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TAP From Lisbon to the World
2018

92 332 Total Flights

Narrow Body – 79780 flights
Wide Body – 12552 flights

Leading airline to Brazil – Daily connections to São Paulo and Rio 

Expanding destinations in USA – JFK, MIA, BOS, ORD, SFO, IAD

Connections to all major European capitals

Regular flights to North Africa, Angola and Mozambique 



TAP Safety Figures Overview
2018

Reporting

1901 Forms – Pilots

1810 Forms – Cabin Crew

816 Forms – Ground Ops

49 Forms – Corporate

281 Forms – Fatigue

141 Forms – Human Factors

Monitoring

Monthly Managed Reports

Operational Risk Assessments

Hazard Log

Survey

Cabin Safety Concerns

Flight Data

97.36% Monitored Flights

129171 Registered Events



Objectives

• Development of a tool that reproduces the behavior of a Terrain Awareness Warning System (TAWS);

• Creating a method to validate TAWS events;

• Integrate terrain databases to monitor hazardous situations;

• Using Google Earth as a visual analysis tool.



Ground Proximity Warning System
(GPWS)

Uses aircraft parameters (radio altitude,
indicated airspeed, vertical speed, glideslope
beam deviation) and flight envelopes to warn
pilots of dangerous situations

Terrain Awareness Warning System (TAWS)

TAWS comprises all systems used to prevent Controlled Flight Into Terrain (CFIT)

Enhanced Ground Proximity Warning System
(EGPWS)

Aditionally, uses terrain, obstacle, and airport runway
databases to provide enhanced protection



EGPWS – Basic Modes

Mode 1 – Excessive Descent Rate

Mode 2 – Excessive Terrain Closure Rate

Mode 3 – Altitude Loss After Takeoff or Go Around

Mode 4 – Unsafe Terrain Clearance

Mode 5 – Excessive Deviation Below ILS Glideslope

• Divided in 5 basic modes (original GPWS) and a few additional enhanced functions;

• Aural and visual warnings are generated when flight envelope is broken.



EGPWS – Terrain Ahead Warning

Uses a worldwide internal terrain database and a
function’s envelope to predict hazardous situations



Implementation Methods

R Programming Language and Flight Data Files (.csv for example)



Implementation Methods

Uneventful Flights Flights with EGPWS Warnings
(basic + enhanced)

Test and validate the developed algorithms

The developed tool will allow to:

• Monitor EGPWS Events and check where the envelope for each mode was
broken;

• Provide a visual analysis tool.



Rationale for EGPWS Modes Warning Detection



Terrain Ahead Warning – Funchal Case Study

Why Funchal?

• “Terrain Ahead” Warnings;

• Runway proximity to a hill;

• Frequent crosswinds during final approach;

• Low computational effort required.



Digital Elevation Model Creation (SRTM Database)



Digital Elevation Model Creation (SRTM Database)



Digital Elevation Model Creation (SRTM Database)



Digital Elevation Model Creation (SRTM Database)



Digital Elevation Model Creation (SRTM Database)



Digital Elevation Model Creation (SRTM Database)



Digital Elevation Model Creation (SRTM Database)



Envelope Features

Top View

Side View



Conflict Detection

Top View Aircraft View



Conflict Detection



Conflict Detection

Terrain CellsEnvelope

Rotation between wind axes and NED axes using Euler angles



Conflict Detection

From geodetic coordinates (Terrain Cells)
to meters (Envelope)
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𝜙 - Aircraft’s latitude

a – Ellipse’s semi-major axis

e – Ellipse’s eccentricity



Achievements - R_TAWS Tool



Achievements - R_TAWS Tool



Achievements - R_TAWS Tool



Conclusions

• The R_TAWS tool was the first approach in TAP FDM department in trying to replicate these sort of
EGPWS events;

• This tool was proven very useful in analysing both EGPWS basic modes and the Terrain Ahead
predictive warning, specially because of the visual perspective it provides.

• Although it is a useful tool, it’s far from being flawless. Some possible sources of error include:

• SRTM database being different from the EGPWS unit internal database;

• Incorrect envelope features for the Terrain Ahead Warning;

• Lack of obstacle information for specific approaches, this might trigger spurious events for 
basic modes (however this is a possible future development);

• Others…



Thank you!

Questions?


