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FOREWORD 

 
This document was prepared by RTCA Special Committee 147 (SC-147) and approved by the 
RTCA Program Management Committee (PMC) on March 14, 2006. 
 
RTCA, Inc., is a not-for-profit corporation formed to advance the art and science of aviation and 
aviation electronic systems for the benefit of the public.  The organization functions as a Federal 
Advisory Committee and develops consensus based recommendations on contemporary aviation 
issues.  RTCA’s objectives include but are not limited to: 

 coalescing aviation system user and provider technical requirements in a manner that 
helps government and industry meet their mutual objectives and responsibilities; 

 analyzing and recommending solutions to the system technical issues that aviation 
faces as it continues to pursue increased safety, system capacity and efficiency; 

 developing consensus on the application of pertinent technology to fulfill user and 
provider requirements, including development of minimum operational performance 
standards for electronic systems and equipment that support aviation; and 

 assisting in developing the appropriate technical material upon which positions for 
the International Civil Aviation Organization and the International 
Telecommunication Union and other appropriate international organizations can be 
based. 

 
The organization’s recommendations are often used as the basis for government and private 
sector decisions as well as the foundation for many Federal Aviation Administration Technical 
Standard Orders. 
 
Since RTCA is not an official agency of the United States Government, its recommendations 
may not be regarded as statements of official government policy unless so enunciated by the  
U. S. government organization or agency having statutory jurisdiction over any matters to which 
the recommendations relate. 
 
This document contains copyrighted material that is reproduced with permission from the 
respective copyright holders - The Boeing Company, Airbus SAS, and Honeywell International, 
Inc.  
 
Inquiries regarding this material may be made to: 
 
The Boeing Company Airbus SAS Honeywell International, Inc. 
15460 Laguna Canyon Road 316 route de Bayonne Aerospace Intellectual Property 
Irving, CA 92518 31060 Toulouse Cedex 03 PO Box 97001 
 France 15001 NE 36th St  
  Redmond, WA 98073 
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EXECUTIVE SUMMARY 
 
Background and Data 
 
Monitoring of TCAS performance has identified instances where flight crews responded 
in the opposite direction to that specified by TCAS when a resolution advisory (RA) was 
displayed and announced to the flight crews.  Many of these opposite responses were 
observed for RAs classified as Negative RAs by the collision avoidance system (CAS) 
logic, and are characterized by the fact that the flight crew believed their response was 
correct, i.e., not opposite.  A Negative RA is typically issued when a TCAS-equipped 
aircraft is climbing or descending towards another aircraft, and the CAS logic determines 
that the TCAS-desired vertical miss distance between the two aircraft can best be 
achieved by the TCAS aircraft reducing its vertical speed.  These RAs are accompanied 
by an aural annunciation of ‘Adjust Vertical Speed, Adjust’ (AVSA).  The proper 
response to a Negative RA is always a reduction in vertical speed, i.e., a maneuver 
towards level flight.  When a flight crew maneuvers in the opposite direction to a 
Negative RA, it is almost always maneuvering towards the intruder and thus reducing 
rather than increasing the vertical miss distance with the other aircraft.  Such an opposite 
response represents a safety issue. 
 
Because opposite reactions to Negative RAs have been regularly identified since the 
introduction of TCAS II, and have continued since the introduction of TCAS II Version 
7, RTCA Special Committee 147 (SC-147) was tasked to perform studies and analyses to 
investigate the display configurations and aural alerts used for Negative RAs.  The 
purpose of these investigations was to determine whether any problems exist with the 
current requirements for displaying and annunciating this class of RAs.   The SC-147 
requested that its Operations Working Group (OWG) investigate this issue and provide a 
report that documents whether any problems exist in the current requirements for 
displaying and annunciating Negative RAs and if so, to recommend an approach to 
resolving the identified problem(s).   
 
Note:  The focus of the OWG’s investigation has been on opposite responses to initial 
Negative RAs and all references to ‘Negative RAs’ in this Executive Summary and this 
Report are for initial Negative RAs. 
 
The OWG has reviewed data from multiple sources during its investigation of this issue 
and has used these data to develop a number of near term and longer term 
recommendations.  Data have been obtained from: 
 
• Operational monitoring programs using radar data, pilot questionnaires, and 

controller questionnaires 
• Formal investigations of some opposite responses conducted by State’s accident 

investigation organizations 
• Dedicated simulations to collect data on pilot response to Negative RAs 
• On board data recordings and airline safety reporting systems 
 
The available data have yielded the following results: 

1. There have been opposite responses to Negative RAs that have resulted in the 
separation between the aircraft involved in the encounter becoming unacceptably 
small, including one event involving issue SA01 as described in DO-298. 
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A. The majority of these opposite responses have occurred on aircraft where RA 
visual guidance is only provided on a limited analog range vertical speed 
indicator.  Opposite responses have occurred at a significantly higher rate for 
Negative RAs requiring a reduction in vertical speed to 500, 1000, or 2000 
feet per minute (fpm) when using these displays.  Only a limited number of 
opposite responses to Negative RAs requiring a level off, i.e., a reduction in 
vertical speed to zero fpm, have been observed.  The same aural annunciation 
is used for all Negative RAs. 

B. The recorded opposite responses that have resulted in unacceptable 
separation between aircraft have occurred in Europe.  While opposite 
responses to Negative RAs have been observed in U.S. airspace using radar 
data, there have been no events identified in over 1500 controller 
questionnaires received during 2005 where such a response resulted in a loss 
of standard air traffic control separation between aircraft.  In spite of this, it 
is believed that additional monitoring using on board data recording will 
identify events where a loss of separation has occurred. 

2. Three primary causes for opposite responses have been identified: 

A. Lack of suitable training.  Many training programs do not include 
simulations of Negative RAs nor include specific instructions on the 
expected response to Negative RAs.  In some incidents where there was an 
opposite response to the RA, the pilots had never before encountered a 
Negative RA. 

B. Limitations in the aural annunciations.  The “Adjust Vertical Speed, 
Adjust” aural annunciation does not provide complete information on what a 
pilot has to do to comply with the RA.  This is inconsistent with all other 
aural annunciations for corrective RAs, which explicitly state the corrective 
action to be taken by the flight crew. 

C. Difficulty in interpreting displays.  The large majority of misinterpretations 
took place with highly nonlinear vertical speed displays to provide RA 
guidance.  Multiple display issues have been identified on one 
implementation, including: vertical speed needle visibility; limited analog 
range on some displays; and discrimination and understanding of red and 
green regions.  Monitoring data have not identified any opposite responses to 
Negative RAs that require the TCAS aircraft to be leveled off, which 
strongly suggests that the display is a factor, since the aural annunciation is 
the same for all Negative RAs. 

The above three primary causes appear to be interrelated, such that their combination 
needs to be considered in any analysis or proposed solution.  At present the OWG 
considers that there is insufficient data to know how changing each of these factors 
affects the likelihood of an opposite response to a Negative RA, and therefore further 
research into these primary causes is recommended. 
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The OWG has also identified some secondary causes that could warrant further 
investigation: 
• Language. Non native English speakers have been involved in nearly all the known 

opposite responses to Negative RAs that resulted in unacceptable separation between 
aircraft.  It is noted that the word “Adjust” contains no information on the sense, or 
direction, of the required response to the RA. 

• Procedures. Variations in procedures (such as switching off the FD during an RA) 
may affect how well Negative RAs are followed 

• Visual acquisition. Visual perception errors, in combination with the lack of 
directional information in the aural annunciation used for Negative RAs may lead to 
opposite responses. 

 
Conclusions and Recommendations 
 
Opposite responses to Negative RAs can result in less than desired separation from other 
aircraft and is thus considered to be a safety issue. 
 
Based on the work completed to date, the OWG has reached the following conclusions 
and recommends that the following actions be undertaken by RTCA and the 
organizations supporting the work of SC-147 and the OWG. 
 
Training 
 
Enhanced emphasis on the expected response to Negative RAs during pilot training and 
providing information to pilots describing the effects of an opposite response has been 
demonstrated to decrease, but not eliminate, the number of opposite responses to 
Negative RAs.  The OWG recognizes that training should not be relied on to overcome 
any design weaknesses in a system.  However, based on demonstrated experience that 
increased attention to the proper response to Negative RAs will reduce the occurrence of 
opposite responses, the OWG is recommending that all pilots receive training on the 
expected response to Negative RAs during their TCAS maneuver training.  Wherever 
possible, this training should be conducted in a flight simulator.   
 
To support this recommendation, the report contains information that can be disseminated 
to operators that describe the expected response to RAs.  This information should have 
the widest possible distribution.  The report also provides updated guidelines for TCAS 
training and these should also be distributed as widely as possible within the next three 
months. 
 
The OWG recognizes that without guidance on how to set up a scenario that consistently 
results in a Negative RA being issued, it is unrealistic to expect simulator instructors to 
train pilots on the expected response to Negative RAs.  To support this, it is 
recommended that SC-147 perform the work necessary to provide operators and 
simulator instructors with guidance on generating Negative RAs during a flight.  This 
guidance would define encounter parameters for selected weight, altitude, temperature, 
and aircraft state that could be entered to cause Negative RAs to be issued.  This 
information would be required for multiple aircraft types and would require work to 
establish the parameters for these aircraft types.  It is estimated that this information 
could be available for distribution within a six month period. 
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As a longer term action, the OWG recommends that its future work program include a 
task to provide an assessment of the effectiveness of the revised training guidelines and 
explicit guidance on expected response to Negative RAs in reducing the frequency of 
opposite responses to these RAs. 
 
Aural Annunciations 
 
The OWG has noted that several European organizations have concluded that the lack of 
directional information in the aural annunciation “Adjust Vertical Speed, Adjust” 
contributes to opposite responses to Negative RAs.  The OWG has received requests 
from Air France and Lufthansa to evaluate alternative aural annunciations to determine 
whether the use of another annunciation would improve pilot response to Negative RAs.  
 
To be able to respond to these requests, the OWG recommends that evaluations be 
completed to determine whether the modification of the aural annunciations would be 
beneficial.  These evaluations would assess pilot performance when the “Adjust Vertical 
Speed, Adjust” annunciation is replaced with another aural annunciation. 
 
The evaluation of these alternative aural annunciations may include the completion of 
safety studies, TCAS/ATC compatibility analyses, and human factors assessments. 
 
Displays 
 
Opposite responses to Negative RAs are primarily seen on limited analog range vertical 
speed indicator implementations (vertical speed tapes and partial representations of round 
dial vertical speed indicators), suggesting that the display is a significant factor. In some 
specific scenarios these displays are more prone to allowing misinterpretation of 
Negative RAs. The contribution of displays to the problem may be exacerbated by the 
lack of sense information in the associated aural annunciation.  However, the exact 
mechanism by which displays affect opposite responses to negative RAs is not well 
understood. 
 
Assessment is needed of how displays are contributing to the observed problems. If 
possible, ways of reducing the effects of displays on opposite responses to RAs will be 
assessed. The OWG is aware that some manufacturers are updating their displays and 
will continue to follow this work. 
 
Monitoring 
 
The longer term recommendations also include several monitoring tasks.  These include 
expanding operational monitoring to obtain additional information, especially airborne 
recorded data, to help identify the root cause(s) of opposite responses; monitoring work 
being done by airframe manufacturers to modify their display implementations; and 
coordinating any lessons learned from manufacturers’ investigations with other 
manufacturers.  These tasks are structured to provide additional information that will 
assist the OWG and SC-147 in focusing its resources on other recommended studies and 
tasks. 
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Further Comments and Recommendations 
 
A reduction in Negative RAs can likely be achieved if aircraft reduce their vertical speed 
when approaching an assigned altitude.  Data collected by Lufthansa over a one year 
period showed that the likelihood of receiving an RA while leveling off is three times 
lower when the vertical speed of a climbing or descending aircraft is reduced to less than 
1500 fpm within the last 1000 feet of the climb or descent.  Observations made during the 
simulator data collection noted that approximately 65% of the pilots reduced their vertical 
speed when climbing or descending towards another aircraft when that aircraft was 
observed visually, observed on the traffic display, or after the traffic advisory (TA) was 
issued.  Any Negative RAs issued after these reductions in vertical speed reinforced the 
actions taken by the pilots.  The Federal Aviation Administration’s Advisory Circular 
120-55B currently addresses reducing vertical speed to between 500 and 1500 fpm during 
the last 2,000 feet of a climb or descent under ‘Good Operating Practices’.  The ICAO 
Operations Panel (OPSP) has prepared proposed amendments to Annex 6 and PANS-
OPS that contain similar recommendations.   
 
The OWG supports the OPSP recommendations to reduce the vertical speed to a value 
between 500 and 1500 fpm when within 1000 feet of an assigned altitude when the pilot 
is aware of traffic at or maneuvering to level at an adjacent altitude.  The pilot can 
become aware of such traffic via visual acquisition of the traffic, from information shown 
on the traffic display, or from information provided by the controller.  It is recommended 
that this guidance be included in pilot training programs as soon as possible.  The longer 
term solution to this issue, as defined in the draft ICAO guidance material, is to have the 
autopilot or flight management system incorporate logic that automatically reduces the 
vertical speed when approaching an assigned altitude.  The OWG fully supports this 
longer term solution for new aircraft and flight control system certifications.  The OWG 
does not believe that retrofitting existing aircraft should be mandatory. 
 
Whilst working on Negative RAs, the OWG has noted another more general issue: there 
are some inconsistencies in the published procedures that define the expected response to 
RAs.  These inconsistencies exist in both high level guidance material on RA responses 
from ICAO and States and in detailed procedures contained in operators’ training and 
operations manuals.  Since this finding is a by-product of the OWG’s work to date, 
whose purpose was not to review procedures, the OWG recommends that additional, 
detailed reviews of procedures and guidance for responding to RA, be completed to 
determine if there are other inconsistencies contained in Training Manuals and Flight 
Operations Manuals.  The OWG would then develop recommendations on changes that 
should be made to published procedures and guidance, and define what form and type of 
additional guidance should be given to operators of TCAS equipped aircraft.  It is 
estimated that the completion of this work would require approximately eight months and 
would require cooperation from operators and manufacturers to allow the review of their 
publications to be made by the OWG. 
 
The work completed by the OWG has identified several RA display implementations that 
do not meet the requirements contained in DO-185A.  The OWG recommends that the 
display implementations and the requirements of DO-185A be consistent.  This can be 
accomplished by recommending modifications to existing display systems or if 
appropriate, modifying the requirements contained in DO-185A.  In those cases where 
discrepancies are noted between implementations and DO-185A requirements, SC-147 
should evaluate whether the displays deviating from the DO-185A requirements meet the 
technical and operational intent of the DO-185A requirements.   
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If this evaluation determines that the existing implementations meet the intent of the 
DO-185A requirements, DO-185A should be modified to explicitly permit these 
implementations to be used by other manufacturers.  Should the evaluation determine that 
the current implementation does not meet the technical and operational intent of the 
MOPS requirements, the appropriate certification authorities should be provided with 
information that documents the non-compliance with DO-185A, the concern of the 
OWG, and a request to review existing implementations to determine if any changes are 
necessary. 
 
Even when they are understood correctly, and result in the desired action, flight crew can 
report the RA to the controller in a way that will mislead the controller. For example, an 
AVS RA to reduce the rate of climb is sometimes reported as “TCAS climb” because a 
rate of climb is recommended by TCAS and the aircraft is climbing.  Where this RA is 
coordinated, the other aircraft might well have received a climb RA and the pilot of that 
other aircraft should report “TCAS climb”. The controller then hears “TCAS climb” from 
both flight crew and, at best, is confused.  It is recommended that problems with the 
phraseology for reporting AVS RAs to the controller be brought to the attention of the 
FAA. 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/rtca-do-299-pdf/


 

     i      © 2006 RTCA, Inc 

 

TABLE OF CONTENTS 

 

1 INTRODUCTION.......................................................................................................................................1 
1.1 Statement of purpose............................................................................................................................1 
1.2 Background ..........................................................................................................................................2 
1.3 Current Statement of OWG Issues.......................................................................................................2 

1.3.1 Misinterpretation of an Initial Negative RA Leading to an Opposite Response...........................3 
1.3.2 Flying Through a Cleared Flight Level Whilst Complying with a Negative RA .........................3 
1.3.3 Reducing Separation with the Intruder Whilst Complying with a Preventive RA .......................3 

1.4 Factual Description of Workings of TCAS Logic in Encounters Resulting in Negative RAs.............4 
1.5 Structure of the Report .........................................................................................................................5 
1.6 Abbreviations and Acronyms...............................................................................................................6 

2 FACTUAL DESCRIPTION OF DISPLAYS .............................................................................................9 
2.1 Vertical Speed Tape .............................................................................................................................9 
2.2 Round-dial IVSI.................................................................................................................................11 
2.3 Semi circular vertical speed indicator ................................................................................................13 
2.4 Pitch Cue Symbol...............................................................................................................................17 

3 DATA COLLECTION..............................................................................................................................21 
3.1 Method ...............................................................................................................................................21 

3.1.1 Operational Data .........................................................................................................................21 
3.1.1.1 How Operational Monitoring is Conducted ........................................................................21 
3.1.1.2 Activities in the United States .............................................................................................21 
3.1.1.3 Activities in Europe .............................................................................................................22 
3.1.1.4 Activities in Japan ...............................................................................................................23 

3.1.2 Simulation Data Collection Methodology ..................................................................................23 
3.1.2.1 Background..........................................................................................................................23 
3.1.2.2 Scope ...................................................................................................................................23 
3.1.2.3 Scenario Description and Data Collection Approach..........................................................24 

3.1.3 Methodology Used to Collect Information on Stress During RAs .............................................26 
3.1.3.1 Context ................................................................................................................................26 
3.1.3.2 Description of the simulations.............................................................................................27 

3.2 Operational Data Collection Results ..................................................................................................28 
3.2.1 European Results ........................................................................................................................28 

3.2.1.1 Incorrect Responses to Other RAs (Initial Corrective, Preventive, Weakening) ................28 
3.2.1.2 Description of Planned Modifications to Airbus Displays ..................................................29 
3.2.1.3 Airline Operational Data .....................................................................................................30 
3.2.1.4 Accident Investigation Reports ...........................................................................................36 
3.2.1.5 Pilot and Controller Report Analyses ..................................................................................43 
3.2.1.6 Synthesis of the results ........................................................................................................45 

3.2.2 Operational Data from the United States ....................................................................................47 
3.2.2.1 Controller Questionnaires....................................................................................................48 
3.2.2.2 ATA and Airline Data .........................................................................................................48 
3.2.2.3 Review of ASRS Data .........................................................................................................49 
3.2.2.4 Onboard Data Recording .....................................................................................................50 



 

© 2006 RTCA, Inc.   ii 

3.2.2.5 Mode S Data Recording ......................................................................................................50 
3.2.3 Japanese Results .........................................................................................................................53 

3.3 Simulation results summary...............................................................................................................54 
3.3.1 Automatic Data Recording .........................................................................................................54 
3.3.2 Subject Pilot Debriefing Questionnaires.....................................................................................58 
3.3.3 Observations ...............................................................................................................................65 

3.3.3.1 Vertical Speed Reduction ....................................................................................................65 
3.3.3.2 RA Response via Autopilot .................................................................................................66 
3.3.3.3 Autothrust Usage .................................................................................................................66 
3.3.3.4 Flight Director Usage ..........................................................................................................67 
3.3.3.5 Display Readability .............................................................................................................67 
3.3.3.6 Display Consistency with MOPS Requirements .................................................................68 
3.3.3.7 Awareness of Intent of Data Collection...............................................................................68 

3.4 Main Results of the DSNA Simulation on Stress During RAs ..........................................................69 
3.4.1 Simulation runs and collected data .............................................................................................69 
3.4.2 Characteristics of triggered TCAS alerts ....................................................................................70 
3.4.3 Heart rate ....................................................................................................................................70 
3.4.4 Detected Errors ...........................................................................................................................71 

3.4.4.1 Categories of Detected Errors..............................................................................................71 
3.4.4.2 Reporting of RAs to Controllers..........................................................................................71 
3.4.4.3 Comments on the “Adjust Vertical Speed, Adjust” Aural Annunciation............................73 
3.4.4.4 Reactions to Negative RAs..................................................................................................74 

3.4.5 DSNA Report Recommendations ...............................................................................................74 
4 CONCLUSIONS.......................................................................................................................................75 

4.1 A Safety Issue Exists..........................................................................................................................75 
4.1.1 Simulation Data ..........................................................................................................................75 
4.1.2 Airline Data ................................................................................................................................75 
4.1.3 ACAS Monitoring program Data................................................................................................76 
4.1.4 Accident Investigation Data........................................................................................................77 

4.1.4.1 Identification of Causes .......................................................................................................77 
4.1.5 Safety issue argument summary .................................................................................................78 

4.2 Demonstrated Benefit of Increase Emphasis in Training...................................................................79 
4.3 Other Issues........................................................................................................................................80 

4.3.1 Reduction in Vertical Speed Approaching an Altitude...............................................................80 
4.3.2 Inconsistency in Procedures for Responding to RAs..................................................................81 

5 RECOMMENDATIONS ..........................................................................................................................83 
5.1 Summary of Recommendations .........................................................................................................83 
5.2 Recommendations Related to Pilot Training .....................................................................................83 

5.2.1 Provide Guidance to Crews on Expected Response to Negative RAs........................................83 
5.2.2 Update Pilot Training Guidelines ...............................................................................................85 
5.2.3 Provide Information that Instructors Can Use to Create Negative RAs in Simulators ...............87 
5.2.4 Evaluate Effectiveness of Updated Training Guidelines ............................................................88 

5.3 Recommendations Related to Modifying TCAS Displays ................................................................89 
5.3.1 Investigate Reasons for More Frequent Opposite Responses to Weaker Negative RAs ............89 
5.3.2 Monitor Work on Proposed Modifications to RA Displays .......................................................90 

5.4 Recommendations Related to Modifying TCAS Aural Annunciations .............................................90 
5.4.1 Evaluate Proposed Modification of “Adjust Vertical Speed, Adjust” Aural Annunciation .......90 
5.4.2 Assess Effects of Native Language on Aural Annunciation Interpretation ................................92 



 

     iii      © 2006 RTCA, Inc 

5.5 Other Issues........................................................................................................................................93 
5.5.1 Increased Emphasis on Vertical Speed Reduction Approaching an Altitude .............................93 
5.5.2 Review Procedures for Consistency ...........................................................................................94 
5.5.3 Modify Displays and/or DO-185A .............................................................................................95 
5.5.4 Continue with Operational Monitoring.......................................................................................96 
5.5.5 Coordination with Equipment and Airframe OEMs...................................................................97 
5.5.6 Phraseology for Reporting Negative RAs to Controllers............................................................98 

MEMBERSHIP ................................................................................................................................................99 

TABLE OF APPENDICES 
Appendix A .............................................................................................................................................. A-1 
Appendix B............................................................................................................................................... B-1 
Appendix C............................................................................................................................................... C-1 
Appendix D .............................................................................................................................................. D-1 
Appendix E................................................................................................................................................E-1 

TABLE OF TABLES 

 
Table 3-1 Improper Responses in Airborne Recorder Data ....................................................................... 50 
Table 3-2 Reporting Errors for Negative RAs............................................................................................ 72 
Table 3-3 Examples of Debriefing on Reporting Errors for Negative RAs ............................................... 72 
Table 3-4 Example of Controller/Pilot Debriefing after an Incorrect Report of a Negative RA................ 73 
Table 4-1 Number of Opposite Responses to Negative RAs...................................................................... 79 
Table 5-1 Summary of Recommendations ................................................................................................. 84 
Table B-1 Expected Responses to Some Types of RAs ........................................................................... B-9 
Table D-1 TCAS Version 7 Aural Annunciations, Conditions Causing the RA, and Expected Response to 

RA..................................................................................................................................................... D-4 

 

TABLE OF FIGURES 

 
Figure 1-1 Example of an Opposite Response to an Initial Negative RA ..........................................................4 
Figure 2-1 Vertical Speed Tape with No RA Guidance Displayed....................................................................9 
Figure 2-2 Vertical Speed Tape with Reduce Climb to 1000 fpm RA Displayed............................................10 
Figure 2-3 Airbus PFD Showing Compliance with an RA to Reduce Climb to 500 fpm................................10 
Figure 2-4 Airbus PFD Displaying an RA to Reduce Climb to 1000 fpm.......................................................11 
Figure 2-5 Information Displayed on Airbus PFD During an RA ...................................................................12 
Figure 2-6 Climb RA on a Mechanical Round-Dial IVSI ................................................................................13 
Figure 2-7 Climb RA on a LCD Round-Dial IVSI...........................................................................................14 
Figure 2-8 Reduce Climb to 2000 fpm RA on an LCD Round-Dial IVSI .......................................................14 
Figure 2-9 Semi-circular VSI on a PFD ...........................................................................................................15 
Figure 2-10 Vertical Speed Indicator Example ................................................................................................16 
Figure 2-11 Example of Climb RA on VSI ......................................................................................................17 
Figure 2-12 Pitch Cues on PFD with Baseline Split Cue Flight Director Format............................................18 
Figure 2-13: Pitch Cues on PFD with Optional Integrated Cue Flight Director Format ..................................19 
Figure 3-1 Primary Flight Display Showing Modified Elements to Provide RA Guidance ............................30 
Figure 3-2 Poster developed by Air France to catch pilots attention regarding Negative RAs........................32 
Figure 3-3 Opposite reaction to Negative RA on an A320...............................................................................33 
Figure 3-4 Opposite reaction to a Negative RA ...............................................................................................37 
Figure 3-5 Vertical Profile for ERJ 145 Involved in the 2002 UK Event ........................................................40 



 

© 2006 RTCA, Inc.   iv 

Figure 3-6 Vertical Speed Profile for ERJ 145 Involved in the 2002 UK Event..............................................41 
Figure 3-7 Altitude Profiles for August 2004 Swedish Event ..........................................................................42 
Figure 3-8 Vertical Speed Profile for August 2004 Swedish Event .................................................................43 
Figure 3-9 Opposite reaction to a Negative RA ...............................................................................................44 
Figure 3-10 Opposite reaction to a Negative RA on a B737-400.....................................................................45 
Figure 3-11 Negative and Climb RAs Displayed on a Round-Dial IVSI.........................................................47 
Figure 3-12 Vertical Rate During vs. Prior to Limit Climb RAs .....................................................................52 
Figure 3-13 Vertical Rate During vs. Prior to Limit Descent RAs...................................................................52 
Figure 3-14 Pilot Response to Limit Climb RAs..............................................................................................55 
Figure 3-15 Pilot Response to Limit Descent RAs...........................................................................................57 
Figure 3-16 Pilot Response to Positive RAs.....................................................................................................58 
Figure 3-17 Subject Pilots’ Assessment of Simulation Realism ......................................................................59 
Figure 3-18 Subject Pilots’ Assessment of Ease in Interpreting Required Actions Following Initial, Negative 

RA.............................................................................................................................................................60 
Figure 3-19 Subject Pilots’ Assessment of Ease in Interpreting Required Actions Following Initial, Climb or 

Descend RA Followed by a Weakening RA ............................................................................................61 
Figure 3-20 Subject Pilots’ Assessment of Usefulness in Determining Required Actions Following Initial, 

Negative RA .............................................................................................................................................62 
Figure 3-21 Subject Pilots’ Assessment of Usefulness in Determining Required Actions Following Initial, 

Climb RA Followed by a Weakening RA ................................................................................................63 
Figure 3-22 Subject Pilots’ Assessment of Usefulness in Determining Required Actions Following Initial 

Descend RA Followed by a Weakening RA ............................................................................................63 
Figure 3-23 Example of Display Where Digital Indication of Vertical Speed Overwrites Portion of the Red 

Zone on the Vertical Speed Tape .............................................................................................................65 
Figure 3-24 Example of Vertical Speed Needle Obscuring the Break Between the Red and Green Zones on 

the Vertical Speed Tape............................................................................................................................68 
Figure 3-25 Example of PNF Heart Rate during a Climb RA..........................................................................70 
Figure 3-26 Distribution of detected errors ......................................................................................................71 
Figure B-1 CRJ Passing Through the Cleared Flight Level When Correctly Reacting To VSL RA.............B-2 
Figure B-2 Falcon 2000 Passing Through The Cleared Flight Level When Correctly Reacting To Negative 

RA...........................................................................................................................................................B-4 
Figure B-3 RA Pitch Cue Display For Preventive RA with Intruder 500 Ft Below, Boeing 737-800...........B-5 
Figure B-4 Inappropriate Reaction To Preventive RA, Boeing 737-800 .......................................................B-6 
Figure B-5: Weakening RA displayed with pitch cue and on round-dial IVSI ..............................................B-7 
Figure B-6: Preventive RA Displayed With Pitch Cue and Round-Dial IVSI ...............................................B-7 
Figure B-7 Preventive and Negative RAs with RA Pitch Cue Display Aural Message, Displayed RA 

Information and Expected Response ....................................................................................................B-11 
Figure B-8  Red Zone and Green Zone on Vertical Speed Tape Have the Same Width..............................B-12 
Figure B-9 Green Zone Removed from Vertical Speed Tape After Complying with a Negative RA .........B-13 
Figure B-10  Vertical Speed Tape Indication for Weakening RA After a Climb RA..................................B-14 



1

© 2006 RTCA, Inc 

1 INTRODUCTION 

1.1 Statement of purpose 

Monitoring of TCAS performance has identified instances where flight crews responded 
in the opposite direction to that specified by TCAS when the resolution advisory (RA) 
was displayed to the flight crews.  These opposite responses were observed for RAs 
classified as Negative RAs by the collision avoidance system (CAS) logic, and are 
characterized by the fact that the flight crew believes their response is correct, i.e., not 
opposite.  A Negative RA is typically issued when a TCAS-equipped aircraft is climbing 
or descending towards another aircraft, and the CAS logic determines that the TCAS-
desired vertical miss distance between the two aircraft can best be achieved by the TCAS 
aircraft reducing its vertical speed.  Negative RAs are also referred to as Adjust Vertical 
Speed, Adjust (AVSA) or Vertical Speed Limit (VSL) RAs.  The terms “Negative RA”, 
“AVSA RA”, and “VSL RA” are used interchangeably in this report.  The focus of this 
report is on Negative RAs that are issued as the initial RA received during an encounter.  
All references to “Negative RAs” should be interpreted as referring to initial Negative 
RAs. 

In these types of encounters, TCAS can issue RAs that call for the existing vertical speed 
to be reduced to a value less than 2000, 1000, 500, or to 0 feet per minute (fpm).  These 
RAs are accompanied by an aural annunciation of “Adjust Vertical Speed, Adjust”.  The 
proper response to a Negative RA is always a reduction in vertical speed, i.e., a maneuver 
towards level flight.  When a flight crew maneuvers in the opposite direction to a 
Negative RA, it is maneuvering towards the intruder and thus reducing rather than 
increasing the vertical miss distance with the other aircraft.  Such an opposite response 
represents a safety issue.  Although the Operations Working Group (OWG) has not 
developed a standard definition of an opposite response, the OWG has agreed that 
responses with a sustained and noticeable change in vertical speed that is opposite to the 
RA sense is required to classify the response as an opposite response.  Different 
organizations supporting the OWG have defined their own criteria to complete their 
analyses. 

If an opposite response results in continued vertical convergence between two aircraft, 
the TCAS logic will strengthen the initial Negative RA by issuing either a stronger 
Negative RA or a Climb or Descend RA, as appropriate.  A Climb RA is considered an 
“up-sense” advisory and would be issued if the response to a Negative RA calling for a 
reduction in descent rate is not achieving the TCAS-desired separation.  A Descend RA 
would be issued in cases where the initial Negative RA called for a reduction in climb 
rate. 

Because opposite reactions to Negative RAs have been regularly identified since the 
introduction of TCAS II, and have continued since the introduction of TCAS II Version 
7, RTCA Special Committee (SC) 147 was tasked to perform studies and analyses to 
investigate the display configurations and aural alerts used for Negative RAs.  The 
purpose of these investigations was to determine whether any problems exist with the 
current requirements for displaying and annunciating this class of RAs.  SC-147 
requested that the OWG investigate this issue and provide a report that documents 
whether any problems exist in the current requirements for displaying and annunciating 
Negative RAs and if so, to recommend an approach to resolving the identified 
problem(s).  




