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1.0 INTRODUCTION

The Traffic Alert and Collision Avoidance System (TCAS) is a beacon-based
airborne collision avoidance system that provides pilots with advisories to
assist them in maintaining safe separation from transponder—equipped traffic
in their vicinity. Several levels of TCAS capability are possible. TCAS I is
a low-cost version that provides automated traffic advisories only. Minimum
TCAS II adds vertical resolution advisories that suggest the vertical
direction in which the equipped aircraft should maneuver in order to avoid a
collision.

The prime thrust of TCAS development has been the development a system
suitable for implementation in fixed-wing aircraft. However, it has been
recognized that TCAS could be employed in rotorcraft as well, and the
Federal Aviation Administration has initiated work to determine the design
changes that would be required in moving from a fixed-wing to a rotorcraft
environment.

There are several reasons why TCAS requires special modifications in
moving from fixed-wing to rotorcraft. First, the operational environment is
different. Vertical resolution advisories are less likely to be acceptable
while visual separation techniques are more likely to be effective. This has
led to a recommendation that a rotorcraft installation provide traffic
advisories only (and not resolution advisories). 1In addition, the rotorcraft
is not as well suited to air-to-air surveillance, primarily because there is
typically no unobstructed location available on the airframe for mounting a
bearing-measuring antenna. A principal issue is whether or not an antenna
location can be found that produces acceptable bearing accuracy. Finally, the
multipath interference problem is more severe for a low-flying rotorcraft than
for an aircraft operating at higher altitudes.

As part of the investigation of the above issues, Lincoln Laboratory
installed an experimental TCAS unit on a Bell Long Ranger helicopter and
collected a considerable amount of in-flight data on surveillance performance.
Results of this surveillance study are documented in Reference 1.

Although the surveillance study characterized TCAS performance from a
technical point of view, the ultimate usefulness of the system could not be
verified without obtaining data from pilots actually using the system in a
realistic air traffic environment. Consequently, 12 subject pilots were asked
to fly brief missions using the TCAS and to evaluate its utility. This report
presents the results of these flights.

1.1 Aircraft and TCAS Installation

The aircraft employed in the flight test was a Bell Long Ranger
helicopter equipped with a special TCAS antenna and test electronics.
Figure 1.1 is a picture of the aircraft showing the TCAS antenna location
employed. For typical fixed-wing installations, this antenna has a nominal
RMS accuracy of approximately 8 degrees. However, the obstructions presented
by the structure of the Long Ranger resulted in an increase in the RMS error






by a factor of two (see Ref. 1). The Long Ranger closely resembles the widely
used Bell Jet Ranger and hence the antenna installation problems are similar
to those of a large fraction of the helicopter fleet in the United States.

Figure 1.2 shows the TCAS traffic advisory display mounted in the Long
Ranger cockpit. The display consisted of a Bendix IN-2027A color weather
radar indicator operated as part of a special display unit known as the
Airborne Intelligent Display (AID). This display unit was built at Lincoln
Laboratory and used previously in TCAS testing in a Cessna 421 fixed-wing
aircraft. The dimensions of the face of the indicator were 4.25 inches by
3.25 inches. The resolution was 256 pixels by 256 pixels. Alphanumeric
characters were a maximum of 5 pixels in width and 14 pixels in height
(approximately 0.08 by 0.17 inches). The display was mounted on a special
bracket installed in the left-hand side of the cockpit. In an actual
rotorcraft installation, it is likely that a lightweight, monochrome display
would be employed and that it would be mounted on the center console.,
However, the information content of the AID display was identical to that

Figure 1.3 shows the symbology of the CRT display. Own aircraft position
was indicated by a chevron. A range ring with a radius of 2 nmi was drawn
around this location. The horizontal positions of other aircraft were
indicated by triangles. Each aircraft's altitude was indicated by an
alphanumeric tag containing relative altitude in hundreds of feet (the
aircraft at 1 o'clock in Fig. 1.3 is 600 feet below own aircraft). The
altitude tags for aircraft that were not reporting altitude consisted of three
question marks (see aircraft at 10 o'clock in Fig. 1.3). Two colors were
used: white for background information and non-urgent targets, yellow for
urgent targets (see section 1.2 for a description of the urgency criteria).
When a yellow target first appeared, an alerting tone (800 Hertz frequency,
one second duration) was sounded via the aircraft intercom systeme

TCAS surveillance and computer functions were provided by a TCAS
Experimental Unit (TEU). The TEU was built by Lincoln Laboratory and has been
used extensively in the development of the fixed-wing TCAS design. The TEU
employed waveforms, reply processing algorithms, and tracking algorithms that

section 1.2 below). The tracked positions of all traffic of interest were
updated once per second and passed on the the AID for display to the pilot.

1.2 TCAS Logic

The TCAS logic employed was a Lincoln Laboratory version modified to
emulate the the initial traffic advisory logic for rotorcraft as described in
Refs. 2 and 3, No resolution advisories were generated by this logic and
there was no provision for sensitivity level control.



TCAS DISPLAY

Fig. 1.2 TCAS display installed in the Long Ranger cockpit.




Fig. 1.3 TCAS display showing two intruder aircraft.




TCAS tracks were not displayed to the pilot unless they satisfied certain
significance criteria. Three basic classes of advisories were possible in the
test installation: proximity advisories, traffic advisories (TA's), and
on-the-ground (OTG) advisories. Table 1.1 provides a summary of the advisory
display criteria used in the tested TCAS logic. The criterion for each type
of advisory is discussed below.

1.2.1 Proximity Advisory Criteria

Proximity traffic advisories were display using white symbols on the TCAS
traffic advisory display. Tracks qualified for proximity advisory status if
they were within 5 nmi in range and + 1200 ft in altitude and were not
classified as on-the-ground. All tracks qualifying for proximity advisory
status were displayed as soon as they qualified (unlike earlier TCAS II
installations in which proximity advisories were suppressed until a target in
a higher urgency class appeared). This resulted in a more comprehensive
display of proximity targets than might be expected in a typical TCAS
installation. These expanded criteria were useful because they provided
visiting pilots with more opportunities during their brief flight for
comparing the accuracy of the display with the positions of sighted traffic.
The criteria also simplified TCAS operation since there was no need for the
pilot to operate a switch to allow the suppressed traffic advisories to be
displayed for a fixed time interval.

1.2,2 Traffic Advisory (TA) Criteria

Targets satisfying traffic advisory (TA) criteria were displayed in yellow
on the TCAS traffic advisory display. When a new TA target appeared, an
alerting tone was sounded through the cockpit intercom. The range criterion
for TA status was that the target be projected to be within 35 seconds of
reaching 0.2 nmi in range (i.e., range tau 35 seconds with DMOD parameter 0.2
nmi). However, the track immediately satisfied the range test if it came
within a range of 0.5 nmi. The altitude criterion was simply that the track
be within 1200 ft of own altitude and not be classified as on-the-ground. The
lack of a vertical tau criterion was consistent with recommendations in
Refs. 2 and 3.

1.2.3 On-the-Ground (OTG) Criteria

Targets that appeared to be on the ground (OTG) were displayed as a
special symbol consisting of a white "G". A track met an OTG criterion if the
altitude of the track was within 300 feet of ground level. Further details
concerning this logic are provided in Section 2.4.

1.3 Pilot Backgrounds

A summary of pilot experience is provided in Table 1.2. Pilots with a
variety of backgrounds were selected. Some were currently employed in
corporate rotorcraft operations (primarily executive transport), some were
active military pilots, and one flew a television news helicopter. Two were
representatives of the FAA rotorcraft office in Washington. All had received
their initial rotorcraft instruction in the military.









l.4 Pilot Pre-flight Briefing

Before flying, pilots received a 15 minute briefing describing the TCAS
installation, the display symbology, and the proper crew procedures for use of
TCAS. This briefing included color photographs of the display for
representative traffic situations. Pilots were given a general description of
the type of questions that would be asked after the flight.

1«5 Route

The helicopter departed from the Lincoln Laboratory Flight Facility at
Hanscom Field in Bedford, Massachusetts. It flew into Boston using the
northwest helicoptor route (see Fig. l.4). After passing Logan Intermational
Airport, the helicoptor reversed course, flew back to downtown Boston, and
then flew a few miles outward on the western helicoptor route. It then
reversed course, returned to downtown Boston, and returned to Hanscom Field
via the northwest route. The duration of each flight was approximately
30 minutes.

1.6 Data Collection

During the flight, the Lincoln Laboratory test pilot recorded the times
of any interesting TCAS activity. Surveillance data and advisories were
recorded on magnetic tape. After the flight, the visiting pilots were asked
to complete a three page questionnaire. Then they were debriefed and
additional verbal comments were added to their questionaire responses.
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Fig. 1.4 Flight test route for rotorcraft TCAS mission.
Designated rotorcraft routes and Boston TCA
contours are shown.
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