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CHAPTER I 

INTRODUCTION 

In November of 1996, a Saudi Arabia Airlines Boeing 747 collided in midair with a 

Kazak Ilyushin IL-76 just 50 miles west of New Delhi, India. With all 349 passengers and 

crew of both aircraft killed, this became the worid's third deadliest air disaster. (CNN) 

According to a CNN report, there is evidence showing that one of the aircraft was making 

an effort to avoid colliding with the other. The pilot did not have the time needed to avoid 

the other aircraft. Unfortunately, this is not an isolated incident: midair collisions remain 

one of the primary concerns of pilots and passengers alike. Over the years, technology has 

played a strong role in our efforts to reduce the number of midair collisions. However, 

with the skies being filled with more aircraft each year and the airspace surrounding our 

nation's airports becoming more congested, technology always seems to be years behind 

the industry's demand. 

The purpose of this thesis is to reach a comprehensive understanding of the Traffic 

Collision Avoidance System (TCAS) and determine how effective the system has been in 

reducing midair collisions. This has been the most significant improvement in aircraft 

equipment developed to reduce midair collisions (MACs) since the introduction of radar 

to air traffic control (ATC). 

To become familiar with the system, we will break it down into its individual 

components, discuss how they fiinction as a single unit, and then analyze how each 

contributes to the rest of the system in Chapter II. We will proceed to evaluate the 



effectiveness of the TCAS in Chapter III. In Chapter IV, finally, we will make some 

concluding observations. 



CHAPTER II 

TRAFFIC COLLISION AVOIDANCE SYSTEM 
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Figure 2-1. CAS 67A TCAS II with Standard System Components. 

Source: Bendix/King... Avionics Guide, p. 9. 

The traffic collision avoidance system (TCAS) is the product of over 40 years of 

research in the field of collision avoidance. It is the answer to the aviation industry's 

demand for safer skies. After years of improvements in aircraft design and economic 

booms, the United States has seen the rise of giant air carriers and the ability to travel 

practically anywhere for a very reasonable price. This demand for air travel has continued 

to increase significantly since the deregulation of airlines in the 1980's and is projected to 

continue increasing up to the year 2014 (Petras 249). This has caused the skies 

surrounding our nation's airports to be filled with an excessive number of aircraft, 

exceeding the abilities of presently used radar and communication equipment (Babbit 2). 



A resuh of overcrowding in the skies was an unacceptable level of deaths from midair 

collisions. On December 30, 1987, President Ronald Reagan signed a bill to increase air 

safety ("Reagan Signs..." 2A). This $20.1 billion legislation called for an increase in the 

number of air traffic controllers, new air traffic control computers and other airport 

improvements. Also included in the Airport and Airway Safety and Capacity Expansion 

Act of 1987 was a provision requiring TCAS II, and updated version of TCAS I, to be 

installed within four years in all commercial carriers operating in the U.S. with a capacity 

of more than 30 persons. 

The principle behind TCAS is to enhance the aircrew's situational awareness. There is 

a lot of activity going on inside the cockpit during the most critical phases of flight, such 

as the approach to and departure from an airport. It is very easy for pilots to get 

distracted by one of the many tasks that they must perform and therefore miss seeing a 

nearby aircraft. TCAS provides this increased awareness in the form of a traffic advisory 

(TA). 

To get a better understanding of what TCAS is made of, we will break it down into its 

main components. The system being used in this research is the Bendix/King CAS 67A 

TCAS- II (see Figure 2-1) by AlHed Signal Aerospace. We will begin with the different 

levels of input to the system, including aircraft systems, TCAS controls, and antennae. 

Next, there will be a short discussion about the processing unit and its properties. The 

final topic will be the output of the system, including display options and audio output. 



Inputs 

The whole idea behind TCAS is to have a system equipped to identify an aircraft by its 

position, altitude, and rate of closure in order to determine if this aircraft poses a threat or 

an intrusion. To do this, the system must know the key factors of its own aircraft's flight 

information. This includes the heading, pitch, roll, radio altimeter, and pressure altitude. 

The radio altimeter and pressure ahitude values are combined with the other flight data to 

determine one's own aircraft position and flight path, which is used to detect possible 

hazards (Bendix/King... System Installation Manual 567). 

With a rather large number of options regarding the control and display modules 

available, it is not feasible to try and cover them all. Therefore, instead, an overview of 

the items being used will be presented. For example, a number of control modules for the 

TCAS have been incorporated with the transponder, making it one piece of equipment. 

Since not all transponders have the same abilities, it would get quite confiising trying to 

describe every possible scenario. For this purpose, the transponder and TCAS controls 

will be covered separately. 

Our second source of input is the transponder. TCAS n uses the transponder, in 

Mode-S, aboard its own aircraft to receive the pressure altitude. This altitude is entered 

into the processor and is used to determine an intruder's altitude relative to its own. Also 

pulled from the Mode-S transponder is the airspeed of one's own aircraft. This is used to 

determine the closure rate and resolution advisory (RA) computations (Bendix/King... 

System Installation Manual 67). 



The third input device is the control panel of the TCAS system. The control panels on 

different TCAS models obviously have a few changes between them, so for our purposes, 

we will cover those found on the Bendbc/King CTA 81A Transponder/TCAS Control Unit 

(see Figure 2-2) (Bendix/King... 08499-0000 31). This particular example houses two 

Mode-S transponders. The function selector has the six following operating modes: test, 

standby (STBY), ahitude off" (ALT OFF), altitude on (ALT ON), traffic advisory (TA), 

and traffic advisory/resolution advisory (TA/RA). 

Figure 2-2. CTA 81A Mode-S Transponder/TCAS Control Unit. 

Source: Bendix/King... 08499-0000. p. 2. 

Using a 12-second procedure, the "Test" mode allows the pilot to ensure that the unit 

is functioning properly. The standby mode is important to use when the aircraft is on the 

ground. This prevents any interference with other signals and keeps the controller's 

screen free of unnecessary returns. In the "altitude off" selection, the transponder is 

activated in Mode-S, but does not report altitude and puts the TCAS in standby mode. 

When selected for "ALT ON," the Mode-S transponder begins reporting altitude and the 

TCAS remains in a "standby mode." "TA" mode allows the presentation of traffic 

location on the traffic advisor display, but no resolution advisories are given. The final 



mode, "TA/RA," both displays traffic location on the display and issues an audio and 

visual RA for any identified threat. 

The control surface also allows a number of other options for use of the TCAS. The 

"TCAS RANGE" selector will allow the aircrew to tell the system what range (in nautical 

miles, nm) to display on the traffic display. As the aircraft approaches an airport or some 

area of high traffic, the crew will switch to a lower range in order to get a clearer view of 

the spacing of aircraft. At the end of the range selector knob is a button labeled "FL" for 

flight level When this button is pushed, the traffic will be displayed with its actual 

altitude (using FL form), versus altitude relative to self, for 15 seconds. Located on the 

bottom, right hand side is a toggle switch labeled "ABOVE, NORM, BELOW." This is 

another way for the crew to optimize the traffic display, by having the "eye" of the system 

scan up to 8700 feet above or below the aircraft. This is a useful function during the 

chmbing and descending phase of flight. Since all of the remaining controls on the 

surface of the CTA 81A unit are for transponder use, we will not be covering them here 

The Bendbc/King TCAS II system gives two antennae configuration options 

(Bendix/King... System Installation Manual 76). The first configuration places one ANT 

67A Directional Antenna (see Figure 2-3) on the [top] longitudinal centeriine (± 5%) and 

as far forward as practical, along with a second identical antenna located "as near as 

possible to the vertical plane of the top directional antenna." The second option allows 

the bottom directional antenna to be replaced by a Dual L-Band Omnidirectional Antenna 

(see Figure 2-4). 



Figure 2-3. ANT 67A Directional Antenna. 

Source: Bendix/King... 08499-0000. p. 3. 

The directional antenna allows the bearing of the traffic aircraft to be computed while 

transmitting and receiving signals with one of its four antenna "beams." By manipulating 

which of the beams it uses, the directional antenna is electronically steerable. The 

omnidirectional antenna, however, is an L-band monopole similar to those currently used 

for ATC transponders (Bendix/King. . System Installation Manual 75). 

Figure 2-4. Dual L-band Omni Directional. 

Source: Bendix/King .. 08499-0000. p. 3. 

Processor 

Up to this point, we have discussed all of the contributing inputs to the processor; and 

after reviewing some of the features on the control panel for the TCAS system, we have a 



good idea as to the different modes available to the crew. The next step is to discuss the 

processor ~ the brain of the whole system. Now, with all of the incoming information 

provided by the previously discussed items, the processor begins its work. The first step is 

for the processor to take in the information from its own aircraft's instrumentation and 

transponder information to determine the present location and a projected flight path. 

From there, the processor will interpret any reply messages from other aircraft. The three 

items of interest to the processor are the other aircraft(s) range (distance from aircraft), 

bearing, and altitude (Bendix/King... System Installation Manual 74). (An interesting note 

is that the bearing of another aircraft can be determined only by the reception of the 

directional antenna, and its altitude can be calculated only if its transponder is in altitude 

mode) 

Now that the processor has established the position of its own aircraft and has the 

needed information regarding the other aircraft in the area, the processor will now 

categorize each intruder into one of three categories: non-threat, proximity, or threat. If 

declared a non-threat or proximity, the processor will mark the aircraft with a non-threat 

traffic symbol (no voice alerts are given to crew). For those intruders whose flight paths 

have been identified as a possible collision, the processor will initiate an alert to the crew. 

A traffic advisory (TA) will identify an aircraft as a threat in the traffic display, and an 

audible resolution advisory (RA) will be given to the pilot (giving a command to "climb" 

or "descend"). One of the key advantages of TCAS II can be used when both of the 

approaching aircraft are equipped with this system. Using the data link discussed in the 

previous chapter, the processors of the two aircraft will communicate using their Mode-S 



transponder. (Krause 285) The result of this communication is a non-conflicting RA that 

will best resolve the situation. For example, suppose aircraft A is flying level and it 

detects a descending aircraft B, which is currently above "A." The processor of "A" 

determines that "B" is now an oncoming threat and immediately begins communicating 

with "B's" TCAS. "A's" processor v^ll instruct its pilot to descend, while "B's" pilot is 

warned to climb. The two systems together will coordinate these non-conflicting RA's so 

that the aircraft will maneuver in a manner to maintain the greatest separation. 

Displays 
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Figure 2-5. ITA 81A Dedicated TCAS Traffic Display. 

Source: Bendix/King... 08499-0000. p. 51. 
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Now that the processor has collected all the data, calculated the replying transponder 

codes, and issued the necessary advisories, it is time to consider how the information is 

presented to the pilot. The aircraft owner, or operator, can choose from his/her own 

preference between two traffic display options and three TA/RA display options 

(Bendix/King.. Svstem Installation Manual 203). The traffic display options include the 

ITA 81A Dedicated TA Traffic Display (see Figure 2-5) and the integrated weather radar 

display. Both perform the TCAS mission in a similar and effective manner. While the 

ITA 81A displays all interrogated aircraft within range (displaying their position, relative 

altitude, and climbing/descending attributes), the integrated weather radar is able to 

display the current weather pattern on top of the traffic. TCAS II is capable of tracking 

up to 45 aircraft, displaying 30 of them, and coordinating a RA for up to three intruders at 

once (Bendix/King... 08499-0000 7). The three TA/RA display options include IVA 81A 

(see Figure 2-6), B, and KAV 485T. The first two have been integrated with the aircraft's 

vertical speed indicator (VSI), which tells the pilot the rate of climb or descent of the 

aircraft in feet/minute. They both have RA displays on the outer perimeter of the VSI. 

During the event of an RA, the perimeter of the VSI will light up with red and green 

lights. The objective for the pilot is to keep the arrow showing the aircraft's vertical 

speed within the green areas and avoid the red. The A model goes one step further than 

the B model in that it has also integrated a TA display inside the VSI. The TA is displayed 

similar to that of the dedicated traffic display mentioned earlier, but it allows the 

information to be incorporated with a pre-existing instrument to conserve precious space 

11 



on the instrument panel. The last of the RA options, KAV 485T, is similar to the IVA 

8 IB but has incorporated an altimeter just above the VSI. 

Figure 2-6. IVA/81ATA/VSI. 

Source: Bendix/King... 08499-0000. p. 61. 

The traffic and TA displays are simple and straightforward to read. Just below the 

center of the display is a blue silhouette of an aircraft, which symbolizes the aircraft's 

position. Surrounding that silhouette is a series of circles (composed of dots) that are 

evenly separated. The intruder aircraft is represented by one of four symbols to show the 

level of threat it presents. If the intruder is greater than ±1200 feet in relative altitude, or 

its range is greater than 6 nm, it will be shown as an open white diamond. Once the 

intruder has come within the ±1200 feet in altitude and the 6 nm range, it turns into a solid 

white diamond. When finding the intruder becomes a potential hazard, the solid white 

diamond becomes a yellow circle. At the point which the TCAS finds that a collision with 

the intruder is a matter of 15 to 35 seconds away (depending on altitude), the intruder 
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becomes a red square. If the intruder is climbing more than 499 fVmin, an arrow pointing 

up will appear next to the symbol. An arrow pointing down will appear if the intruder is 

descending more than 499 fl/min (no arrow is displayed if intruder is neither 

climbing/descending). A (±) two-digit number is displayed next to the intruder symbol to 

tell the aircrew what the intruder's altitude is relative to their own (in hundreds of feet). 

For example, if the numbers read "+05" the intruder is 500 feet above the aircraft (a "-05" 

would show the intruder 500 feet below the aircraft). 

The final output device used by the TCAS system is the audible system, which has two 

options. The primary option is the headphones worn by the pilot during flight. The second 

option is to use a loudspeaker in the cockpit. The audible alarm is most likely to be the 

first warning the pilot will notice. During a TA, a synthesized voice will come over the 

pilot's headset (or cockpit loudspeaker) to advise: "TRAFFIC, TRAFFIC." Under normal 

conditions an RA will follow 15 seconds after the TA (Bendix/King... 08746-0000 10). 

The RA will give a pilot directions to avoid a collision, such as "CLIMB, CLIMB, 

CLIMB" or "DESCEND, DESCEND, DESCEND." All audible RA's will be 

accompanied by a visual RA located on the VSI. Once again, the pilot needs to put the 

arrow of the VSI in the green and out of the red to avoid a collision. 

This information represents the key difference between TCAS I and TCAS II. TCAS I 

does not possess the software to calculate RA's. Although it operates in a similar fashion 

as TCAS II, it is only able to issue TA's via headset/loudspeaker and a traffic display. It is 

totally up to the pilot to find the intruder on the traffic display, get a visual conformation, 

and then evade a collision. With the capabilities of TCAS II, however, the pilot is not only 
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given an RA to avoid the collision, but is provided with more detailed instructions on how 

to do so. 
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CHAPTER III 

EFFECTIVENESS OF TCAS 

Near Midair Collisions 

When you put all of the possible problems that may occur while flying and combine 

them with the skills used to fly, it is easy to see how a pilot is capable of being saturated 

with tasks and procedures. This task saturation is most likely to occur right after takeoff 

and just prior to landing while the pilot is required to monitor the aircraft's systems, 

complete checklists, and complete necessary paperwork. This is also the time when midair 

collisions are most common. Pilots are often found too busy during these critical phases 

to be on the lookout for oncoming traffic. To simply avoid an actual collision is not good 

enough; safe flying demands that aircraft be given liberal separation. Therefore, in essence, 

we do not just focus on the number of actual colUsions between aircraft, but we must also 

take into consideration the number of times that aircraft come within a certain distance 

from each other in a near midair collision (NMAC). 

A NMAC is when two or more aircraft come within approximately 500 feet of each 

other. The number of actual NMACs is not available since reporting is done on a 

voluntary basis. In fact, some pilots are reluctant to report such an incident for fear of 

penalty, or they simply are not aware of the method for reporting them. NMACs have 

three degrees of severity, including critical, potential, and no hazard. (FAA) A critical 

situation is represented when an actual collision is possible due to chance rather than a 

deliberate act of the pilot. This would also include aircraft that come within 100 feet of 
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each other. A potential situation occurs when the pilot must take evasive actions to avoid 

a collision but the aircraft still come within 500 feet of each other. The least severe, no 

hazard, is simply when no evasive action was necessary to avoid a collision. 

Near midair collisions are important to look at in this study of the TCAS's 

effectiveness. Even though the given number of NMAC incidents is not exact, as 

mentioned earlier, they do represent a general trend on how well aircraft are kept within a 

safe distance from each other. It is the goal of this paper to closely examine these trends, 

as well as those shown by MAC data, and to investigate how these trends changed during 

the introduction of the TCAS system and its later modified versions. The result of these 

trends, along with testimony by professional aviators and writers, will lead us to a 

conclusion as to how effective this system is in maintaining safer skies. 

As noted earlier, the legislation that requires TCAS II on all aircraft that carry more 

than 30 passengers occurred on December 30, 1987. The initial deadline to have all 

affected aircraft properly equipped was December 31, 1993. That deadline was soon 

terminated when President George Bush signed a new law on December 15, 1989, 

enabling the FAA to establish a new time line for the installation of TCAS. These new 

guidelines required 20% of the applicable aircraft (approximately 1000 planes) to be 

equipped with TCAS U by December 31,1990, 50% by the end of 1991, and 100% of all 

commuter aircraft carrying more than 30 passengers by the end of 1993 (Krause 286). 

The FAA also demanded that all commuters that carried between 10-30 passengers be 

equipped with TCAS I. TheFAA'srequirements were met as of February 5, 1995. What 

this tells us is that in order to get an accurate account of the system's effectiveness, we 

16 



must look at the MAC and NMAC trends over a number of years, rather than conduct a 

simple comparison of two or three years. 

The two largest and most accurately kept holders of information regarding Air Safety 

are the FAA and the National Transportation and Safety Board (NTSB). Once a year, the 

FAA puts together a report on national airspace incidents and accidents in its Aviation 

Safety Statistical Handbook. (FAA) Since 1991, this "executive summary" graphs the 

number of near midair collision (NMAC), operational errors deviations (OE/OD), pilot 

deviations (PD), vehicle/pedestrian deviations (VPD), runway incursions (RI), and 

aircraft accidents. The most recent copy available at the time of this research was for 

1996. With the NMACs being the primary concern in this study, the FAA's report does a 

great job at breaking NMACs down into key categories including: operator type, air 

carrier type, type of flight plan being flown, and the number of NMACs for individual 

regions and states. 

It is important to note that NMACs are based upon pilots who voluntarily submit a 

report. There is no law or regulation that requires these incidents to be reported. The 

exact impact this has on the number of reported NMACs is unknown, but a look at the 

general trend of reported NMACs should show a respectable level of the actual number of 

incidents. The graphs included in this statistical handbook are very helpful in noting these 

trends by putting them on a time line. 
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Statistics 

Several graphs of statistical evidence regarding NMACs have been selected from the 

1996 edition of the FAA's Aviation Safety Statistical Handbook. (FAA) These figures 

will give a good reflection of how well ATC and the pilots in the United States have done 

in keeping aircraft property separated. Some abbreviations used in the graphs are as 

follows: 

A/C- Air Carrier (Data includes Part 121,129, & 135 Operators) 
G/A- General Aviation 
MIL- Military 
UNK- Unknown 
NR- Not Reported 
OTH- Other (1992-95 Data includes Other & Public Use Operations) 

Pilot Reported NMACs By Degree of Hazard 
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Figure 3-la. 

Adapted from U.S. Department of Transportation. 
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Pilot Reported NMACS 
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Figure 3-lb. 

Adapted From FAA. 

To get a broad look at the trend of NMACs, figures 3-1A and 3-IB give an 

illustration of all pilot-reported NMACs for the years 1980, 1985, and 1990 and from 

1991 to 1996 . According to the [revised] deadline for the installation of TCAS II in 

aircraft carrying more than 30 people, 20% of them were to be fitted by the end of 1990, 

which shows up as a year with 454 reported incidents. The deadline was not met until the 

early months of 1995, which ended with 241 reported cases. As with any new system or 

regulation, it takes time to work out the "bugs" and become proficient working with it. 

The year following the complete implementation of TCAS legislation, 1996, the FAA 

received 202 reports. From the first year that TCAS legislation went into effect to the 

year following its completion, a period of just over six years, the total number of reported 

mcidents dropped by 56%. 

19 



Pilot Reported NMACs By Operator Type 
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Figure 3-2. 

Adapted From FAA. 

Figure 3-2 enables us to see how the air safety improvements of the late 1980's affected 

those who did not use TCAS. The TCAS legislation was applicable only to the air 

carriers, not to the general aviation and military. Between 1991 and 1996, the reduced 

percentage of NMACs for the air carriers was just over 34%, for general aviation it was 

almost 41%, and for military it led up to a 65.3 % reduction of NMACs. This shows us 

that the aircraft not legally required to carry TCAS obtained a lower number of reported 

NMACs. These figures bring up an interesting question as to the effectiveness of the 

system, but can be assessed from a few different angles, most of which could stem from 

the air safety bill signed in 1987. In trying to determine how much of an impact the 
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implementation of the TCAS had on the phenomenal statistics demonstrated in figures 3-1 

A-B, a number of other important factors need to be introduced. 

Paul Craig, in his book Be A Better Pilot writes that "nearly all collisions take place in 

VFR [visual flying rules] conditions". (69) This was found to be quite an interesting 

statement, to say that a collision is more likely to occur while flying in conditions that 

offer good visibility to the pilots. Mr. Craig's statement is shown to be accurate by the 

FAA's numbers, figure 3-3. Between 1991 and 1996, 90% of all near midair collisions 

occurred when at least one of the aircraft was flying in VFR conditions. It is the pilot's 

responsibility to continuously scan the sky around him/her to look for any other traffic. 

Proper scanning techniques can significantly decrease the chances of a midair collision 

(AFI 11-403: Aerospace Physiology 81). 

A look at the remaining figures reinforce the same point. The number of MACs 

continued to significantly decline since the statutory implementation of the Traffic 

Collision Avoidance System (I&II). 
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Pilot Reported NMACs By Type of Flight Plan 
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Figure 3-3. 

Adapted From FAA 

Midair Collisions vs Near Midair Collisions 
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Figure 3-4. 

Adapted From FAA. 
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However, this system is not flawless. Just as with any new development, especially 

involving technology, it takes a considerable amount of time to fix new problems that 

arise. Throughout the implementation of TCAS, systems engineers continuously accepted 

feedback from their customers on how to improve the system. During one survey of pilots 

regarding the performance of TCAS, 52% said that they were issued RAs that they did not 

understand (Gilmartin 32). For TCAS II, the biggest advancement included updating the 

software used by the processor. The current software, version 6.04A, was introduced in 

1994 (Klass 135). The new software had an advantage over its predecessor because it 

significantly decreased the number of unnecessary RAs by reducing the time it takes for an 

intruder to be identified as a possible collision, or "tau." This reduction of the aircraft's 

tau effectively reduces the size of the "protective shell" that TCAS provides (Klass p. 57). 

Though this was a considerable improvement over the previously available software, there 

is still room to make the system even better. 
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Comparison of Pilot Reported NMACs Bv Operator Type: 

Operator Tvpe: 
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Figure 3-5. 

Adapted From FAA. 

Funire Improvements 

In the very near fiiture, the next step in software is expected to be approved for use. 

The new version, 7.0, once again makes tremendous improvements over its predecessor. 

Developed by the Mitte Corporation, version 7.0 is expected to reduce unnecessary RAs 
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by another 25-30% (Klass 57). Not only does this software give more accurate RAs, but 

it will also give pilots clearer instructions to follow. For example, if an aircraft using the 

current software identifies an intruder as a possible collision, while climbing or 

descending, the pilot is given a warning of "Monitor Vertical Speed." The 7.0 version in 

the same circumstance would issue a more specific warning of "Maintain Vertical Speed" 

(Klass 57). Another change is that the voice instructions of the new software will have the 

instructions "spoken" once instead of redundantly repeating it twice as in the current 

version. Version 7.0 offers a number of other benefits that continue to add to pilots' 

confidence in TCAS as well as to improve overall performance. 

Some interesting studies were conducted at Massachusetts Institute of Technology's 

(MIT) Lincoln Laboratories, as described in Krause's Aircraft Safety. (287) The object of 

the testing was to determine a pilot's ability to visually detect nearby traffic without being 

alerted to its presence. For the first trial, the pilot was directed to fly a normal cross

country flight composed of three legs. During this flight, the FAA would intercept this 

pilot's aircraft using a number of different collision courses. At the conclusion of the 

experiment, the FAA had performed 64 of these interceptions. The subject pilot was able 

to obtain a visual on the intruder for only 36 of the trials and had a median visual 

acquisition range of .99 nm. This poor performance in early detection would leave the 

pilot little time to perform evasive maneuvers. 

A second trial was performed; however, this time the pilot was given an aircraft 

equipped with TCAS II. (Krause 287) The obvious difference here is that the pilot was 

going to be alerted if an aircraft got too close, and he or she had the ability to scan the 
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area for traffic using the traffic display located on the instrument panel. During this 

experiment, the FAA performed 66 collision courses similar to those used in the first 

experiment. The subject pilot obtained a visual confirmation on the intruder for 57 of the 

trials at a median range of 1.4 nm. 

The results of this test performed by Lincoln Laboratories and the FAA are clear. The 

TCAS 11 was able to perform its number one priority (giving the subject pilot greater 

situational awareness of the air trafBc) very effectively. This includes a 30% increase in 

trials where the subject pilot was able to obtain a visual conformation of the intruder 

aircraft with an increased median range of .4 nm. It is numbers such as this that have led 

to TCAS becoming a mainstay in today's world of aviation. 

Sure, TCAS has performed well in some experiments, but how do pilots and air traffic 

controllers feel about this system, and how it has made an impact on how they perform 

their job? Although TCAS is a major necessity, it is in no way viewed as an alternative to 

or replacement of ATC. 

Opinions 

In October of 1991, representatives of the aviation community went before Congress 

to discuss the performance of the TCAS U system that was now installed in 50% of the 

nation's air carrier fleet of 30+ passengers (Gilmartin 32). It was obvious from the onset 

that not everyone was happy with the way things were going. The negative reviews came 
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from the President of the National Air Traffic Controllers Association, Barry Krasner. On 

behalf of the NATCA members, Krasner was seeking restricted use of TCAS as well as a 

delay in fiirther TCAS installations until some problems were resolved. Air traffic 

controllers were not pleased with the performance of this system, and they were agitated 

by some of the technical problems they were experiencing as a result of TCAS during the 

first years of its usage. To begin with, we discussed how crucial it is for aircraft to 

maintain a given amount of separation and how it is ATC that provides this needed 

"cushion." These controllers have a planned system for their airspace, and when an 

aircraft climbs or descends a couple thousand feet because his TCAS gave him an RA to 

do so, it throws the controller's system off"and could actually cause a collision with 

another aircraft. It is also necessary to note that the controllers are not given notice that a 

RA has been issued until that pilot calls it in. Since the controllers are not aware of which 

aircraft have TCAS and which do not, they have no way of knowing whether the pilot of 

a aircraft that is suddenly climbing or descending is obeying an RA or if he/she is just 

failing to pay attention. The altitude deviations that result from RAs can be very 

dangerous, especially if the aircraft is in heavy traflBc. Some of the technical problems that 

controllers were facing because of TCAS were "phantoms" (or false readings on their 

radarscopes) and the number of unnecessary RAs. 

It was the representatives from the Air Line Pilot's Association (ALPA), Air Transport 

Association (ATA), and the FAA that came to TCAS's defense. All three said that they 

were expecting the initial technical flaws and early problems with the installation of TCAS 

in some aircraft. Daniel C. Beaudette, the FAA's Deputy Associate Administrator for 
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Regulation and Certification, testified that the "phantoms" that the controllers experienced 

were traced to a defect in a system from one of the three TCAS manufacturers. This was 

resolved by prohibiting that manufacturer's system until the appropriate software 

modification were completed. Beaudette continued his plea to Congress by recalling the 

number of times that TCAS issued an appropriate RA and more than likely prevented a 

midair collision. In an effort for more effective use of the TCAS, ATA's vice-president of 

air traffic management. Jack Ryan, called for the airlines, FAA, controllers, and pilots to 

meet in an effort to improve communications and come to a better understanding of the 

system. 

The trio of supporters for TCAS also gave impetus to the efforts to resolve the 

remaining technical problems. For the current system, they were calling for updated 

software (which would later become a reality as version 6.04A). This was necessary to 

reduce the number of unnecessary RAs as well as to get rid of some of the system's 

current flaws. They completely refiised to agree to placing limits on the use of TCAS. 

The pilots were enjoying the benefits of the hardware the TCAS offered as well as the 

convenient traflBc display. The long-term goal sought by the believers was the push for a 

system regarded as TCAS-3. TCAS-3 is two steps in advance of TCAS n because it 

incorporates the aircraft's global positioning system (GPS) receiver in the threat detection 

and will allow RAs to be given in both vertical and horizontal directions. The ALP A, 

FAA, and ATA were optimistic about the use of TCAS and the fiiture that it provides to 

air safety. 
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On February 26,1997, Captain J. Randolph Babbitt, President of ALP A, appeared 

before the U.S. House of Representative's Committee on Transportation and 

Infrastructure. (ALPA) Captain Babbitt, representing 46,000 pilots from 45 airiines, 

asked Congress to add cargo aircraft to the list of aircraft that is required to be equipped 

with TCAS. During his speech. Babbit made some interesting remarks about TCAS II. 

He first criticized the "see and avoid" method of maintaining proper separation (a method 

that can be helpfial but, as recognized by the FAA, has its limitations). Reasons for 

inadequacies include human factors, limits of human vision, and current ATC procedures. 

Babbitt then talked about the pilots' attitude about TCAS. He stated that the pilots have 

found this system to be "an invaluable tool..." It has more than proven itself to pilots who 

found themselves flying in "foreign airspace with marginal ATC services." During times 

of limited radio and radar, TCAS II provides unsurpassable situational awareness to the 

pilot as well as a number of other benefits provided by the traflBc display located in the 

cockpit. The voice representing those 46,000 pilots and 45 airlines praised TCAS II by 

saying, ". we must remember that TCAS II is a proven system that has gained acceptance 

by the FAA management, line pilots, air traflBc controllers, and international civil 

authorities." 
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CHAPTER IV 

CONCLUSION 

The TraflBc Collision Avoidance System is a significant advance in technology and has 

produced a tremendous reduction of midair collisions and near midair collisions for three 

reasons. First, the annual figures released by the NTSB and FAA clearly show that the 

number of incidents has continuously dropped since the implementation of TCAS. 

Second, individual studies continue to show how effectively the system gives the pilot the 

extra situational awareness and time needed to avoid possible collisions. One such study 

that was discussed in this text, performed by the Lincoln Laboratories of MIT, increased 

the number of detected intruders by 30% and at a fiirther range than without the use of 

TCAS. The final reason showing the importance of TCAS is the opinions of the pilots 

who use it. Many pilots have come to rely on the capabilities of TCAS to operate in 

foreign airspaces and to give them the needed situational awareness by monitoring nearby 

aircraft on the traflBc display. 

The problems that were encountered during the initial introduction of the system were 

expected. Through continued improvements of software, the false readings on ATC's 

radars were remedied as were some of the problems pilots were experiencing. The 

improvements of TCAS are still far from being complete. Researchers are currently 

looking at the prospect of integrating GPS technology with TCAS. Such a strong interest 

in continued research shows that collision avoidance systems will remain in cockpits for 

many years to come. 
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