)/ Lehrstuhl fiir 1'|.m
Flugsystemdynamik Technische Universitat Muinchen

FDM Decoding and Data Analysis

Techniques and lessons learnt from SafeClouds.eu

Florian Schwaiger, M.Sc.
f.schwaiger@tum.de




X Institute of 'I'“'"
Flight System Dynamics Technical University of Munich

Index

1/ SafeClouds.eu Project Overview
2/ FDM Data Sourcing
3/ Unstable Approach Case Study

4/4/2019 2



)/ Institute of T""
Flight System Dynamics Technical University of Munich

a SafeClouds.eu
1/ PROJECT OVERVIEW

4/4/2019 3



Institute of 'I'“'"
Flight System Dynamics Technical University of Munich

1/ SafeClouds.eu* Project Overview

Partners, Scope, Use Cases
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1/ SafeClouds.eu Project Overview
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2/ FDM DATA SOURCING
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2/ FDM Data Sourcing

Local Node FDM Data Processing

Splitting Decoding
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2/ FDM Data Sourcing

Raw QAR/DAR File Splitting

Example: Long Range Aircraft DAR Memory Dump (1.6 GB)

Splitting time: 6 seconds @ 2.5 GHz + Virtual Drive
Max memory: 3 GB
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2/ FDM Data Sourcing

Raw QAR/DAR File Decoding (ARINC717)
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2/ FDM Data Sourcing

Raw QAR/DAR File Decoding (ARINC717)
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2/ FDM Data Sourcing

Raw QAR/DAR File Decoding (ARINC717)
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2/ FDM Data Sourcing

Deidentified Merging with METAR
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2/ FDM Data Sourcing

Deidentified Merging with METAR

nu
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3/ Unstable Approach Case Study

Working in the Analytics Sandbox

File Edit View Run Kernel Tabs Settings Help

PythonGDAL O

~
- (7| Label Airline UA.ipynb X
B+ X OO » m C Code v
X import pandas
import tum_toolbox
@
index = pandas.read_parquet("s3://airline-xxx-bucket/flights.parquet")
q\; result = [tum_toolbox.label unstable approach(flight) for flight in index]
|:j result.to_parquet("s3://ua-case-study-bucket/airline-xxx.parquet")

fdm = tum toolbox.load flight(result[result.TOTAL LVL > ©].iloc[@])

tum_toolbox.visualize_ landing(fdm)

| o

disclaimer: not 100% correct code, should convey meaning only .
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3/ Unstable Approach Case Study

Unstable Approach Criteria

Landing is considered a LOW severity UA if common rules are violated:

2000-1000ft SPD BRK > 1500ft, GEAR DN > 1500ft, FLAP FULL > 1200ft
1000-500ft —02 < AV, < 15, —1000 < Vyg, |®| < 15°, [81,2] < 1°, |6gs] < 1°

500-50ft  —01 < AV, < 10, —=1000 < Vg, [®] < 10°, |87 < 1°, [86s] < 1°
1000-50ft Ny < Nyminaircrase, €9 40%

SN IMC config rules IMC rules IMC IMC
& &

VMC VMC
&

configuration circling
gate [FSF]
stabilization
gate [FSF] \ %
2000ft AAL 1000 500 | 300 50 '
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3/ Unstable Approach Case Study

Unstable Approach Criteria

Landing is considered a if common rules are violated:

2000-1000ft SPD BRK > 1500ft, GEAR DN > 1500ft, FLAP FULL > 1200ft
1000-500ft —05 < AV, < 20, —1100 < Vyg, |®| < 17°, [8112] < 2°, |6gs] < 2°
500-50ft  —03 < AV, < 15, —=1100 < Vyg, |®| < 12°, |6;14] < 2°, |8¢s] < 2°
1000-50ft Ny < Ny mingircraft: €-9- 35%

SN IMC config rules IMC rules IMC IMC
& &

VMC VMC
&

configuration circling
gate [FSF]
stabilization
gate [FSF] \ %
2000ft AAL 1000 500 | 300 50 '
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3/ Unstable Approach Case Study

Unstable Approach Criteria

Landing is considered a HIGH severity UA if common rules are violated:

2000-1000ft SPD BRK > 1000ft, GEAR DN > 1000ft, FLAP FULL > 700ft
1000-500ft —10 < AV, < 30, —1200 < Vg, |®| < 20°, [8,,7] < 3°, |845] < 3°

500-50ft  —05 < AV, < 20, —1200 < Vyg, |®| < 15°, |8;,7] < 3°, 66| < 3°
1000-50ft Ny < Nyminaircrase, €-9- 30%

SN IMC config rules IMC rules IMC IMC
& &

VMC VMC
&

configuration circling
gate [FSF]
stabilization
gate [FSF] \ %
2000ft AAL 1000 500 | 300 50 '
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3/ Unstable Approach Case Study
Deployment of Algorithms

e Python code
— can only access one flight at a time
— must not have any side effects
— cannot access other files
— is deployed via GIT repository

e Deployed to Spark cluster
— 1 master node @ 4 cores, 8GB memory
— 4 worker nodes @ 8 cores, 32GB memory
— 2 executors per node

e |nspects 300,000 flights in 4 hours
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3/ Unstable Approach Case Study
Findings

tbd
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3/ Unstable Approach Case Study

Visualization of Results in Tableau
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disclaimer: used random data, source: Innaxis
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Summary

1/ SafeClouds.eu Project Overview
— We manage the full pipeline from raw QAR/DAR files to the analytics
— We protect airline data all the way and keep it de-identified

2/ FDM Data Sourcing
— We can split and decode ARINC717 files fast and with high quality
— We combine FDM data with other sources by irreversible hashing

3/ Unstable Approach Case Study
— We research 500k landings for UA and CFIT precursors
— We provide interactive dashboards for the results
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now open to questions and discussion

THANK YOU
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