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INTRODUCTION

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 traffic 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 its
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 "flashing'" 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 commands 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 IPC 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 (VFR)). The operation of IPC is then
conveniently described in terms of the action taken when both aircraft im a
conflict are uncontrolled (VFR-VFR), when one is controlled and one is uncon-
trolled (IFR-VFR), and when both are controlled (IFR-IFR).



SYSTEM ENVIRONMENT.

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 coding
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 participated 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 feet between IFR aircraft, 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 tc 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 rums, 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 commands 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 testbed verification was conducted to assure
that the algorithm was acceptable for operational testing; however, traffic
scenarios 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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DATA ANALYSIS

GENERAL.

In all test series, the terminal area encompassed an area of 30-nautical-miles
(nmi) radius from the center of the airport. All IPC encounters, where one or
both aircraft were within this region, were counted. Mode C capability for
all aircraft as well as perfect surveillance accuracy was assumed in all tests.
Simulation runs were 1 hour and 15 minutes, providing 15 minutes for traffic
buildup with the last hour for data collection. Field and NAFEC controllers
were randomly assigned to the critical control positions. IPC message rates
are presented herein in terms of the number and duration of controller alerts,
FPWIs and commands that were generated during the data hour. The results are
based on the IPC algorithm defined in reference 1 and modified by NAFEC. The
IPC parameters AF and AFIFR referred to in this reference are defined in the
IPC logic as follows: AF is the vertical range threshold for a controller
alert or command to be declared; AFIFR is the vertical range threshold for an
FPWI to be declared to a controlled aircraft. All references to standard ATC
separation mean 1,000 feet vertical or 3 nmi horizontal. No consideration was
given to variable types of separation used between heavy and light aircraft

as a result of wake turbulence avoidance.

The results are presented by series in the following order:
k. High-density all-arrival IFR series,
p IFR series,
3. VFR series, and
4, Controlled/uncontrolled series.

HIGH-DENSITY ALL-ARRIVAL IFR SERIES.

A total of six test runs was made of high-density IFR arrival operations to
parallel runways. No departure operations were included. With no require-
ment to provide spacing for departures, interarrival spacing was based solely
on ensuring adequate arrival runway occupancy separation.

The traffic samples contained 135 arrival aircraft of which 25 percent were
ATCRBS and 75 percent DABS. Four variations of the basic traffic sample with
randomly generated aircraft start times, aircraft identification, and start
fixes were used in the first four runs. Two of these samples were then used
in runs 5 and 6. An average of 92 arrival operations per hour was obtained
over the six runs. The controlled/controlled encounter logic was used with
threshold parameter values for AF and AFIFR of 750 feet.

Table 1 presents IPC hourly message rates for runs 1 through 6. In runs 1
through 4, controllers were instructed to use standard procedures and did not
alter techniques to accommodate IPC. However, in runs 5 and 6, controllers

7
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were instructed to use those control techniques indicated below table 1. The
altered ATC procedures were not considered to be major changes to standard ATC
control procedures. Their purpose was to reduce aircraft closure rates close-
in to the ILS courses and to obviate the IPC tracker overshoot problem
experienced in the horizontal and vertical dimensions.

Looking across the table for run 1, it can be seen that five controller alerts
were generated, which persisted for a total duration of 19 scans. The column
headed "No. of CALERTS" actually indicates total number of IPC encounters,
since a controller alert by design persists throughout the whole encounter for
controlled/controlled aircraft pairs. The fourth and fifth columns show that
four aircraft received FPWI for a total duration of 10 scans (average duration
2.5 scans per aircraft). In the five encounters, no commands were generated.

For runs 1 through 4, table 1 shows an average of 12.3 controller alerts per
hour. However, this average is somewhat nonrepresentative because of the
marked variability in controller alert rates between runs 1 and 2, and 3 and 4.
A detailed analysis and discussions with NAFEC and field controllers partici-
pating in these runs revealed that the difference in encounter rates from one
run to another was primarily due to the difference in controller teams and
their control techniques. Field controllers representing a cross-section of
facilities utilized techniques considered by them to be standard, day-to-day
control methods. In order to substantiate test team observations concerning
the effect of control techniques, an additional two runs, 5 and 6, were made.
As can be seen in table 1, IPC encounter message rates in runs 5 and 6 are
comparable to runs 1 and 2, but are substantially less than that obtained in
runs 3 and 4. It is noted that the control procedures used in runs 1 and 2
were comparable to those in runs 5 and 6, and, in fact, were the basis from
which the special procedures were derived.

Table 2 shows hourly arrival rates, average number of control instructions per
aircraft controlled (vector, altitude, and speed instructions issued by con-
troller), and number of IPC encounters for runs 1 through 6. Average hourly
operation rates dropped from 95 to 88 aircraft and controller workload increased
by 29 percent, when comparing runs 3 and 4 to the special procedure runs 5 and
6. Although inconclusive because of the small sample of runs involved, it does
point out that the use of special control procedures to accommodate IPC can
result in higher controller workload. This same tendency of lower IPC activity
and higher workload is also evident in runs 1 and 2.

TABLE 2. AVERAGE HOURLY OPERATIONS RATES AND CONTROL INSTRUCTIONS, HIGH-
DENSITY ALL-ARRIVAL IFR SERIES

Average No. of Instruc- No. of IPC
Run No. No. of Arrivals tions per Aircraft Encounters
1 93 7.2 5
2 93 7.4 6
3 95 5.4 19
4 95 4.8 19
5 89 6.3 6
6 87 6.9 8
9
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Tables 3 (runs 1 through 4) and 3a (runs 5 and 6) present a breakdown of the
total number of encounters and command encounters by control position and
whether one or both aircraft were located outside the densensitized zone.

As can be seen in table 3, the encounters are evenly distributed among the
control positions. However, this is not the case for runs 5 and 6 in table 3a,
where all but one north/south encounter was eliminated. When both of the
aircraft pairs are under the control of one controller, the majority of
encounters are outside the desensitized zone, indicating that noriial single-
stream sequencing close-~in to the ILS should produce minimum IPC encounters in
the critical ILS zone. When two controllers are involved, the majority of
encounters occur with one of the aircraft on or within 0.6 nmi of the ILS course.

Most IPC encounters occurred 1C to 15 nmi east of the runways. This area is
where most aircraft are being vectored to the ILS final approach. Figure 4
shows the percentage distribution of the location of encounters relative to the
centerline between the parallel ILS courses., Fifty percent of the total IPC
encounter scans occurred within 4 nmi of either side of the centerline and 90
percent within 12 nmi.

In the 6 hours of runs, there was only one occasion (four scans) in which
simultaneous encounters occurred. In this case, one pair was under the South
Controller and the other pair under the North Controller. One multiple
encounter occurred involving three aircraft. One aircraft, located 5 nmi east
and 3 nmi north of the runway heading east on the downwind leg, was in conflict
with an aircraft 9 nmi east and 2 nmi north on intercept to 27R. Because of
the increased command threshold from 45 to 75 seconds for a multiple encounter,
a command was issued to a third aircraft already established on the 27R ILS
course about 13 nmi east of the runway. All three aircraft received vertical
maneuver commands even though all aircraft were separated from each other by
more than ATC separation standards. Six of the command encounters in table 3
occurred when one of the aircraft was within a lateral distance of 3 nmi of

the ILS course. As shown in table 3, three command encounters occurred when
one of the aircraft was in the desensitized zone. With the exception of two
encounters involving five scans of negative commands, all of the rest were
vertical positive commands of short duration.

Table 4 lists the number of scans that the controller was alerted and the
number of scans of FPWI that were displayed to the pilot prior to each of the
eight IPC-generated commands.

It is evident that most commands were of short duration; five of the eight |
persisted for only two scans (8 seconds), the minimum number of scans for , ‘
positive commands. In five of the eight, the controller was not alerted prior

to the command. In fact, in each of these five encounters, the pilot received

an FPWI before the controller was alerted. This occurred because of the two-

out-of-three rule which required that the alert status exist for two-out-of-

three consecutive scans before displaying the alert to the controller; no such

rule applied to FPWI. Short alert times prior to commands occurred for the

most part when one or both aircraft were turning. Controllers vectoring air-

craft close-in to the ILS courses momentarily set up situations which looked

dangerous to IPC, but because the controller continued turning the aircraft,

the command situation dissipated quickly.

10




TABLE 3, IPC ENCOUNTERS AND COMMAND ENCOUNTERS BY CONTROL POSITION, HIGH-
DENSITY ALL-ARRIVAL IFR SERIES (RUNS 1 THROUGH &)

LSontxol Pogition

Encounters
In Zone Out of Zone

North Arrival/North Arrival
North Arrival/South Arrival
South Arrival/South Arrival

Total

Command Encounters

In Zone Out of Zone

1 16
12 5
2 13
15 34

0 2
2 0
1 2
3 4

TABLE 3a. IPC ENCOUNTERS AND COMMAND ENCOQUNTERS BY CONTROL POSITION, HIGH-
DENSITY ALL-ARRIVAL IFR SERIES (RUNS 5 AND 6)

Control Position

Encounters
In Zone Out of Zone

Command Encounters
In Zone Out of Zone

North Arrival/North Arrival
North Arrival/South Arrival
South Arrival/South Arrival

Totals

0 5
1 0
1 7

2 12

0 0
0 0
0 1
0 1

NOTE: "In Zone" means one aircraft in desensitized zone and the other
outside zone. "Out of Zone" means both aircraft outside desensitiged

zone.

11
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TABLE 4. COMMAND ENCOUNTERS --HIGH-DENSITY ALL-ARRIVAL
IFR SERIES (RUNS 1 THROUGH 6)

Controller Alerted Pilot Rec'd FPWI Command

Encounter This No. of Scans This No. of Scans Duration
Number Prior to Command Prior to Command Scan Aircraft Profile
1 0 1 2 Turning
2 0 1 1 Not Turning
3 3 4 2 Not Turning
4 0 1 7 Turning
5 6 3 2 Not Turning
6 0 1 2 Turning
7 3 4 3 Not Turning
8 0 1 2 Turning

There is no doubt that the special ground rules in runs 5 and 6 were effective
in reducing message rates; however, the relative effectiveness of each of the
four control techniques is not known. All that can be concluded is that careful
avoidance of track geometries that tend to produce high vertical or horizontal
closure rates can reduce IPC message rates. However, these restraints appear

to interact with ATC and would not be acceptable to the ATC system.

Figure 5 shows the separation between aircraft pairs that existed during each
scan of the IPC encounters in runs 1 through 6. Also indicated in this figure
is the type of IPC message, i.e., controller alert, FPWI, or command that
existed. Over 95 percent of all IPC encounters occurred when aircraft were
separated by more than normal ATC separation criteria of 3 nmi horizontal or
1,000 feet in altitude. Alerts and FPWI even occurred when aircraft were
separated by more than 5 mmi and some of these aircraft never approached any
closer. It is to be noted that no heavy aircraft requiring greater than
standard separation were used in the traffic samples.

Figure 6 is a scatter plot showing projected miss distance and estimated time
to closest approach (TH) for each scan of the IPC encounters in runs 1 through
6. The data points are uniformly distributed between 0 and 1 nmi. If the
projected miss distance used by the IPC algorithm as a threshold for declaring
a controlled/controlled encounter were decreased from 1 nmi to 0.5 nmi, the
impact on message rates would be as shown in table 5. Original data from
table 1 are repeated for ease of reference. Controller alerts decreased by

33 percent and commands by 41 percent by using a projected miss distance of
0.5 nmi. In addition to reducing to a 0.5-nmi miss distance, the TH time
thresholds were reduced from 75 to 60 seconds for controller alert, 60 to

45 seconds for FPWI and 45 to 32 seconds for commands. Table 6 shows that
further reductions would result in an overall decrease of 71 percent in
controller alerts and 87 percent in commands. Original data from table 1

are repeated for ease of reference.

13




SYALNNOONT OdI A0 NVIS HOVA ¥0d IAVEONIV NIIMIAE NOIIVNVIIS ‘S MNO14

&

G-2€-9L
(INN) - NOILVYVJJTS TVINOZIYOH
18 o1 6 1
T o) T
o) ® R
o ® 0 BYvEE o O U0
@ Vv mmu ®
B V v a |Y v
@ v © \'Z oV
& \% @% ¥ V'w
® 0] weo 8 W O] 0]
@ e VHeWw v ®
& @ go v@ ¥ ©
0 @ 0 == v \4 ®
Q Vv @ O]
© \\, 0] o o
O] \ 4 n O
hd ®
\4
ANVAWNOD @
IMdd @
LYITV 4TTTOYINOD ([ INN 0°1 = IDNV.LSIA SSIN @I LOIArodd

0001

00sT

0002

00s¢

(LTITI) NOILVEVATS TVIOILYTA

14




SYA LNNOONE
0dI 40 NVOS HOVI ¥0d HOVO¥ddV ISASOTID 40 AWIL ANV FONVISIA SSIW Q3IDIrodd °9 WNOI1I

9-2¢€-9L
DdS (H1) HOVO¥ddV 1SISOTO Ol INIL

0g 0L 09 0§ 4 0€ 02 01 0
— u . — ¥ ﬂo LY L — — — d

: 3 '“ : uﬂ .oo ”- A T . .
. . .I .— .. ” o
o ..._ . ]
& ¥ ee o . lN.O

15

.o 9°

L
(INN) HOVOuddV LSASOTO AFLOArodd

. o. > . . l‘oc
e L4 ™ -o 0 e . l°.d

21

N i g N R Nl




pesn s3anpadoid JLV [eFo2ds x

0°¢ S0 8°C a8ei1aAy
(014 (428 16 % 61T A4 Te301
0 0 0 0 S € *9
0 0 K4 Vi 9 k4 %S
91 9 9% 8T 6% 71 K4
9 Vi Y4 €T we %1 €
0 0 9 4 L 4 [4
0 0 0T Vi 8T S 8

TWu G°Q = PIOYSaIY] 2OuUB3ISTJ SSTW pa3Id=foag

£°C
Y L1 191 69 0ze €9 Te301
0 0 [ 9 L1 8 »9
/ [4 8 9 14 9 »S
8¢ 8 %9 %z Sl 61 /
A L 159 €T €9 6T €
0 0 91 9 | ¢4 9 4
0 0 0T v 61 S T

Tuu T = pPIoYysaiyl aouelsyg SSTW pa3dafoiag

sueds J/V spm) JO/V sueds J/V SIMdd O/V sueds SINTTIVO uny
jJo *oN Jo °*oN Jo °*oN Jo *oN Jo °oN 30 °‘oN s3]

(SIONVISIA SSIW @IONATA)
SAVMNNY TATIVEVA Ol SNOIILV¥IJO TVAINYV ¥4I NI SYAINNOONT 2dI  °S IATEVL

16




*pasq] saanpadoad JIV Te¥l2ds «

0°2 0°¢ £°C a8e1aay
Vi Z 91 8 [/} 8T 1301
0 0 0 0 0 0 ¥9
0 0 4 [4 T T %S
Vi 4 0T Vi Y4 8 '/
0 0 Vi 4 6 S €
0 0 0 0 4 T 4
0 0 0 0 S € T
098 Z¢ = QWO 0998 G = IMdI 928 (09 = VO
TWU G°Q = PIOYSaIy] 2OUBISTQ SSIK poiIdafoig
s e e i B . . SREONEY, R D01 TG
9°Z €°C GE a8eiaay
Y LT 191 69 (Y44 €9 Te30L
0 0 (AiE 9 LT 8 %9
V/ 4 8 3 9 Y4 9 %G
8¢ 8 %9 9T SL 61 i
A L 16 (%4 €9 61 €
0 0 91 9 12 9 4
0 0 0T Vi 61 S T
JUu T = PTOYsSaayJ] 3due3ISFQ SSTW Paidafoag
sued§ J/V spu) J/V sueds J/V SIMdd J/V sueds§ SINIATVO umy
Jo °*ON Jo *oN 3o °*OoN Jo °OoN Jo °oN Jo °OoN 1831
(SATOHSTYHI IWIL ANV FONVISIA SSIW aIonaay)
SAVMNNY T3TIVEVd ‘9 JTYVL

Ol SNOILVYI4O TVATYYV ¥4I NI SYIINNOONI DdI

17




Figure 7 is a plot of the separation that existed during each scan of those
IPC encounters remaining after using the reduced projected miss distance of
0.5 nmi and the reduced time thresholds. It can be seen that about 80 per-
cent of the encounters still occur outside ATC separation criteria. In
table 6, the number of command encounters has been reduced to only one
encounter (two aircraft commands).

IFR_SERIES (ARRIVALS/DEPARTURES).

A total of six runs was made using IFR control procedures in a medium-density
ATC terminal environment in which three runways were used. High-performance
arrival aircraft were vectored for an ILS approach to runway 27R, lower per-
formance arrival aircraft to 3ZR, and departure aircraft, regardless of per-
formance category, departed on runway 27L or 32R dependent upon direction of
flight after takeoff. Traffic load consisted of 104 aircraft with 25-percent
ATCRBS and 75-percent DABS equipped, with one-half of the aircraft scheduled
departures and the other half arrivals. Controllers were randomly assigned
to the three critical operating positions; two arrival controllers and

one departure controller. A different random variation of the basic traffic
sample was used for each of runs 7 through 10. Two of these samples were then
used for runs 11 and 12. An average of 82 operations per hour was obtained
over the six runms.

Table 7 shows IPC hourly encounter rates for runs 7 through 12. During runs
7 through 10, controllers were instructed to control traffic using normal ATC
operating procedures. Two runs (11 and 12) were conducted where the control-
lers were instructed to follow the five special control procedures listed in
table 7. The table indicates that these special procedures significantly
reduced the number of encounters and commands.

Table & shows no significant change in airport operations rate as a result of
introducing the special procedures. These results were influenced by the use
of the medium-density traffic sample which did not saturate the area with air-
craft. Although not as pronounced as that exhibited in the all-arrival IFR
series, there was a tendency (about 15 percent) for the control efforts per
aircraft to increase in the special procedure runms.

Tables 9 (runs 7 through 10) and 9a (runs 11 and 12) present a breakdown of
the number of encounters and command encounters per control position, and
whether in or out of the desensitized zone about the ILS course.

When both aircraft were under the control of one arrival controller, the
majority of encounters were outside the desensitized zone. When two arrival
controllers were involved, the majority of encounters occurred when one of
the aircraft was inside the zone. These results agreed with those observed
in the high-density all-arrival IFR series.

Ninety-five percent of all encounters occurred within 15 nmi of the airport,
and 75 percent, within 10 nmi. In the 6 hours, there were no occasions where
simultaneous alerts were being displayed to the controller. One multiple
encounter involving three aircraft outside the desensitized zone, all under
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TABLE 8. AVERAGE HOURLY OPERATIONS RATES AND CONTROL INSTRUCTIONS, IFR SERIES

Avg. No. of Instructions

Run No. Operations Rate. Per Aircraft
7 84 3.4
8 81 3.3
9 83 3.9
10 79 3.4
11 83 4.1
12 81 4.0

TABLE 9. IPC ENCOUNTERS AND COMMAND ENCOUNTERS BY CONTROL POSITION--IFR
SERIES (RUNS 7 THROUGH 10)

Encounters Command Encounters

Control Position In Zone Out of Zone In Zone Out of Zone
North Arrival/North Arrival 1 1 1 1
North Arrival/Departure 0 5 0 3
North Arrival/South Arrival 6 1 1 0
South Arrival/South Arrival 0 7 1 2
South Arrival/Departure 0 3 0 1
Departure/Departure 0 4 0 3

Total 7 21 3 10

TABLE 9a. IPC ENCOUNTERS AND COMMAND ENCOUNTERS BY CONTROL POSITION--IFR
SERIES (RUNS 11 AND 12)

Encounters Command Encounters

Control Position In Zone Out of Zone In Zone Out of Zone
North Arrival/North Arrival 0 1 0 0
North Arrival/Departure 0 1 0 0
North Arrival/South Arrival 1 1 1 0
South Arrival/South Arrival 0 1 0 0
South Arrival/Departure 0 1 0 1
Departure/Departure 0 0 0 0

Total 1 5 1 1

Note: "In Zone" means one aircraft in desensitized zone and the other,
outside zone. "Out of Zone" means both aircraft outside desensitized zone.
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the jurisdiction of the South Controller, resulted in vertical positive
commands to the three aircraft. The command only lasted two scans, and the
closest any pair approached each other was 3.2 nmi horizontally and 717 feet
vertically.

Fifty-three percent of the command encounters involved departures. Departure-
versus-departure encounters were overtake situations; arrival-versus-departure
were cases where IPC interfered with the controller's intent to pass the depart-
ure over the arrival. An example of such interference is illustrated in the
encounter in figure 8.

As depicted in figure 8, aircraft A30259 is a departure aircraft and is not
IPC-equipped. With a high rate of climb, it is apparent that adequate verti-
cal separation would have been attained, but the climb command to PA321, an
arrival with IPC equipment, places the aircraft in a climb-chase situation.
Each aircraft at this time is under the jurisdiction of a different controller.
The arrival controller did not countermand IPC. Whether or not he is coordina-
ting with the departure controller is not known. The departure controller does
not voice-link the descend command to his IPC-unequipped aircraft, =ince his
plan was to have it pass above the arrival. When it occurs to him that the
arrival is being commanded out of the normal procedural situation, i.e., to
maintain 7,000 feet throughout this area, he finally gives a horizontal maneu-
ver to correct the situation. This encounter typifies those situations where
controller acceptance of IPC would be marginal. The controllers commented

that the controller alert feature, even though in many cases premature, could
be tolerated, but intrusion by IPC commands into ATC strategy prematurely

could be very disruptive.

Looking at this encounter from another point of view and assuming that the con-
troller was not in command of the situation, resolving the conflict in the ver-
tical dimension was inappropriate, since in this case the possibility existed
that the unequipped aircraft did not receive his command. In general, it can
be said that the prime method of separating aircraft by a terminal radar
controller is the radar vector or horizontal maneuver command. For this
reason, IPC commands in the vertical dimension would, in most cases, be less
disruptive in the arrival area. In the departure area, however, the need to
pass under and above the arrival aircraft in many cases means that the depar-
ture controller utilizes altitude separation many more times. In addition,
constraints imposed by the runway and required separation at that point give
the departure controller a more uniform stream of traffic. In this situation,
it is reasonable to assume that, all other things being equal, i.e., no adja-
cent restricted areas of control, a herizontal maneuver might be more acceptable
to the controller.

Figure 9 shows the separation that existed between aircraft at the point of
closest approach for each IPC encounter in runs 7 through 12. The type of
message is also indicated in the figure. Nine of the 12 encounters that
resulted in ATC violation involved a departure aircraft either being released
too early behind a previous departure or a departure failing to pass above
an arrival because IPC issued an interfering vertical command. As can be
seen, the preponderance of IPC encounters occurred when aircraft pairs were
separated by more than ATC separation criteria.
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Table 10 shows the number of scans that the controller was alerted and the
number of scans of FPWI that was displayed to the pilot prior to each of the
IPC-generated commands. In 9 of the 15 command encounters, the controller was
alerted only one or no scans prior to the command. The majority occurred
when aircraft were turning.

TABLE 10. COMMAND ENCOUNTERS~-IFR SERIES (RUNS 7 THROUGH 12)

Controller Alerted Pilot Rec'd FPWI

This Number of This No. of Scans Command
Encounter Scans Prior to Prior to IPC Duration Aircraft
Number IPC Command Command (Scans) Profile

Turning
Turning
Not Turning
Not Turning
Turning
Turning
Turning
Not Turning
Turning
Not Turning
Turning
Not Turning
Not Turning
Turning
Not Turning

—
Vv ~NOULMEWNM-

=
N
OHFHPHOFOWWHWWYHO

SEN I NI FEFNRFEDDWLI NS
oNnNWSsWENUVWNNDNUVUNDO

[y -
wew

Note: - = ATCRBS Aircraft, No Cockpit Display

VFR_SERIES.

Four runs were conducted in a terminal area environment in which the meteoro-
logical conditions were such that VFR separation could be applied. For these
tests, to simulate the "see and follow" or visual-approach type of separation,
the controllers were permitted to use, where possible, a minimum separation of
1 nmi horizontal or 500 feet vertical. The controlled/controlled IPC logic
was used with AF and AFIFR parameters set to 450 feet. Traffic samples con-
tained 150 flights of which 40 percent were ATCRBS and 60 percent were DABS,
with one-half of the flights scheduled arrivals and the other half departures.

Traffic flows to and from the airport and runway utilisation were the same as
in the IFR series. Operations rates averaged 103 aircraft per hour, about 25
percent higher than that obtained in the IFR series. IPC encounter data are
presented in table 11. In comparing the first four runs of tables 7 and 11,
there is a 50-percent increase in the number of controller alerts generated
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and a 59-percent increase in total duration in the VFR series versus the IFR
series. Average number of aircraft commands and average duration of encounter
are comparable for both series.

In the VFR series, controllers were confronted for the first time with two
unrelated IPC encounters at the same time. No such events were observed in
any of the IFR test runs. Four occasions of simultaneous encounters occurred
during the VFR test runs and involved the following controllers:

1. Departure vs Departure aircraft--Vertical positive commands $
2

scans
North Arrival vs. South Arrival--Vertical positive commands
2. North Arrival vs. Departure--Vertical positive commands
; 1 scan
North Arrival vs. South Arrival--Controller Alert
3. North Arrival vs. North Arrival--Vertical positive commands
$ 1 scan
North Arrival vs. South Arrival--FPWI
4. North Arrival vs. North Arrival--~Vertical positive commands
; 4 scans
North Arrival vs. North Arrival--Controller Alert and FPWI

Only encounters 2, 3, and 4 were displayed on the same controller display.

Those controllers who held the north arrival position during these encounters
might have had difficulty in quickly establishing priority of action. Actually,
in these three cases, IPC established its own priority by generating controller
alert and commands to one pair while issuing controller alert and FPWI to the
other pair. However, when two unrelated simultaneous alerts are displayed a
method of indicating priority of action to the controller would be beneficial.
This could be a time-keyed indicator displayed on the controller alert vector
lines.

The range from the airport at which the encounters occur was somewhat further
in this series than was the case in the IFR series. Only 71 percent fell
within 15 nmi of the airport; whereas, the IFR series showed 95 percent. The
two major differences between the series were the increased density of traffic
and the reduced separation criteria in the VFR series. Table 12 shows the
distribution of encounters and commands by control position and whether one or
both aircraft were outside the desensitized zone. As can be seen, the majority
of encounters (62 percent) occurred in the arrival-versus-arrival operation,

24 percent between an arrival and a departure, and 14 percent between success-
ive departures. A similar distribution of events by control position had been
experienced in the IFR series. As was true in both the all-arrival and IFR
gseries and was also true in the VFR series, when two arrival controllers were
involved in an encounter, one of the aircraft was invariably inside the desensi-
tized zone. However, when only one controller was involved, both aircraft were
outside the zone.
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TABLE 12. IPC ENCOUNTERS AND COMMAND ENCOUNTERS BY CONTROL POSITION--
VFR SERIES (RUNS 13-16)

Encounters Command Encounters

Control Position In Zone OQut of Zone In Zone Qut of Zone
North Arrival/North Arrival 1 5 0 2
North Arrival/Departure 0 7 0 3
North Arrival/South Arrival 12 2 3 0
South Arrival/South Arrival 1 5 1 0
South Arrival/Departure 1 2 0 1
Departure/Departure 1 5 0 3

Total 16 26 4 9

One multiple encounter occurred involving three aircraft, all under the north
controller. It lasted for three scans, and vertical commands were generated
to each aircraft. One pair approached 0.4 nmi, and the other pair 1.8 nmi,
all at the same altitude and 10 nmi north of the ILS course.

In a VFR type of environment, where visual acquisition of one aircraft by
another is the rule rather than the exception, there is less definitive con-
trol and consequently it can be expected to generate greater IPC activity.
No requirements for altitude separation between opposite-side approaches and
closer spacing of aircraft contribute to increasing alarm rates.

CONTROLLED/UNCONTROLLED SERIES.

This series represents a medium-density terminal area environment with an
airport operations rate of 82 controlled aircraft and 84 uncontrolled aircraft
transiting the area during the hour. For the uncontrolled aircraft, no
communication existed between pilot and controller; however, the aircraft's
target was displayed on the controller's PPI with a limited data block.

The construction of the uncontrolled sample in this series was based on infor-
mation available in reference 2. Flight plans for each of the uncontrolled
aircraft were randomly generated based on each of the following factors:

1. Start time,

2. Aircraft category; e.g., single engine, twin engine, high performance,
low performance,

3. Transponder equipment--ATCRBS or DABS,

4. Flight plan class:
a. Overflight-
(1) 1ingress fix,
(2) egress fix,
(3) cruise altitude,
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b. Outbound flight-
(1) departure airport,
(2) egress fix,
(3) cruise altitude--climb profile based on aircraft category,

C. Inbound flight-
(1) ingress fix,
(2) arrival airport,
(3) cruise altitude--descent profile based on aircraft category,

d. Local flights-

(1) touch and go's
(a) airport,
(b) duration,

(2) round robins,
(a) airport,
(b) route,
(c) altitude,
(d) duration,

(3) 1local itinerant--from airport within local area to airport within
local area
(a) departure airport,
(b) arrival airport,
(c) cruise altitude.

The start time of each flight was randomly selected. Transponder mix for the
uncontrolled flights was established as 75-percent ATCRBS and 25-percent DABS
versus 25-percent ATCRBS and 75-percent DABS for controlled flight. Proba-
bilities for random assignment of the flight plan factors were based on
reference 2.

The tests were directed toward investigation of the controlled versus uncon-
trolled encounters and the attendant interaction with ATC. IPC logic for
controlled/uncontrolled encounters contained in the algorithm defined in
reference 1 has undergone considerable revision in threshold values and command
selection since these tests were conducted. Hence, results presented herein
are not representative of what might be expected from current ongoing algorithm
tests. The amount of IPC activity resulting from uncontrolled intruder air-
craft is dependent upon the uncontrolled traffic model used. Because of these
factors, the presentation of numbers of encounters does not imply a represen-
tation of any particular real-world environment. Rather, they are used to
focus attention on which aircraft receive commands and the location in the
terminal area where one might expect problems to result from controlled/
uncontrolled encounters.

In four runs there was a total of 24 encounters between controlled and uncon-
trolled aircraft. Fourteen of these encounters resulted in IPC commands. One
was a multiple aircraft encounter involving two controlled and one uncontrolled
aircraft, all of which received commands. In 8 of the 14, only the IFR air-
craft received the command, because the uncontrolled was an ATCRBS aircraft
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unable to receive a command. Of those encounters in which the IFR was ATCRBS
(three cases) and the controller elected not to relay the displayed command,
only one encounter violated ATC separation criteria. In those cases where
the IFR was DABS equipped, all encounters were safely resolved.

In 4 of the 14 command encounters, only the uncontrolled aircraft received the
command. In three of these cases, the projected miss distance remained greater
than 1 nmi; hence, neither a controller alert nor a command was generated to
the IFR aircraft. In the remaining case, TH did not decrease below IFR command
thresholds. It should be noted that in an environment such as this, the fact
that nothing is displayed to the controller when the command is issued, only

to an uncontrolled aircraft (because controller alert thresholds are not vio-
lated) could be dangerous. Within the current system, the controller is
advised to call traffic to controlled aircraft, time permitting. Assume he
calls traffic to an unequipped controlled aircraft, and the pilot requests

to be provided separation. The controller will be aware that the uncontrolled
is DABS equipped; however, he will have no knowledge of what maneuver the
algorithm will issue. The maneuver he issues the controlled aircraft may
possibly aggravate the situation. If he makes the assumption that IPC will
provide the necessary sepdration, he has no way of knowing if the uncontrolled
aircraft will, in fact, take the command. For several reasons, one being

that the uncontrolled aircraft has the wrong aircraft in sight, the uncontrolled
aircraft might not respond to the command. In the best circumstances, the
controller will have unnecessarily moved a controlled aircraft. In the worst
circumstance, he may have compounded the encounter. There would appear to

be two alternatives to improve the situation;

s Provide the controller with all data sent to an uncontrolled
aircraft, and

2. Provide the controller with the command that has been acknowledged by
the uncontrolled aircraft.
The first alternative gives the controller more information to assess the
situation. The second alternative provides the controller with the information
that the uncontrolled aircraft is at least aware of the situation, but still
provides no clue as to compliance.

Occasionally, due to the short separation distances involved in uncontrolled/
controlled encounters, it is difficult on a typical terminal PPI display to
determine if the commanded uncontrolled aircraft will resolve the conflict.
This situation is aggravated further by tracker lag which lags behind actual
aircraft maneuver. Dependent upon aircraft speed and turn rate, this tracker
lag could be up to 45° in error.

Those of the 14 command encounters which occurred outside 5 nmi laterally of
the final approach course did not seriously disrupt ATC. However, controllers
indicated that uncontrolled aircraft intruding with controlled aircraft that
were near or already established on final approach seriously affected their
orderly flow. The one multiple encounter occurred when an uncontrolled DABS
aircraft overflying the airport at an improper altitude triggered a multiple
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aircraft encounter involving an ATCRBS departure flight and a DABS arrival
flight on final approach to 27R. The arrival responded to a left-turn command
directing the aircraft across the other parallel course, 27L. This was a
dangerous situation and clearly indicated that a more extensive definition of
a desensitized zone must be established than that used in these tests. The
desensitized zone used deleted IPC messages to IFR pairs within the zone.

In this particular encounter, an IFR aircraft on final approach to 27L might
not have been protected from the aircraft on 27R taking the left-turn maneuver.

RESULTS OF CONTROLLER QUESTIONNAIRE.

During the course of the dynamic testing, questionnaires were administered to
the participating controllers. In addition to NAFEC controllers, responses and
critiques were obtained from field controllers who participated in the simula-
tion and represented moderate- to high-density field facilities; i.e., New York,
Atlanta, Houston, Minneapolis, and Bradley Field. As mentioned in the introduc-
tion to this report, the algorithm as delivered to NAFEC had several serious
deficiencies. Considerable effort was expended and frustration encountered in
trying to bring the algorithm to an acceptable level for further testing. The
controllers were privy to all these trials. In general, controllers felt that
they already had the most effective collision avoidance system in the ATC system
and that IPC would not improve orderliness or increase capacity. They could
appreciate that a properly designed separation monitor such as IPC could provide
an additional safety against biunders; however, if.  that system gave alarms
prematurely and in fact took over command in normal authorized situations, the
effect could result in less orderliness, more stress, and more workload in
recovering from the situation.

Occasionally, a command to an aircraft on final approach resulted in a missed
approach which interfered with a smooth, orderly operation. Participating
controllers felt that the display of a 60-second vector projection from each

of the encounter pairs and a flashing data block were effective, provided

the range between the pair was not so great as to be difficult to detect

the reason for the alert. The command in the third line of the data block

was easily interpreted except when clutter produced an overlapping of symbology.
This deficiency is somewhat attributable to the limitation of the DSF facility,
where automatic offset is not a feature, but should be considered in an ARTS
facility also.

The automatic offset must have provision for an unrestricted view of the third
data line. On one occasion the leader line from the data block to the aircraft
symbol directly overlayed the symbolic arrow used for the IPC descent command.
Quick interpretation would be critical in instances where the voice link of
commands by the controller to unequipped controlled aircraft is the only means
of providing collision avoidance information to these aircraft. The concept

of human voice link is questionable, however, since, if the controller does

not respond to the controller alert by providing a verbal command or if a

pilot blunder creates a need for immediate command, it is doubtful that the
controller could respond quickly enough. Consideration could be given to a
more mechanical method of command transmission in these circumstances, possibly
voice synthesization. However, this in itself could introduce a host of other
problems such as frequency preemption and the relay of unnecessary commands.
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Table 13 presents a summary of responses in two key areas: (1) the effect of
IPC on the ATC system components, and (2) IPC acceptability by the controllers.
It is noted that in the questionnaire there were two additional categories of
"greatly decreased" and ‘greatly increased" for each of these factors. However,
no controllers ever responded in these extreme categories. Controllers felt
that the control procedures, traffic samples, and terminal area were realistic
for evaluating the IPC concept. As already mentioned, participating control-
lers represented moderate- to high-density facilities and were not unduly con-
cerned with traffic densities, aircraft performance characteristics, or PPI
display features. Those indicating a decrease in orderliness were mostly con-
cerned with those commands issued to aircraft on final approach. As indicated
in the table, 70 percent of the controllers felt that IPC did not materially
affect traffic handling capactity. This was borne out by the objective data
which indicated for the most part that controllers could maintain high opera-
tions rates with IPC operating in the system. There was a mixed reaction to
IPC's effect on safety, probably due to controllers varied opinion as to how
"safe'" should be defined. Sixty percent of the controllers felt that workload
increased as a result of IPC. Objective measures such as number of instructions
per aircraft appeared to support an increase in workload when controllers
attempted to reduce IPC message rate. Forty percent of controllers indicated
no change in workload. These controllers felt that alerts occurred when air-
craft were well separated and consequently did nét interfere with their opera-
tions. Almost one-half of the controllers felt that situations developed
which were stressful, particularly commands to aircraft on final approach.

The majority of controllers indicated no change in applied separation.

TABLE 13. SUMMARY OF CONTROLLER OPINION

Decrease No Change Increase

2 IPC Effect on:

a. Orderliness 50% 50%

b. Traffic handling capacity 302 70%

c. Safety 25% 352 402
d. Workload 402 602
e. Stress 552 45%
f. Separation used by controller 632 37%

2. IPC Acceptability

a. Strongly oppose 212

b. Oppose 32%

C. Indifferent 262

d. Favor its use 21%

e. Strongly favor 0z
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Controllers indicated that the controller alert had some value in alerting them
to potential problems developing, such as a fast departure overtaking a slow
departure. Controllers unanimously felt that IPC should not issue commands to
aircraft under their control, since IPC has no knowledge of controller's intent.
Based on the objective data and observation of the simulation, commands often
occurred at large aircraft separation when controllers were safely vectoring
aircraft to an ILS appr‘ach.

Fifty-three percent of the controllers opposed or strongly opposed the use of
IPC; not necessarily the IPC concept, but the IPC algorithm as tested. Control-
ler opposition was based on the IPC false alarm rates and lack of knowledge of
controller intent. In addition, a number of controllers felt that the IPC
required too strict adherence to proceaures in order to eliminate unwanted
alerts, which was not always possible in a high traffic density situation.

Those favoring the IPC favored the controller alert rather than the command
feature.

SUMMARY OF RESULTS

The following results address the key elements outlined in the NAFEC product
plan; i.e., interaction with ATC, parameter values, tailoring of system for
specific environments, display of IPC data, and controller procedures. These
results are based on an analysis of test data, controller questionnaires, and
test team observation.

1, IPC was designed to be an intermittent collision avoidance system, to
provide a backup to the ATC system and protect against blunders. The algorithm
tested at NAFEC produced an unacceptable number of unnecessary controller

alerts and pilot commands. Alerts and commands were generated when controllers
were following normal procedures and aircraft pairs were well outside ATC sepa-
ration standards. These unnecessary alerts and commands occurred most frequently
between opposite-side ILS arrivals and between arrivals and departures.

2 In the final approach area, in which up to 50 percent of IPC activity
occurred, normal controller procedures routinely create situations involving
high closure rates that appear dangerous to IPC, which lacks knowledge cf ATC
intent, and is overly sensitive to such controller techniques as turning an
arrival aircraft in ahead of another and occasional high-speed, large-angle
turn-on to the ILS course.

3. On the one hand, IPC alerted the controller prematurely in cases where
aircraft were widely separated and there was no need for an alert. On the other
hand, IPC did not always provide sufficient warning time to controllers in
command encounters, particularly if aircraft were turning at the time of command.
In the majority of cases, the controller received no more than one scan

(4 seconds) and in some cases no notice prior to command.
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4, Eighty percent of encounters involving opposite-side arrivals were situa-
tions where one of the aircraft was already established on the ILS course.

The present IPC logic would generate commands to the aircraft on approach as
well as the intruder. It is evident that special consideration should be given
to the aircraft on approach by adjusting thresholds so that the intruder is
commanded first and the aircraft on approach receives a command only as a last
resort.

5. ATC/IPC interaction can be reduced in the terminal area by a reduction of
algorithm thresholds. Reductions on the order of 71 percent in controller
alerts and 88 percent in commands were obtainad in the all-arrival IFR opera-
tions to parallel runways by reducing both projected miss distance threshold

from 1 nmi to 0.5 nmi and controller alert, FPWI, and command thresholds from

75 seconds, 60 seconds, and 45 seconds to 60 seconds, 45 seconds, and 32 seconds,
respectively. No attempt was made to evaluate the safety implications of reduced
thresholds.

6. IPC positive vertical maneuver commands between departure and arrival air-
craft pairs occasionally are due to the IPC tracker's failure to sense an abrupt
vertical deceleration as the departing aircraft levels off below the arrival
aircraft. The use of positive commands is unnecessary and disruptive, If the
tracker lag problem cannot be alleviated, then negative commands or a vertical
speed limit command would minimize ATC/IPC interaction in these cases.

7. In the IPC algorithm tested, the factors affecting the choice of the
resolution plane were the existing vertical separation and the horizontal speeds
of the aircraft. It was clear from test results that resolution planes should
not be determined merely by using these criteria, but should recognize the
particulars of the ATC environment, namely arrival or departure. Generally,
arrival controllers separate aircraft by issuing vectors or horizontal commands.
For this reason, IPC commands in the vertical plane did not seriously disrupt
established horizontal flow patterns. In the departure area, however, the

need to pass under and over arrival routes required that the departure control-
ler utilize altitude separation many times. For that interaction which occa-
sionally occurs between successive departure aircraft (overtake), the use

of horizontal commands more closely approximates what the controller would

do. Because of this, IPC vertical commands interfered more often with the
departure controller's instructions.

8. Throughout the tests, there were only three multiple encounters, each
involving three aircraft. There were also only five cases of simultaneous
alerts, four under the VFR separation conditions, one under the IFR separation
conditions. When two unrelated alerts are displayed simultaneously on the same
display, a method of indicating priority of action would be beneficial to the
controller. This could be a time-keyed indicator displayed on the controller
alert vector indicating the pair requiring his immediate attention.

9. In the all-arrival IFR series, arrival/departure IFR series, and VFR series,
the run-to-run variation in the IPC message rate was considerable. In each
series, the run with the highest number of IPC events was consistently 3.7

times that obtained in the run with the lowest number of events. This vari-
ability was attributable to the different controller teams and their control
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techniques. One desirable attribute of a collision avoidance system should be
insensitivity to the differing capabilities and techniques that invariably exist
in the controller population.

10. Special test runs showed that significant reductions in IPC message rates
can be achieved by controllers employing such control techniques as shallow
localizer intercept angles, staggered turn-ons, minimum approach speed, and
establishing ILS approach altitude at 4 nmi laterally of ILS course. However,
controller workload in terms of number of instructions per aircraft increased
(29 percent), and hourly operations rates decreased (95 to 88) in the all-
arrival IFR series. In the arrival/departure IFR series, because of the mod-
erate traffic load, the use of these special procedures did not change opera-
tion rates, but the tendency toward increased instructions per aircraft (15
percent) did exist. In addition, these modifications tend to restrict the
controller's freedom of movement in the expeditious handling of traffic. This
is particularly true where visual separation is employed and IPC may derogate
the intent of the system.

11. The algorithm does not adequately handle the special circumstances of
controlled VFR in which minimum ATC separation criteria are employed; i.e.,

1 omi or 500 feet. In a visual approach mode, consideration should be given

to discretely adapting a range-only criteria for issuing commands since, in

all cases, minimum separation is only applied when visual acquisition is
achieved by the succeeding aircraft. Such special IPC logic could be initiated
by controller keyboard entries.

12, The efficacy of the FPWI to controlled aircraft is questionable, since the
pilot would most likely not respond on his own without contacting the controller.
However, FPWI displayed on the controller's scope does provide some index

about those encounters requiring immediate attention. Additionally, the high
incidence of PW1's, which by definition indicate no immediate hazard, may

prompt further interaction. Pilots unable to visually acquire an intruder

might overload communications channels by requesting further information on
traffic.

13. Current changes being made to uncontrolled/controlled encounter logic to
assure that the uncontrolled aircraft receives a command prior to the controlled
aircraft assumes that the uncontrolled aircraft is DABS equipped. However, if
in the initial implementation period a high proportion of the uncontrolled
aircraft are unequipped, then the controlled aircraft will receive a command.
When a controlled aircraft is in an encounter with an uncontrolled aircraft,
it is important to the controller that the equipment status, i.e., ATCRBS or
DABS, of the uncontrolled aircraft be immediately evident, since this will
influence his choice of action for the controlled aircraft. It was felt that
the displayed symbol, a box O, for uncontrolled ATCRBS, and a diamond {Q for
uncontrolled DABS, did not adequately distinguish these circumstances in close
proximity conflicts.

14. In an uncontrolled/controlled encounter in which an IPC command is issued

to an equipped uncontrolled aircraft, nothing is displayed to the controller
in the present IPC logic when controller alert thresholds are not violated.
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The possibility exists for the controller to aggravate rather than help the
situation. For example, the controller having no knowledge of an IPC command
being issued to the uncontrolled aircraft might maneuver the controlled air-
craft in a manner that negates the IPC command to the uncontrolled aircraft.
It is felt that commands being sent to uncontrolled aircraft should be forced
onto the controller's display.

15. Due to the short separation distances involved, particularly in uncon-
trolled/controlled encounters, it is difficult on a typical terminal PPI display
to determine if the commanded uncontrolled aircraft will resolve the conflict,
This situation is aggravated further by the IPC tracker which lags behind

actual aircraft maneuver.

16. Although the chance of data block overlap was a problem in the DSF, the
automatic offset feature in an ARTS facility would tend to minimize this problem.
The offset feature should, however, be refined to ensure the data block's being
positioned in a totally clear area during that time when IPC commands are dis-
played to prevent any masking of displayed commands. This is particularly
critical when voice link of commands by the controller to controlled aircraft
not equipped with IPC displays, is the only means of providing collision
avoidance information to these aircraft.

17. It was impossible to determine what level of controller alerts might be
acceptable to controllers because of the many unnecessary alarms. Participa-
ting controllers felt that a properly tuned IPC could provide additional safety
against blunders. However, because the IPC, with current thresholds, alarmed
prematurely and, in fact, issued commands in normal routine situations, about
half the controllers felt the result was less orderliness, more stress, and
increased workload; the other half indicated no change in these areas, The
effect of IPC interacting with the controller in those instances where he is
following routine control procedures is for him to delay his response to and
occasionally ignore controller alerts. Fifty-three percent of controllers
opposed the use of IPC, not necessarily the IPC concept, but the IPC algorithm
as tested. Controller opposition was based on the high false alarm rate and
IPC's lack of knowledge of controller intent. Those favoring the IPC favored
the controller alert rather than the command feature. In addition, field con-
trollers voiced concern over how IPC will cope with possible mode C altitude
error in the choice of vertical maneuver commands. The combined effect of
altitude errors for an aircraft pair could result in IPC issuing commands which
precipitate conflicts rather than resolve them.

36




CONCLUSION

It is concluded that this first dynamic test of IPC operating in an ATC terminal
environment indicates that from an operational point of view, IPC adversely
interacts with the present ATC system. Rather than remaining passive until
needed, the IPC, with current thresholds, frequently interrupts the ATC system,
Interruption does not automatically mean disruption, but raises the question of
authority which will adversely affect the degree of acceptance by the control-
lers. Controllers invariably determine the most appropriate command to issue.
If this should conflict with the command being displayed in the cockpit, the
pilot could become confused. Additionally, the concept of using the controller
as a communication link between IPC and unequipped aircraft will undoubtedly
require a determination of responsibility, particularly in those cases involving
controlled and uncontrolled unequipped aircraft. Quick-turning aircraft can
generate IPC messages with little or no prior warning to the controller. He
may react by blindly transmitting the command. If resolution is not achieved,

a question of legal implications arises in an airspace where two systems are
exercising control.

RECOMMENDATIONS

The foregoing test results clearly indicate that several areas warrant further
investigation to determine if adverse interaction between ATC and IPC can be
reduced to a more acceptable level. It is therefore recommended that tests

be specifically designed to explore:

1. Reduction of time and miss distance thresholds. To what limits can
thresholds be reduced to eliminate false alerts and commands while still
providing adequate time for safe escape?

2. IPC desensitization. Define the essential characteristics of those
encounters on and about the final approach course so that logic may be developed
to provide protection for aircraft while eliminating intolerable alarm rates.

3. Multiaircraft logic. Develop logic which will provide for a look-
ahead feature for determining effectiveness of the planned IPC maneuver to
avoid secondary encounters; i.e., improve pair-wise logic.

4. Command selection. Develop logic which considers the attributes of
the terminal environment, i.e., arrivals or departures, in determining an
initial plane of resolution.

5. Controller display. Extensive tests are required to determine what

new techniques may be required to provide for the most meaningful display of
IPC data to the controller. Several items of interest would be:
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a. When two alerts occur simultaneously, provide a priority-of-
action indicator to the controller.

b. Determine what is the most effective means for identifying the
IPC equipment status of uncontrolled aircraft.

C. Resolve the question of which ATC automated function will have
exclusive use of the flashing data block as an attention feature, e.g.,
metering and spacing data, handoff, conflict alert, IPC, etc.

d. Determine the most effective means of displaying command
information; e.g., data block and/or tabular list.

6. Controlled VFR. Develop logic to accommodate the special separation
standards used in controlled VFR. Determine feasibility of implementing
logic by controller keyboard entry or transponder code output.

7. Uncontrolled/controlled encounters. Revise logic so that when an
uncontrolled aircraft, in an encounter with a controlled aircraft, receives a
command prior to IFR thresholds being violated, the command would be forced
onto the controller's display.

8. Voice link to ATCRBS. Conduct a study on the impact on workload
and the efficacy of the controller performing the data link function between
IPC and the pilot of an unequipped aircraft.

9. Tracker performance. Investigate the possibility of reducing
tracker lag by improving turn and climb/descent/level-off detection. The
tracker should be more responsive to aircraft performance characteristics of
speed, turn rate, and vertical velocities.

10. Area adaption. Investigate the possibility of including controller
intent in the IPC algorithm by the use of area adaptation tables tailored to
each location. The tables could be particularly useful in an RNAV environment
where IPC could monitor deviations from predetermined tracks rather than rely-
ing on threshold violations based on course prediction.

11. Controller interface. Establish an advisory group of field facility
air traffic controllers to participate directly in developmental efforts and
in a comprehensive study to delineate the controller's responsibility when IPC
becomes functional.
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This report covers the test results of the Intermittent Positive
Control (IPC)/Airborne Collision Avoidance System (ACAS)
Comparative Evaluation under Subprogram 034-242, Intermittent
Positive Control Simulation. The NAFEC Program Manager is
Anthony Spingola, The authors of this report are Sidney Rossiter,
project manager; Robert Strack, test director; and James Windle,
operatfons research analyst.

The purpose of this test was to make a comparative evaluation of IPC
simulation results and ACAS simulation results, both of which
employed the Chicago high-density terminal environment, NAFEC
was requested by OSEM/SRDS to conduct a special series of tests
which was not included in the original product plan, The ATC/ACAS-
Phase II dynamic simulation 1 was conducted at NAFEC in 1972,

The air traffic (ATC) laboratory of the digital simulation facility (DSF)
was configured to duplicate the environment simulated during the
ATC/ACAS - Phase II tests, The IPC algorithm (FAA-EM-74-2,
Rev, 1) was resident in the Sigma V computer of the DSF, During the
course of IPC/ATC interaction tests, analysis of DSF simulation data
revealed several deficiencies in the algorithm, the principal ones
being the excessive number of false alerts and one-scan duration
alerts., Modifications to the algorithm werc made at NAFEC and
inserted into the algorithm prior to starting the IPC/ACAS tests,
These changes were subsequently reported by letter to SRDS and are
outlined as follows:

1. 'Modified the algorithm so as not to declare the JPC encounter
if aircraft were predicted to be converging laterally, but diverging in
altitude, Similarly, if aircraft were predicted to be converging in
altitude, but diverging laterally, an IPC encounter would not be declared.

G. Jolitz, Air Traffic Control/Collision Avoidance System Interface
" Simulation -~ Phase II, FAA-RD-73-140,
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2. Required the controller alert condition to exist for two out
of three consecutive scans prior to being displayed to the controller.

3. Established desensitized zones that encompassed the three
ILS courses. This desensitization deleted IPC interaction between
landing aircraft and aircraft on the airport surface, and between

.pairs of arrival aircraft on adjacent parallel or converging ILS
courses. Only controlled aircraft within the zone were filtered.
If a controlled aircraft outside the zone were in conflict with an
aircraft inside the zone the IPC alarm was not filtered. The
dimensions of the zones, shown in Figure 1, Enclosure 1, were
based on an analysis of IPC encounter data from preliminary test
runs.

The ATC/ACAS tests also used desensitized areas. These areas,
shown in Figure 2, Enclosure 1, had boundary lines parallel to the
ILS course within which ACAS changed from full system to landing/
departure mode. Each of these boundaries was used separately as
a test parameter. It can be seen in Figure 3, Enclosure 1, that
when going from full system to landing/departure mode zone 2 is
eliminated. .

It can also be seen from Figure 3 that in the vertical dimension
ACAS issues an alarm when intruders are within an altitude sepa-
ration of +3300 feet from an equipped aircraft. IPC uses a vertical
"time to collision" (TAU) threshold. IPC eliminates from conflict
consideration level or vertically separating aircraft whose altitude
separation is greater than 750 feet under IFR procedures and 450 feet
under VFR procedures. Original FAA EM-74-2 (Rev. 1) parameter
values of 1000 feet were incompatible with ATC separation criteria.
NAFEC reduced the parameters to values more in line with IFR and
VFR operations. In the horizontal dimension ACAS uses a TAU
criterion in zone 2 which generates an alarm if the intruder is within
40 seconds to 1.8 nmi separation from the equipped aircraft and a TAU
criterion in zone 1 which generates a command for aircraft within 25
seconds of each other. IPC uses a TAU criterion and a horizontal
projected miss distance (1 nmi) threshold. If both vertical and hori-
zontal TAU thresholds were violated but aircraft were projected to
miss by more than 1 nmi, IPC would not generate a controller alert,
flashing proximity warning indicator (FPWI), or command.
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' Assume for the moment that two aircraft satisfy the vertical conflict

criteria for both ACAS and IPC arnd the l-nmi projected horizontal
miss distance required by IPC. Figure 4 then shows the combination
of closing speed and aircraft separation at which ACAS and IPC hori-
zontal thresholds are violated. The curves for IPC assume 200-knot
aircraft speeds. For example, an aircraft pair closing at a speed of
350 knots would initiate an IPC controller alert when separated by

7.4 nmi, an FPWI at 5.9 nmi, and IPC command at 4.5 nmi. ACAS
TAU II would be penetrated at a separation of 5.7 nmi resulting in an
advisory or command depending on whether the aircraft's flight profile
would be changed by the message and TAU I penetrated at a distance of
2.4 nmi resulting in a positive command. '

The ATC/ACAS study presented simulation results comparing the
Inner Switchpoint Boundary (I-SPB), the Middle Switchpoint Boundary
(M-SPB), and the Outer Switchpoint Boundary (O-SPB). This report
prescents the same type of data as used in the ACAS study, i.e.,
relative number and duration of messages generated. However, to
determine the full significance of such messages one must also take
into account the type and effect of the message. For example, ACAS
vertical speed limit commands could be less disruptive than IPC posi-
tive vertical commands in that they permit an aircraft to approximate
its original profile and might obviate the need for a positive vertical
command. On the other hand, IPC positive vertical commands tend
to be less disruptive than ACAS limit turns since they do not interfere
with the intended direction of flight in those areas where the controller
is establishing a sequence of traffic by vectoring techniques.

The following summary of results is based on .1e analyses of data
presented in Enclosure 2, ACAS/IPC Comparative Data, and
Enclosure 3, Detailed Breakdown of IPC Alarms. Although data

for ACAS I-SPB, M-SPB, and O-SPB are presented in the enclosures,
comparisons are only madn with the ACAS O-SPB and IPC.

.1, The results of the baseline simulation runs in the IPC, i.e.,
" runs ‘n which no aircraft were equipped with IPC, were comparable

to the baseline runs in ACAS in terms of runway operations rate.
2. As increasing proportions of aircraft equipped with ACAS or

IPC were introduced into the ATC system there was no significant
change in operations rates in either the ACAS series or IPC series.
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» 3, In all of the comparative tests there was no significant difference
in operations rate between ACAS runs and IPC runs.

4, IPC required a desensitization zone about the final approach
course as did ACAS. ;

. 5. Throughout the test series IPC consistently issued less commands
per hour than ACAS (O-SPB).

6. Generally, IPC commands were of shorter duration than ACAS
commands. :

7. In most instances, IPC generated controller alerts unnecessarily,
some of which transitioned to command status even though ATC sepa-
ration criteria were not being violated. The data indicated that these
unnecessary alarms are directly attributable to the IPC threshold
values., : ;

8. Most of the commands issued by ACAS were to reduce vertical
speed while almost all IPC commands were positive climb/descend
commands.. In all tests, only 6 scans of negative vertical commands
in 3 encounters were generated by IPC.

9. A significant number of IPC alerts and commands occurred when
one of the aircraft pair was located within the desensitized zone,
i.e., 0.6 nmi laterally of the ILS course on approach to the runway,
and the other aircraft was being vectored to the other parallel ILS
course. ACAS eliminated these types of encounters to a great extent
by utilizing an outer switchpoint boundary which switched the ACAS
from full to a desensitized mode at a distance 4,4 nmi laterally of the
1LS course.

10. A-scan-by-scan comparison of what ACAS would have generated
during each scan of IPC conflict showed that ACAS would not have
alarmed in many instances where IPC controller alert and FPWI
‘existed. This was because of either the combination of large sepa-
ration and closing speed triggered CALERT or FPWI IPC thresholds
prior to ACAS TAU II thresholds or one or both aircraft was in the
ACAS landing/departure mode.
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11. A large number of advisories (70. 82 per hour for ACAS;

253, 74 per hour for IPC) were issued, For IPC, the overwhelming
majority were steady PWI's indicating no immediate hazard. With-
out even considering any impact on data link channels which would
be a function of time distribution of the message, it would appear
at least that the possibility of increasing communications channels
workload exists. Pilots unable to visually acquire an intruder
would most likely request information from the controllers. In

a controlled environment, the use of a nonhazardous warning is
questionable.

12, As evidenced by the large run-to-run variation in the number of
messages (sometimes a factor of 2 from one run to another), both
ACAS and IPC are sensitive to controller technique., Normal ATC
aircraft sequencing procedures for approach vary with traffic load,
aircraft types, and weather conditions, Such control techniques as
cutting one aircraft in front of another on final approach and aircraft
approaching the ILS from opposite sides at large intercept angles
result in high closure rates between aircraft. ACAS and IPC are
sensitive to closure rates resulting from techniques normally used to
expedite traffic.

13. Controllers participating in the original ACAS study indicated
that they consciously attempted to accommodate ACAS to some extent
by turning arrivals to shallow intercept angles and avoided cutting
aircraft in ahead of other inbound aircraft (a technique known as
shooting the gap). Controllers used standard control procedures and
did not alter technique to accommodate IPC, Rates of closure in
excess of 350 knots between aircraft approaching from opposite sides
were not uncommon in the IPC runs, Had IPC controllers altered
their procedures similarly to those of ACAS controllers, alarm rates
for IPC runs would no doubt have decreased. Although it is

apparent that modifications ty control procedures can reduce alarm
rates, the acceptance of a system predicated on such changes is
highly questionable. .

14, During an evolutionary implementation period when part of the

aircraft population will be ATCRBS equipped without DABS/IPC data
link capability, IPC can still provide protection to these aircraft,

A-5
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Control}ers can relay, by voice communication with aircraft,

commands being displayed on the CRT. ACAS does not as yet
pProvide a similar capability to unequipped aircraft.

15. It appears that some portion of ACAS avoidance maneuvers could
be beneficial to IPC in minimizing the effect of interaction with ATC.
Instances of IPC vertical commands occurred wherein the IPC vertical
tracker failed to sense an abrupt aircraft vertical deceleration. This
tracker lag was particularly true of departures leveling off at 1000
feet below arrival aircraft, and arrivals leveling off to approach
altitude at 3 nmi laterally of the ILS course and alarming with aircraft
on the ILS course. It appears that if the ACAS vertical speed limit
command could be included in the IPC command repertoire the need
for IPC positive vertical commands would have been reduced.

The comparative analysis of ACAS and IPC message rates made in
this report were based on ACAS using the original ANTC 117 logic
and the IPC logic defined in FAA EM-74-2 (Rev. 1). The threat
evaluation logic and avoidance maneuvers of both systems are
different and no comparative analysis was made of the level of
Protection provided conflicting aircraft by each system. This report
recognizes that both system concepts are currently in the develop-
mental stage and further refinements could significantly affect the
results contained herein. At the stage of development at which each
system was tested, both systems interact uracceptably with the
ATC system in that they interfered with ATC normal operating pro-
cedures, particularly in the area where aircraft are maneuvering to
the final approach area. The results presented herein should be
considered in light of the following:

1, The ACAS study investigated alternate desensitization
zones extending from 1.1 nmi to 4.4 nmi laterally of the ILS course.
Because of time limitatians, no such extensive analysis could be
made for IPC during these preliminary tests. Rather, a desensitiza-
. tion zone was used which was of minimum area and eliminated
undesirable alarms on the ILS. The question of how and where to
desensitize IPC needs to be thoroughly investigated.

2. An important difference between the ACAS and IPC

which has a direct bearing on the nature of ATC interaction is the
manner by which the controller is informed of the existence of a
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conflict. The ACAS provides no alert or information to the
controller until the pilot advises him of ACAS commands. On the
other hand, IPC alerts the controller prior to a command being
issued and provides him with enough information to evaluate the
situation. However, very often the IPC alerts him prematurely
in circumstances when aircraft are well outside ATC separation
criteria., Further study is required to determine how far
‘thresholds might be reduced to eliminate false alarms and still
provide adequate warning and safe escape time.

3. It appears that vertical commands, particularly in the
approach areas, are less disruptive to the controller than limit
turn commands since they do permit traffic to continue in
intended direction. For the most part, sequencing and spacing
aircraft in the terminal area is accomplished by vectoring
aircraft in the horizontal plane. Limit turn commands are more
apt to interfere with this process than are vertical commands.
Moreover, if the vertical speed limit restrictions in ACAS can

" effectively be used in IPC to obviate the need for climb/dive
commands, the effect on the ATC system would be even further
reduced."

A forthcoming Letter Report, NA-76-14-LR, will present further
analysis of data dealing specifically with IPC/ATC interaction.

ROBERT L., FAITH

3 Enclosures
~
cc:
ANA-64
- ANA-523
ARD-54
ARD-210 (D. Hopson)




ENCLOSURE 1

ACAS/IPC DESENSITIZED ZONES AND TAU THRESHOLDS
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pe=-200TE 3 : OUTER BOUNDARY\-
R o i s i e e i e i e s
20 NMI ~ —
NOTE 1, FOR A GIVEN CONFIGURATION, ALL CAS EQUIPPED ARRIVAL FLIGHTS
SWITCHED FROM FULL SYSTEM TO LANDING MODE UPON ENTERING
THE SPECIFIED BOUNDARY,
NOTE 2, THE OUTER (EASTERN) SIDE OF THE RECTANGLE WAS COMMON TO
ALL BOUNDARY CONFIGURATIONS,
NOTE 3. FOR THE FULL SYSTEM CAS, THE INNER (WESTERN) SIDE OF THE
RECTANGLE WAS COMMON TO ALL BOUNDARY CONFIGURATIONS,
NOTE 4. FOR THE GENERAL AVIATION CAS, THE INNER (WESTERN) SIDE OF

THE RECTANGLE WAS A LINE PERPENDICULAR TO THE APPROACH
COURSE WHICH PASSED THROUGH THE LOCATION OF THE OUTER
MARKERS,

76-32-B-1-2

FIGURE A-1-2, ACAS SWITCHPOINT BOUNDARIES
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ENCLOSURE 2

ANALYSIS OF IPC/ACAS TEST DATA
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For this simulation the terminal area extended to 30 nmi radius

from the center of the airport. All IPC encounters where one or

both aircraft were within this region were counted. The alarm rates
for ACAS and IPC have been summarized into average hourly number
and duration commands, advisories, and controller alerts. Controller
alerts are germaine to IPC only, since ACAS did not have this capa-
bility. Commands for ACAS included effective events, i.e., those
climb, descend, level-off, limit turn rate, and vertical speed limit
(VSL) messages that affected a flight profile. For example, a

turning aircraft receiving a limit turn rate command reduced its

turn rate to one-third of the normal turn rate. Commands for IPC
included climb, descend, turn right, turn left, and negative commands.
Advisory messages for ACAS are those limit turn rate and VSL instruc-
tions that did not affect an aircraft's profile. For example, a limit turn
rate instruction to an aircraft in straight line flight did not affect its
profile. These advisories did not interact with the controller since he
was unaware of their existence. Comparable advisories for IPC were
steady proximity warning messages (PWI) which advised the pilot of
non-hazardous nearby traffic and flashing proximity warning messages
(FPWI) which advised the pilot that a conflict was imminent. ACAS/IPC
comparative results were categorized into the same four series of runs
that were used in Reference 1:

VFR series

. IFR series

. High-density arrival series
. General aviation series

W WD -

VFR Series

Six simulation runs were conducted in this series. Three of these
utilized traffic samples in which 65 percent of the flights were DABS
equipped and 35 percent were ATCRBS equipped. These runs will
subsequently be referred to as the high mix series. The other three

runs used traffic samples with a mix of 32 percent DABS flights and

68 percent ATCRBS. These run$ will be referred to as the low mix
series. With the exception of the type of collision avoidance equipment
used in the IPC traffic samples, aircraft characteristics and the terminal
operational environment were identical to that used in the 65 percent

Reference 1, G. Jolitz, Air Traffic Control/Collision Avoidance
System Interface Simulation - Phase II, FAA-RD-73-140,
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equipped - 35 percent unequipped high mix series and 32 percent
equipped - 68 percent unequipped low mix series reported in the
ACAS study.

A cloud ceiling of 5,000 feet was assumed to exist. If either of an
arrival pair was above 4,000 feet MSL, IFR separation was required.
When both aircraft of a pair were at or below 4,000 feet, VFR control
procedures were used. Controllers were instructed to provide a
minimum of 500-feet vertical or l-nmi horizontal separation. Altitude
separation was not required between aircraft approachinyg the parallel
ILS courses from opposite sides. The controlled/controlled encounter
logic was used with IPC algorithm threshold values of AF=AFIFR=750 feet
applicable when either or both aircraft were above 4,000 feet MSL and
AF=AFIFR=450 feet at or below 4,000 feet MSL.. AF is a parameter
defined in FAA-EM-74-2, Rev. 1, as the vertical immediate range for
a controller alert or command to be declared. AFIFR is the vertical
immediate range for a flashing PWI to be declared to a controlled
aircraft.

Tables | and 2 present a comparison of ACAS/IPC message rates
averaged over three l-hour data runs using perfect surveillance
accuracy. The ACAS outer switchpoint boundary (O-SPB) has been
selected for the purpose of this discussion; however, the I-SPB or
M-SPB could have been used. It can be seen from Table 1 that in the
high mix series ACAS (O-SPB) issued commands to an average of
10. 7 aircraft per hour whereas IPC issued commands to 8 aircraft.
ACAS command duration averaged 13.8 seconds. IPC commands
lasted from 8 to 24 seconds with an average of 12.7 seconds. IPC
alerted the controller an average of 11.7 times per hour. Alerts
lasted from 4 to 40 seconds with an average duration of 18.9 seconds.
Controller alerts by design persisted throughout the entire encounter.
ACAS issued an average of 64.7 advisories while IPC averaged 208 PWI
and 15 FPWI advisories per hour.

Table 2 presents results for the low mix series. ACAS (O-SPB) issued
commands to an average of 2.3 aircraft per hour versus 4.6 IPC
commands. ACAS command duration averaged 14 seconds. IPC
commands lasted from 8 to 16 seconds with an average duration of

11.4 seconds. IPC alerted the controller an average of 8.3 times
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per hour. Alerts lasted from 4 seconds to 40 seconds with an
average duration of 15.7 seconds. ACAS issued an average of
19 advisories while IPC averaged 101.3 PWI‘and 3.3 FPWI
advisories per hour.

At first look, the foregoing results indicate that in terms of absolute
numbers of aircraft receiving commands and duration of commands,
IPC and ACAS (O-SPB) are somewhat comparable. ACAS encounter
data, however, do not include any encounters which involved equipped
versus unequipped flights or unequipped versus unequipped flights.
Unfortunately, no ACAS event count data were available from
Reference 1 for the VFR series with all aircraft ACAS equipped.

IPC encounter data do include DABS versus ATCR BS (unequipped)
and ATCRBS versus ATCRBS encounters. Hence, IPC comparative
counts in Tables 1 and 2 are inflated as a result of providing collision
protection to all aircraft whereas unequipped aircraft in the ACAS
simulation were not protected, nor were equipped aircraft protected
against unequipped. If onk were to delete from the IPC data in
Tables 1 and 2 all encounters in which one or both aircraft were
ATCRBS equipped, the results would be as shown in Table 3.

ACAS (O-SPB) data from Tables 1 and 2 have been included in Table 3
for ease of reference. Table 3 for the high mix series shows that
ACAS (O-SPB) issued 10.7 commands per hour versus 4.6 commands
for IPC. For the low mix series ACAS issued 2.3 commands per hour
versus an average of 0.7 commands for IPC. These results with
ATCRBS encounters deleted indicate that IPC issued 6.1 (high mix)
and 1.6 (low mix) fewer commands than does ACAS. Even after deleting
all encounters involving an ATCRBS aircraft, the traffic advisories for
IPC, 150 in the high mix and 40 in the low mix series, remain high
relative to an average of 64.7 and 19 for the ACAS high and low mix
respectively.

Reference 1 indicates no significant effect on operations rate of
introducing ACAS into the terminal area. Similar results were
obtained with IPC. Table 4 shows average operations rates for
ACAS (O-SPB) and IPC for traffic samples with equipment mixes
ranging from 0 to 100 percent equipped.
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TABLE 4

HOURLY OPERATIONS RATE - VFR PROCEDURES

0% Low Mix High Mix 100%
ACAS (O-SPB) 147.3 147.3 146.3 147.3
IPC 149.3 152.3 154, 7 149.0

Although Table 4 indicates a consistently higher operations rate for
IPC versus ACAS for all mixes, no statistical significance can be
placed on such differences since they are well within underlying run-
to-run test variability.

IFR Series

Three runs were made with parallel runway operations using IFR
control procedures. Table 5 shows comparative message rates for
ACAS and IPC. The IPC issued commands to an average of 3.3
aircraft per hour while ACAS (O-SPB) issued commands to 6.3
aircraft per hour. IPC commands lasted from 4 seconds to 32
seconds with an average duration of 12 seconds. ACAS command
duration averaged 18 seconds. IPC generated 9 controller alerts.
Alerts lasted from 4 seconds to 40 seconds with an average duration
of 17.4 seconds. ACAS issued an average of 69.7 advisories while
IPC averaged 189.3 PWI and 8.7 FPWI per hour. These runs were
made with the high mix sample, i.e., 65 percent DABS, 35 percent
ATCRBS. Reference 1 did not contain any data for the IFR series
in which all aircraft were ACAS equipped. ACAS data in Table 5 do
not include either ACAS equipped versus unequipped, or unequipped
versus unequipped encounter pairs. IPC message rates, however,
do include DABS versus ATCRBS and ATCRBS versus ATCR BS pairs.
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For compariscn purposes, again it seemed equitable to compare
ACAS with IPC after deleting all of those IPC encounters where

one or both of the pairs was ATCRBS. Table 6 presents message
rates after deleting all encounters which involved an ATCRBS-
equipped aircraft. ACAS (O-SPB) data from Table 5 have been
included in Table 6 for ease of reference. It can be seen in Table 6
that ACAS (O-SPB) issued 6.3 commands per hour as opposed to an
average l.4 commands issued by IPC. This decrease for IPC is
somewhat comparable to the 6. 1 fewer commands issued by IPC in
the VFR high mix series. The IPC average of 126.7 advisories
remains high relative to the 69.7 advisories issued by ACAS. IPC
operation rates averaged 151 aircraft per hour versus 145.3 average
operations in the ACAS (O-SPB) runs. No statistical significance can
be placed on such a difference.

High Density Arrival - VFR Procedures

Three runs were made with arrival operations only to parallel runways
using VFR control procedures. With no requirement to provide spacing
for departures, inter-arrival spacing was based solely on ensuring
adequate runway occupancy separation, The intent was to saturate

the arrival controller with a very high volume of traffic in order to
provide a rigorous test for ATC interface with ACAS and IPC.

Table 7 presents message rate data for ACAS (O-SPB) based on two
l-hour data runs and IPC based on three l-hour data runs. All flights
were 100 percent equipped. It can be seen that ACAS (O-SPB) issued
commands to an average of 40 aircraft whereas IPC generated 8.3
commands. This indicates 31.7 fewer aircraft receiving commands
for IPC. ACAS commands averaged 16.1 seconds. IPC commands
lasted from 8 to 32 seconds with an average duration of 13.6 seconds.
IPC alerted the controller 17 times per hour. Alerts lasted from 4 to
44 seconds with an average duration of 15.2 seconds. ACAS (O-SPB)
generated 144.5 advisories per hour versus 300 PWI and 20 FPWI
advisories for IPC,

Table 8 on page 6 shows hourly operations rates for the ACAS (O-SPB)

and IPC for runs made with none of the aircraft equipped and runs
where all aircraft were equipped.
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TABLE 8

HOURLY ARRIVAL OPERATIONS RATE - VFR PROCEDURES

Equipment Mix
0% 100%
ACAS (O-SPB) 105 105
IPC 102 101

There is no impact on operations rate of introducing ACAS or IPC
into the system. Moreover, there is no significant difference in
operations rate between ACAS and IPC runs,

General Aviation Series

Two IPC runs were conducted in which 40 percent were low performance,
general-aviation-type aircraft. These general aviation flights were oper-
ating on VFR flight plans; however, they were under approach control
Jurisdiction prior to entering the terminal area. The remaining 60
percent of the aircraft were commercial flights operating on IFR flight
plans. All aircraft were DABS equipped. Controllers were instructed

to provide 500 feet vertical or | nmi horizontal separation between
VFR/VFR and VFR/IFR pairs, and 1,000 feet vertical or 3 nmi hori-
zontal separation between IFR/IFR pairs. IPC treated all conflicts as
controlled versus controlled with thresholds of AF=AFIFR=450 feet for
VFR/VFR and VFR/IFR pairs, and AF=AFIFR=750 feet for IFR/IFR
pairs. A comparison of the command rates presented in Table 9 shows
that ACAS (O-SPB) issued commands to an average of 29.1 aircraft per
hour as opposed to an average of 14 commands for IPC. ACAS commands
averaged 16 seconds in duration. IPC commands lasted 8 to 32 seconds
with an average duration of 13,7 seconds. IPC generated an average of
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15.5 controller alerts. IPC alerts lasted from 4 to 64 seconds with
an average duration of 24 seconds. ACAS (O-SPB) issued an average
of 139.9 advisories while IPC issued 423 advisories per run. The
substantially higher number of PWI's generated by IPC in the general
aviation series relative to the VFR and IFR series is primarily attri-
butable to slower speeds and resulting longer time in the system of
the general aviation aircraft. As shown in Table 10, there was no
impact on operations rates of introducing either ACAS or IPC into
the ATC system. There is also no significant difference in the oper-
ations rates obtained with ACAS or IPC,

TABLE 10

HOURLY OPERATIONS RATE - GENERAL AVIATION SERIES

Equipment Mix
0% High Mix 100%
ACAS (O-SPB) 133 130 (I-SPB) 133
IPC 133 133 130
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Detailed Breakdown of IPC Data

Enclosure 2 compared ACAS and IPC message rates in comparable
terminal operations. This enclosure characterizes the IPC messages
for each series of runs in terms of controller positions involved,
aircraft separation during encounter, and location of encounter
relative to desensitized areas.

Figures 1 to 6 show the separation that existed between aircraft
pairs at the point of closest approach during each IPC encounter.

Also indicated in these figures is the IPC message type, i.e.,
controller alert, Flashing Proximity Warning Indicator (FPWI) or
command that existed at the time of closest approach. These sepa-
ration data are presented for each encounter of a series in the following
order.

Figure Series Traffic Scenario
1 VFR Procedures High Mix
2 VFR Procedures Low Mix
3 IFR Procedures High Mix
4 High Density Arrivals -
VFR Procedures 100% DABS
5 General Aviation GA/GA and
GA/COM Encounters 100% DA BS
6 General Aviation COM/COM
Encounters 100% DABS

Figures 5 and 6 separate encounters, in the General Aviation Series,
into General Aviation (GA)/General Aviation (GA) and General Aviation
(GA)/Commercial (COM) aircraft conflicts in Figure 5, and Commercial
(COM)/Commercial (COM) in Figure 6.

As indicated in the foregoing ACAS/IPC comparison, in the VFR, High
Density Arrival, and General Aviation Series, the introduction of IPC
did not significantly affect operations rates. Operations rates were
essentially the same with and without IPC in the terminal system.
However, IPC did have an impact on the controller. The controllers
felt that there were an excessive number of unnecessary alerts and
commands, Alerts were being generated in instances where controllers
were following routine sequencing control procedures and because of the
wide separation involved at the time of the alert, the controller saw no
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need to provide additional separation. The effect on the controller of
IPC interacting in these instances was for him to become casual in
his response to alerts which then might cause him to ignore more
serious alerts,

Tables 1 through 5 present a breakdown of the total number of
encounters and commands. These tables indicate for each conflicting
pair of aircraft, the controller having jurisdiction, and whether one

or both aircraft were outside the desensitized zone about the ILS
course. The data are not averages, but the total count for the number
of hourly data runs indicated in the table. It can be determined from
these tables that significant percentages ranging from 15 to 43 percent
of the total IPC encounters and 38 to 50 percent of commands occurred
when one of the aircraft pair was on or within 0.6 nmi of the localizer
course and the other aircraft was approaching the ILS. In all but two
of these encounters the intruder aircraft was approaching the localizer
course from the opposite side. Even in the general aviation series,
Table 5, the three encourters indicated to be under the same-side
controller, occurred with aircraft pairs on opposing sides. It is
logical to assume that once an aircraft is established on a localizer
course controllers vectoring aircraft to the opposing parallel ILS
course are fully aware of aircraft intent and are not concerned with
momentary high closure rates and close ranges. Aircraft on or within
0.6 nmi of the localizer course should be treated somewhat differently
by the algorithm. Thresholds should be decreased to the point where
aircraft do not receive commands in this flight segment unless collision
Oor near miss is imminent., Such a decrease in the number of these types
of encounters would significantly alter the IPC/ACAS comparisons
presented herein.

A-36




* ~
(e ]
o ]
s <
00T - S o " € S SANVH09 TVIOL
2015110
o L = v € 0 1IVEONIV HIOE
: 2AISIN0
LIVEO¥IV 3NO
2v % 0 0 0 S
, . FAISNI
LIVMOHIV 3NO
, SANVIKOD
001 S¢ 0 '8 o1 L SYZINNOONT TVIOL
2 3a1SIN0
LS 02 0 8 6 £ L e
2a1S1N0
LIAVEONIV 3NO
1% ] ST 0 0 1 91 NQHWZW .
; IIVEO¥IV 2NO
# SYIINNOONT
IVAT RNV TVATENV
SA SA
1viol TUNIAVIAA . TUNIYVAIQ
20 STVIOL SA SA ~ TVATYRY TVATHRY
IN3O¥Id TUNIYVIIA TVATYYY 34IS INVS Tﬂm 31150430 -

SEIY IS YJIA - XIW HOIH

SNAY ¥NOH-1 IFYHL J»me/O SLNIAT JO ¥IENNN TVIOL 1 JTEVL




A-38

!

00t - 4 < ) 0 i € SANVWWOD TVIOL

Ls Yy 0 v 0 0 2a1IS1N0
LAVIO¥IV HIOE

201S1N0
LAVYO¥IV 3NO

£ € 0 0 0 € JATISNI
LIVO¥IV 3NO
. SANVIROD
001 2 1 -9 Y 91 SYIINAOONZ TVIOL

L9 81 1 9 ) - 301S1N0
LIVYONIV H10S

341S1N0
LIVYONIV 3NO
€€ 6 0 0 0 6 aarsnt
1IVO¥1V 3NO
4 SYIINNOINT

AVAIHYV TVAIHYEV
V10l TANIYVEEA TUNIYVIIA SA SA
0 STVIOL SA SA TVATYYV TVATHEY
IN3D¥3d TANIYVIIA TVAIYYY 3AIS IWVS Tﬁm 21150440

NOILISOd §a 1'1O4LNOD

SHIYJS ¥JA - XIW MOT

SNNY ¥AOH-1 ITYHL &n.m>.0 SLNIAT IO YIAGWAN IVIOlL 2 FIIVL




-
. O
™
1]
. <
001 N iy 3 0 2 SANVIGA0D TVIOL
09 € 0 € 0 0 301S110
. T LIVEO¥IV H10€
301S100
1IVEOUIV 3NO
r 5 ” : % . 3Q1SNI
LIVONIV 3NO
. SANVIA0D
00t (2 0° 8 a1 01 S¥ZINNOONT TVIOL
; . 301S1n0
8 €2 0 S el -9 1IVED¥IV HIOE
301S1M0
st v 0 0 0 . L4ViO¥IV N0
IQISNI
LIVOYIV 3NO
3 SYIINNOONT
TVAINNV TVAIHEY
V101 TYNINVAIA . TANIYVIIA SA sA
20 $1viol SA SA _ TVATHNY TVAIRRY
INZO¥Id TWNI¥V4Id TVATYEEV 3dIS IWVS [SIATIS ILIS0dd0

STIY IS ¥4I - XIW HOIH

SNNY¥ YNOH -1 IFTYHL YIAO SINIAT JO HITWAN TVIOL ¢ JITdVL




o
~
{ ]
A .
001 €1 - - 3 8 SANVWIRO0D “TVIOL
. 2 o 3q1S110
- ¥ i " . LIVEDNIV HIO®
3015100
. 1IVEDNIV INO
. . . 0 < 3Q1SNI
e . LIVHONIV 3NO
, SANVIA0D
S¥ZINNOINT TVIOL
001 2s - - 82 92
3a1S100
1 Lg 2 3 Lz o1 LIVEDNIV H10E
2A1S1N0
1AVNDNIV 3NO
62 St - - 1 91 3qISNI *
1IVDNIV ENO
- SYIINNOINT
IVATEEV TVATHNY
1v101 TYNIYVEIA . TINIYVAIA SA . SA
20 $TVIOL SA SA . TVATHRY VATV
INZO¥3d TWNINVAIA VANV QIS TWVS Tﬂm 21150440

SEVA %001 = TVAINYV ALISNIA HOIH

SNAOY ¥NOH-1T IFYHIL YIAO SINIAT 4Q ¥IGWAN TVIOL ¥ JATLIVL




—
. vl
¥ e
® ]
< ,
00T . " v < < SANVIBO) TVIOL
0§ L 0 . w € 0 201S1N0
; ' 4 LIVEO¥IV H10€
201$100
LIVO¥IV 3NO
0 iy 0 0 2 S
! : 301 SN1
LAVMONIV 3NO
. SANVIGA0D
001 1€ 0 L 1 €1 SYIINNOONT TVIOL
; 301S1N0
19 61 0 L 8 v 1IV¥ONIV H10E
2q1SIN0
LIVEONIV 3NO
6¢ cl 0 0 € 6 gaisnt
LIVEONIV INO
SYIINNOINT
TVATNEV TVAIEYY
TvI0L FTUNIEVAIQ . TANI¥VAZA SA sA
40 STVI0L SA SA TVATERY hagunogend
INZD¥3d TUNINVAIA TVATHYV 3dIS Iuvs 1S 31150dd0 .

SEVA %00T = NOILVIAV TVIANID

SNNY ¥NOH-1 OMIL YJAO SLNIAT JO YIIWAN 'IVLOL S TTLIVL

R O AR S R




APPENDIX B

TESTBED VERIFICATION SUMMARY

Prior to operational testing, testbed verification was conducted. The
following are the major results of this initial phase.

1. Slot-Rule Logic. Added code to IPCSEL to adjust slots after horizontal
and vertical commands. Added code to IPCSEL to check the horizontal dimension
if the vertical dimension is taken prior to calling the slot-rule logic. Also,
added code to IPCSEL to prevent slot-rule logic from issuing incompatible
commands.

2. Master Resolution Logic. Code was added to set POSCOM = 0 when negative
commands are issued. Code was also added to test if uncontrolled aircraft in
IFR/VFR pair is ATCRBS. This prevents premature setting of PIFR=],

3. Changed three parameters, AF, AFIFR, and AFPWI, from a value of 1,000
feet to a value of 970 feet.

4. The IPC algorithm, as coded in the DSF/IPC testbed, appeared to perform
in accordance with the concepts and/or specifications outlined in FAA EM-74-2
(reference 1). Analysis of the data indicated that further refinement of the
algorithm was required before it was suitable for full-scale IPC/ATC inter-
action evaluation.

5. Horizontal Tracker. The horizontal tracker lags the actual heading of the
aircraft during turns. The magnitude of lag is dependent upon the variables of
turn rate and velocity. Comparison of numerous flight profiles confirmed that
lag varies (approximately) in direct proportion with turn rate and inversely
with velocity, i.e., the worst cases are created by slowly moving aircraft

with a high rate of turn, and conversely, a high-speed aircraft with a slow
turn rate can more easily be tracked. A heading error of 45° is common for
aircraft flying at or below 120 knots which are turning at rates greater than
5° per second. Thus, late detection of IPC events occurs each time the event
is initiated during a horisontal maneuver. Also, because of the nature of the
turn detection logic, an overshoot almost always occurs approximately 24 to

28 seconds into the turn. Furthermore, as pointed out in MITRE Memorandum
D43-M3545, this same tracker lag prolongs the duration of the command condition
once horigontal resolution is attempted. If the turn detection threshold could
be made more sensitive to the velocity of the aircraft, the severity of the
above problems could be reduced. Changes of this nature would increase the
likelihood of false turn detection; however, this detrimental effect would be
balanced (to some degree) by the benefits of better tracker performance during
turns.




6. Vertical Tracker. The vertical tracker lags aircraft performance propor-
tional to the vertical velocity of the aircraft. (Acceleration rates were not
varied to determine their effect.) This lag tends to cause late detection of
IPC events. When vertical resolution is attempted, this same lag may cause the
positive command to persist for 12 to 20 seconds after separation is effected.

I Positive Vertical Commands. If two aircraft with high (opposite)

vertical velocities conflict, a positive vertical command may result when the
aircraft are still separated by 3,000 or 4,000 feet. There is, in these cases,
ample time for each of the aircraft to level and miss each other by more than
1,000 feet. The addition of logic to test such a condition against a suitable
threshold would result in a more operationally acceptable IPC system,

8. Negative Commands. If an uncontrolled ATCRBS-equipped aircraft is in

close proximity to a DABS-equipped aircraft, issuance of a negative command is
somewhat meaningless. The uncontrolled ATCRBS aircraft cannot receive the PWI
warning (flashing or steady) nor can it receive the negative command. The
DABS-equipped aircraft will receive both the PWI warning and the command;
however, that will not prevent the uncontrolled ATCRBS aircraft from maneuvering
toward the DABS-equipped aircraft. Often when aircraft are in close proximity
this leaves insufficient time for resolution based upon a positive command.

This condition is particularly sensitive to tracker lag.

9. Multiaircraft Logic. The existing multiaircraft logic is inherently
pair-wise logic. Frequently, in multiaircraft conflicts, this is not advanta-
geous. In many cases, a far simpler resolution could effect the desired separa-
tion if the conflict were considered as a multicondition rather than two or more
pair-wise conditions. In addition to causing fewer commands to be issued, this
would have the additional benefit of creating fewer secondary conflicts.




