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Operational Concept: Traffic alert and 
Collision Avoidance System (TCAS)

Intruder TCAS Aircraft

Safety Logic: Alerts pilots and provides 
conflict resolution guidance

Surveillance: Detects other airborne aircraft 

Detect range

“Traffic, Traffic”

“Climb, Climb”

• TCAS uses on-board surveillance to detect traffic a nd provide alerts to pilots

• Mandated on most passenger-carrying aircraft worldw ide:
– Implemented in U.S. in 1994 and mandated by ICAO since 2003

• MITLL Involvement:
– Initially developed surveillance and assisted with collision avoidance logic evaluation
– Currently monitoring performance and developing advanced collision avoidance and surveillance logic
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Primary Resolution 
Advisories (RA)

• TCAS logic selects RA sense (direction) and type wi th goal of meeting required vertical 
distance (300 – 700’) while minimizing vertical mane uvering

• RAs are based on projected time to closest approach and may:
– Strengthen (increase vertical rate guidance) or weaken (decrease vertical rate guidance)
– Cross flight path of threat aircraft
– Reverse sense (one time)
– Issue optimized guidance during encounters with multiple threat aircraft

Current path:

TCAS guidance:

Monitor Vertical Speed 
(MVS)

Adjust Vertical Speed, Adjust 
(AVSA)

Climb/Descend

Requires no change in current 
vertical rate

Always requires reduction in 
vertical rate

Always requires increase in 
vertical rate

• Remain level (if level)

• Do not increase vertical rate (if 
climbing/descending)

• 4 Possible Targets: Level, 500 
fpm, 1,000 fpm, 2,000 fpm

• Level-off only (v7.1)

• Initial target: 1,500 fpm, may 
increase to 2,500 fpm

• “Maintain” if already 
climbing/descending 
appropriately
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TCAS Operational Performance 
Assessment (TOPA) Program

U.S. Monitoring Sites

Surveillance data, Mode S Address, 
Resolution Advisory information

� Developed to support FAA Safety Management 
System (SMS) requirements associated with 
TCAS v7.1 implementation

� Goals
– Collect TCAS RA downlinks and correlated radar 

surveillance in 21 U.S. terminal areas

– Characterize and assess TCAS operational 
performance in U.S. National Airspace System (NAS)

– Provide recommendations to improve overall TCAS 
system performance
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Analysis Background & Motivation

• TCAS RA rates and types are directly 
related to airspace procedures

– In the U.S., RA encounters frequently 
involve general aviation aircraft operating 
under Visual Flight Rules (VFR)

– In both the U.S. and Europe, RAs also 
occur during altitude level-offs with 1,000’
vertical separation under Instrument Flight 
Rules (IFR)

• Some of these RAs may be considered 
“nuisance” alerts

– What is the impact of these RAs?

– Can future system changes address these 
encounters?

Key Questions

• What is the relationship between 
standard vertical separation and TCAS 
RA types and rates?

• 500’ IFR/VFR separation
• 1,000’ IFR/IFR separation

• Is TCAS operating as designed?
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Aircraft

Aircraft
RA Issued

Level / Level

Aircraft

Aircraft
RA Issued

Level-Off / Level

Aircraft

Aircraft RA Issued

Level-Off / Level-Off

500’ IFR/VFR and 1,000’ IFR/IFR Vertical 
Separation Encounters

500’

500’ & 1,000’

500’ Separation (Level-level/Level-
off):

• In the U.S., aircraft operate 
according to the hemispheric rule 
for IFR and VFR cruise altitudes:

– Westerly courses (180 o – 359o)
 IFR altitudes are even thousands
 VFR altitudes are even thousands 

plus five hundred feet

– Easterly courses (360 o – 179o)
 As above with odd thousands

• TCAS RAs are issued under this 
vertical separation when projected 
horizontal miss distance is within 
alerting criteria

1,000’ Separation (Level-off):
TCAS RAs are issued based on 
vertical closure rates and 
projected horizontal miss distance
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1,000’ IFR/IFR Vertical Separation 
Encounter Example

Example 1,000’ IFR/IFR Level-Off / Level Encounter f rom TOPA Data

1000 ft

AVSA RA
(Limit Climb)
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High -level Geometry Classification Results
(n = 36,689 RAs)

� ~66% of all RAs are due to 500’ IFR/VFR spacing (level-level & level-offs)

� 7% are 1,000’ IFR/IFR level-offs
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Who are the Intruders?

� 500’ spacing RAs are primarily with general aviation, Mode C 
equipped airplanes and helicopters (VFR)

� 1,000’ spacing RAs are predominately with other jet traffic (IFR)

500’ 1,000’

Low-performance aircraft, helicopters

Major/regional air carriers, business jets
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Airspace Breakdown

• VFR is not allowed in Class A; thus no 500’ vertical  separation encounters
– Approximately 70% of Class A encounters result from structured level-offs

 Some are actually “TCAS saves” when pilot or ATC mistakes occur

• All other airspace classes have a mix of VFR and IF R traffic
– 500’ separation accounts for majority of RAs in Class B, C, D and E airspace
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Location Analysis

LA
X

LAX

LA
X

LA
X

DFW

Automated filter identified “hot spots”
where RAs occur under structured ATC 

procedures at navigational fixes

1,000’ level-off RAs are the result of interaction between 
structured IFR arrivals and departures at specific locations
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Is TCAS Performing as Intended?

n = 12,816

GOAL: 
Determine if TCAS performance 
is as intended by design

Intended TCAS Design:
� MVS RAs for level/level encounters

� AVSA or MVS RAs for level-off 
encounters

Observed Performance:
� MVS issued in 85% of level/level 

encounters

� MVS/AVSA issued in ~80% of level-
off encounters

TCAS is generally performing as designed

� 85% of 500’ spacing level-level encounters are MVS RAs

� >80% of 1,000’/500’ level-off RAs are AVSA or MVS
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RA Sense Analysis

Observations:
� While MVS RAs are intended, Climb/Descend RAs 

are issued in 16% of level-level encounters
� In some cases a Climb/Descend RA may not 

seem justified
� Likely results from noisy surveillance

� In certain situations Climb/Descend RAs are 
warranted
� Own or intruder aircraft maneuvering
� Excessive vertical rates may be associated 

with corrective RAs in level-off encounters

n = 12,816

Corrective RAs are necessary 
in low separation encounters!

Descend RA 
issued due to 

intruder 
maneuvering
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Synopsis: Major air carrier departing from 
LGA gets a Descend RA which reverses to 
a Climb RA while leveling beneath a GA 
intruder flying above Class B airspace on a 
discrete code  

Separation at CPA :

Horizontal/vertical separation: 430’/6’

Airspace: Class E

Pressure Altitude: ~7,700 ft 

Nuisance or Necessary?

TCAS Aircraft

Intruder 
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Summary

� MITLL examined >30,000 real RA encounters to charact erize and assess TCAS 
performance in the U.S. National Airspace

� What is the relationship between standard vertical separation and RA types/rates?
� Is TCAS operating as designed in these cases?

� Results:
� RA hot spot locations indicate how TCAS interacts with typical traffic flow patterns
� ~66% of RAs result from 500’ spacing (level and level-offs)
� ~7% result from 1,000’ level-offs

� TCAS is generally performing as designed
� 500’ level-level encounters normally produce MVS RAs (85%)

� Climb/Descend RAs may be NECESSARY in the event of intruder maneuvering

� 500’/1,000 level-off encounters typically result in MVS and AVSA RAs (>80%) 

� In general, the RA vertical guidance in 500’ IFR/VFR and 1,000 IFR/IFR 
encounters aligns with pilot intentions and ATC clearances

� Impact of these RAs on airspace efficiency and pilot workload should be minimal
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Recommendations & Future Work

500’/1,000’ Vertical spacing RAs
� RA frequency and rate alone does NOT necessarily imply nuisance or unnecessary RAs
� Potential TCAS alerting changes intended to reduce RA frequency must consider safety

� MVS RAs improve pilots’ situational awareness with minimal workload and airspace impact
� Merely detuning vertical alerting thresholds may decrease safety

Future Analyses
� Evaluate threat logic changes to minimize RAs for 5 00’/1,000’ separation

� Assess impact on safety of potential changes to TCAS logic to reduce RAs initiated by 500’
vertical spacing – preliminary studies suggest risk ratio increase

� Investigate TCAS surveillance/tracking improvements
� Explore performance and reliability of ADS-B data to improve TCAS alerting

(i.e. intruder intent, position, velocity, etc.)
� Could tracking improvements reduce corrective RAs due to noisy surveillance?
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Questions & Discussion

Thank You!

Jessica Olszta: jessica.olszta@ll.mit.edu

Wes Olson: wes.olson@ll.mit.edu


