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INTRODUCTION

PURPOSE .

The objective of these tests was to assess the effectiveness of proposed
Automatic Traffic Advisory and Resolution Service (ATARS) site-adaptation logic
designed to reduce unnecessary alarms in a high-density terminal air traffic
control (AIC) environment.

BACKGROUND.

In 1975, the National Aviation Facilities Experimental Center (NAFEC) conducted
dynamic simulation tests to investigate the operational and procedural problems
that might exist when Intermittent Positive Control (IPC) was introduced into
a terminal ATC environment. The results of those tests were reported in ref-
erence 1. In general, the results indicated that an excessive number of unnec-
essary alarms were being generated in the terminal area, The high alarm rate
was considered intolerable by the controllers participating in the simulation.

In addition, the MITRE Corporation analyzed 11 hours of Automated Radar Termi-
nal System (ARTS III) traffic data collected from four different terminals to
quantify the alarm rates generated by the same IPC logic tested at NAFEC. MITRE
tests also concluded that there were too many unnecessary alarms. It was sug-
gested that a concerted effort be undertaken to eliminate false alarms while
maintaining the necessary margin of safety. The program to accomplish this was
called "IPC Site Adaptation." The IPC was later renamed ATARS.

Based on Monte Carlo type simulations and tests using ARTS III traffic data,
three site-adapted logics were found to be effective in terms of reducing false
alarms and maintaining safety. The first was to reduce alarm thresholds for
controller alert, Flashing Proximity Warning Indicator (FPWI), and commands
relative to those thresholds initially tested in the 1975 NAFEC simulatioms.
The second was to incorporate a uniform logic which applied the same thresholds
uniformly throughout the terminal area for both instrument flight rules (IFR)
and visual flight rules (VFR) aircraft. The third was to further refine the
final approach desensitization logic used in the 1975 NAFEC tests so that ATARS
commands would not be issued to aircraft already established on the instrument
landing system (ILS) course. These three changes were introduced into the
ATARS algorithm for testing at NAFEC, and the report herein presents the results
of testing.
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DISCUSSION

TEST ENVIRONMENT.

The testing used the Air Traffic Control Simulation Facility (ATCSF) at NAFEC
in a stand-alone configuration. The test environment simulated a single
Discrete Address Beacon System (DABS) sensor site serving a terminal ATC
facility. Testing was accomplished utilizing the ATARS algorithm provided

by MITRE Corporation (reference 2) with new site~adaptation logic incorporated
(reference 3). The simulated ATC facility consisted of six ATC control posi-
tions; one local control, one departure control, two arrival control, and two
enroute feeder control positions., The terminal environment was the same as
that used in previous IPC/ATC testing at NAFEC. The terminal area included
all traffic within a 30-nautical-mile (nmi) radius of the center of the air-
port. Typical traffic flows in the terminal area are shown in figure 1.

Three series of tests were conducted. Each series consisted of four l-hour
15-minute simulation runs. The first 15 minutes of a run were used for traffic
buildup, and the last hour as the data base. The three test series were:

1. High-density, all-arrival, simultaneous parallel approaches,
IFR separation;

2. Medium-density, arrival-departure, IFR separation; and
3. Medium-density, arrival—departure,.IFR/VFR separation.

All aircraft were under the control of an air traffic controller. In both
of the IFR-separation series, 75 percent of the aircraft were DABS/mode C
equipped, and the remaining 25 percent were Air Traffic Control Radar Beacon
System with altitude transponder (ATCRBS/mode C) equipped. In the IFR/VFR
separation series, the percentages were 60 and 40, respectively. Twelve
percent of the 150 aircraft in the IFR/VFR series were VFR flights, The
traffic samples used in the current tests were identical to those used in
the previous IPC/ATC tests at NAFEC.

IFR separation criteria used by the controllers were 1,000-feet vertical

or 3-nmi horizontal. ATC separations used under assumed VFR weather conditions
were 500 feet or 1.0 nmi between IFR/VFR and VFR/VFR aircraft, and 1,000 feet
or 3 nmi between IFR/IFR aircraft. The purpose was to simulate visual approach
procedures. No consideration was given to variable types of separation used
between heavy and light aircraft as a result of wake turbulence avoidance.
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SITE-ADAPTATION LOGIC.

Three new site-adapted desensitization techniques have been proposed for

the ATARS algorithm to reduce the excessive nuisance alarm rates experienced
in earlier ATARS/ATC simulations conducted at NAFEC (reference 1). These
included reduced thresholds, uniform logic, and refined final approach
desensitization logic.

The uniform logic makes no distinction between IFR and VFR aircraft for the
detection and resolution of conflicts and hence uses the same thresholds for
IFR and VFR encounters in the terminal area. Every aircraft within a terminal
control area (TCA) is under control, and hence one logic with reduced thres-
holds applies uniformly to all aircraft. Although the equipped/umequipped
logic is preserved in the wniform logic, the same thresholds are used for DABS/
DABS mode C encounters and DABS/ATCRBS mode C encounters. No commands are
generated for ATCRBS/ATCRBS encounters, although controller alerts are issued.
The original threshold parameters and the modified values used in the current
tests are presented in table 1.

TABLE 1. PARAMETER VALUES

Parameter Original Modified
ADET 92.5 sec2 7.5 sec?
AFCONI 770.0 ft 470.0 ft
AFIFR .1,000.0 ft 900.0 ft
BDET 0.107 nmi2 0.025 nmi2
MDTHF2 9.0 nmi2 4,0 nmi2
TCONT 75.0 sec 45,0 sec
TL6 60.0 sec 30.0 sec
TL11 75.0 sec 45,0 sec
TL15 49.0 sec 30,0 sec
TL16 60.0 sec 45,0 sec

The parameters listed in table 1 are defined as follows:

ADET, BDET - parameters used in the horizontal modified tau

calculation,
AFCONI - altitude threshold for a controller alert in an IFR/IFR
conflict,
AFIFR - altitude threshold for issuing a flashing PWI to an IFR
aircraft,

MDTHF2 - square of the projected miss distance used in the
coarse screen filter,
TCONT - controller alert look-ahead time in the terminal area,
TL1l -~ look-ahead time for issuing a flashing PWI when one air-
craft is unequipped,
TL16 ~ look-ahead time for issuing a flashing PWI when both
aircraft are equipped,
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TL6 - look-ahead time for issuing an ATARS command when one air-
craft is unequipped, and

TL15 - lcok-ahead time for issuing an ATARS command when both air-
craft are equipped.

With the exception of one modification, the ATARS desensitized areas (see
figure 2) used in these tests were identical to the ones used in the
previous NAFEC tests. In the previous tests, commands were not issued

to an aircraft inside the desensitization zone when in conflict with another
aircraft also inside the zone. An aircraft inside the zone was issued
commands if in conflict with an aircraft outside the zone. In the current
tests, commands were not issued to any aircraft inside the zone regardless
of where the intruder was relative to the zone., Proximity Warning Indicator
(PWI) service would still be provided to aircraft on final approach.

TEST RESULTS

IFR SEPARATION SERIES.

ATARS with the site-adaptation logic did not generate any controller alerts,
FPWI, or commands during eight l-hour data runs in either the all-arrival

IFR separation series or the arrival/departure IFR separation series. Further-
more, a run-by-run analysis indicated no instances of unsafe encounters between
aircraft wherein ATARS should have alarmed. Table 2 shows hourly operations
rates for each run for both IFR separation series.

TABLE 2, HOURLY OPERATIONS RATES, IFR SERIES

Run All Arrival Arrival/Departure
1 86 79

2 86 79

3 84 81

4 79 81
AVERAGE 84 80

IFR/VFR_SEPARATION SERIES.

In the arrival/departure IFR/VFR separation series, a total of seven ATARS
encounters occurred involving 14 aircraft over four l-hour data rums,

Table 3 1lists, for each run, the pairs of aircraft involved in each encounter,
whether the aircraft were arrival or departure flights, flight status, equip-
ment status, and the duration of ATARS alarms, All aircraft were mode C
equipped. Detailed descriptions and track plots of each encounter pair are
presented in the appendix. Encounter numbering in table 3 corresponds to

the numbering on the plots in the appendix, and these numbers will be used

to reference encounters throughout this report. As noted at the bottom of
table 3, runs were not conducted in the exact order indicated in the table.
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Two of the runa involved three encounters each, another run involved one
encounter, and a fourth run had none. The average was 1.8 encounters per hour.

!
#{ Only one positive command, a climb of 20-seconds duration, was issued during
i all four runs. The climb was issued in encounter number 5, in which a positive
1 command was required to safely resolve the conflict., This encounter involved a
{ DABS /mode C equipped arrival aircraft descending from 10,000 feet to 6,000
! feet altitude and an ATCRBS/mode C equipped departure aircraft level at 7,000
_ feet. The ATARS issued a climb command to the arrival aircraft and satisfac-
| torily resolved an unsafe situation. A more detailed description of this
encounter is contained in the appendix.

! There were three encounters in which aircraft received negative commands.

3 These were encounters number 3, 6, and 7 (see table 3). Encounter 3 involved
an arrival/departure DABS/mode C equipped pair of aircraft. The departure
aircraft was cleared to pass over the arrival. ATARS issued negative right
turns to both aircraft, and the aircraft passed 1.7 nmi of each other when
at coaltitude. Encounter number 6 involved an arrival/arrival pair of air-
craft, one of which was DABS/mode C equipped and the other ATCRBS/mode C
equipped. The DABS-equipped aircraft failed to intercept the ILS approach
course on the controller's initial clearance, crossed through the parallel
ILS courses, and was being vectored for another approach (see encounter 6

in appendix). ATARS issued a negative right-turn command, and the aircraft
approached each other no closer than 1.37 nmi horizontally and 115 feet
vertically. Encounter 7 involved an arrival/arrival pair of aircraft, one
of which was DABS/mode C and the other ATCRBS/mode C equipped. ATARS issued
a negative right-turn command, and the closest point of approach between the
aircraft was 0,91 nmi horizontally and 425 féet vertically. In all of these
three encounters, the negative commands did not interfere with the intent

of the controller, The commands were advisory in nature and did not impact
the controller adversely or cause an aircraft to deviate from its flightpath,

Four of the seven encounters occurred between arrival/arrival pairs, and the
remaining three encounters between arrival/departure pairs. With one excep-
tion, arrival/arrival encounters occurred between opposite-side arrivals
being vectored to final approach to the parallel ILS courses. As can be seen
in figure 3, opposite-side arrival encounters 1, 2, and 6 occurred 23 to 28
nmi east of the runways, which is 3 to 8 nmi beyond the east edge of the des-
ensitized zone. Extending the desensitized zone to 28 nmi would not have .
affected the outcome in any of the three encounters. Even though in encounters
1 and 2 one of the aircraft would have been in the desensitized zone, no comm-
ands were involved. Encounter 6 occurred laterally outside an extended des-~ .
{ ensitized zone and would not be affected. A desensitized zone could have been
developed to include encounter number 6; however, this would have increased
! the size of the zone, and the intent was to minimize the desensitization area.

The fourth encounter involving an arrival pair, encounter 7 in figure 3,

! occurred about 8 nmi northeast of the airport. This is the downwind area
for runway 27R, where small aircraft are transiting the area to get to the
final approach for runway 32R.
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The three encounters involving arrival/departure pairs occurred as departures
were being passed over or under arrivals as shown in figure 3 (8 to 12 nmi
northeast of the airport). This area can be categorized as a transition envi-
ronment commonly required by both arrival and departure operations. Encounters
3, 4, 5, and 7 illustrate that ATARS activity will tend to be more prevalent
where ATC procedures generate crossing flightpaths.

Two encounters, 4 and 7, resulted as alrcraft were following controller clear-
ances to level off 500 feet vertically from another aircraft in level flight,
Encounter number 4, in the appendix, shows a departure leveling off at 5,500
feet, 500 feet below an arrival aircraft, level at 6,000 feet, Similarly,
encounter 7 depicts an arrival cleared to 4,000 feet, 500 feet above an arrival
level at 3,500 feet. In both instances, an alarm was generated when clearances
were being followed. As can be seen from the encounter plots, the vertical
tracker failed to sense the level-off, overshot the level-off altitude, and
triggered an ATARS alarm,

For the purpose of these simulation tests, aircraft cleared to a given altitude
maintained a profiled vertical speed until within level-off distance, or unless
instructed otherwise by a controller. Procedures, as specified in Federal
Aviation Administration (FAA) Airman's Information Manual, indicate that an
aircraft should reduce vertical speed to 500 feet per minute within the last
1,000 feet from assigned altitude unless instructed otherwise by a controller.
Discussions with pilots indicate that pilots do not always abide by this rule.
Were this rule adhered to, the vertical tracker lag problem would be alleviated
to a great degree, and ATARS alarms in encounters 4 and 7 would probably not
have been necessary or at least would have been of shorter duration.

Figure 4 shows the separation between aircraft pairs that existed during

each scan of the ATARS encounters. It can be seen in figure 4 that controllers
were being alerted when aircraft were separated by more than normal ATC VFR
separation criteria. Also indicated in the figure is the type of message; i.e.,
controller alert, FPWI, or command that existed on each scan. Controller alert
and FPWI time thresholds were the same; however controller alerts were displayed
only after thresholds were violated in two out of three consecutive scans,

No such rule applied to FPWI; therefore, on the first scan of an encounter, an
FPWI was up-linked to the aircraft, but a controller alert was not displayed.
Table 4 shows hourly operations rates for the IFR/VFR series of runs. Opera-
tions rates remained almost constant from run to run.

10
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TABLE 4, HOURLY OPERATIONS RATES, IFR/VFR SERIES

Run Arrival/Departure
1 97
2 99
3 98
4 101
AVERAGE 99

ATARS DESENSITIZATION,

The desensitization zones about the final approach courses served the purpose
for which they were designed; i.e., to prevent commands from being issued to
aircraft already established on the ILS approach course. However, there are
instances where safety requires that commands be issued. During one of the
runs, an aircraft on the ILS course for runway 27R encountered an aircraft
being vectored close to the airport. This intruder aircraft was crossing
the parallel ILS approach courses for a final approach to runway 32R. Both
aircraft were in the desensitization zone at the same time. This could have
resulted in an unsafe situation since commands, if required, would not have
been issued to either aircraft while in the desensitization zone. PWI
advisories indicating relative bearing and altitude are still issued to
aircraft in the desensitization zone. It may be necessary to modify the
current logic so that the aircraft established on the ILS course is able

to receive a command. An additional problem exists when the intruder out~
side the desensitized zone is unequipped.

CONTROLLER OPINION,

Eight participating controllers were given questionnaires to elicit opinions
in two key areas, (1) the effect of ATARS on the ATC system components and
(2) ATARS acceptability. Table 5 summarizes controller responses. It is

to be noted that in the original questionnaire there were two additional
categories of "greatly decreased" and '"greatly increased" for each of the
factors. However, no controllers responded in these extreme categories. As
indicated in the table, all eight controllers felt that ATARS had no effect
on orderliness, traffic-handling capacity, or workload. Thirty-eight percent
of controllers indicated an increase in safety with ATARS, and the remaining
62 percent indicated no change in safety., With the exception of one con-
troller, all felt that ATARS did not affect the working stress levels and
did not require an increase in their applied aircraft separation.

With respect to the acceptability of the ATARS system, a majority, six out of
eight controllers, favored its use, Although two controllers were indifferent

12
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to its use, no controllers were opposed. This is in direct contrast with the
controller opinions expressed in previous IPC tests (reference 1) where the
majority of controllers opposed ATARS use. Controller opposition was based
on the ATARS high alarm rates experienced in the previous tests. These alarm
rates averaged 7 per hour in the arrival/departure IFR series to 12 per hour
in the high-density all-arrival IFR series, and 10 per hour in the arrival/
departure IFR/VFR series; whereas, only 7 alarms were generated in all of the
current tests.

CONCLUSIONS

Based on the results of the simulation tests, it is concluded that:

1. Unnecessary ATARS alarms have been significantly reduced by the
introduction of site-adaptation logic.

2. ATARS with the site-adaptation logic did not interact adversely
with controllers, and controller opinion favored its use in the terminal
environment tested.

3. ATARS did provide adequate separation between conflicting aircraft
pairs.

4. The algorithm does not adequately handle the special circumstances of
controlled VFR traffic in which minimum separation criteria of 1 nmi or 500
feet are employed. Controller alerts and commands still occur when aircraft
are separated by more than these minima.

5. The desensitization zone about the final approach courses did not
provide protection against crossing intruder aircraft and unequipped intruders.

6. When ATARS alarms occurred in the tests, they were located at vector and
altitude crossover points for arrival/departure pairs and in the final approach
area for converging opposite~side arrival pairs. There is a need to evaluate
ATARS in a terminal environment which contains more crossover and converging
flightpaths than the relatively few that existed in these tests to see if such
areas would present any serious problems.

7. ATARS did provide adequate protection in vertical conflicts; however,
nuisance alarms were generated for aircraft following ATC clearance to level
off 500 feet away from another aircraft. The ATARS vertical tracker's
inability to quickly sense a level-off caused such alarms. This problem
would be alleviated to a great degree if aircraft were to reduce vertical
speed when 1,000 feet from assigned altitude. Similarly, tracker problems
exist with the ATARS horizontal tracker which lags the actual heading of
aircraft during turns. 3
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RECOMMENDATIONS

1. ATARS desensitizatiomn. Develop and test a final approach desensitiza-
tion zone which protects against crossing aircraft, unequipped intruder air-
craft, and aircraft inadvertently straying off the ILS course. This could be
accomplished by modifying the logic and by reshaping and reducing the size of
the desensitization zone used in these tests. The logic should include an air-
craft heading check to ensure that aircraft not aligned with or within a small
angular deviation of the runway heading would be issued commands if required.
Logic should be introduced to provide commands to ILS aircraft to protect
against unequipped intruders. In addition, the desensitization zone should

be reconfigured to extend 200 feet above and 200 feet below the ILS course.
This would be adequate for aircraft established on the ILS course and also
provide protection against aircraft in proximity to the ILS course.

Z, Controlled VFR. Further refine the ATARS logic to accommodate the
reduced separation standards used under controlled VFR flight procedures.

3. Tracker Performance. Investigate the possibility of reducing tracker
lag by improving turn and climb/descent/level-off detection.

4, Additional terminal ATC tests. Assess ATARS performance in a terminal
area with more crossover and converging flight patterns. In additiom,
determine the impact of uncontrolled aircraft flying in proximity to controlled
aircraft in a terminal environment,
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APPENDIX

ATARS ENCOUNTER PLOTS

This appendix contains two plots for each of the seven ATARS encounters that
occurred over four l-hour data runs. The first plot shows the flightpath
position in the horizontal (x, y) plane relative to a coordinate system
centered at the airport. The right ILS course is located at 0.40 nmi, and the
left ILS course is at -0.40 nmi on the vertical axis. Direction of flight of
an aircraft proceeds from the point where the aircraft indentification is
listed on the plot. The "+" symbol is the radar position of the aircraft, and
the short vector is the ATARS 4-second tracker-projected position and heading,
The tabulated data on each plot are the values of the ATARS variables com-
puted for each scan.

The second plot shows the altitude of each aircraft as a function of time,
Additional ATARS variables applicable to the vertical dimension are tabulated
to the right of this plot. A brief description of each encounter is given
below along with comments concerning ATARS performance.

Encounter No, 1

Two DABS-equipped aircraft, NW604 and PA318, being vectored for ILS approach
to 27R received four scans of FPWI. The closest separation during the FPWI

was 2.97 nmi, The controller had instructed NW604 to fly heading 090° about
4 seconds prior to the first scan of FPWI, indicating his intent to sequence
NW604 behind PA318 for an ILS approach to 27R.

A curve drawn through each of the aircraft position coordinates, indicated by
the symbol "+" on the plots, would represent the actual flightpath of the
aircraft, The short 4-second vectors located on each coordinate are the pre-
dicted track of the aircraft computed by the ATARS tracker. A comparison of
the heading of the ATARS-predicted track with the heading of a tangent to the
curve would show that the tracker lags the actual heading of the aircraft
during turns. For example, the tracker heading lags the heading of NW604 by
up to eight scans in the turn. This lag tends to trigger ATARS alarms
unnecessarily and extends the duration of alarms,

Encounter No, 2

Two DABS-equipped aircraft, AA317 and CO128, being vectored for ILS approach,
momentarily received two nonconsecutive 4-second scans of FPWI. Based on
controller intent and a separation of 3.46 nmi and 800 feet, there appears to
be no need for an alarm in this situation. These momentary FPWI are due to
the tracker-predicted heading lagging the turn of aircraft C0128.




Encounter No. 3

A DABS-equipped North arrival aircraft, AA241, level at 6,000 feet,
encountered a DABS-equipped departure aircraft, AA887, which had been
cleared through 6,000 feet to 15,000 feet. Both received negative right-~
turn commands and approached within 1.7 nmi of each other before diverging
in altitude.

Encounter No. 4

An ATCRBS /mode C equipped arrival, A30924, level at 6,000 feet, encountered
an ATCRBS/mode C equipped departure, N5303. The departure aircraft had
been cleared to altitude 5,500 feet which would provide 500 feet vertical
separation, adequate under VFR operations. It can be seen in the vertical
profile plot that the ATARS tracker failed to sense the level-off of N5303,

and the tracker overshoot resulted in a controller alert of four scans duration.

Subsequent versions of these plots are being modified to automatically
indicate on the plots when a controller alert was issued.

Encounter No. 5

A DABS-equipped arrival, AA241, being vectored for approach to 27R, was
cleared to descend to 6,000 feet. An ATCRBS/mode C equipped departure was
level at the wrong altitude of 7,000 feet. The arrival controller expected
the departure to be level at 5,000 feet. Clearly the coordinator controller
should have made him aware of the situation., ATARS issued a climb command to
the arrival aircraft and satisfactorily resolved an unsafe situation.

Encounter No. 6

TW97, a DABS/mode C equipped North arrival, crossed through the parallel ILS
course to the south side, then turned to a heading of 300°, and was cleared
for an ILS approach to runway 27R. The clearance was not taken, and the pilot
again proceeded through the ILS courses, circling to the right.

The controller then put TW97 on a heading of 90° and subsequently sequenced
it behind A30454. The ATARS issued two scans of FPWI and three scans of
negative right. The closest point of approach between the aircraft was 1.37
nmi and 115 feet.

Encounter No. 7

A DABS-equipped arrival aircraft, 02967, being vectored to an approach to 27R
has been cleared to 4,000 feet altitude. This altitude is 500 feet above

an ATCRBS/mode C equipped arrival, N5164W, which is being vectored for an
approach to runway 32R. The vertical plot clearly shows that the ATARS
tracker failed to sense the level-off of 02967 and, as a result, triggered

a negative turn command for three scans. The controller was aware of the
situation, since he had four scans of controller alert starting at scan 508
prior to the command. His intent, however, was to level off 02967 at 500 feet
above N5164W, and he saw no need to alter its course.

A-2
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