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dynamic simulation was conducted to provide an initial and limited investigation
Lnto the operational and procedural problems that may exist when intermittent posi—
:ive control (IPC) is present within a terminal area air traffic control (ATC) system.
‘he simulation was performed at the National Aviation Facilities Experimental

~enter (NAFEC) and utilized the digital simulation facility (DSF). The test environ—
tent simulated a single Discrete Address Beacon System (DABS) sensor site and used
:he IPC algorithm provided by the MITRE Corporation. The results indicated that the
ilgorithm tested at NAFEC adversely interacted with the present ATC system in a
umber of operational areas. Rather than remaining passive until required, IPC
enerated controller alerts and, at times, conmtands when controllers were following
ormal procedures and aircraft pairs were well outside ATC separation standards.
hese unnecessary alerts occurred most frequently between arrivals in the final
pproach area and between arrivals and departures in those areas where routes crossed .
he arrival encounters usually involved high closure rates, and, in general, all
ncounters demonstrated that a lack of knowledge of ATC intent and a sensitivity to
ontroller technique precipitated the premature IPC activity. Data indicated that
ignificant reductions in the number of IPC messages generated could be achieved by
eductions in IPC threshold parameters. Modifications to control procedures could
roduce similar reductions, but were not considered acceptable because of the ten—
ency toward increased workload and reduced operations rates • As an appendix to this
eport, a comparative analysis between an airborne collision avoidance system (ACAS)
nd IPC is provided.~~ ____________________________________-
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INTRODU CTION

PURPOSE.

The primary objective of these tests was to conduct a limited investigation into
the operational and procedural problems that may exist when Intermittent
Positive Control (IPC) is present within a terminal air t r a f f i c  control (ATC )
system. A secondary objective was to conduct an additional and special series
of tests at the request of the Office of Systems Engineering Management (OSEM)
of the Systems Research and Development Service (SRDS) to provide a comparative
evaluation of IPC and ACAS (airborne collision avoidance system). A letter
report on the results of this secondary objective was forwarded to SRDS and
is included as appendix A.

SYSTEM DESCRIPTION.

IPC , which is currently in the developmental stage, is a collision avoidance
service provided to aircraft  by a totally automated ground—based system .
To receive IPC service , an aircraft  must carry a Discrete Address Beacon System
(DABS) transponder and an IPC display . The transponder , in addition to it s
usual beacon function, receives digital messages from the ground and presents
them on the pilot IPC display. IPC software monitors the location , altitude ,
and velocity of all aircraft throughout a contiguous airspace via the sur-
veillance capability. A ground—based computer processes the data and con-
tinuously provides proximity warning information and, when necessary, conflict
resolution commands to aircraft receiving IPC service.

Pilots receiving IPC service receive any of the following four IPC message
types: (1) the “steady” proximity warning indicator (PWI) message tells the
pilot that another aircraft is nearby, but not in a hazardous situation with
his own; (2) the “1 lashing” PWI (FPWI) message tells the pilot that another
aircraft is in potential conflict with his own and requires his attention;
(3) the “Don’t” (negative) command is a message which informs the pilot that
he must not maneuver in some specified direction; and (4) the “Do” (positive)
command is a message which connuands the pilot to perform a specified maneuver.
All four messages provide the pilot with an indication of the location of the
nearby aircraft which has given rise to that message to aid in pilot visual
acquisition. In addition to these four messages to pilots, the IPC system
issues messages to the air traffic controller of a controlled aircraft when-
ever his aircraft encounters another aircraft.

The service provided by the J.PC system varies depending on the control status
of the two aircraft involved in an encounter. An aircraft flying under
instrument flight rules (IFR) is controlled by a controller or uncontrolled
(flying under visual flight rules (VPR)). The operation of IPC is then
conveniently described in terms of the action taken when both aircraft in a
conflict are uncontrolled (VPR—VPR), when one is controlled and one is uncon-
trolled (IFR—VPR), and when both are controlled (IFR— IFR) .

1



$
SYSTEM ENV IRONMENT.

The testing utilized the Digital Simulation Facility (DSF) at the National
Aviation Facilities Experimental Center (NAFEC) in a stand—alone configuration .
The test environment simulated a single DABS sensor site serving a terminal
ATC facility. Testing was accomplished utilizing the IPC algorithm provided
by MITRE Corporation (reference 1). The algorithm was coded in FORTRAN by
MITRE and inserted into the DSF’s Sigma V processor. Numerous logic and cod ing
changes were made by NAFEC to the algorithm as part of the testbed verification.
These changes were reported by letter report dated May 1975, salient abstracts
from that report are included as appendix B.

The simulated ATC facility configuration consisted of six ATC control positions;
one local control, one departure control, two arrival control, and two “ghost”
(enroute feeder) control positions. Typical traffic flows for the simulation
are shown in figure 1. In addition to the in—house controllers, five field
controllers who had been detailed to NAFEC for area navigation (RNAV ) simula-
tion studies parttcipated in the IPC study for the major portion of these tests.
These controllers were representatives from the following Terminal Radar
Approach Control (TRACON) facilities: Houston, Atlanta, Minneapolis, New York,
and Bradley Approach Control. They provided a valuable source of controller
opinion on the IPC concept. The controllers’ opinions and assessment of
controller acceptability of the IPC function are presented in the DATA ANALYSIS
section.

SYSTEM MODIFICATIONS.

Initial attempts to conduct an orderly, expeditious flow of traffic with the
IPC function fully operable continually met with failure. It was virtually
impossible to land any aircraft because of the high number of IPC commands
occurring on and about the final approach course. Some “desensitization” of
IPC was required within the immediate instrument landing system (ILS) turn—on
area in order to eliminate unnecessary IPC commands if a reasonable operation
was to be achieved. Figure 2 shows the desensitized area used for the remainder
of the tests. This desensitization deleted IPC encounters between landing
aircraft and aircraft on the airport surface, and between pairs of arrival
aircraft on adjacent parallel or converging ILS courses. Only encounters
between controlled aircraft pairs within the zone were eliminated from IPC
processing. If a controlled aircraft outside the zone or an uncontrolled
aircraft were in conflict with an aircraft inside the zone , the IPC alarm was
not deleted . An effort  was made to minimize the size of the zone so as to
retain as much IPC protection as possible while attempting to delete as many
false alerts and unnecessary commands as practicable. The zone was ta~ ~red
to the specific terminal area tested and is not to be considered as a general
solution applicable to every airspace and airport/route configuration .

Another modification, which was of significant value in reducing alerts, was
a change in IPC vertical separation thresholds from 1,000 feet to 750 feet.
Since the ATC system considers as acceptable , at least in the low—altitude
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stratum, vertical separation criteria of 1,000 fee t be tween IFR a i r c r a f t , it
seemed meaningless to alert the controller when this separation existed .
However, it was observed that many of the remaining controller alerts
occurred outside the ATC separation envelope when no real hazard was involved .
The algorithm currently being used in ongoing tests uses 770 feet as the
minimum IPC vertical separation threshold .

In the IPC logic given to NAFEC, no attempt had been made to test the relative
time of aircraft horizontal and vertical convergence. It was possible for an
aircraft pair to be diverging in one dimension while converging in the other .
Under such circumstances, no alarm should be required . Logic was developed at
NAFEC, reported to SRDS, and added to the IPC algorithm . An analysis of eight
test runs in which this logic was applied resulted in reductions in unnecessary
controller alerts on the average of 55 percent and in some runs, up to 75
percent.

Further analysis of interim data indicated that a considerable number of
controller alerts were being generated for only a one—scan (4—second) duration.
This would seem to be a logical reaction In a densely populated aircraft
environment where most aircraft are maneuvering . The effect on the controller ,
however, is a distracting radar display of flashing data blocks. To preclude
this condition , the IPC logic was changed to require that the controller alert
condition persist for two out of three scans before displaying it to the
controller. The result was a significant reduction in one—scan alerts.

All controlled aircraft in the system had full data blocks displayed on the
controller plan position indicator (PPI). Uncontrolled aircraft were displayed
with a limited data block showing only mode C altitude Information. During an
encounter that involved an uncontrolled aircraft , the identification of a DABS—
equipped aircraft was forced into the data block. When the controller alert was
displayed , the aircraft ’s data block was blinked , and a steady velocity vector
60 seconds in length was displayed from the target position along the track
determined by the IPC tracker. When the threshold for FPWI was reached , the
character “F” was displayed flashing in the third line of the data block, left
justified. When coninands were generated , the “F” was deleted . Positive
commands were displayed left justified on the third line and negative commands
on the right. Negative commands were prefixed with an “N.” Figure 3 depicts
representative sequences of events between two aircraft during encounters.

At this point, it is important to mention that along with the foregoing
algorithm changes and additions, several coding deficiencies and errors were
detected . It is emphasized that teatbed verification was conducted to assure
that the algorithm was acceptable for operational testing; however, traffic
scenar ios were primarily single—pair encounters and the detection of many
deficiencies required the presence of a large number of aircraft. Considerable

• effort and time were expended in analyzing and improving the basic algorithm
so that a reasonable assessment of IPC/ATC interaction could be made.
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