Extract the flight start time from the flight identifier (located in the flight filename). The flight identifier is of the form:

NNNyyyyMMddhhmm
Where NNN is the tail number, and yyyyMMddhhmm is a timestamp.

Note: Some files have a trailing "_#" (in the case where there are multiple files from the same aircraft that started at the same minute).
function st = extractStartTime(s,flightIdentifier)

if contains(flightIdentifier,’' ') % Handle files that have an underscore and numeric identifier
flightIdentifier = extractBefore(flightIdentifier,’ ');
end

% The starting second is not in the flight identifier, but we can get it from the raw data
sec = s.GMT_SEC.data(1);

% Add the seconds and the timestamp together to get the start time
st = datetime(flightIdentifier(4:end),...
'InputFormat', 'yyyyMMddHHmMm' , ...
'TimeZone', 'Europe/London’) ...
+ seconds(sec);
end

36



A Custom Datastore for Flight Data

classdef flightDataStore < matlab.io.Datastore &
matlab.io.datastore.Partitionable &
matlab.io.datastore.HadoopFileBased

properties (Sethccess = protected)
CurrentFileIndex double
NumberQfFiles double
VariableNames cell

end

properties (Dependent)
SelectedVariableNames cell

end

properties
AddFlightIdentifier logical

end

properties (RAccess = protected, Hidden = true)
FileSet matlab.io.datastore.DsFileSet

end

4\ MathWorks

function fds = flightDataStore(location)
%FLIGHTDATASTORE Datastore for reading flight data

o o P ol@ g oe oo

DS = FLIGHTDATASTORE (LOCATION) creates a flightDataStore DS
of the data. LOCATION is a folder that contains .MAT files
that contain flight data. Alternatively, LOCATION can be
an individual .MAT file of flight data. If LOCATION is a
folder, .MAT files are searched for recursively (there can
be multiple levels of folders).

% Use the DsFileSet class to find and keep track of files

fds.

fds
fds

fds
fds

NumberofFiles
.VariableNames
fds.

FileSet = matlab.io.datastore.DsFileSet (location, ...
'FileExtensions', '.mat’,

'FileSplitsize', 'file', ...
'IncludeSubfolders', true);

.CurrentFileIndex = 1;
.BddFlightIdentifier = false;

fds.FileSet.NumFiles;
extractVariableNames (fds) ;

SelectedVariableNames = fds.VariableNames;

reset (fds) ;

end
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A Custom Datastore for Flight Data

%% Basic datastore implementation

function [data,info] = read(fds)

end

%2 Read data and information about the extracted data.

% Info about the next file to read
fileInfoThl = nextfile(fds.FileSet);

% Call the file reader

data = readFlightFile(fileInfoTbl.FileName, fds.SelectedVari:

% Return info about the data that has been read
info.Size = size(data);

info.FileName = fileInfoThl.FileName;
info.0ffset = fileInfoThl.0ffset;

% Update CurrentFileIndex for tracking progress
fds.CurrentFileIndex = fds.CurrentFileIndex + 1

r

4\ MathWorks

%% Basic datastore implementatiob
function [data,info] = read{fds)[:]

function tf = hasdata{fds)[:]

function reset{fds)[:]

function frac progress{fds)[:]

function data readall{fds,iterDisp)[:]

%% Custom methods for reading individual flight data
function data = readFullFlight{fds,flightIdentifier)[:]

function data = readFlight{fds,flightIdentifier)[:]

%% Extract metadata that is helpful to understand the dataset
function signalinfo = signalMetaInfo{fds)[:]

%% Support for parallel computing
function subds = partition{fds,n,i)[:]

%% Support for Hadoop
function initializeDatastore{fds,hadooplnfo)[:]

function loc = getLocation{fds)[:]
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(Q Find Rare Events, then Dive Deeper

results = table('Size', [0 2], 'VariableTypes',{'categorical’', 'double'},...
'VariableNames',{'Flight', 'Fire_Seconds'});
while hasdata(ds)
t = read(ds); »
if any(t.FIRE_2)
results = [results; {t.Flight(1), sum(t.FIRE_2)}];
end
end

4\ MathWorks

results = 38x2 table @
Flight Fire_Seconds
21 |666200210... 1
2 |666200210... 1
23 |666200302... | 3
24 |666200303... 1
25 |666200304212002 15
26 |666200303... 2
27 |666200303... | 1
2 |666200304... .
29 |666200304... 2
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(Q Find Rare Events, then Dive Deeper

plot(t.LONP,t.LATP)

stéckedplc-t(t, contains(t.Properties.VariableNames, 'FIRE "));

21-Mar-2003 20:21:38

FIRE_1 0 ¢ 0]
-

FIRE 205

FIRE_3 0 ¢ 0]

FIRE_4 0 ¢{0]

20:40
Mar 21, 2003

plot(t.LONP(logical(t.FIRE 2)),t.LATP(logical(t.FIRE 2)), ' "r")
xlabel('Longitude")
ylabel('Latitude"’)
legend('Flight Path', 'Fire Event')

Latitude

45

44.05 |

449

44.85 |

44.75

44.7

4465 [

44.6 [

Fight Path
% FrzEvent

4455

-83.5

-83.4 -83.3

Longitude

4\ MathWorks
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(Q Find Rare Events, then Dive Deeper

varidx = contains(t.Properties.VariableNames,{ FIRE 2", 'RALT ", 'FF","N2", "MW'});
stackedplot(t,varidx);

FIRE 205
MWo.5
FF_11000
FF_21000
FF_31000
FF_41000
N2_150
N2_250
N2_350
N2_450

RALT 3008

f 1‘

S B Ve T e INT I

» 7]

:_h j JWW““NM‘* L

pve— e Vool VN W INESY

i | e A Vi Ve Y o B e W

- e

e
q i

f

f./ T

3
=

20:20 20:30 20:40
Time Mar 21, 2003

aaf

LR

FIRE_2

FF_2

a2

2000

1500 -

1000 -

500
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I
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Mar 21,2003
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‘ MathWorks:

Q, Find Rare Events, then Dive Deeper

§ Engine Vibration Around Takeoff
Comparison to Typical Performance (Percentiles)
05 r
FIRE 205
=2 1% - 90
50~ 950
045 - 10%-90%
259%-T5%
— GEaA00A0A2 2002
an b 04
WiB_1
a1fF 035
o4k 03
VIB 2gaL 0325
.|'|. TN I oz
a2k 015
WIB 3
arE 0.1
005
oz
‘Waight Off Whaals
“B_d- a 1 1 1 1 ]
a1 80 40 20 o 20 40 60
| | . | Time After Takeoff (sec)
A0:10 20:20 A0:30 2040
Time hllar 21,2003
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Big Data Requires New Tools
Tall Arrays

-
-
-
“
- “
.
L]
— b
- -
. .
A
A
N
L -
-
L -
L -
-
-
-
t = ta S :
= -
-
.
L

t= = a2 =s==N

Mx6 tall timetable

- When to use tall binEdges = 0:80; Ju
— the function has already been implemented histogram(t.FE,binEdges);

— the output of the operation does not fit in memory
— multiple independent outputs are required
— the algorithm works over a moving window
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al

TAS: True Airspeed (knots)

FF_N: Fuel Flow N (Ibs/hr)

WOW: Weight On Wheels (logical)

ds.SelectedvariableNames = {'TAS','FF_1','FF 2" ,"FF 3", "FF_ 4", "WOW"}

+
I

tall(ds)

M=x6 tall timetable

Time

@1-Apr-2001
@1-Apr-2001
@1-Apr-2001
@1-Apr-2001
@1-Apr-2001
@1-Apr-2001
@1-Apr-2001
@1-Apr-2001

83:15:3@
83:15:3@
83:15:3@
83:15:3@
83:15:31
83:15:31
83:15:31
83:15:31

WouW

MNal
MNal
MNal

MNal
MNal
MNal

TAS

RO DD D0 0D

FF_

FF_

FF_

?(?r Perform Fleet-Wide Calculations

LR o I o I v I v v v

LR o I o I v I v v v

LR o I o I v I v v v

LR o I o I v I v v v

Limit to only cases where the aircraft was in the air

inAir = t.WoW==1;
t = t(inAir,:);

Sum the total fuel flow to the engine (units are LBS/HR)
t.FF_TOTAL = t.FF_1+t.FF_2+t.FF 3+t.FF 4;

Convert airspeed to MPH and calculate fuel efficiency in LBS/MILE
knots2mph = 1.15078;

t.FE = t.FF_TOTAL ./ (t.TAS*knots2mph);
t.FE(isinf(t.FE)) = @;

12-Jan-2e01

4\ MathWorks

145.62 2584 2608 2592

2576

18366

Time WOW TAS FF_.1 FF_2 FF_3 FF_4  FF_TOTAL FE

12-Jan-2001 89:22:28 1 147.81 2680 2632 2680 2592 10424 61.282
12-Jan-2001 89:22:29 1 149.62 2688 2624 2680 2592 10424 60.539
12-Jan-2001 89:22:30 1 149.62 2680 2624 2688 2592 10424 60.539
12-Jan-2001 89:22:31 1 149.88 2680 2616 2680 2592 10408 60.346
12-Jan-2001 89:22:32 1 148.94 2592 2616 2680 2584 10392 60.632
12-Jan-2001 89:22:33 1 148.62 2592 2616 2680 2584 10392 60.76
12-Jan-2001 89:22:34 1 147.94 2592 2688 2592 2584 10376 60.948

09:22:35 1

bE.573
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;?( Perform Fleet-Wide Calculations

14 2 107 Fuel Efficiency over 180303 Flights
I I I I I I ! I I

Plot Data Using Tall Arrays

Summarize Fuel Efficiency using a histogram

binkEdges = ©:88;
histogram(t.FE,binEdges);

CDF

Evaluating tall expression using the Parallel Poeol 'local’

a 10 20 30 40 50 a0 7a BO
Fuel Efficiency (LBS/MILE)
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Data Science Maturity Levels

Common
Ad-hoc Generally Useful Infrastructure;
Individual Tools for Tested and
Analysis Analysis Documented

®* e e

 Make it easy to navigate the data

 Re-use each time you analyze the dataset
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Data Science Maturity Levels

Common
Ad-hoc Generally Useful Infrastructure:
Individual Tools for Tested and
Analysis Analysis Documented

®* e e

Collaborate: Work with others on a common code base
- Verify: Write well-tested software

Share: Build tools for others
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MATLAB for Data Science Teams

1. MATLAB Projects
2. Unit Testing
3. Toolbox Packaging

4\ MathWorks
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MATLAB Projects

MName =

+tests

doc

resources
_] git
E‘j flightDataStore.m
{8 FlightDataToolbox.mitbx
ﬁ FlightDataToolbox.prj
:I infoxml
@ PackageToolbox.prj
| readFlightFile.mlx

Git

Project - FlightDataToolbox

Views

All | Project | Modified (0)

& Files Name =

+tests
doc

|H= Dependency Analysis

Labels
[ﬁ] Classification

Git
e9062ad97
Branch status: Normal

.ﬁ flightDataStore.m
FlightDataToolbox.mltbx
j infoxml

@ PackageToolbox.prj

* readFlightFile.mlx

-
==

flightDataStore.m (Class)

¥ €| flightDataStore(location)

~ uj] Basic datastore implementation
read(fds)

v @) hasdata(fds)
reset(fds)

Status
w

v [

0 [Deson

AN SN

2T Layout: Tree v @~

Git Classification

Derived

o000

Design

(“lll 1 1abels ~

Classification:

Drag labels here
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MATLAB Projects

ﬂ testFlightDatastore.m
line 18

'3

=| FleetWideFuelEconomy....

line 1

| SlicingFlightDataBrampl_.

line 1
line 7

_] ATdata

_] ATRate

_] ALT.data

_] ALT.Rate

‘E, DevelopingAFlightDataStore.mlx
ﬂ fdt_examples.m

ﬂ fdt_functions.m

ﬂ fdt_release_notes.m

‘E, FleetWideFuelEconomy.mlx

.ﬁ flightDataStore.m

‘E, FlightTraceMapExample.mlx

‘E, GettingStartedWithFlightData.mlx
j helptoc.xml

= InridantAnalucicEvamnla mlv

show: | Directly Impacted Files

Name =

#4| GettingStarted WithFlight.. =
‘E, FleetWideFuelEconomy.mlx [Line 1]

Line 3

Lined ‘E, SlicingFlightDataExample.mlx [Line 1]

Line 18 ‘E, SlicingFlightDataExample.mlx [Line 7]
ﬂ testFlightDatastore.m [Line 18]

.:] flightD atastore.m = I || read FlightFile.mix

Line 83

Line 154

Line 161

Path

fdoc\examples
hdoc

hdoc

hdoc
fdoc\examples
5\
fdoc\examples
fdoc\examples
hdoc

T AdAn\evamnlac

Path

$\doc\examples
$\doc\examples
$\doc\examples
o\ +tests

Problem Description
Missing file

Missing file

Missing file

Missing file

Missing project file

Missing project file

Miccinn nrniact file

Project Status

Sssso0000O

L0

<

e

Requires
flightDataStore.m
flightDataStore.m
flightDataStore.m
flightDataStore.m

4\ MathWorks
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MATLAB Projects

4\ Branches

Current Branch
Detached HEAD
HEAD: c155b68eea3dele1c9f8985a53023bbe9062ad97

Branch Browser

Branches: Detached HEAD

~| & Switch

Addrefs/remotes/origin/HEAD
Updrefs/remotes/origin/master

@ Revert to HEAD

b8 Merge ||~

Removed code coverage plugin from test runner.
Added doc and image.

Added Packaged Toolbox file.

Updated infoxml name

Added more doc.

Continued aclding doc.

Delete UsingAFlightDataStoreExam ple.mlx
Updated slicing data demo.

Delete FlightTraceMapExam ple.mlx

Delete IncidentAnalysisExample.m Ix
Added documentation.

Added toolbox packaging.

Added Tests.

Initial commit

-0 0900000008 00080

sdeland ...

sdeland ...
sdeland ...
sdeland ...
sdeland ...
sdeland ...
sdeland ...
sdeland ...
sdeland ...
sdeland ...
sdeland ...
sdeland ...
sdeland ...
sdeland ...

Updated comments in testFlightDatastore.

6e9062ad97
ci.dhcp.mathworks.com)
-maci.dhcp.mathworks.com)

Branch and Tag Creation ~

=M Differences from parent d606e85b896fac9833c8babfe1073ebb4

=] I.___'J +tests
- ﬁtestFlightDatastDle‘m

4\ MathWorks

v

Mext Previous

COMPARISOMN
Swap Sides 'E]
(& Refresh Merge
{ Find = Mode
MAVIGATE MERGE

4 Comparison - FleetWideFuelEconomy_cb757ed4ae537ec528a023b5cde8f249b064e.. — Ol x

4

Tall Arrays

Creating a tall array from the datastore
gives us access to many built-in functions.

ds = flightDataStore('/Vollmes/EXE/Data/

TAS: True Airspeed (knots)
FF_N: Fuel Flow N (Ibs/hr)

WOW: Weight On Wheels (logical)

< |

| »

Insertion

Bl Deletion [ Modification

1

|' FleetWideFuelEconomy_cb757ed4ae0537ec528a023b5cdedf249b064e39.mix vs. FleetWideFuelEconomy.mix
FleetWideFuelEconomy ch757eddael537ec528a023b5cdedf249b)FHedider uelEconomy . mix

Tall Arrays

Creating a tall array from the datastore
gives us access to many built-in functions.

ds = flightDataStore('/USErs/Sdeland/|

TAS: True Airspeed (knots)
FF_N: Fuel Flow N (Ibs/hr)

WOW: Weight On Wheels (logical)

« »

1 Differences

Help

Close
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Testing

.ertEd,ﬁr" -

ent Y% %R %

< Breakpoints Run Tests  Run Current
ent v (o v v Test
EDIT EREAKPOIMNTS RUMN TESTS

tricengineeringteams » flight-data-toolbox »

F. Editor - testFlightDatastore.m

Project - FlightDataToolbox

| testFlightDatastore.m | + |
[ 1 |c1a55def testFlightDatastore < matlab.unittest.TestCase

2 % For guidance on testing a custom datastore, see: https://www.math

3

4 properties

5= sampleDataSet

6 — ds

7 - end

8 properties (TestParameter)

g — datastoreProperties = {'CurrentFileIndex', 'NumberCfFiles', 'Vari
10 — datastoreMethods = {'copy', 'getLocation', 'hasdata', 'initializel
11 — infoFieldNames = {'Size', 'FileName', 'Offset'};

12 — end

13

14 methods (TestMethodSetup)

15 function buildTestingDatastore (testCase)

16 — 5 = what ('+tests/sampleData');

17 — testCase.sampleDataSet = s.path;

18 — testCase.ds = flightDataStore (testCase.sampleDatasSet);
19 — end

Run| Run all tests in file (F5)]
hd Test

4\ MathWorks

[ﬂ Run Tests
TEST OPTIONS

Clear Command Window
Clears Command Window before running tests

Strict
Applies strict checks while running tests

Parallel
Uses parallel pool to run tests

Qutput Detail
Caontrols amount of information displayed

Logging Level
Includes logged diagnostics up to specified level

ERROR HANDLING

Pause on Errors
Pauses execution when an error occurs

Pause on Warnings
Pauses execution when a warning occurs

Pause on NaN or Inf

Pauses execution when a NaN or Inf value is returned

F5—
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Testing

Testing Guidelines for Custom Datastores
All datastores that are derived from the custom datastore classes share some commaon behaviors. This test procedure provides guidelines to test the minimal set of behaviors and functionalities that all custom
datastores should have. You will need additional tests to qualify any unique functionalities of your custom datastore.

If you have developed your custom datastore based on instructions in Develop Custom Datastore, then follow these test procedures to qualify your custom datastore. First perform the unit tests, followed by the
workflow tests:

+  Unit tests qualify the datastore constructor and methods.

+  Workflow tests qualify the datastore usage.

hasdata

Unit test guidelines for the hasdata method

Test Case Description Expected Output
Call the hasdata method on the datastore object before making any calls to read true

Call the hasdata method on the datastore object after making a few calls to read, but before all the data is read true

When more data is available to read, call the readall method, and then call the hasdata method. true

When no more data is available to read, call the hasdata method. false
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Creating a Toolbox

4\ MathWorks

4 Package a Toolbox - PackageToolbox.prj

PACKAGER
New Open Save | flight-data-toolbox ‘ Package
Project hd
FILE TOOLBOX FOLDER PACKAGE A
]
Toolbox Information
o FlightDataToolbox 1.0
Seth Deland
_ n :
%& < -"‘;f e sdeland@mathworks.com
_ "¥ Remlove#oolbox image |*
AN TP W97 Mathworks
' Set as default contact
&
. Explore and analyze flight recorder data.
U oW ¥
Flight Data Toolbox provides functions for waorking with the large repository of flight recorder data. It includes a datastore for accessing
flight recorder data, and examples of analysis that can be performed.
Toolbox Files and Folders v

54



4\ MathWorks

Creating a Toolbox

4\ Add-On Manager — O x
Installed Updates Get Add-Ons
Iﬁ Q
Name Type Author Install Date hd
FlightDataToolboX version 1.0 Toolbox Seth DelLand 24 September 2019
T ion 4\ Math\Works Toolbox
WLAN Toolbox version 2.2 ERATTTES
- : mber 2019
MR LV E B Flight Data Toolbox (Supplemental Flight Data Toolbox _
' I Software) ! =|z| Open Documentation
Vision k Release Notes for Flight Data Contents
Toolbox : =] Open Folder
Vehiclel > rjight Data Toolbox Functions = Getling Started -
* Flight Data Toolbox Examples = Data Access [ w View Details

Vehicle | = Applications

& View in Add-On Explorer

Trading Getting Started
Text Ad = Getting Started with Flight Data | Enabled
system| Data Access ﬂ Uninstall. ..
= Slicing Flight Data
Z System| 13 September 2019
Applications
Symbo 13 September 2019
= Fleet Wide Fuel Economy
) Statistic 13 September 2019
Stateflow version 10 1 4\ MathWorks Product 13 September 2019 N
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Data Science Maturity Levels

Ad-hoc Generally Useful
Individual Tools for
Analysis Analysis

« Scale-out to larger group of users

« Easier to maintain and share

4\ MathWorks

Common
Infrastructure;
Tested and
Documented
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Takeaways

= MATLAB has many new tools to help
you better work with and utilize your
data

= Create tools for you / your team /
your organization to explore and

analyze data

GENERATE CODE

COMPILE

I I I I ¥ 4
Increasmg maturity with data science THTETS
EMBEDDED HARDWARE ENTERPRISE SYSTEMS B [ &
: : . ’ h t h I = R bl
IS a journey,; were nere 10 neip e
= = edictions: model 1.5 & © L
O Data
& =
- - Correct
estahamge: LINGaT TTeatre T po——
e e A, e
6 77 SvM Accurscy: 973% | Z | eee @k e sss ey senan
astchange: LinearSVM  &id feaiures
17 7 s aceuracy. 97.3% e
ast change: QUadratic SVM a4 1 res. |- .
Show Ot
Current Model [z P
Model 1.5 Trainga % -:;m.
mmmmm
Aocura %7 igate T
Prediction speed  ~880(
Training time 0.322
3 set: fishertable fold Cross-Va ion
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