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Abstract

At many busy airports maximum efficiency and
minimum delay occur when visual approaches are
being conducted by pilots using visual separation
from traffic for a portion of the approach. Pilot
willingness to accept responsibility for visual
separation also affords controllers maximum
flexibility in traffic management under conditions of
high traffic load. It may be possible to extend that
efficiency to lower weather conditions if pilots are
able to perform the same separation tasks by
reference to a Cockpit Display of Traffic Information
(CDTI) in lieu of visual contact out-the-window
(OTW). This concept has been developed under the
name CDTI Enhanced Flight Rules (CEFR);
however, this paper will use the more descriptive and
current term of CDTI Assisted Visual Separation
(CAVS). Use of CAVS procedures may be applicable
during visual or instrument approaches. This paper
will mainly discuss the visual approach application
since it will be the likely initial implementation. It
will also review the maturity of the concept,
including pilot objective and subjective results from
four simulations. These results indicate positive pilot
feedback and good performance.

Introduction

Visual separation can be used to separate two
aircraft in terminal areas either by the tower
controller, who sees both of the aircraft involved, or
by the flight crew who sees the other aircraft
involved. If the flight crew accepts a clearance by Air
Traffic Control (ATC) to maintain visual separation,
it must:

e Maintain constant visual surveillance,

e Maneuver the aircraft as necessary to avoid
the other aircraft or to maintain in-trail
separation,

e Avoid wake,

e Not pass the other aircraft until it is no
longer a factor (traffic is no longer a factor
when, during approach phase, the other
aircraft is in the landing phase of flight or
executes a missed approach), and

e  Promptly notify ATC “if visual contact with
the other aircraft is lost or cannot be
maintained or if the pilot cannot accept the
responsibility for the separation for any
reason” ([1] sections 4-4-13 and 5-5-12).

When visual separation is to be used, a traffic
advisory is issued by ATC to the flight crew. The
flight crew then visually searches for the traffic and,
when sighted, reports it in sight. The search for
aircraft in a dense traffic environment, during
reduced visibility, or at night can be challenging [2,
3, 4]. The flight crew may have difficulty visually
identifying aircraft and may even identify the wrong
aircraft as the traffic of concern. Such difficulties can
be reflected in the number of traffic advisories that
must be issued before the traffic is sighted. After
reporting the aircraft in sight, the flight crew is
assigned responsibility for visual separation and a
visual approach clearance can be issued. Thereafter,
the flight crew is responsible for maintaining visual
separation from the Traffic To Follow (TTF) to the
runway, while ATC continues to provide separation
from all other aircraft.

While maintaining visual separation, the flight
crew must adjust spacing as necessary to maintain a

! The contents of this material reflect the views of the authors. RTCA, the Federal Aviation Administration, and the
Department of Transportation make no warranty or guarantee, or promise, expressed or implicit, concerning the

content or accuracy of the views expressed herein.

© 2005 The MITRE Corporation. All right reserved.



safe arrival interval, and may have to detect and then
respond to unexpected deceleration of the TTF,
requiring them to adjust speed, reconfigure the
aircraft, and in extreme cases perform a go-around (if
the flight crew judges the separation to be unsafe)
[5]. On occasion, the flight crew may lose sight of the
preceding aircraft requiring ATC intervention to
establish another form of separation.

Experience with Traffic alert and Collision
Avoidance System (TCAS), as well as various
studies, has shown that a display with traffic
information is an effective enhancement to visual
acquisition [6, 7, 8]. In fact, the concept of using a
traffic display for enhanced visual acquisition is
currently being practiced effectively in TCAS-
equipped aircraft [9, 10]. Additionally, authors of a
flight test report noted that when a CDTI was used to
enhance airborne traffic awareness during day (with
poor visibility) and night (with good visibility)
operations, it was normally the first method used,
followed by an ATC advisory or visual OTW
sighting. In this flight test, approximately 75% of the
traffic events involved use of the CDTI [11]. An
early flight test also indicated that the CDTI was an
effect tool to initially alert the flight crew to the
presence of traffic for subsequent visual search [12].

The information available on the CDTI may
also allow the flight crew to make more accurate
spacing judgments and enhance the flight crew’s
ability to keep the aircraft in sight during less than
ideal conditions through features such as closure rate,
speed and distance information, as well as a range
ring with a spacing alert [13, 14]. Such information is
believed to be beneficial and necessary for a CDTI
more capable than TCAS Il for a near-term in-trail
procedure [15].

Finally, when losing sight of the aircraft, Imrich
[16] noted that the CDTI should assist in traffic
awareness when transitioning in and out of clouds, at
night, or during visual illusions. During an
operational evaluation / flight test, flight crews
reported that the CDTI helped in maintaining an
awareness of the exact position of traffic when flying
instrument approaches with visibility less than 5
miles and the TTF transitioned in and out of cloud
layers [17].

If information on a CDTI can be used to
perform the visual separation task, visual approaches
could continue to be used during conditions under
which visual OTW contact cannot be maintained,
which would otherwise require visual approaches to

be suspended with the subsequent loss of capacity
[16].

Background

A CDTI using Automatic Dependent
Surveillance-Broadcast ~ (ADS-B) has  been
recognized as a need for a future ATM system [18,
19, 20]. Since the early studies of CDTI (e.g., [14, 21,
22]) and implementation of TCAS, RTCA standards
for the CDTI and an associated link have been
developed for a CDTI with additional capabilities
over TCAS (e.g., [23]). Additionally, operational
applications for the use of CDTI have been
developed (e.g., [4, 23, 24]). However, only limited
research has led to operational implementations of
near-term applications (e.g., [25]). This line of
research is directed at fielding a near-term application
with current equipment (i.e., Garmin AT2000) and a
customer (i.e., United Parcel Service (UPS)).

A joint United States and European group [26]
developed four categories for Airborne Separation
Assurance Systems (ASAS) applications: Airborne
Traffic Situational Awareness, Airborne Spacing,
Airborne Separation, and Airborne Self-Separation.

CAVS is an Airborne Separation application in
which delegation of separation responsibility is
applied to a designated aircraft (i.e., the TTF) and
ATC maintains separation responsibility for all other
aircraft. The concept is also similar to the notion of
extended delegation as proposed by Hoffman, et. al.
[27]. CAVS is not an Airborne Situational Awareness
or Spacing application since the flight crew accepts
responsibility for separation from one particular
target. For the same reason, it is not an Airborne Self-
Separation / free flight application in which the flight
crew is responsible for separation from all aircraft
[28, 29].

Other terminal Airborne Spacing or Separation
applications such as Paired Approaches [30, 31] and
Approach Spacing [23, 32, 33] have also been
proposed. These applications provide the flight crew
with speed commands to achieve a specified desired
distance along the final approach. This is in contrast
to CAVS where pilots use the CDTI to make spacing
judgments and to achieve their self-determined
spacing. These other terminal applications are
expected to be implemented in a time frame beyond
CAVS.

As a near term concept, Imrich [16] proposed
CDTI use for current visual approach operations. He
also recommended this CAVS application with the
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expected benefits as defined herein. Others have
defined this concept or one that is similar [4, 15].

Concept Description

The operational concept for CAVS is to use the
information available from the CDTI for traffic
identification and separation monitoring during single
stream arrivals. It builds from the joint US and
European application of Enhanced (Successive)
Visual Approaches [23, 34]. CAVS makes the
transition from pilots using the CDTI to assist with
spacing judgments during visual approaches when
the aircraft remains continuously in sight OTW (see
[23]), to using the CDTI to maintain separation from
another aircraft when it is lost OTW. In effect, the
operational definition of “visual separation” is
expanded to include the use of the CDTI to substitute
for OTW visual contact when maintaining pilot-
determined separation. Requirements for the conduct
of the visual approach are unchanged except for pilot
use of the CDTI for visual separation.

The source of traffic information is assumed to
be from aircraft equipped with ADS-B data link.
ADS-B is a function on an aircraft or surface vehicle
that periodically (approximately once or twice a
second) broadcasts its three dimensional position and
velocity as well as other information such as call sign
and weight category (see Figure 1).
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Figure 1. ADS-B air to air and air to ground
transmission.

While conducting CAVS, pilots use the
information from the CDTI for traffic identification
and separation monitoring during visual approaches
in Visual Meteorological Conditions (VMC). Use of
the CDTI is expected to occur in a manner that is
functionally equivalent to using similar information
derived from scanning the external visual scene while
performing visual separation. For example, flight

crews assigned visual separation while following
another aircraft are expected to detect closure on the
TTF by changes in the apparent size of the target
OTW and to adjust ownship speed or path so as to
maintain a safe interval. The CDTI provides
analogous information in the form of traffic position,
range, and ground speed, and in some
implementations, closure rate (see Figure 2). Changes
in distance or speed, therefore, are directly
observable on the display in the form of both
graphical relative distance and alphanumeric
information. Use of the CDTI should make it possible
to detect such changes well before they would be
apparent using visual cues alone, thus improving
pilot traffic awareness. The availability of flight
identification on the CDTI also aids in traffic
awareness and enables more reliable and less
ambiguous traffic identification.

Closure Rate

Groundspeed Range from Ownship

Call Sign Weight Category

Figure 2. Inset of CDTI Showing an ADS-B
selected target and the associated target
information.

CAVS operations during visual approaches will
occur anywhere current visual separation and visual
approaches are acceptable [35]. Many different
aircraft with different equipage and speeds will be
operating within this environment. For a visual
approach, the weather conditions at the field must be
at least VMC (ceiling at or above 1000 feet and
visibility 3 miles or greater). Additionally, in order
for ATC to vector for the approach, the reported
ceiling at the airport of intended landing must be at
least 500 feet above the Minimum Vectoring Altitude
/ Minimum Instrument Flight Rules (IFR) Altitude
(MVA / MIA). It is expected that each airport will
determine the weather conditions and the airspace
appropriate for the CAVS procedure.

Under CAVS, controllers can apply visual
separation (with flight crew concurrence) based on
visual OTW contact and / or use of the CDTI. This
would extend the flexibility of operations to the use
of visual separation standards during reduced
visibility (e.g., haze) or difficult sighting and tracking
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conditions (e.g., clear nights) based on the
information provided to the flight crew via the CDTI.

The initial implementation requires that the
flight crew first establishes visual OTW contact with
TTF, then correlates that traffic with the
corresponding CDTI traffic symbol before using the
CDTI to maintain separation. If the visual contact is
subsequently lost (for example, as TTF blends with
ground lights), the CDTI could then be used to
monitor and maintain separation. A later stage of the
concept may authorize CDTI based-separation based
solely on identification of the displayed target on the
CDTI.

Procedures and Responsibilities

Current ATC and flight crew procedures would
be used, including the use of visual separation. Flight
crews would be expected to continue to comply with
company visual approach procedures including use of
lateral and vertical path guidance when on visual
approach to a runway so equipped. Flight crews will
also be trained on the wake separation criteria set
forth in the ATC Handbook, 7110.65 [35] and
Aeronautical Information Manual (AlIM) Section 7-3-
9 [1]. It is expected that the flight crew would use
these values as guidance for safe distances to
maintain behind other aircraft. However, the flight
crew would be expected to make safe spacing
judgments based on the particular conditions of each
approach and, when necessary, apply other avoidance
procedures as specified in AIM Section 7-3-7.

As with current visual approach operations,
after accepting a clearance to maintain visual
separation, flight crews will be responsible for
adjusting spacing to maintain a safe separation,
maintain visual surveillance, and avoid wake. Also as
with current operations, it is expected that the
controller will vector aircraft to a position, including
appropriate speed instructions, such that the approach
will result in a landing with an appropriate spacing
between aircraft. With this set-up, the flight crew will
make speed adjustments to achieve its desired
spacing from the aircraft ahead.

Controllers are expected to maintain control of
the arrival flow to the airport, just as they do today
when conducting visual approaches with the use of
visual separation. Pilots should not try to “second
guess” controller decisions based on the limited view
of traffic that they have on the CDTI. The conduct of
CAVS is intended to be a collaborative use of traffic
information in which both pilots and controllers are
more effectively able to perform their historic roles

and responsibilities in the context of visual
approaches using visual separation.

A quote from Connelly [13] summarizes the
pilot / ATC relationship quite well “Employment of
the [CDTI] by no means implies ATC by committee
or a free-wheeling, laissez-faire operation. Traffic
flow would still be organized and monitored from the
ground...the [CDTI] will be used by the pilot
primarily to...fine-tune spacing in trail...In other
words, the [CDTI] would be used to enhance the
performance of the pilot in carrying out the
objectives of the ATC system” (p. 20-21).

Controller responsibilities are not expected to
change with the use of a CDTI for visual separation.
In regards to procedures, since call sign is available
on the CDTI, controllers can include TTF call sign
when issuing a traffic advisory, when appropriate.
This will enable flight crews to correlate the traffic
sighted visually with its target on the CDTI. In a
mixed equipage environment, ATC may need to
know which aircraft are equipped with a CDTI and
capable of maintaining visual separation based on the
display.

Infrastructure requirements

The necessary aircraft equipment will include
the traffic display, a pilot interface, and the
associated processing systems. An expected CDTI
function is target selection (highlighting the target
and the display of selected target ground speed,
weight category, call sign, as well as range and
closure rate in regards to ownship) (see Figure 2).

As for ATC, additional infrastructure may not
be necessary. Teams have been formed to develop the
human-machine interface requirements for ADS-B on
ATC displays (e.g., update rates for ADS-B targets
and display of aircraft equipage levels). While ADS-
B information may be displayed to the controller, this
concept mainly requires controller knowledge of the
aircraft and flight crew capability to perform CAVS.
The most practical method of identifying capable
aircraft to controllers is currently under evaluation.
However, the most desirable method is to have this
information on the ATC surveillance display.

Purpose

The purpose of CAVS is to delay the transition
from visual approach and visual separation
operations to instrument approach operations as
weather conditions deteriorate. CAVS is expected to
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enable arrival rates closer to those during visual
approaches by allowing for the use of the CDTI by
the flight crew to maintain separation from traffic and
by providing ATC the flexibility allowed by visual
separation procedures. Use of visual separation by
flight crews is an underlying factor for the
maintenance of VMC arrival rates during periods of
high demand at many airports. However, visual
approaches are often discontinued above the
prescribed facility minimums due to the difficulties
inherent in visual approaches, e.g., pilots not being
able to consistently achieve and maintain visual
OTW contact. By continuing “visual” separation
operations to the actual visual approach minimums,
airport capacity may be improved and delays reduced
[36] (see Figure 3). The need to increase airport
capacity to meet projected demand was identified in
the Federal Aviation Administration (FAA) Flight
Plan for 2004 to 2008 [37].
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Figure 3. Weather conditions in relation to
visual approach operations.

A cost benefit analysis of CAVS operations was
conducted for 31 large airports [38]. The operational
impacts considered airborne and ground delays,
missed connections, and cancellations. The benefits
were converted into economic terms by evaluating
the aircraft direct operating costs and passenger value
of time. The total benefit case for CAVS for aircraft
direct operating cost savings was $62 million per
year for the 31 airports, while passenger value of
time was $315 million per year. When these results
are segmented by ceiling and visibility weather
conditions, $196 million (62%) of the total benefits
are attributable to visibility alone. These results
indicated that the CAVS application alone does not
provide a strong business case for avionics equipage.
However, there are additional potential benefits
provided by ADS-B / CDTI technologies as those
proposed by the Safe Flight 21 (SF-21) set of nine
operational enhancements [39]. These include
enhancements such as the display of surface traffic to
ATC, pilots, and airline operations, as well as

Initial CAVS

surveillance coverage in non-radar airspace. A
comprehensive business case for avionics equipage
should also consider potential safety and efficiency
benefits provided by all nine enhancements and at
more than just the 31 airports examined.

Maturity

CAVS is currently in a developmental stage. It
is being developed by the FAA SF-21 program and is
being considered for inclusion in a joint United States
(i.e., RTCA Special Committee 186) and European
(i.e., EUROCAE Working Group 51) ADS-B / CDTI
technical requirements document (i.e., a version of
[23]). CAVS is also identified as a terminal
application under the Operational Evolution Plan
(OEP) - Airport Weather Conditions: AW-2, Space
Closer to Visual Standards [40]. It builds from the
joint United States and European application of
Enhanced (Successive) Visual Approaches, which
has been renamed Enhanced Visual Separation in
Approach [41, 42]. An initial safety analysis has been
completed [43]. Numerous organizations have been
involved in the definition of CAVS, e.g., National
Air Traffic Controllers Association (NATCA), Air
Line Pilots Association (ALPA), FAA Flight
Standards and Certification, as well as the
Independent Pilots Association (IPA).

The traffic information is assumed to be
transmitted from other ADS-B-equipped aircraft.
Therefore, implementation of CAVS will require that
a sufficient number of aircraft be equipped to
broadcast ADS-B. From an avionics perspective,
manufacturers are currently building ADS-B capable
equipment. Additionally, Boeing and Airbus are
delivering new aircraft with the capability to
broadcast ADS-B information. UPS has equipped all
107 of their 757 and 767 aircraft with ADS-B / CDTI
avionics. UPS has a Supplemental Type Certificate
(STC) for use of the avionics in support of traffic
awareness. This same equipment may be able to
support CAVS, and UPS has indicated that they will
be an applicant for CAVS during visual approach in
early 2005.

Simulations

A series of four medium fidelity cockpit
simulations [44, 45, 46, 47], with pilots and
controllers, were conducted at MITRE Center for
Advanced Aviation System Development (CAASD)
to refine the application description and the
associated procedures previously developed within
the SF-21 Program. The simulation facility is an end-
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to-end, human in-the-loop simulation consisting of a
generic transport cockpit with a visual display
system, controller stations similar to Automated
Radar Terminal System (ARTS) IIIE, pseudo pilot
capability, and the associated simulated radio
communications (for more detail on the simulation
facility see [48]).

The simulations examined numerous variables:
power control (autothrottle or the higher workload
method of manual speed control), approach types
(parallel visual and single stream instrument),
weather conditions (day, night, haze, and cloud
layers), aircraft types (large, 757, and heavy), CDTI
locations (primary field of view and throttle quadrant
forward console), different periods using only the
CDTI for separation, spacing instructions and alerts,
as well as target failure conditions. Fifty-six pilots
from various airlines participated in the simulations.

Data collection methods included
questionnaires, workload forms, and informal debrief
questions, as well as aircraft to aircraft spacing and
closure rate data.

This section serves as a summary across the
entire series of CAVS flight simulations. Results
indicated that the CAVS concept of visual separation
based on a CDTI is viable. This conclusion is based
on subjective feedback from pilots, objective
simulation data, as well as participation in the
development of the concept by NATCA, ALPA, IPA,
as well as select FAA offices. Select results from the
four simulations follow.

CAVS concept / CDTI use for spacing and
separation

All pilots agreed that they would routinely
perform the CAVS procedure and that their
performance in the simulations reasonably reflected
how they would fly CAVS in actual operations. Pilots
agreed that they would accept responsibility for
separation from the TTF by reference to the CDTI
and that any associated spacing alert should be
advisory in nature with the pilot determining the
appropriate action. Pilots strongly agreed that they
would perform CAVS under any of the weather
conditions simulated, i.e., various visibilities, cloud
layer thicknesses [44], as well as day [44, 45, 46] or
night conditions [47]. Additionally, the cloud
thicknesses / durations on the CDTI for separation
presented in the simulations did not appear to be an
issue for the pilots based on the spacing data. Spacing
data in [44] also indicated that pilots did not have

difficulty with anomalous speed behavior of the TTF
and were able to detect and respond appropriately
using solely the CDTI. Finally, pilots were able to
manage a failure condition on the CDTI of a TTF
degrading to a condition where it was unusable for
CAVS.

Pilots agreed that the necessary CDTI elements
were available and those elements were beneficial in
performing CAVS (for a sample of the elements, see
Figure 2). Pilots preferred a CDTI located in the
primary field of view but found a CDTI located in the
throttle quadrant forward console area (the same
location typically used in some weather radar
installations) to be an acceptable implementation. As
for the objective data, no effect was found for CDTI
location either on spacing or closure rates between
ownship and the TTF, whether traffic was visible or
not [45].

Pilots were able to use the information available
on the CDTI to allow for higher closure rates when
spacing between aircraft was greater and lower
closure rates when spacing between aircraft was
reduced [45, 46, 47]. As an example of this, Figure 4
depicts the relationship between mean closure rate
and distance from a spacing reference during the
approach in the fourth simulation [47]. It is clear
from the figure that pilots were able to use the
information available on the CDTI to allow for
higher closure rates when spacing between aircraft
was greater and lower closure rates when spacing
between aircraft was reduced.
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Figure 4. Relationship between derived
distance from spacing reference and mean closure
rate across the entire approach.

Pilots consistently strongly agreed that they
were more confident with the use of the CDTI as
compared to using OTW visual cues for establishing
appropriate spacing. Across all simulations, pilots
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either strongly or somewhat agreed that the CDTI
enhanced the safety of approach operations.

In all simulations, when following different
aircraft types, final spacing between ownship and the
TTF increased as initial spacing increased. These
results indicate that controllers will continue to have
a key role in the successful implementation of CAVS
procedures. Tighter initial spacing or an instruction to
maintain a certain speed or greater? will permit pilots
to “fine tune” their spacing intervals. Figure 5 depicts
the relationship between initial spacing and final
spacing when the simulation flight crew was
following another large aircraft during the fourth
simulation [47]. The graphs for following 757 and
heavy aircraft show similar trends. When examining
the figure, it should be noted that some pilots
employed wake avoidance techniques (such as flying
high on the glideslope) when flying the approaches.

8
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Final Spacing

Initial Spacing

Figure 5. Relationship between initial
spacing and final spacing when following large
aircraft.

Air traffic controllers participated in the
development and execution of the simulations.
During the simulations, they provided feedback on
the concept and associated operational issues. Their
feedback aided in the development of the simulations
as well as the continued development of the concept.
Discussions with some of the air traffic controllers

2 Air traffic control issuing a speed to

maintain for spacing to the flight crew, when the
flight crew is responsible for separation, can seem
contradictory. However, this is a common current
practice during visual separation and / or visual
approaches to achieve a desired operational spacing
to the same runway. If necessary, pilots are able to
initially refuse or subsequently report unable.

who participated in the simulations indicated initial
uncertainty and apprehension about the procedure.
However, NATCA supports continued research of the
concept and discussions continue with air traffic
controllers to identify potential concerns.

Workload

Across all simulations, pilots agreed that all
cockpit tasks were successfully completed. Pilots in
the final two simulations agreed that overall
workload while performing CAVS during visual
approaches was acceptable and approximately the
same as that currently experienced with visual
approaches [46, 47]. The objective results also
indicate that pilots are willing and able to perform the
CAVS procedure, using either the autothrottle to
control airspeed or the higher workload method of
manual speed control. While there were differences
between manual and autothrottle speed control for
closure rate, final spacing was not affected, thereby
indicating that the closure rate differences, while
interesting, may not be operationally relevant [46]. In
regards to crew operations, the final simulation
indicated no workload differences between the pilot
flying and the pilot not flying.

Head down time

Pilots generally agreed that the amount of head
down time did not impact on safety. However, pilot
responses did vary on some questions of head down
time. Some of the head down issues may be resolved
once pilots become more familiar with the procedure
and the CDTI, as well as when they are flying the
aircraft they have been trained on and not a generic
simulator.

General difficulty

Across all simulations, pilot responses were
either that the CAVS procedure was “no more
difficult than most precision approaches” or “more
difficult than most precision approaches but the
average line pilot can do it.” No pilots said it was

“very”, “extremely”, or “too” difficult.

Conclusion

Efforts over the past year indicate that
performing CAVS (i.e., visual separation via a CDTI)
during visual approaches is technically and
operationally possible. MITRE pilot simulations
indicate that the concept is viable and key
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stakeholders support continued research. While there
is not a compelling standalone CAVS business case
for  avionics  equipage, other  operational
enhancements may provide the necessary benefits for
such a case. UPS plans to seek operational approval
of CAVS and has installed avionics that have the
necessary display elements.
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