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Presentation Outline

1. Turbulence Detection & Avoidance Systems 

(TDAS) Concept.

2. Turbulence Auto-Pirep System (TAPS).

3. Enhanced Turbulence Mode Radar (E-Turb).

4. Cockpit displays & other applications.
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Turbulence Detection & Avoidance Systems

TAPS

E-Turb Radar
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Turbulence Auto-PIREP System (TAPS)



The Turbulence Encounter Reporting Problem

Current turbulence encounters are GROSSLY under reported. 

Late

Subjective

Not distributed to all users

PIREPS that are made are:

The Turbulence Auto-PIREP System (TAPS) provides 

decision-makers with objective and timely information 

on turbulence hazards.



TAPS Architecture
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TAPS System Integration

Communications 

Infrastructure

Turbulence Turbulence

TAPS Reporting Software

Turbulence

DFDAU
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Radar
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EFB

Nav 
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 Not computationally intensive.

 Software can be distributed throughout the 

avionics.

 Different implementations for different aircraft.

Aircraft Situation Display

Web-Based Application

Ground Station

Display



Geographic Distribution of TAPS 

reports
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Dispatchers’ TAPS WebASD
SM

Display

Courtesy of ARINC

TAPS Icons
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Dispatchers’ TAPS WebASD
SM

Display

Courtesy of ARINC

Flight planning

Flight following:-

- Warning aircraft of turbulence threats

- Altitude recommendations

- Flight rerouting

- Severe loads inspections



PIREPs vs. TAPS: Underestimation
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1. Pilot reported moderate turbulence approximately 1 hour 

after encounter.

2. Passenger injury reported.

3. Aircraft experienced severe turbulence (black line below).

4. TAPS reported severe turbulence.



PIREPs vs. TAPS: Overestimation

Time (s)

Light

Moderate

Severe

R
M

S
 g

  
L

o
a

d
 f

ro
m

 P
ro

c
e
s

s
e

d
 F

li
g

h
t 

D
a

ta

0 100 400200 300 500 600 700 800

1. Captain reported moderate to severe turbulence approximately 5-10 

minutes after initial encounter.

2. Aircraft severe loads inspection requested by Captain upon landing ($). 

3. Aircraft actually experienced light turbulence (blue line below).

4. TAPS reported light turbulence. 

5. Following flight cancelled – aircraft ferried empty to CVG to get back into 

service ($).



TAPS Report Analysis – In-Service Eval

Turbulence Under-Reporting & Distribution Issues Resolved
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Period Covered: June 10, 2004 – August 16, 2006

• A TAPS-equipped aircraft makes 

35 reports per month (avg).

• Each TAPS report is less than 1 kb
95.8%

3.8%
0.4%



Turbulence Impact on Operations: Today

T=0:

Event occurs.

T+55min:

Captain notifies 

dispatcher of event. 

States event 

occurred at T=+30.

T+1hr: Captain confirms “severe” turbulence.

Maintenance inspection ordered, passengers with 

connections in ATL would have to be re-accommodated 

w/ hotels, other flight arrangements.

T+3hr 22min:

Following a 

departure 

delay of 1:27, 

return flight to 

ATL underway.

T=1hr 45min:

Contract 

maintenance 

arrives ($$).

T+3hr: Maintenance 

inspection complete, no 

damage discovered.

T+1hr 55min: 

Scheduled departure time.

Actual event: Delta B737-800 over north Florida 

encounters “severe” turbulence.



Dispatcher’s View of the Event



Turbulence Impact on Operations: Today +

T=0: 

Event occurs, 2 

reports displayed 

on WebASD, no 

need for inspection 

indicated.

T+5min: Dispatcher queries crew about any injuries or cabin 

damage – none apparent. Warns nearby aircraft of turbulence,.

T+1hr 55min:

Return flight to ATL 

dispatched on 

schedule, $$
saved.

Timeline Relying on 

Real-Time Awareness 

from TAPS

Timeline Relying Only on 

Conventional Pilot Report

T=0:

Event occurs.

T+55min:

Captain notifies 

dispatcher of event. 

States event 

occurred at T=+30.

T+1hr: Captain confirms “severe” turbulence.

Maintenance inspection ordered, passengers with 

connections in ATL would have to be re-accommodated 

w/ hotels, other flight arrangements.

T+3hr 22min:

Following a 

departure 

delay of 1:27, 

return flight to 

ATL underway.

T=1hr 45min:

Contract 

maintenance 

arrives ($$).

T+3hr: Maintenance 

inspection complete, no 

damage discovered.

T+1hr 55min: 

Scheduled departure time.
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Enhanced Turbulence Mode Radar (E-Turb)



“E-Turb” Radar Display Presentation

Moderate+ turbulence

“seat-belts on; avoid if possible”

Solid Magenta

Light turbulence

“seat-belts on”

Speckles
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Cockpit Displays and Other Applications



Prototype Cockpit Displays

TAPS + E-Turb 

Sector PPI with VPD

(Nav display)

“Overhead” Map

(Electronic Flight Bag)

NASA funded R&D efforts



Has been evaluated on 

an Airbus A320 simulator, 

August 07.



Installed on a Frontier 

Airlines A318
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Operational Application of Turbulence 

Detection and Avoidance Systems



= $1671 minSavings

$3,607-21.6 min701 

$2,304-13.8 min763 

874 

Cost 

Saved  

Time 

Saved

Distance 

(miles)

TAPS reports

Aircraft

Planned flight path

Potential Time/Distance/Cost Savings

Optimal flight paths due to 

improved turbulence hazard 

awareness



Turbulence Information Flow - Present

Flight Crew

Dispatch 

ATC Desk

Controllers (ARTCC)

Supervisor

Traffic Management Unit 

ATC Command Center 

Where is 

the hazard?



Controllers (ARTCC)

Supervisor

Traffic Management Unit 

ATC Command Center 

Turbulence Information Flow - Future

TDAS 

products

Cockpit Wx RadarCockpit Wx Radar



TAPS in Flight Planning

ORD

Atlanta

Chicago

Normal or ATC Preferred

Economic Route Analysis



TAPS in Flight Planning

ORD

Atlanta

Chicago

ATC Published Re-Route

FLM

OKK

VHP

Develop Flight Plan;
Published Re-Route from 1054z-1500z



ORD

Atlanta

Chicago

FLM

OKK

VHP

TAPS in Flight Planning

Develop Flight Plan;
Published Re-Route from 1054z-1500z

Severe Report on Flight Path



Atlanta

TAPS in Flight Following

Filed Flight Plan

Chicago

Aircraft En Route

• ATL-ORD

• Convective Region Along Flight Path

Monitored Aircraft



Atlanta

Chicago

TAPS in Flight Following

360

340

Turbulence PIREPS 

From ADDS

340

How does Severe turbulence 

impact operations?



TAPS in Flight Following

Atlanta

Chicago

Communicating Turbulence 

Information to the Pilot

Severe Report on Flight Path



Dispatcher-Pilot Collaboration

BRIBE

RBS

IIU
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