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SECTION I
INTRODUCTION

The Air Force Flight Dynamics Laboratory (AFFDL) is conducting an in-
vestigation of the Microwave Landing System (MLS). The MLS presents a
precise high energy signal that is capable of creating a large wedge of
electronically defined airspace. The signal's high energy characteristics
make wave distortion due to terrain, buildings, and aircraft difficult and
offers the potential for reliable accurate guidance close to touchdown (TD).
The signal extends laterally to 60° either side of the runway centerline
extended, vertically up to 20°, and longitudinally out to a radius of 20 miles.
Within this area MLS provides precise distance, azimuth angle, and elevation
angle information, which will permit the construction of curved/segmented
approach profiles in the terminal area. Previously, approach profiles were
designed to track a beam that guided the aircraft through the terminal
navigation area on a course coinciding with the runway centerline and on a
glide path of a constant elevation angle terminating at TD. With MLS the
capability now exists to safely increase air traffic density in the terminal
area and to increase runway utilization. This can be done without increasing
the workload of an air-traffic controller since airborne MLS equipment will
permit the pilot to perform a large share of the terminal area navigation.
Aircraft will fly on radar monitored approaches instead of the present radar
controlled approaches. MLS ground stations are small, relatively lightweight,
and hence portable. They would be useful in military operations. With the
use of portable MLS transmitters a newly established airfield would be able
to provide approach guidance. The airfield, once its usefulness had ended,
could be dismantled quickly and easily established in another more strategic
location. In essence, MLS may be offering aviation the opportunity to more
efficiently use airspace and airfields.

MLS testing deals with a variety of issues. Determining the quality of
the electronic signal and mating ground stations with airborne receivers are
primarily technical issues. Given that they are resolved, a set of operational
jssues will still need definition and resolution, which is the purpose of the
Flight Profile Investigation (FPI). It will deal with problems like choosing
safe, easily flown curved/segmented approaches and discovering the information
needs of a pilot flying MLS approaches. The FPI has been divided into flight
test and simulator test programs. Flight test will be performed by Instrument
Flight Center (IFC), Randolph AFB, Texas, personnel using T-39 aircraft and
simulation testing will be done at the Crew Station Design Facility (CSDF),
Wright-Patterson AFB, Ohio, employing CSDF personnel.

Two specific test objectives were established for CSDF by AFFDL personnel:

(1) Determine which of the profiles obtained from AFFDL personnel are
feasible to fly using various levels of existing avionics.

(2) Establish what displays and aircraft controls are needed to fully
utilize the curved/segmented approach path capabilities of MLS.




To fully utilize the curved/segmented approach path capabilities of MLS requires
the use of avionics innovations not yet available for testing. Phase II of
simulation will examine this objective. Phase I of simulation deals with
determining profile feasibility when conventional avionics are used.

Conventional avionics, which were designed to fly ILS approaches, are
not equipped to fully itilize all the position information that MLS provides.
The glide slope in MLS is no longer just a beam as it was with the ILS.
Instead it contains a set of adjacent glide slope planes each of which
intersects the runway at the touchdown point and extends out to the limit of
coverage (Figure 1). Tracking on one of the glide slope planes is similar
to tracking the ILS glide slope beam and can be done with conventional avionics.
However, while on a MLS glide slope plane the aircraft's angle of descent may
be a value other than the glide slope angle, if the aircraft were tracking a
course nonparallel to the runway centerline course. For example, if an aircraft
is on a course creating an intercept angle of 60° with the runway centerline
course, then it will have a descent angle half that of the glide slope angle,
One planning to intersect the runway centerline at 90° would have an angle of
descent equal to 0°. Thus, while tracking on the glide slope plane, any
change of course will concomitantly require a change in angle of descent. This
will require power adjustments during turns to remain on glide slope at a
constant airspeed. Different types of MLS approaches have been proposed. Some
are planar approaches, which means that the entire approach is flown on only

one glide slope p! Others are multi-glide path approaches that require
the pilot to tr ;T1ide slope planes. To generate glide path information
for segments n existing glide slope plane requires the avionics to
compute range rspeed values, coordinates of the proposed glide path,
and other fa . processed by conventional avionics.

Course guidance in the MLS environment is complex. The MLS Tateral
environment is a set of adjacent radials which emanates from the stop end
of the runway and defines an area out to 60° either side of the extended
runway centerline (Figure 2). Tracking on a radial is the same as tracking
the Tocalizer beam (LOC) during an ILS approach and can be done with con-
ventional avionics. Any approach flown in the MLS environment other than
a typical ILS approach would contain crossleg segments that traverse radials
emitted from MLS transmitter. Receiving course guidance during crossleg
portions would require the avionics to generate a path by computing range
values, airspeed values, wind values, course coordinates, and a variety of
other factors not computed by conventional avionics. Only angular deviation
from the selected azimuth beam can be processed by conventional systems, which
are thus restricted to providing course guidance only when the aircraft is
tracking on one of the selected azimuth radials.

Conventional systems generally present either unprocessed information
(raw data) or unprocessed and processed information (command). Both
conventional systems have similar limitations in the MLS environment. They
can provide glide slope information only when the aircraft is flying on the
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selected glide slope plane and they can give course information only when
tracking the selected MLS radial. If the aircraft were to fly a multi-glide
path approach, no glide path information would be presented during those
approach portions not on one of the MLS glide slope planes. Similarly, if

the aircraft were to traverse a set of radials, course information would be
lost. In essence, when flying MLS curved/segmented approaches with conventional
avionics, pilots generally lose course and/or glide slope information during
some approach segments.

The conventional instrument systems for Phase 1 employed four systems
which were: a system presenting unprocessed information (austere only), a
system presenting both processed and unprocessed information (analog only),
and two created by adding an Azimuth Angle Indicator (AAI) to each of the
aforementioned systems (austere AAI, analog AAI). The AAI was a device
included to cue the turn ontc the runway centerline course. (he Phase I
analysis was divided into sub-phases, IA and IB, which incorporated essentially
the same parameters but varied weather [no wind (IA) vs wind (IB)]. Only
Phase IA will be reported at this time.

Phase IA profiles were defined in terms of intercept angle (45° vs 60°)
and intercept distance from TD (2 NM. vs 4 NM,) and were planar, all being
flown on a 2.5° glide slope plane. Figure 3, divided into parts A, F. C, and
D, displays each of the Phase IA profiles. Each profile was composed if five
segments; initial leg, turn 1, crossleg, turn 2, and the final approsch leg.
Testing on each profile was complete at the end of the final approach leg, which
terminated at 200 feet above field elevation.

Phase IA examined these "typical" MLS approach profiles to determine which
profiles and instrument systems were easier to fly and to ascertain the causes
and effects of poor tracking performance.
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SECTION II
STUDY PROCEDURE

I. APPARATUS

This experiment was conducted in the Crew Station Design Facility, which
has the capability to dynamically simulate a complete flight regime under a
variety of controlled conditions. For this study, the T-40 simulator was used.
The T-40 crew station shell was mounted on a motion platform and could be
moved in three dimensions: pitch, 15 degrees down and 25 degrees up; roll, 9
degrees depending on pitch angle; and + 12 inches of vertical displacement.
The Mark I digital computer controlled all the simulator's functions. With
the magnetic tape unit, up to A4 separate parameters could be recorded at
every 0.2 second. The parameters for this study are in appendix A. The
visual simulation equipment was not used.

The crew station was configured as the T-39 test aircraft, including
T-39 aerodynamics and instruments (Figure 4). The system contained an
Attitude Director Indicator (ADI) powered by a CPU-4 Flight Director Computer.
The pitch and bank steering bars operated as command information. Unprocessed
glide slope deviation was displayed by a pointer moving beside a vertical scale
that was located on the left side of the instrument face. On the bottom of the

indicator were located a rate of turn indicator and an inclinometer. Unprocessed

localizer deviation was displayed on the Course Deviation Indicator (CDI) on the
Horizontal Situation Indicator (HSI). The HSI was located directly belaw the
ADI. A heading set and a course set knob were on the left and right sides of
the HSI, respectively. The knob rotated a small white heading indicator about
the compass. The knob operated the digital course indicator in the upper right
portion of the HSI and could reposition the CDI when the aircraft was receiving
course information. The distance from the MLS azimuth transmitter was given by
the three digit Distance Measuring Equipment (DME) readout in the upper left
corner,

Mounted between the ADI and the HSI was the Azimuth Angle Indicator (AAI)
(Figure 5). It displayed aircraft position (needle) in relation to a scale
marked in degrees representing MLS radials. The 0° marker referred to the
runway centerline extended radial and was located at the center of the scale.
The scale extended out to 60° either side of the 0° mark in a nonlinear fashion
with the larger units nearer the 0° mark. Aircraft position was displayed
as though one were facing the runway and looking at the aircraft's horizontal
position in relation to the MLS radials. The indication displayed in Figure
5 marks aircraft position as some point on the 20° left radial, which cor-
responds to the radial used for the Initial Leg of all Phase IA profiles.

Bank and pitch command bars and the AAI could be removed from sight via
switches on the experimenter's panel. Through switchin_, the four instrument
configurations described in the introduction were created. An austere system
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was an analog system minus command bars. An AAI system was simply either an
austere or analog system with an operating AIAA. Al1 are described below:

Austere Analog
1. Unprocessed glide slope 1. Unprocessed glide slope
2. Unprocessed localizer 2. Unprocessed localizer
3. DME 3. DME
4, Processed glide slope
5. Processed localizer
Austere AAI Analog AAI
1. Unprocessed glide slope 1. Unprocessed glide slope
2. Unprocessed localizer 2. Unprocessed localizer
3. DME 3. DME
4. AAI 4. Processed glide slope
5. Processed localizer
6. AAI

2. PROCEDURE

The pilots served in the experiment in groups of three. The experimenter
briefed each group during ground school and described the physical character-
istics of the MLS, the purpose of the experiment, the experimental design, and
additional pilot procedural data. The briefing explained to the pilots that the
purpose of the experiment was to evaluate how well pilots could fly the MLS
approach profiles selected using conventional avionics. Each was explicitly
to}d that his performance was not going to be compared with that of other
pilots.

The procedures portion of the briefing emphasized the need for a "best
professional effort" from the subject pilots. 1t included & presentation on MLS
geometry, instrument system and location, pattern type (all planar), heading and
course settings required for each pattern, DME turnpoints per pattern, and
crossleg distances and time per pattern. Crossleg times were the estimated
time of travel based on a constant 140 kts indicated air speed (IAS) and the
crossleg distance as measured from the intersect point of the crossleg and the
20° radial (initial leg) to the intersect point of the crossleg and the 0°
radial (final approach leg). The actual times and distances are shown in
Appendix B.

The briefing ended with a trip to the simulator to acquaint pilots with
the testing situation and to begin testing. Each subject began flying with
ten practice approaches in groups of five each for familiarization and training.

The procedures at the beginning of each test approach were the same for
all twelve subjects. The simulator was automatically positioned and held at
the start point (12 NM. DME, 20° radial) and near the proper altitude. The
experimenter then gave to the pilot via console switches the instrument

10




configuration to be used for the next four trials and the pattern number of the
next approach to be flown. A1l analog approaches were flown in the ILS approach
mode. The pilot then set in the appropriate crossleg heading on the HSI, the
correct inbound course (191° for all approaches) and dialed in the appropriate
MLS radial on the MLS selector panel (20°L). When he had established the
appropriate aircraft heading (191°) and airspeed (140 kts IAS), positioned

the landing gear, speed brakes, and flaps to their fully down positions, he

then asked to be released. The experiemnter pushed the appropriate console

button and the simulator departed from the start point under the pilot's control.

The pilot flew the initial leg and initiated turn 1 based on the DME
regdout. Since none of the configurations could present course guidance or
turn 1, the pilot was required to note DME as he was tracking the initial leg
(20° radial) and initiate turn 1 when the appropriate DME for that pattern
was reached. However, the DME readout was in integers (e.g., 7.0) whereas the
DME turnpoints were in tenths (e.g., 7.4). After the completion of turn 1,
pilots rolled out on the crossleg heading, increased the throttle setting to
maintain glide slope, and flew heading only, since no crossleg course guidance
was available.

At some point of his choosing during turn 1, the pilot could have started
the timer to cue turn 2. During some portion of the crossleg the azimuth
selector switch must be changed from 20°L to 0° and the HSI course setting
must be changed from 191° to 171°. If both were not done the airborne receiver
would not capture the runway heading localizer beam (LOC). At some time during
the crossleg the pilot, at his discretion, initiated a Teft bank for turn 2.
Since no course information was presented, three alternative cueing methods
were devised. The pilot could initiate turn 2 based on elapsed time (i.e.,
time from turn 1), AAI (if present), or CDI deflection. After entering turn
2, the pilot would then decrease engine power and attempt to roll out the 0°
radial (final approach lea) and on glide slope.

After the aircraft flew below 200 feet above ground altitude, that approach
was terminated and the aircraft was repositioned for another approach. Each
pilot flew four consecutive approaches before a different pilot began testing.
After each four approach set every pilot answered a post mission questionnaire
(Appendix C). Each pilot flew a total of 32 test approaches, after which he
then answered an MLS end of study questionnaire.

11
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3. SUBJECTS

The subjects were 12 USAF pilots. Three pilots each were obtained from
ADC, SAC, MAC, and IFC.

SUBJECT AERO RATING COMMAND TOTAL FLYING HOURS
1 Sr Pilot SAC 2,700
2 Pilot SAC 2,600
3 Pilot SAC 1,800
4 Sr Pilot ADC 3,200
5 Pilot ADC 1,300
6 Pilot ADC 500
7 Pilot MAC 3,200
8 Pilot MAC 2,900
9 Pilot MAC 1,900

10 Sr Pilot IFC 2,500
N Sr Pilot IFC 4,500
12 Sr Pilot IFC 5,600

AVERAGE 2,725
4. EXPERIMENTAL DESIGN
Four factors were used as independent variables. They were: instrument

configuration, localizer beam width, intercept angle and intercept distance.
A 2.5° glide slope angle was used throughout. The levels were as follows:

Factors Levels

Instrument configuration Austere, Analog, Austere AAI, Analog AAI
Localizer beam width ¥ 2555, £15.0°

Intercept angle 45°, 60°

Intercept distance (from TD) 2 NM., 4 NM,

Each pilot flew ten practice trials (in groups of five each) to familiarize
himself with the simulator. The four factors and their combinations resulted
in 32 different test conditions. In this study the test conditions were grouped
in four approach sessions (i.e., mission). Each mission had only one instrument
configuration and localizer beam width. In each mission all possible combinations
of intercept distance and intercept angle were given. Each pilot flew two
missions on each day of the four day test period. Each pilot flew 32 test
approaches in all and received each of the 32 different test conditions once.
During the experiment, the test conditions were reordered from subject to
subject to control for practice effects. In total, 384 test approaches were
flown. A breakdown of the data collected is presented in Tables 1 and 2.

The dependent variables in this study were primarily tracking error, and
airspeed error. Tracking error scores included a lateral error score (Y), a
vertical error score (Z) and a combination score (YZ). A1l three scores
indicate how closely the pilot flew the aircraft to the nominal track. Airspeed
error measured how closely the pilot maintained a constant 140 kts IAS through-
out each approach. The scoring system is more thoroughly discussed in
Subsection I1-5.

12
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TABLE 1
NORMATIVE DATA

1. 96 Landings per Instrument Configuration
2. 192 Landings per Localizer Width
3. 192 Landigns per Intercept Distance

4, 192 Landings per Intercept Angle

TABLE 2
INTERACTION DATA

Equipment X Localizer

Equipment X Intercept Distance

Equipment X Intercept Angle

Equipment X Localizer X Intercept Distance

Equipment X Localizer X Intercept Angle

Equipment X Intercept Distance X Intercept Angle

Equipment X Localzier X Intercept Distance X Intercept Angle

13
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48 Landings/Condition
48 Landings/Condition
48 Landings/Condition
24 Landings/Condition
24 Landings/Condition
24 Landings/Condition
12 Landings/Condition
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5. SCORING SYSTEM

Each MLS pattern was divided into five legs for scoring (Figure 3). Leg
1 was the initial leg, which ended at the beginning of the first turn, leg 2.
Leg 3, the crossleg, began at the end of the first turn and lead to leg 4,
the second turn followed by leg 5, the final approach leg. The final approach
ended when the aircraft was below 200 feet above ground altitude.

Within each leg, four parameters were tabulated to describe the aircraft's
performance. Airspeed error score (A/S), lateral tracking error score (Y),
vertical tracking error score (Z), and a combination score (YZ) consisting of
both lateral and vertical tracking error, were collected. Each Y and Z value
represents the actual distance in feet between the aircrafi and the nominal
track, laterally and vertically, respectively. Each YZ value was the distance
in feet between the aircraft and the desired track and was calculated using the
Y and Z value at each iteration and the Pythagorean Theorem. Each airspeed
value was the difference between the aircraft indicated airspeed and 140 kts
at each iteration. Each A/S, Y, Z, and YZ value were computed every 0.2 second,
an absolute value determined, summed with the other values of that parameter for
that leg, and divided by the number of iterations during that leg to produce a
score for that parameter on that leg. Each parameter value and score (absolute
average error term) were calculated depending upon leg number and pattern number.

Essentially, the scoring system tabulated a set of absolute average error
(AAE) terms which described how closely the pilot flew the aircraft to the
nominal track at the desired airspeed for each leg. Each AAE term reflects
not only consistently poor performance but also tracking performance which
oscillates about the nominal track. Differences among AAE terms for a
particular parameter accurately reflect differences in tracking performance.
The AAE terms, by their nature, are normalized for time and distance and
therefore permit comparisons across pattern types.

Additional information is presented in Appendix D.

14




SECTION III
RESULTS AND DISCUSSION

An analysis of variance done on the combination scores for the initial
leg (Table 3) showed only the instrument factor to be significant (p < 0.05)*.
Reliable performance differences occurred between the scores for analog and
austere instrument systems. This is graphically displayed by Figure 6, which
shows performance as a function of pattern type and instrument configuration
(analog/austere). As Figure 6 shows analog (processed information) mean error
scores across patterns were consistently lower for all patterns than those for
the austere (unprocessed information) systems. Essentially, significant
initial leg performance differences were a function of processed/unprocessed
information.

Analysis of the standard deviation scores shows that the standard deviation
for the analog AAI condition (98.70) was statistically larger (p < 0.05) than
the standard deviation for the analog only condition (76°9§° The significantly
larger standard deviation for the analog AAI indicates that performance was
more erratic and suggests that the AAI had some disruptive effect upon per-
formance when flying analog configurations. The AAI presentation conflicted
with that of the CDI and the bank steering bar. For example, when the
aircraft is left of the desired course, the AAI needle is left of the degree
marking for that course, while the bank steering bar and the CDI needle are
to the right of the course marker. The appropriate response to all of the
indications is to bank right. It is plausible to suspect that such a
situation, where opposite indications mean the same thing, would have a
negative affect upon performance. However, since on any particular pattern
the analog AAI mean error score is lower than either the austere only or the
austere AAI mean, the influence on performance of the AAI/non-AAI factor is
not as pronounced nor consistent as is that of the processed/unprocessed
information factor.

A breakdown of the combination scores (Figure 7) into their Y and Z
components, lateral and vertical tracking error respectively, reveals that the
use of analog systems reduced both lateral and vertical tracking errors more
than did the use of either austere system. However, the trend is much more
pronounced for the lateral error (Y) scores, than for vertical error (Z) scores
and shows that lateral course tracking difficulties contributed more to the
YZ trend. Similar results were found for both the crossieg and final leg.

Airspeed error scores displayed in Table 4 show A/S error to be low and
relatively constant across conditions on the initial leg. A/S error did not
vary appreciably on the crossleg nor on the final approach leg. Apparently,
pilots could control airspeed equally well under all conditions.

The results of an analysis of variance on the combination scores for
crossing performances is shown in Table 5. The following factors were
significant: intercept angle (p < 0.01), and the interaction of intercept

*A p value represents how reliable the differences were. A value of 0.05 means
that if the present study were run 100 times, for example, one would expect to
find these same differences 95 times.
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Factor

Patterns (A)

Instruments (b)

Subjects (S)
AB
AS
BS
ABS

*p < 0.05

TABLE 3

ANALYSIS OF VARIANCE SUMMARY

COMBINATION SCORES
INITIAL LEG

Sums of Degrees of
Squares (SS) Freedom (D.F.) Mean Square (MS) F Ratio (F)
27,894.0 3 9,298.00 .83
139,921.1 3 46,640.40 *4.,66
181,848.7 11 16,531.70
84,399.6 9 9,377.73
371,635.8 33 11,261.70
330,624.0 33 10,018.90
27,092,100.3 99 273,657.50
16
SR




ddurwWi0}1’dy4 89T [eIITU]
9 2an3d14

3dAL N¥3Llvd

(:09/ "WNY) (oS%/ "WNY) 09/ WNZ) (oS¥/"10z)
H ur93lleyg Mo:uwuumm Mocwwuuwm\ Hocuwuumm
} } t +

gh=u
goreuy  O—O
®+NNC
2193sny @—@
wWASAg IUIWNAISUY
o—
—®

-

VT
i
-

[S
W

-

LS e
a>

0S
001 =
3100¢
uolleuIqUo)
ueaj
0S1
002

0S¢

aal o R g 2




d97 ler3jul
§31008 Z-A-ZA
[ @an314

Jusuniysuj

1Vy @1231sny @19a3sny 1VV Soreuy
—t +— -
96=u 100§

teoriasy z O—7

96=Uu 102§

1exa3e] A @—@

96=U 109§

uorleurquo) zx O——Q




|
:
|

TABLE 4
ATRSPEED AAE SCORES
INITIAL LEG
Pattern 1 Pattern 2 Pattern 3 Pattern 4 Total
(2 NM./45°) (2 NM./60° (4 NM./45°) (4 NM,/60°)
Austere mean 2.8 2.8 2l 2.6 257,
S.D. 1.2 1562 13! 1.2 1.2
Analog mean 31 St 3.0 3.3 3.2
S.D 1.3 1.8 1.0 139 1.5
Austere mean 25 2.8 259 33 2.9
AAT S.D 1553 1 it 1LY 1.4
Analog mean 3.3 2.5 3.3 32 3.k
AAT S.D 16 9 25 L7 1.4
Total mean 259 2.9 259 3l 3.0
S.D 1.4 1.3 e 1555/ 1.4
!
19
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TABLE 5
ANALYSIS OF VARIANCE SUMMARY
COMBINATION SCORES
CROSSLEG
Sums of Degrees of
Factor Squares (SS) Freedom (D.F.) Mean Square (MS) F Ratio (F)
Instrument (A) 1,012,228.0 1 1,012,208.0 3.07
(Analog/Austere)
Intercept Angle 6,280,051.1 1 6,280,051.1 *27.94
() (45°/60°)
Intercept Distance 1,848,559.0 1 1,848,559.0 4.66
(C) 2/4
AB Inst X Angle 152,581.0 1 152,581.0 0.32
AC Inst X Dist 55,203.6 1 55,203.6 0.22
BC Angle X Dist 5,918.0 1 5,918.0 0.02
ABC 366,138.8 1 2060,135.8 *15.01
S Subj 6,813,652.0 11 619,423.0
AS 3,631,317.0 1 330,119.7
BS 2,472,841.0 11 224,803.8
s 4,361,592.0 1 396,508.4
ABS 5,235,728.8 11 475,975.4
ACS 2,781,438.6 1 252,858.1
BCS 2,803,130.7 1 254,830.1
ABCS 268,355.1 N 24,395.9
*p < 0.01
20




angle, intercept distance, and instrument (p < 0.01). The effect of intercept
angle is apparent in Figure 8, a graph of crossleg performance as a function of
mean combination scores. The error means peak on patterns 2 and 4, the 60°
intercept angle approaches, and reflect that crossleg performance was poorer
when flying 60° intercept angle approaches. Since there was no course
information on the crossleg, if a pilot established the proper crossleg heading,
then he would fly parallel to or track accurately the crossleg as a function

of where he rolled out of turn 1.

A1l the turns in every profile were based upon a 4500 foot radius and could
be flown accurately given that the pilot lead the turn accurately, maintained
the proper airspeed and bank angle, and remained on the glide slope. Since
turn 1, as well as turn 2, was flown without course guidance, no means were
made available to correct course errors caused by slight errors in leading the
turn, bank angle, or airspeed. Since turn 1 of 60° intercept approaches
required a greater heading change than did turn 1 of a 45° intercept approach,
one would expect pilots to be more off course at the turn 1 crossleg border on
60° intercept profiles. Given that no course information was available during
the crossleg to correct course errors inherited from turn 1, such errors were
perpetuated.

Even if the pilot maintained the proper airspeed and bank angle to inscribe
a 4500 foot radius turn, an error in leading turn 1 could result in course error
at the turn 1/crossleg border as follows: given equal turn 1 lead errors, the
turn with the greater heading change would create more course error at the
turn 1/crossleg border. Thus, there are reasons why higher intercept angle
approaches could have caused pilots to be more off course at the end of turn 1
and thereby have had more crossleg tracking error. However, as the significant
interaction term shows, crossleg performance differences were influenced by
factors other than intercept angle.

Figure 8 shows that the difference between analog and austere means on
patterns 1, 2, and 3 are essentially the same (approximately 70 units). Pattern
4 reveals a different situation. Here the difference between analog and austere
means is 230 units (significant at p < 0.05). These differences show that the
inclusion of processed information (analog) reduced tracking error on the most
difficult crossleg, pattern 4.

Figure 9 depicts the three factor interaction of intercept angle, intercept
distance, and instrument systems in a different format. The relative ranking
of the four intercept distance/instrument configuration terms changed from the
45° to the 60° levels. When going to the 60° level from the 45° level, all
the intercept distance/instrument configuration means increased markedly, except
for the analog/4 NM. mean, which does not increase nearly as much. In essence,
although the 60° intercept approaches were harder to fly, they were apparently
made easier by the inclusion of processed information on 4 NM, approaches.

21
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Although the experimental factors did produce significant relative per-
formance differences, a basic problem still remains. Even the significantly
better performances were, in an objective sense, poor. Examination of the
standard deviations for instrument system/pattern type conditions on the
crossleg shows that in each condition the standard deviation almost equals
the mean. This indicates that the dispersion of scores is large and that
each condition contains many very high error scores. The simultaneous
occurrence of very high means and high standard deviation scores shows that
performance was both poor and erratic: hence unacceptable. Given the
present avionics, more practice, different pilot procedures, or different
training would do little to raise performance to acceptable levels. Assuming
the use of conventional avionics, profile redesign would do little to improve
performance, since any MLS approach will involve unguided segments. The
present circumstances show that the loss of course guidance adversely affects
performance. To raise performance on crossleg segments to acceptable levels
would thus require the presentation of course and glide slope guidance.

An analysis of variance performed on the combination scores for Final
Approach performances, displayed in Table 6, showed the following factors to
be significant: intercept distance (C) (p < 0.01), intercept distance (C) x
intercept angle (B) (p < 0.05), instrument system (A) (p < 0.05), and instrument
system (A) x LOC (D) (p < 0.01). The meaning of the significant interaction
terms is that performance differences cannot be explained solely as a function
of intercept distance or as a function of instrument system. One must relate
to the intercept angle used when interpreting performance differences involving
a particular intercept distance value. Similarly, one must look at the LOC
condition flown in order to make accurate inferences about performance differences
involving instrument systems.

A Simple Effects test was done on each of the two significant interactions.
The test on the intercept distance (C) x intercept angle (B) interaction (Table 7)
revealed that error scores for the 2 NM./60° condition (pattern 2) were significantly
reater (p < 0.01) that those for either 2 NM./45° (pattern 1) or 4 NM./60°
?pattern 4) conditions (Figure 10). The difference between 2 NM./45° (pattern 1)
and 4 NM./45° (pattern 3) conditions was significant, but only at p < 0.10. The
Simple Effects test indicates that performance on 2 NM./45° (pattern 1) was
somewhat poorer than that on 4 NM. finals and that performance on 2 NM./60°
(pattern 2) final approaches was markedly poorer than any of the others.

Performances on pattern 1 were essentially the same, as shown in Figure 10,
for all systems flown. Pattern 2, however, showed an increase in mean error for
all systems flown. Pattern 2, however, showed an increase in mean error scores
for non-AAI configurations. Pattern 2 produced not only the highest mean score
(292.63) but the highest standard deviation (261.30) demonstrating that tracking
performance on pattern 2 was not only the poorest, but the most erratic. In
contrast to pattern 2, the noticeably lower mean (227.90) and the markedly
reduced standard deviation (171.00) of pattern 1 demonstrates that performance
was better and more reliable when flying pattern 1. Since the final
approach leg of patterns 1 and 2 were essentially equal in length (2 NM.),
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Factor
*A Inst

B Intercept Angle
(45°/60°)

*C Intercept Dis-
tance (2 NM./4 NM.)

D LOC (2.5°/5.0°)
AB Inst X Angle
AC Inst X Dist
*AD Inst X LOC
*BC Angle X Dist
BD Angle X LOC

CD Dist X LOC

ABC Inst X Angle X
Dist

ABD Inst X Angle X
Loc

ACD Inst X Dist X
Loc

BCD Angle X Dist X
LocC

ABCD Inst X Angle X
Dist X LOC

TABLE 6

ANALYSIS OF VARIANCE SUMMARY
COMBINATION SCORES

FINAL LEG
Sums of Degrees of
Squares (SS) Freedom (D.F.) Mean Square (MS) F Ratio (F)

280,937.0 3 93,645.0 *3.06
41,861.0 1 41,861.0 2.37
1,136,570.0 1 1,136,570.0 *26.28
44,081.0 1 44,081.0 0.58
154,818.0 3 51,394.0 1.97
11,847.0 3 3,949.0 0.15
438,247.0 3 146,082.0 *6'.23
183,419.0 1 183,419.0 *6.26
58,603.0 1 58,603.0 2.00
1,580.0 1 1,580.0 0.04
123,303.0 3 41,101.0 1.60
24,887.0 3 8,295.0 0.27
109,613.0 3 36,537.0 2.63
24,908.0 1 24,908.0 1.79

33,424.0 3 11,141.0
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TABLE 6 (CONTINUED)

ANOVA
Sums of Degrees of
Error Term Squares (SS) Freedom (D.F.)

AS 1,010,725 33
BS 194,574 11
CS 475,664 11
DS 831,427 11
ABS 860,508 33
ACS 845,956 33
ADS 774,222 33
BCS 322,447 11
BDS 322,240 11
CDS 495,807 il
ABCS 846,705 33
ABDS 1,005,589 33
ACDS 458,288 33
BCDS 458,289 11
ABCDS 1,708,941 33

26

Mean Square (MS)

30,628
17,688
43,242
75,584
26,076
25,635
23,461
29,313
29,240
45,073
25,657
30,472
13,887
13,887
51,786




TABLE 7

SIMPLE EFFECTS TEST
INTERCEPT DISTANCE/INTERCEPT ANGLE

INTERACTION

Sums of Degrees of
Source Squares (SS Freedom (D.F.) Mean Square (MS) F Ratio (F)
Angle @ 2 NM. 200,932.9 1 200,932.9 *x]1.36 .
Angle @ 4 NM, 24,733.9 1 24,733.9 1.40
Distance @ 45° 203,424.4 1 203,424.4 *4,70
Distance @ 60° 1,116,300.0 1 1,116,300.0 kXD 82
Angle X S 17,688.0 1 17,688.0
Distance X S 43,242.0 1 43,242.0

* p<0.10
*#% P < 0405
*** p < 0.01
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they offered equal time to correct tracking errors inherited from turn 2. Thus,
the noteworthy performance differences between patterns 1 and 2 indicate that
there were more difficulties in capturing the final approach beam of pattern 2.
This was caused by excessively poor performance in turn 2 of pattern 2.

Patterns 1 and 2 have higher means (227.9 and 292.6, respectively) and
standard deviations (171.0 and 261.3, respectively) that patterns 3 and 4,
which have means of 162.8 and 140.1 and standard deviations of 103.8 and 88.50,
respectively. Apparently final approach performance becomes somewhat better
and more reliable on patterns 3 and 4, which have longer final approach legs.

Intercept angle appears to be the crucial factor in the profile design of
patterns 1 and 2. The higher intercept angle of pattern 2 caused appreciably
higher tracking error scores. The negative effect of the high intercept angle
was not apparent on the final leg performance of patterns 3 and 4. They allowed
more time to correct tracking errors occurring during turn 2 and thereby allowed
any effect of intercept angle on turn 2 performance to be obscured. In essence,
the effect of intercept angle was pronounced on profiles with intercept distances
and ineffectual on profiles with 4 NM. finals.

The Simple Effects test on the instrument (A) x LOC (D) interaction (Tab]e
8) showed that performance on the austere only/+ 2.5° LOC condition was sig-
nificantly poorer (p < 0.01) than on the austere only + 5.0° LOC condition.
In addition, performance on the austere AAI/+ 2.5° LOC “condition was sig-
nificantly better (p < 0.01) than that on austere AAI/+ 5.0° LOC condition.
Means on the + 2.5° LOC factor across instrument conditions were found to
differ significantly (p < 0.05). A Simple Effects test demonstrated that on
the + 2.5° LOC factor, performance on either austere or analog only systems
was significantly poorer (p < 0.05) than on either AAI system.

Figure 11 is a graph relating localizer beam width and instrument systems
to final leg performance. The means are significantly higher for the
non-AAI/+ 2.5° LOC conditions than for non-AAI/+ 5.0° LOC conditions. This
indicates that even though neither width LOC beam could have been used to cue
turn 2 soon enough to have prevented overshoot, the broader beam gave an earlier
cue and thereby reduced overshoot errors. Examination of the + 5.0° condition
shows no appreciable difference between AAI and non-AAI means and suggests that
the AAI is no better than the broader LOC beam at reducing overshoot errors.
However, AAI/+ 2.5° LOC condition means are significantly lower than non-AAI/
+ 2.5° LOC condition which shows that performance improved on the + 2.5 condition
when the AAI was added.

The austere AAI/+ 2.5° LOC mean is significantly lower than the austere
AAI/+ 5.0° LOC and shows that the narrower LOC beam, when capture problems had
been alleviated, actually provided better tracking information. Tracking the
narrower beam a]lowed the pilot to perceive smaller course errors and to stay
closer to the desired course. When tracking the + 2.5° LOC beam, CDI deflections
for any off-course distance were twice the size of those<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>