AD-A285
A

[ 4

Barry Billmean
.% Edward Pugacz

te technical note techr

285 626 - L

Minima Reduction Simulation
Test Result

4
7
Fypeee
/Aﬁ':.f,'
Ly
it

, Carl Everberg

. July 1994
SPOT/FAA/CT-TN92/47

.nrough the Nationa o
Service, Springfield, Virginia 22161.

et i

s e non pecn <t zioved
Y R R .nd 3nie; ua

. - o e iy e -

Q

US. Deporiment of Tans, oranon I RV
Federal Aiation Administration

Technical Center
Atiantic City Imternational Alrport, N.J. 08405 \ 73 \d/



NOTICE

This document is disseminasted under the sponsorship
of the U.S. Department of Transportation in the interest of
information exchange. The United Statas Government
assumes no liablity for the contents or use thersof.

The United States Govemment doss not endorse
products or manufacturers. Trade or manuiacturers’
names appear herein solely because they are considered
essential to the objective of this report.




Technical Report Documentation Page

Kepori No. "L Government Accession No.

DOT/FAA/CT-TN92/47

T RecIplkents Caalog No.

4 Title and Sabeitle

Minima Reduction Simulation Test Results

3. Report Date
July 1994

6. Perlorming Organization Code
ACD-330

& Performiag Organization Report No.

7. Aukor® B Eijllman, E. Pugacz, and C. Everberg, ACD-330,
and R. Hawley, Booz, Allen, Hamilton, Inc.

DOT/FAA/CT-TN92/47

9. Prrforming Organization Name and Address

. _Federal Aviation Administration
Technical Center
Atlantic City International Airport, NJ 08403

T8 Work Unie No. (TRARS)

m mnﬂanuﬂi.

TO707F

Sponsoring Agency Name and Address

Department of Transportation
Federal Aviation Administration

MLS Program Office
' Washington, DC 20591

13 Type of Report and Period Covercd
Technical Note

4. Spousoring Agency Code

AND-30

13 Supplemestary Notes

16. Abstract

approach light system is already behind the aircraft.

Recommendstions are made for further testing in actusl aircraft

This report presents the results of tests conducted in a Beech-200 (B-200) simulator located at the Beech
Learning Center in Wichita, Kansas, and operated by FlightSafety International (FSI). The testing was
conducted to examine the [easibility of reducing approach minimums below Category 1 by utilizing a
highly accurate navigation signal, such as the Microwave Landing System (MLS), when standard
Category 11 approach and runway lighting are not available.

Results are presented which indicate that properly trained crews using flight director-equipped aircraft
can operate to lower approach minima than standard Category 1 without full Category 1l approach and
runway lighting. Performance in the visual segment and touchdown performance is shown to be
equivalent regardless of the availability of touchdown zone or runway centerline lighting. The benefits
of a Category 11 approach lighting system (ALSF-2) are mitigated by the fact that when the aircraft breaks
out of weather at the lower decision heights (DH's), Le, 150 feet above ground level (AGL), most of the

Flight Director

17. Key Woids T8 Dlstelbuilon Siaiement
MLS This document is available to
DH the public through the National

Technical Information Service,
Springfield, Virginia 22161

20. Security Classil. (of 1his page)

Unclassified Unclassified

19 Security Classil. (of (bls repord)

I No. of Fages T Feke
69

Form DOT F 17007 (8_72)

Reproduction of completed page authorized




TABLE OF CONTENTS

EXECUTIVE SUMMARY
INTRODUCTION

Background

Runway Lighting Environment
Test Objective

Simulator Description

TEST SCENARIO

Subject Pilots
Pre-Test Activities
Test Description
Test Run Schedules

DATA ANALYSIS

Pilot Performance at DH

Ability to Complete the Approach
Alircraft Position at Threshold Crossing
First Officers' Results

Captains' Results

Second 10 Crew Performance

Touchdown Point Dispersion

QUESTIONNAIRE ANALYSIS
Pre-Evaluation Questionnaire
Post-Procedure Questionnaire
Post-Evaluation Questionnaire

CONCLUSIONS
Test Scenario
Visual Segment Performance
Touchdown Locations
Questionnaire Analysis

RECOMMENDATIONS

REFERENCES

APPENDIX

A - Subject Pilot Experience

Page

ix

OV

~

10
12

14

14
18
21
22.
28
34
41

45
15
52
55
56
56
57
58
58

59

ERRY




LIST OF ILLUSTRATIONS

Figure

o 0nm & W

~

@®

10

11

12

13

14

15

16

17

18

19

20

Precision Approach Delivery Envelope

ALSF-2 and MALSR

MALSR/HIRL Approach Lights as Viewed from
150 Feet HAT

ALSF-2/HIRL Approach Lights as Viewed from
150 Feet HAT

Modified Cooper-Harper Rating Scheme

Vertical Tracking Results with DH=100 Feet,
RVR=1200 Feet, and MALSR/HIRL (FO Flying)

Vertical Tracking Results with DH=100 Feet,
RVR=1200 Feet, and ALSF-2/HIRL (FO Flying)

Lateral Tracking Results with DH=100 Feet,
RVR=1200 Feet, and MALSR/HIRL (FO Flying)

Threshold Crossing Position Results with
DH=100 Feet, RVR=1200 Feet, and ALSF-2/HIRL
(FO Flying)

Threshold Crossing Position Results with
DH=100 Feet, RVR=1200 Feet, and MALSR/HIRL
(FO Flying)

Vertical Tracking Results with DH=150 Feet,
RVR=1600 Feet, and MALSR/HIRL (Captain Flying)

Threshold Crossing Position Results with
DH=150 Feet, RVR=1600 Feet, and MALSR/HIRL
(Captain Flying)

Threshold Crossing Position Results with
DH=100 Feet, RVR=1200 Feet, and ALSF-2/HIRL
(Captain Flying)

Vertical Tracking Results with DH=150 Feet,
RVR=1800 Feet, and MALSR/MIRL (Captain Flying)

Threshold Crossing Position Results with
DH=150 Feet, RVR=1800 Feet, and MALSR/MIRL
(Captain Flying)

Lateral Tracking Results with DH=150 Feet,
RVR=1800 Feet, and MALSR/MIRL (Captain Flying)

Vertical Tracking Results with DH=150 Feet,
RVR=1800 Feet, and ALSF-2/HIRL(Second 10 Crews,
Captain Flying)

Vertical Tracking Results with DH=150 Feet,
RVR=1800 Feet, and MALSR/HIRL (Second 10 Crews,
Captain Flying)

Threshold Crossing Position with DH=150 Feet,
RVR=1800 Feet, and MALSR/HIRL(Second 10 Crews,
Captain Flying)

Threshold Crossing Position Results with
DH=150 Feet, RVR=1800 Feet, and ALSF-2/HIRL
(Second 10 Crews, Captain Flying)

11
23

24
25

26

27

29

30

31

32

33

35

37

38

39

40



LIST OF ILLUSTRATIONS (CONTINUED)
Figure Page

21 Vertical Tracking Results with DH=150 Feet, 42
RVR=1800 Feet, and MALSR/HIRL/CL (Second 10 Crews,
Captain Flying)

22 Lateral Tracking Results with DH=150 Feet, 43
RVR=1800 Feet, and MALSR/HIRL (Second 10 Crews,

Captain Flying)

23 Lateral Tracking Results with DH=150 Feet, 44
RVR=1800 Feet, and ALSF-2/HIRL (Second 10 Crews
. Captain Flying)
. 24 Touchdown Locations with DH=150 Feet, 46
RVR=1800 Feet, and MALSR/HIRL/CL
M 25 Touchdown Locations with DH=150 Feet, 47
RVR=1800 Feet, and ALSF-2/HIRL
26 Touchdown Locations with DH=150 Feet, 48
RVR=1800 Feet, and MALSR/HIRL
27 Touchdown Locations with DH=150 Feet, 49
RVR=1600 Feet, and MALSR/HIRL/CL
28 Touchdown Locations with DH=150 Feet, 50
RVR=1600 Feet, and MALSR/HIRL
29 Touchdown Locations with DH=150 Feet, 51

RVR=1600 Feet, and ALSF-2/HIRL

LIST OF TABLES

Table Page
1 Runway Lighting Environment Test Combinations 6
2 Test Approach Schedule for Crews 1 to 10 12
3 Test Approach Schedule for Crews 11 to 20 : 13
4 Lateral and Vertical Error Statistics at DH for 15
the First 10 Crews
5 95% Critical Error Values at DH for the 16
First 10 Crews
. 6 Lat=2ral and Vertical Error Statistics at DH 17
for Crews 11 to 20
7 95% Critical Error Values at DH for the 18
. Second 10 Crews
8 Percentage of Balked Landings and Premature 20
Missed Approaches
9 Threshold Crossing Statistics for the 21
First 10 Crews
10 Threshold Crossing Statistics for the 36
Second 10 Crews
11 captains' Cooper-Harper Rating of the Lighting 52
Environment for the First 10 Crews
12 Captains' Cooper-Harper Response Statistics 53

for Workload for the First 10 Crews

v

D e e e R R e S e e e




LIST OF TABLES (CONTINUED)

Table

13 First Officers' Cooper-Harper Ratings of the
Lighting Environment for the First 10 Crews

14 First Officers' Cooper-Harper Response
Statistics for Workload for the First 10 Crews

15 cCaptains' Response Statistics on Lighting
Evaluation for the Second 10 Crews

16 Captains' Response Statistics to Workload
Perception for the Second 10 Crews

17 Response Summary of the First 10 Crews to
Lighting Environment Required for Approach
to 150-Foot DH with RVR=1800 Feet

18 Response Summary of the Second 10 Crews to
Lighting Environment Required for Approach
to 150-Foot DH with RVR=1600 Feet

vi

Page

53
54
54
55

55

56

e e e R st T |




ACKNOWLEDGEMENTS

The authors would like to acknowledge the actions of several
organizations who contributed to the success of these tests. The
employees, and in particular, the instructors at FlightSafety
International provided outstanding guidance in the design and
conduct of the simulator evaluations. Their recommendations and
dedication provided for timely and effective completion of this
effort. The Regional Airline Association encouraged member
.airline participation and provided invaluable assistance in
flight crew identification for the evaluation. Finally, we would
like to express our appreciation to those crews who participated
as subject pilots. Without their perseverance and dedication,
these tests would not have been possible.




viii




EXECUTIVE SUMMARY

A flight simulation study was conducted using a Beech-200 (B-200)
simulator located at the Beech Learning Center in Wichita,
Kansas. This facility is operated by FlightSafety International
(FSI). The purpose of the evaluation was to determine the
feasibility of establishing an intermediate Category II approach
minima when certain conditions are met and a Category II runway
lighting environment is not available.

The required conditions include:

1. The aircraft is instrumented for Category II approaches as
required by appendix A to Federal Air Regulations (FAR) Part 91.

2. An approved landing system which provides Category II signal
accuracy to the runway threshold, such as the Microwave Landing
System (MLS), is used.

3. Accurate ranging information to support the approach
procedure is used.

4. The crew is trained to conduct approaches to at least the
intermediate Category II level.

Currently, in order to conduct approcach operations to decision
heights (DH's) below Category I (200 feet height above touchdown
(HAT) ), considerable upgrades are required to both the instrument
landing aid and the landing area environment. The runway
lighting environment, for example, must include an approach
lighting system with sequenced flashers (ALSF-2}, high intensity
runway lights (HIRL), touchdown 2zone lighting (TDZ), and
centerline lighting (CL). This lighting ensemble is extremely
costly to install and maintain. In cases where a new landing
system such as MLS could provide Category II signal accuracy or
better, retrofit installation of the currently required lighting
systems could render such action cost prohibitive.

Twenty airline crews from Regional Airline Association (RAR)
member carriers participated in this evaluation. After minimal
training and simulator familiarity, each crew flew up to 19
different approaches. A number of variabies, including weather
(ceiling, visibility, winds), the availability of a flight
director, and approach lighting configurations, were presented.

Test measures were of two types: objective and subjective. The
objective measures included continuous tracking of aircraft
position-in-space from 1000 feet Above Ground Level (AGL) to
touchdown, lateral and vertical deviation from centerline and
glideslope at DH, lateral and vertical position at throshold
crossing, and touchdown point dispersion. Subjective measures
were derived from test crew responses to several different

ix




questionnaires designed to compdratively measure their
perceptions.

Based on the objective and subjective test results, it can be
concluded from the simulation that approach minima reduction,
based upon improved approach system accuracy, is feasible,
without requiring current Category II approach and runway
lighting. It is recommendea that actual flight tests be
conducted in an instrumented Federal Aviation Administration

" (FAA) B-200 aircraft with dual flight directors to verify these
results.




INTRODUCTION
BACKGROUND.

Precision approaches are categorized according to the minimum
permissible weather conditions (ceiling and visibility) under
which an instrument approach can be attempted during Instrument
Meteorological Conditions (IMC). As the weather conditions
deteriorate, reliance on ground and airborne instrument guidance
becomes increasingly critical. 1In addition, factors such as crew
training and visual enhancement of the landing area environment
become progressively more demanding.

Currently, there are three approcach minima categories:

Category-I: Allows for a decision height (DH) no lower than 200
feet height above touchdown (HAT). The minimum visibility is 3/4
mile (Runway Visual Range (RVR) = 4000 feet), with a reduction to
1/2 mile (RVR = 2400 feet) achievahle with a proper approach
lighting system, and a further reduction to 3/8 mile (RVR = 1800
feet) with the addition of touchdown zone and centerline
lighting. These are the lowest standard instrument approach
minima. Operations to lesser minima fall into Category-II or
III, and require specialized ground and airborne equipment,
aircrew training, and aircraft and aircrew certification.

Category-I1: Allows for a DH as low as 100 feet HAT, and a
minimum 1/4 mile visibility (RVR — 200 feet).

Category=-III: This category has .ree subcategories. Category-
IITIa permits DH's between 100 and 0 feet HAT, with RVR's of 700
feet or greater. Category-IIlb permits DH's between 50 and ¢
feet HAT, with RVR's between 700 and 150 feet. Category-IIIc is
for 0 feet DH and 0 feet RVR.

For operation under Category-II and III conditions, air carrier
operators are required to develop and implement special operating
procedures (1]. These procedures are approved by the Federal
Aviation Administration (FAA) onh an airlinesaircraft-
type/airport/aircrew specific basis.

Approach minimums for a particular runway are a function of:
required obstacle clearances, guidance signal accuracy,
stability, continuity of service and integrity, runway and
approach lighting, aircraft systems (flight controls, avionics,
autopilot, etc.), and special aircrew training. Unlike most
Instrument Landing System (ILS) installations, every ground
Microwave Landing System (MLS) has an inherent signal quality
equivalent to that required for Category~III ILS. Furthermore,
testing has shown that MLS signal quality is superior to 1ILS in a
variety of difficult siting and terrain conditions [2].




Because Category-III accuracy is available with every MLS
installation, the ability to conduct approaches to lower than
Category-I minine to runways not currently approved for Categcry-
IJI and III warranrted investigation. A major impediment to
implementing Category-II/III approach capabilities at most
airports is the cost of procurement, installation, operation, and
maintenance of the enhanced approach and runway lighting reguired
to support it. If it can bLe shown that the increased accuracy
inherent in MLS will permit safe operation to minima bhelow
Category-I without th2 need for exgpensive approach and runway
lighting, wany more runways can remain usable longer, under
adverse weather conditions.

Testing and certification activities have shown that the improved
MLS signal quality and accuracy can be readily integrated with
current flight directors, flight control systems, and autopilots.
Integrating MLS witn a flight director and other information,
such as distance to threshold and radar altitude, can result in a
significant reduction of lateral and vertical tracking errors
during an arproach. With proper crew training, this avionics
configuration may assist the pilot in consistently delivering the
aircraft to a more accurate DH point with MLS than with most
Category-1 ILS. This principle (fully explained in reference 3)
is illustrated in figure 1. The ability of the pilot to
cetermine DH, laterally and vertically with today's ILS using
barometric altimetry and without flight director aiding, are
described by a rectangular box 120 feet high by 246 feet wide by
2290 feet long (caken fror reference 3). Performance within this
box is acceptable for Category-1 (nominally 200 feet DH) ILS
today. With an optimrized flight director, ranging information
from precision distance measuring equipment (DME/P) and radar
altimeter input (or MLG-derived altitude), the MLS delivery box
for a 159-foot DH is 18 feet high by 101 feet wide by 234 feet
long (derived in refcrence 3). The 150 foot DH bonx for MLS is
entirely contained within tne currently acceptable ILS Category-I
delivery box for a 200-foot DH. To obtain the depicted
performance, altitude determiratinon on the glidepath is critical.
While achievaklec with radar altimetry in areas of compatible
terrain, MLS permits the calculation of an extremely accurate
computed height value using MLS elevation and DME/P information
under all terrain conditions.

The evaluation described in this report was designed to measure
the possible benefits that can be derived from the increased
guidance signal accuracy of MLS. The results would apply to any
navigation system meeting or exceeding the accuracy of MLS. An
example would be an ILS signal of Category-II quality and an
urderlying terrain that would support the use of a radar
altimeter.







NWAY LIGHTING ENVIRONMENY.

At, or before, aircrart arrival at DH during Category-I and I1I
approaches, the pilot must visually acquire the landing area
environment and, using those visual cues, complete the landing.
A major element impacting crew performance in the vicsual cegment
is the available runway and approach light system. Typical
approach light systems in use today for Category-I and II are,
respectively, Medium Intensity Approach Light System witd Runway
" Alignment Indicator Lights (MALSR) and the Approach Lighting
System with Sequenced Flashing Lights (ALSF-2). An ALSF-2
extends at least 2400 feet, and in many cases, 3000 feet from the
runway threshold. The MALSR extends a minimum of 1400 feet from
runway threshold, and may also contain a system of sequenced

" flashers. " Typical configurations are depicted in figure 2.
Except under special circumstances, an ALSF-2 is required for
Category-II &nd III operations.

Several different types of runway lighting systems exist. Rurway

edge lighting can consist of either High Intensity Runway Lights

(HIRL) or Medium Intensity Runway Lights (MIRL). 1In the field,

MIRL has been almost entirely replaced by HIRL. Two comron types

of in-runway lighting are Touchdown Zone Lighting (TDZ) and

Centerline Lighting (CL). Currently, to operate below standard
Category-1I minimums (200 feet DH/2400 feet RVR) requires that TD2

and CL be in place on the runway. ALSF-2, TDZ, and CL are costly

to install and maintain, and may be the limiting factor in

permitting operation to DH's below Category-I at many airports. .

TEST OBJECTIVE.

The objective of this simulator program was to evaluate pilot
performance in executing manually flown, raw data (crosspointers
only) and flight director aided precision approaches under
various test conditions. The conditions included DH's ranging
from 100 to 200 feet HAT, and RVR's from 2400 feet iown to 1200
feet. Various runway lighting environments were employed to
evaluate runway and approach light system effects on pilot
performance.

The data presented in this report represent the results of the

first phase of testing to determine if a reduction in approach '
minima is feasible using the consistent Category-I1I accuracy of

MLS when a current Category-1I landing visual envivonment exists.

It is assumed that the crews are prcoerly trained to conduct such
operations, and that the aircraft is properly equipped. The
evaluation was divided into twn 5-week segments, each consisting

of 10 crews. This structure was adosted to allow for evaluation

and modification of the test conditiuyns, should the results from

the first 10 crews warrant it.
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There were some recognized limitations in conducting the
evaiuation in a simulator. One was the fidelity of the
simulator's handling qualities in the landing configuration,
particularly from threshold crossing through roll-out on the
runway when landing flaps were selected. Another limitation was
the unavailability of an accurate MLS signal error model for
implementation in aircraft simulatorc. Because MUS signal error
is known to be extremely small, the error used in the simulation
was set to zero. Since only the feasibility of landing minima
reduction was being addressed, these limitations were deemed
acceptable. If the concept proved feasible in the simulator,
follow-up flight testing would be conducted in an FAA King Air
200 test aircraft, unencumbered by the limitations of simulation.

SIMULATOR DESCRIPTION.

A Beech King Air 200 simulator, located at the Beech Learning
Center in Wichita, Kansas, and operated by FlightSafety
International, was selected for the evaluation. This model
simulator was selected because of the plan to conduct second
phase flight testing in an FAA King Air model 200 test aircraft.
The simulator was equipped in accordance with FAA Part 91,
Appendix A, for Category-II operations. This equipment included:

1. Dual cockpit instrumentation
2. Approved flight control system
3. Radio altimeter

4. Flight director

S. DME

The simulator's visual scene provided for weather conditions
ranging from 200-foot ceiling and RVR=2400 feet to a 100-foot
ceiling with RVR=1200 feet. Flight conditions included
crosswinds of 10 knots, tailwinds of 5 knots, and moderate
turbulence. The different runway lighting test conditions used
are depicted in table 1.

It should be noted that the MALSR/HIRL/CL combination of approach
lights and runway lighting is not a standard configuration. It
was "created" for the evaluation to provide an alternative to a
full Category-II runway lighting system.

TABLE 1. RUNWAY LIGHTING ENVIRONMENT TEST COMBINATIONS

TEST APPROACH LIGHT RUNWAY EDGE LIGHT IN RUNWAY
CONDITION SYSTEM SYSTEM LIGHTS
MALSR/H MALSR HIRL None
MALSR/M MALSR MIRL None
ALSF~2/H ALSF-2 HIRL CL, TDZ
MALSR/H/CL MALSR HIRL CL




During pre-test trials, several aspects of the landing area
environment were reviewed. During the review, the simulator was
placed on final approach at various DH locations, with a fixed
set of weather conditions (ceiling and RVR). Figure 3, for
example, depicts what a pilot would be expected see on final
approach with MALSR/HIRL at a 150-foot DH, with a ceiling of 150
feet and RVR=1800 feet. Similarly, figure 4 depicts ALSF-2/HIRL
at the same location and weather from 150 Feet HAT conditions.
Note that the ALSF-2 approach lights present little added
-information than the MALSR from this vantage point, since at the
150-foot DH location, at least one-half of the ALSF-2 lights are
behind the aircraft. Also note that the runway markings are
barely visible. Thrcughout the testing, crews commented that,

. based on their experience, actual runway markings are much more
.conspicuous than those presented in the ~=‘mulator.

. TEST SCENARTL
SUBJECT PIIOTS.

The subject test crews consisted of two pilots, a captain and
first officer. Twenty test crews participated in the evaluation.
Crew participation was coordinated by the Regional Airline
Association. All crews were type rated and current in the Beech
King Air 200 and/or 1900 aircraft. All crews had flight director
experience. While it was desired that participating crews
possess Category-II operational experience, only one did. Very
little simulator time was available to train the crews in the
crew coordination requirements for low visibility approaches.
Thus, the test measures represent results obtained using crews
that have had no formal training in Category-II/III operations.
The overall flight experience levels of the crews is in the
appendix.

PRE-TEST ACTIVITIES.

FlightSafety International provided 2 hours of classroom
instruction prior to beginning the simulator evaluation. The
syllabus for the ground instruction included:

1. Review of test objectives.

. 2. Description of MLS and the inherent accuracy of the system.

3. Review of standardized crew coordirnation procedures for low
visibility operations.

4. Review of test factors.

5. Review of approach and runway lighting configurations.

T . T T e D Y S e P £ T D e e e T S A T -, T o S R S S B e T T AT L S SR




FIGURE 3. MALSR/HIRL APPROACH LIGHTS AS VIEWED FROM 150 FEET HAT
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FIGURE 4. ALSF-2/HIRL APPROACH LIGHTS AS VIEWED
AS VIEWED FROM 150 FEET HAT
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6. Description of approach and missed approach procedures to be
flown.

7. Familiarization with the Pilot Questionnaire Rating Schene,
the Modified Cooper Harper Rating Scale, which is depicted in
figure 5.

An FAA representative, who served as the official observer,
briefed the subject crews on administrative details of the
evaluation. Prior to any classroom instruction, each participant
completed a pre-test questionnaire. This questionnaire was used
to obtain statistical data concerning each pilot's experience and
operational knowledge concerning low visibility approaches. It
was also used to determine any preconceived notions the
participants may have regard‘ng the ok jactives of the tests.

CR ON. ' )
Each crew participated in a 4-hsur simulator evaluation divided
into two, 2-hour sessions. Ti'e crew members initially flew the
aircraft from the crew station they normally occupied, captains-
left seat and first officers-right seat. However, since only the
captain's station was equipped with a flight director, the first
10 crews swapped seats for the last five approaches. This
permitted the collection of some test data with the first officer
flying the aircraft with the aid of a flight director.

For each apprcaca. the simi:lator was positioned outside the final
approach fix, ir. '-el flight, on a vector heading to intercept
the final apprec.-h —omrse. The aircraft was configured for
approach. The . :e''s were given Automatic Terminal Information
Service (ATIS) tvpe veather information that approximated the
1ctual weather conditions at the arrival -airport, except for the
second 10 crews, wheré two approaches were designed to
intentionally evoke a missed approach respornse. This was a
modified test condition introduced for the second 10 crews to
keep them from assuming that each approach would result in a
landing. Each approach was flown to a full stop landing, or
through the initiatipn of the missed approach with the aircraft
stabilized in a climy. '

Prior to the start of 7ata collection, each pilot was permitted

to fly the simulator foir familiarity. During this simulator '
orientation, the crews weie able o g2t a '"feel" for the handling
qualities and performance of tii+ simulator. Instrument approach

and crew coordination procedures were reviewed, and the various
approach and runway lighting configurations were observed. Up to

four approaches were flown during the orientation. Following the
simulator orientation, each crew would attempt to complete 18
evaluation runs.







TEST RUN_SCHEDULES.

The first 10 crews flew the simulator under test conditions
depicted in table 2. As indicated in table 2, there were a
number of variables in different combinations used during the
evaluation. The first variable was the DH at the arrival
airport. Three different DH's were used: 200 feet HAT (Category-
I), 150 feet HAT (intermediate Category-II1 for this test), and
100 feet HAT (Category-II). The second variakle was the weather
(ceiling and visibility) at the arrival airport. The ceiling for
each approach was set approximately 25 feet above the specified
DH for that particular procedure. For 200-foot DH runs, the RVR
was always 2400 feet. This represents the standard Category-I
weather minima (without TDZ/CL). Two different RVR values, 1800
feet and 1600 feet, were used with the 150-foot DH conditions.
These weather conditions represent those below standard Category-
I, but not as low as the test condition of 100-foot DH and 1200-
foot RVR. This condition represents the lowest Category-II RVR.
The winds for the 18 evaluated approaches were either direct were
assigned randomly, and thus are not considered in the data
analysis. The third variable was the availability of a flight
cross winds of 10 knots, or tailwinds of 5 knots. These winds
director (FD), denoted by Y in the FD column. If the flight
director was not available, the pilot flew in response to

TABLE 2. TEST APPROACH SCHEDULE FOR CREWS 1 TO 10

Run DH RVR Pilot
Number (Feet) (Feet) ED Lighting Flying

1 200 2400 N MALSR/M C

2 200 2400 N MALSR/M F

3 100 1200 Y ALSF-2/H o)

4 150 1800 Y MALSR/H c

5 150 1800 N MALSR/H F

6 150 1800 N MALSR/H c

7 150 1800 Y MALSR/M C

8 150 1800 N MALSR/M F

9 150 1800 N MALSR/M C
10 150 1600 Y MALSR/H o
11 150 1600 N MALSR/H F
12 150 1600 N MALSR/H C
13 100 1200 Y MALSR/H o]
14 150 1800 Y MALSR/H F
15 150 1800 Y MALSR/M F
16 150 1600 Y MALSR/H F
17 100 1200 Y ALSF-2/H F
18 100 1200 Y MALSR/H F

12
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standard vertical and lateral cross pointer deviations. The
fourth variable was the approach/runway lighting. The four
treatments of this factor were MALSR/M, MALSR/H, MALSR/H/CL (used
only in the second half), and ALSF-2/H. The final variable
considered was the pilot flying (C=Captain, F=First Officer).

Following a preliminary review of the data from the first 10
crews, minor changes were made to some of the variables used.
The reasons for the changes are presented later in the data
analysis portion of the report. The first change was the
elimination of the MALSR/M lighting configuration, owing to its
ineffectiveness as observed from the performance of the first 10
crews. The second change involved the addition of a new runway
lighting configuration, MALSR/H/CL. The third change introduced
a planned test condition (ceiling lower than the indicated DH)
intended to. evoke a missed approach response on two approaches.
The run schedule for the second 10 crews is depicted in table 3.

As shown in table 3, approaches 7 and 12 for crews 1i through 20
were designed to cause missed approaches. For these approaches
the crews were given the weather information idertified in table
3. However, the ceilinag and visibility were actually set to zero
to force the missed apprcach. This permitted the collection of
data concerning height loss during initiation of the missed
approach. The incidence of weather which required a missed

TABLE 3. TEST APPROACH SCHEDULE FOR CREWS 11-20

Run DH RVR Pilot
Number  (Feet) (Feet) ED Lighting Elyvipg
1l 200 2400 N MALSR/H C
2 200 2400 N MALSR/H F
3 200 1800 Y ALSF-2/H C
4 200 1800 N ALSF-2/H4 F
5 150 1800 Y MALSR/H/CL C
6 150 1800 N MALSR/H/CL F
7% 150 1800 Y ALSF-2/H C
8 150 1800 N ALSF-2/H F
9 150 1800 Y ALSF-2/H C
10 150 1800 Y MALSR/H C
11 150 1800 N MALSR/H F
12% 150 1600 N MALSR/H/CL F
13 150 1600 Y MALSR/H/CL C
14 150 1600 N MALSR/H/CL F
15 150 1600 Y ALSF-2/H c
16 150 1600 N ALSF-2/H F
17 150 1600 Y MALSR/H C
18 150 1600 N MALSR/H F
19 150 1600 Y MALSR/H C

* Missed Approach Runs
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approach prevented the pilot from automatically assuming he would
reach a breakout condition at DH. Apprcach 19 for the second 10
crews was made only if sufficient simulator time remained at the
end of the test period. Approach 19 test conditions duplicated
the test conditions for approach 17.

DATA ANALYSIS

Both subjective and objective data, were collected. Subjective
data were collected through pilot questionnaires. TCach crew
responded to three different questionnaires: pre-evaluation,
post-procedure, and post-evaluation. The pre-evaluation
questionnaire, as described earlier, was used to gather pilot
experience data and to determine any predisposition toward the
test. The post-procedure guestionnaire contained questions to be
answered by the crew following each approach. The questions were '
keyed to what the c.2w had experienced on the approach they had

just completed. Some of the questions required a numerical

response based on the modified Cooper-Harper Rating Scale (figure

5). The post-evaluat on questionnaires asked the participants

for their overall impressions of the test, and attempted to

ascertain any change in their perceptions about MLS from the pre-
evaluation questionnaire.

Several different forms of objective data were collected. For
each appreoach, lateral and vertical deviations from the reference
path were collected. Statistics were compiled for the cross
track and vertical track deviations at DH for the approach being
flown. As a measure of pilot performance in the visual segment,
statistics for cross track and vertical deviations from the
reference threshold crossing position were also computed. Plots
were generated of the threshold crossing position for each
approach relative to the reference threshold crcssing position.

Other objective test data included plotting of continuous cross

track and vertical track position from 1000 feet Above Ground

Level (AGL) to touchdown. These plots permitted the

identification of pilot characteristic performance in ioth the
instrument and visual segments. The last plot deve’ ,2d was of
touchdown dispersion for a given set of test conditicns. '

PI1LOT PERFORMANCE AT DH.

One factor that affects instrument approach minima is the ability
of the pilot to precisely track the navigation signal, and arrive
properly aligned with the runway centerline at DH. The more
accurately the aircraft is positioned at DH, the more likely the
pilot will acquire the landing area envircnment, and continue to
a successful landing. However, as the DH is lowered, the
tracking task becomes much more demanding due to proximity to the
signal source. To evaluate pilot performance at DH, lateral and
vertical position errors at DH were obtained for each approach.
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Observations fecr a given set of test conditions were coimbined for
statistical analysis. Table 4 presents the DH statistics for the
first 10 crews. "2*SD" represents twice the sample error
standard deviation in the observed lateral and vertical position
at DH.

Since the approach and runway lights were not visible to the
pilot prior to DH, the only factors affecting instrument flight
tracking performance were the skills of the pilot flying, the
availability of the flight director, and the Dd to which the
approach is being flown. The effects of these factors on pilot
‘tracking performance at DH are depicted in table 5. The baseline
test condition for the captain is presented in approach No. 1.
The baseline condition fcr the first officer is presented in
appcoach No. 2. A standard accuracy measure is the estimate of
the 95 percent critical values from the sample error
distribution. This estimate is obtained by adding twice the
sample standard deviation to the absolute value of the sample
mean.

TABLE 4. LATERAL AND VERTICAL ERROR STATISTICS
AT DH FOR THE FIRST 10 CREWS

APP Pilot RVR DH Vertical Lateral

¢ FD Fly  Liochts (Ft) (Ft) Mean 2%SD Mean 2*SD
1 N C MALSR/M 2400 200 27.4 48.1 48.8 163.0
2 N F MALSR/M 2400 200 -29.0 63.8 -=20.5 101.1
3 Y C ALSF2 1200 109 ~-3.6 9.8 -17.8 33.5
4 Y (o MALSR/H 1800 1Z0 -5.6 17.7 4.9 16.7
5 N F MALSR/H 1800 150 -7.4 4.7 10.1 119.4
6 N C MALSR/YH 1800 150 =23.0 52.9 6.1 139.0
7 Y C MALSR/M 1800 150 -6€.5 )5.8 4,0 137.0
8 N F MALSR/M 1800 150 ~20.2 34.0 -38.3 139.9
9 N C MALSR/M 1800 150 5.3 32.9 16.3 94.8
10 Y C MALSR/H 1600 150 =-12.2 .13.6 -~4.4 30.5
11 N F MALSR/H lecC0 150 -6,3 57.8 -=30.6 155.2
12 N C MALSR/H 1600 150 3.5 17.7 36.2 123.2
13 Y C MALSR/H 1200 100 ~5.,0 19.6 ~18.1 28.3
14 Y F MALSR/H 1300 +50 =10.9 1312.6 ~3.1 37.6
15 Y k) MALSR/M 1800 150 -13.1 13.5 -=-l4.0 23.7
16 Y F MALSR/H 1600 150 -7.2 18.2 -31.% 17.1
17 Y F ALSF2 1200 100 -5.2 12.4 2.5 27.6
18 Y F MALSR/H 1200 100 -7.0 7.8 =25.1 27.2

When the data in table 5 is reviewed, the dominant factor that
consistently improves performance at DH is the availability of
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the flight director. Regardless of DH, lateral errors are
reduced by a factor of three or more when the flight director is
available. This result held true regardless of which pilot was
flying. 1In the vertica’® dimension, the impact of the flight
director appears even more pronounced. Except for approach 12
results, the smallest 95 percent critical vertical errcr value
without flight director (approach 9) is greater than the largest
95 percent critical vertical error value with flight director
(approach 5).

It was concluded, based on the performance data collected for the
first 10 crews, that manual flight using flight director
information supports the accurate lateral and vertical pilot
tracking performance necessary to the lower DH's. Alli of the
approaches flown with flight director aiding resulted in 95
percent critical lateral error values two to three times less
than the lateral MLS 150-foot DH delivery envelope dimension '
depicted in figure 1. Vertically, the largest 95 percent flight
director error value was 26.6 feet. Although this is slighLtly
larger than the vertical d. .mension of the 150-foot DH MLS3
delivery envelope, it is well within the confines o1 the ILS
Category-I delivery envelope.

TABLE S. 95% CRITICAL ERROR VALUES AT DH FOR FIRST 10 CREWS

APP Pilot DH 96% Critical Values (Feet)
¥ FD FElying (Feet) Vertical Lateral
1 N C 200 75.5 211.8
2 N F 200 92.8 121.6
3 Y C 100 13.4 51.3
4 Y C 150 24.3 21.6
5 N F 150 57.1 129.5
6 N C 150 75.9 145.1
7 Y C 150 22.3 41.0
8 N F 159 54.9 178.2
9 N C 150 38.2 111.1 .
10 Y C 150 25.8 34.9
11 N F 150 64.1 185.5 .
12 N C 150 21.2 1£9.2
13 Y C 100 15.6 46.4
14 Y F 150 23.5 40.7
15 Y F 150 26.6 37.7
16 Y F 150 25.4 48.6
17 Y F 100 18.6 3JO0.1
13 Y F 100 14.8 52.3
16
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The same analysis was repeated to assess the performance of the
second set of crews. Table 6 presents the statistical data
gathered on pilot tracking performance at DH for tlre second 10
crews. Table 7 presents the 95 percent critical error values at
DH for the second 10 crews.

TABLE 6. LATERAL AND VERTICAL ERROR STATISTICS
AT DH FOR CREWS 11-20

APP - - Pilot - RVR - DH Vertical . Lateral S
-#_  ED FEly _ Liahts {Ft) (Ft) Mean 2*SD Mean 2*SD
1 N C MALSR/H 2400 200 +~15.6 55.8 53.5 184.1
2 N F MALSR/H 2400 200 7.6 32.2 -9.7 213.9
-3 X C -ALSF2/H 1800 200 1.1 5.9. =-21.9 19.5
4 N F ALSF2/H 1800 200 -0.4 44.8 -6.2 133.5
5 Y C MALSR/H/CL 1800 150 -2.9 14.7 =30.7 25.7
6 K F MALSR/H/CL 1800 150 -4,2 48.2 8.2 184.3
7 Y C ALSF2/4 1800 150 (Missed Approach)
8 N F ALSF2/H 1800 150 -16.3 44.7 -14.6 165.1
9 Y Cc ALSF2/H 1800 150 -2.7 17.1 7.0 22.2
10 Y c MALSR/H 1800 150 -4.0 12.9 -28.9 21.5
11 N F MALSR/H 1800 150 -0.9 44.2 8.4 120.9
12 N F MALSR/H/CL 1600 150 (Missed Approach)
13 Y Cc MALSR/H/CL 1600 150 -0.4 18.1 1.3 40.3 J
14 N F MALSR/H/CL 1600 150 12.9 68.4 -39.6 110.56
15 Y C ALSF2,/H 1600 150 -2.6 10.0 -2.9 27.4 |
16 N F ALSF2/H 1600 150 1.4 70.0 =-39.6 1743.8
17 Y c MALSR/H 1600 150 -8.7 14.7 3.2 22.6
18 N F MALSR/H 1600 150 -5.5 34.5 -39.4 150.8
19 Y C MALSR/H 1600 150 -1.8 5.9 6.8 2.6

For the second 10 crews, the impact of flight director
availability is again quite apparent. Regardless of the DH, use
of the flight director consistently resulted in a reduction in
the 95 percent critical values for lateral error at DH by a
factor of 3 or more. In the vertical domain, the largest 95
percent critical error value with the flight director (approach
17) was about one-half the magnitude of the smallest error value
without the flight director (approach 2).

The flight director results from this test indicate that properly
trained crews should be able to manually fly, with flight
director aiding, to DH's lower than today's standard Category-I
DH, arriving properly aligned with the runway centerline for
continuation to a successful landing. Again, the 95 percent
lateral critical error values with the flight director were fully
contained in the MLS 150-foot delivery box depicted in figure 1.
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TABLE 7. 95% CRITICAL ERROR VALUES AT DH FOR THE SECOND 10 CREWS

App Pilot DH 95% Critical Values (Feet)
¥ FD Flying (Feet) Vertical Lateral
1 N C 200 71.4 237.6
2 N F 200 39.8 224
3 Y C 200 7.0 41.4
-4 - -N - F -100 45.2 139.7
5 Y C 150 17.6 56.4
6 N F 150 52.4 192.4 .
7 Y c 150 (Missed Approach)
- 8 -N F 150 61.0 179.7
9 Y C 150 19.8 29.2 !
10 Y Cc 150 16.9 50.4
11 N F 150 45.1 129.3
12 N F 150 (Missed Approach)
13 Y C 150 18.5 41.6
14 N F 150 71.3 150.2
15 Y C 150 12.6 30.3
16 N F 150 71.4 218.4
17 Y C 150 23.4 25.8
18 | A F 150 40.0 190.2
19 Y C 150 7.7 9.4

ABILITY TO COMPLETE THE APPROACH.

At DH, the crew continued the approach if the runway environment
was in sight, and other pertinent parameters were perceived as
being correct. 1In addition to visually aligning the aircraft
prior to landing, it was obser:-ecd that some crews continued to
cross check their Course Deviz: ‘on Indicator (CDI)/Vertical
Deviation Indicator (VDI) pos.t .ot relative to course and
glidepath, and flight director cueing to make tracking
corrections.

An undesirable sequence of events is the decision to continue the .
approach beyond DH, followed by a go-around initiated in the

visual segment. This seqguence of act.ons is termed a balked

landing, for which obstruction protection is not provided. The

number of balked landings for the various test conditions can be
determined from a review of the vertical profile data. Also of
interest is the number of times the crew initiated a missed

approach in the instrument portion of the appreocach, prior to

reaching DH. Thece missed approaches are termed premature missed
approaches.




The analysis of balked landing and premature missed approach
occurrence rates is summarized in table 8. One measure of pilot
tracking performance is the ability to reach DH sufficiently
aligned with the extended runway centerline so that a landing can
be completed. When the pilot initiated a missed approach prior
to arriving at DH (in the instrument segment), a premature missed
approach was declared. A review of table 8 indicates that the
largest percentage (50%) of premature missed approaches occurred
when the flight director was not available. When the flight
director was available, the percentage of premature missed
approach2s were near.y equal regardless of the DH (0 to 12%).

When the f£light director was available, 6 prematuve missed

approaches resulted when operating to DH's below 200 feet. These

six premature missed approaches represent 4 percent of all

‘approaches flown to these DH's with a flight director. Since

these missed approaches occurred prior to reaching visual T
metenrological conditions, the lighting environment had no

bearing on the initiation of the missed approach.

The highest percentage of balked landings also occurred when the
flight dQirector was not available (22%). This was most
pronoun~ed when the first officer was flying. 1In some cases,
without tiie availability cf a flight director, the first officer
balked landing rate exceeded 20 percent. Many of these balked
landings occirred because the pilot did not have sufficient time
to compensate for the poorer tracking performance to DH without
the flight director. This left the pilot with no chance to
properly align the aircraft for landing.

When thne flight director was available, two first officer balked
landings occurred when DH=100 feet and RVR=1200 feet (Category-
IT). One balked landing occurred when the lighting condition was
ALSF--2/HIRL and the other occurred with a MALSR/HIRL test
condition. On the approach with ALSF-2/HIRL available, the post-
procedure questionnaire indicated that the first officer executed
a missed approach because he felt he was too high to complete the
landing. On the approach MALSR/HIRL available, the first officer
executed a "go-around" because he felt the approach was
unacceptable.

For the 150-foot DH test condition, 100 percent of the first
officer flight director aided approaches (28) were continued to a
successful landing. The lighting systems were MALSR/MIRL or
MALSR/HIRL for all of these approaches.

When the captain was flying with the aid of a flight director, 4
of 108 approaches (3.6 percent) resulted in a balked landing.
With DH=150 feet and RVR=1800 feet, one balked landing resulted
with MALSR/MIRL , which is the standard Category-~II lighting
environment. The captain commented that the lighting was
marginal for completion of the approach. The second occurred
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environment. The captain commented that the lighting was
marginal for completion of the approach. The second occurred

TABLE 8. PERCENTAGE OF BALKED LANDINGS
AND PREMATURE UMISSED APPROACHES

Pilot DH RVR # Balked # Pre-Mature
Flving FD [(Feet) (Feet) Lighting Landinags (%) Missed App (%)
c N 200 2400 MALSR/H 0 0 0 0
c N 200 2400 MALSR/M 1 10 0 0
c N 150 1800 MALSR/H 1 10 2 20
c N 150 1600 MALSR/H 0 0 1 10 .
- - C N 150 1800 MALSR/M 0 0 0 0
c v 200 1800 ALSF2 0 0 0 0 !
c Y 150 1800 MALSR/H ) 0 1 5
c Y 150 1800 MALSR/M 1 11 1 11
c Y 150 1800 MALSR/CL 0 0 ) 0
c Y 150 1800 ALSF2 1 12 1 12
c Y 150 1600 MALSR/H ) 0 1 4
c Y 150 1600 MALSR/CL 1 12 0 o
c Y 150 1600 ALSF2 0 0 1 12
c Y 100 1200 MALSR/H 1 10 0 0
c Y 100 1200 ALSF2 ) 0 ) 0
F N 200 2400 MALSR/M 1 11 0 0
F N 200 2400 MALSR/H 1 12 1 12
F N 200 1800 ALSF2 1 12 1 12
F N 150 1800 MALSR/M 0 0 0 0
F N 150 1800 MALSR/H 3 15 1 5
F N 150 1800 MALSR/CL 0 0 1 12
F N 150 1800 ALSF2 1 17 3 50
F N 150 1600 MALSR/H 2 12 1 6
F N 150 1600 MALSR/CL 2 22 1 11
F N 150 1600 ALSF2 2 22 1 11
F Y 150 1800 MALSR/H 0 0 1 11
F Y 150 1600 MALSR/M 0 0 0 0
F Y 150 1600 MALSR/H 0 0 ) 0 .
F Y 100 1200 MALSR/H 1 11 0 0
F Y 100 1200 ALSF2 1 11 0 0

with ALSF-2/HIRL. The captain remarked that he could not find
the runway in all the lights. With DH=150 feet and RVR=1600
feet, one balked landing occurred with MALSR/HIRL/CL. The
captain stated that he could not see enough of the runway

to complete the landing. The final balked landing was to
Category-JI minimums when less than Category-II lighting was
available.

20

e at St ke Xws vy




fl fli ire by ¢ ins to DH's
below standard Categorvy-1 DH were completed when the lighting
MMA&MMMK&QM_LQ“_LG CAT-I

Q feet. The analysis indicated that on

reduced minima approaches, once the pilot emerges into visual
conditions, approach completion probabilities were equivalent for
ALSF-2/HIRL and MALSR/HIRL. This result held for both captain
and first officer approaches.

AIRCRAFT POSITION AT THRESHOLD CROSSING.

Another objective measure of crew performance in the visual
segment is the position of the aircraft at threshold crossing.
The reference threshold crossing position used is the glideslope
threshold crossing height (50 feet) and the runway centerline.
Large deviations from this reference position would indicate -
. alignment, and more important, descent control difficulties in

the visual segment.

The threshold crossing statistics for the first 10 crews are
shown in table 9. Unlike the analysis of performance at DH,
where instrument flight capabilities are measured, the analysis
.0of deviations at threshold crossing must consider the position at
“breakout, Runway Visual Range (RVR), and landing area environment
(principally runway marking and lighting). For each measurement

TABLE 9. THRESHOLD CROSSING STATISTICS FOR FIRST 10 CREWS

APP Pilot RVR DH Vertical Error (Ft) Lateral Error (Ft)
-2 FD Fly Liaghts (Ft) (Pt) Mean Min Max Mean Left Riaht

1 N C MALSR/M 2400 200 23.6 -24.6 21.8 15.4 -108.6 89.9

2 N F MALSR/M 2400 200 -i0.5 =35.8 37.2 =-20.2 ~=107.0 29.9

3 Y C ALSF2 1200 100 -0.7 =22.6 4.5 -7.3 -33.6 30.8

4 Y C MALSR/H 1800 150 -13.0 =25.0 0.4 -9.9 =32.4 7.2

5 N F MALSR/H 1800 150 -0.4 -35.9 27.3 34.7 ~-42.6 144.8

6 N C MALSR/H 100 150 =-3.2 =40.8 8.5 -1.6 -49.7 43.9

7 Y C MALSR/M 1800 150 -11.6 =35.0 27.6 =~16.6 -35.6 67.6

8 N F MALSR/M 1800 150 -26.3 =35.0 18.2 16.7 -35.6 67.0

' 9 N C MALSR/M 1800 150 4.6 ~21.4 23.1 <-24.0 -56.9 15.6
10 Y C MALSR/H 160C 150 -10.6 <22.9 11.5 2.0 -19.5 34.9

! 11 N F MALSR/H 1600 150 =-21.4 =-32.7 34.3 23.4 =30.9 75.9
12 N C MALSR/H 1600 150 -6.3 -18.9 17.9 -8.5 -36.3 39.2

13 Y C MALSR/H 1200 100 -4.7 -18.3 2.5 =-14.3 -42.5 18.3

14 Y F MALSR/H 1800 150 <-20.6 =35.2 26.5 <=22.9 -46.0 - 1.8

15 Y F MALSR/M 1800 150 -13.6 -43.5 14.3 =-11.7 ~-39.2 23.9

16 Y F MALSR/H 1600 150 4.6 -12.6 16.0 -9.7 ~26.0 10.2

17 Y F ALSF2 1200 100 -13.2 -19.0 3.9 -7.4 -38.5 l.9

18 Y F MALSR/H 1200 1060 ~3.6 -22.3 6.9 -4.5 -24.0 31.8
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domain, table 9 depicts the mean error in threshold crossing
position, and the largest observed error in each direction.
Vertical values represent errors below (min) or above (max) the
reference threshold crossing height. Lateral values represent
the largest observed errors to the left or right of the runway
centerline. All values are expressed in feet.

First Officers' Results.

The results obtained when the first officer was flying will be

reviewed first. As expected, the first officer's tracking

performance at threshold crossing was always better when flight
director aiding was available during the approach. Since an

assumption in the testing was that the flight director was ,
required for operation below standard Category-I DH, only the

flight director results will be analyzed (crews 1-10, approach

numbers 14 to 18). !

The two factors most significantly influencing the test results
are the weather conditions (ceiling and visibility) and the
landing area environment (primarily approach and runway
lighting). Poorer performance was observed on approcach 14 than
on either approaches 16 or 18. This occurred despite the fact
the ceiling and visibility were higher on approach 14. This may
be due to approach 14 being the first flight director approach
flown by the first officer, and the first flown from the left.
The smallest vertical mean errors were observed on approaches 16
and 18 (MALSR/HIRL). The range of vertical errors in threshold
crossing height with MALSR/HIRL was eguivalent to that obtained
with ALSF-2/HIRL on approach 17. The largest error below the
reference height (-43.5 feet) was observed with MALSR/MIRL. This
is only 4 feet above the threshold.

The vertical tracking performance of the first 10 crews on
approach number 18 is presented in figure 6. One balked landing
occurred both for MALSR/HIRL and ALSF~-2/HIRL with DH=100 feet.
Figure 7 depicts performance in the visual segment with ALSF-
2/HIRL. Differences in vertical tracking performance with the
two different lighting systems are insignificant.

When analyzing lateral performance, the same comparative patterns
resulted. The best lateral performance was observed on
approaches 16 and 18 when MALSR/HIRL was in use. The wvisual
segnment lateral results for approach 18 are shown in figure 8.
The smallest mean errors resulted with MALSR/HIRL. The range of
lateral errors for approach 16 (MALSR/HIRL) with DH=150 feet was
36.2 feet. This was slightly better than the 40.4-foot range of
lateral error for approach 17 (ALSF2/HIRL). Figure 9 depicts the
threshold crossing positions with DH reduced to 100 feet and
ALSF-2/HIRL. Figure 10 depicts the results under the same
conditions with MALSR/HIRL. The difference in the results are
insignificant.
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FIGURE 10. THRESHOLD CROSSING POSITION RFSULTS WITH DH=100 FEET,
RVR=1200 FEET, AND MALSR/HIRL (FO FLYING)
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¢ The first officer results from the first 10 crews
indicated that reduced minima threshold crossing performance,
with flight director available, was equivalent with either ALSF~
2/HIRL or MALSR/HIRL. Operations with DH=100 feet did result in
balked landings with both MALSR/HIRL and ALSF-2/HIRL. The
poorest performance resulted with MALSR/MIRL.

Captajins' Results.

The performance of the captain at threshold crossing is reviewed
next. Again, flight director threshold crossing performance was
better than performance without the flight director. Because the
flight director has been assumed to be required, only results
from those approaches where the flight director was available are
discussed. The approaches of interest are numbers 3, 4, 7, 10,
“and 13. In the vertical domain, for DH=100 feet, the results
from approach 3 can be compared with approach 13. The mean
errors, -0.7 feet with ALSF-2/HIRL and -4.7 feet with MALSR/HIRL,
are, for all practical purposes, equivalent. Similarly, the
observed range of vertical errors with MALSR/HIRL, 20.5 feet, is
not significantly different from the 25.4-foot range in vertical
errors that resulted with ALSF-~-2/HIRL.

On approaches to DH=150 feet (approaches 4, 7, 10), the smallest -
mean vertical error resulted with MALSR/HIRL. The largest
vertical errors occurred with MALSR/MIRL. On the approach with
MALSR/MIRL, the aircraft was 38 feet below the reference path,
crossing the threshold only 12 feet above the ground.

The best vertical performance with DH=150 feet was obsarved with
MALSR/HIRL and RVR=1600 feet on approach 10. Vertical
performance on approach number 10 (MALSR/HIRL) is depicted in
figure 11. For a comparison of the threshold crossing
dispersions, run 10 (DH=150 feet, RVR=1600 feet, MALSR/HIRL) and
run 3 (DH=100 feet, RVR=1200 feet, ALSF-2/HIRL) are presented in
figures 12 and 13, respectively. The threshold crossing position
pattern with MALSR/HIRL is similar to the ALSF-2/HIRL

pattern. The poorest vertical tracking performance resulted with
MALSR/MIRL as shown in figure 14, which also resulted in the
poorest threshold crossing performance as shown in figure 15,

Similar comparative error patterns were observed in the captain's
threshold crossing lateral error range. For DH=150 feet, the
best results were obtained on approach number 10 (MALSR/HIRL,
RVR=1600 feet). This test condition resulted in a small mean
error (2.0 feet), and compared favorably with run 3 (ALSF-2/HIRL,
DH=100 feet, RVR=1200 feet) results (-0.7 feet). The poorest
lateral performance was observed with MALLSR/MIRL (16.6 feet).

The largest observed lateral error with MALSR/KIRL was 34.9 feet
on approach 10 and -32.4 feet on approach 4. These compare very
favorably with the ALSF2/HIRL results showing -33.6 feet on
approach 3 and 38.5 feet on approach 17. The largest MALSR/MIRL
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B-200 MINIMA REDUCTION SiMULATOR APPROACHES VERTICAL THRESHOLD WINDOW
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lateral error was about twice as large as these values (67.6
feet). The poorer lateral tracking performance with MALSR/MIRL
is shown in figure 16.

yry: For DH=150 feet, results from the first 10 crews
indicate that equivalent or better performance was cbserved at
threshold crossing with MALSR/HIRL when compared to performance
ALSF-2/HIRL. This result holds for both the captain and first
officer with flight director available. Other than the first
approach by the first officer in the left seat, MALSR/HIRL
vertical errors (mean value and largest observed values) were
comparable to or smaller thaﬁ similar values with ALSF-2/HIRL.
Similar lateral error patternis were observed. MALSR/MIRL
exhibited the largest vertical and lateral error results at
threshold crossing. Analysis indicates that MALSR/MIRL is
--— ——inadequate to support operations to less than current Category-I
DH's.

Second 1Q Crew Performance.

Adjustments in the test conditions were made for the second-half
of the evaluation based on a preliminary analysis of results from
the first 10 crews, and input from the Office of Flight Standarvrds

(AFS-410). The following changes in the test conditions were
made:

1. MALSR/MIRL was eliminated as a test condition, due to
marginal pilot performance using this system.

2.A new lighting test condition which incorporated CL with the
MALSR/HIRL test condition was added at the insistence of AFS-410.
This configuration is denoted as MALSR/H/CL.

3. Only the captain flew with the flight director to eliminate
station changing to better control the test environment.

4. Two approaches were included which would require the crew to
make a missed approach to preclude the crews from anticipating a
larnding at the end of each approach.

Initial review of data from the second 10 crews indicate’d an
overall degradation in performance when ompared to the
performance of the first 10 crews. An analysis of pilot
experience data contained in the pre-evaluation questionnaire
(using the Wilcoxin Rank Sum Test [{4)) revealed that the second
10 crews had significantly less Beech 200/1900 flight experience
than the first 10 crews (p=0.05). This is probably the reason
for the degradation in performance.
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The threshold crossing statistics for the second 10 crews are
depicted in table 10. Using results from the first 10 crews as a
guide, similar analysis was made of the flight director available
approaches for the second 10 crews. The analysis focused on
approaches 3, 5, 9, 10, 13, 15, 17 and 19.

DH=150 feet and RVR=1800 feet results from approaches 5
(MALSR/HIRL/CL), 9 (ALSF-2/HIRL}), and 10 (MALSR/HIRL) can be
compared. The best results were obtained with MALSR/HIRL. The
mean vertical error of 6.8 feet with MALSR/HIRL was essentially
‘equivalent in magnitude to the ALSF-2/HIRL mean error of -5.4
feet. Both results were 2.5 to 3 times smaller than the
MALSR/HIRL/CL mean error result. The observed range in vertical
errors were smaller with MALSR/HIRL (27.1 feet) than with either
MALSR/HIRL/CL (40.9 feet) or ALSF-2/HIRL (51.0 feet). Figures 17 *
“and 18 depict the vertical tracking performance that resulted S
with MALSR/HIRL and ALSF-2/HIRL respectively. Figure 19 presents
the threshold crossing positions observed with MALSR/HIRL. This
pattern can be compared with the threshold crossing positions
that resulted with ALSF-2/KHIRL depicted in figure 20. It should
he noted that position variability increases with ALSF-2/HIRL.

TABLE 10. THRESHOLD CROSSING STATISTICS FOR SECOND 10 CREWS

APP Pilot RVR DH Vertical Error (Ft) Lateral Error (Ft)
#_FD Fly Lights (Ft) (Ft) Mean Min Max Mean Left Riaht

1l N C MALSR/H 2400 200 13.8 =-24.4 41.0 17.5 -26.8 46.7

2 N F MALSR/H 2400 200 17.1 -4.9 64.3 1.2 -22.3 8.8

3 Y C ALSF2/H 1800 200 -7.4 ~32.4 25.4 2.8 =28.1 48.8

4 N F ALSF2/H 1800 200 -10.1 -37.1 40.%9 <-19.0 -35.0 0.9

5 X C MALSR/CL 1800 150 -15.0 -33.8 7.1 5.6 -26.7 70.4

6 N F MALSR/CL 1800 150 7.7 =21.6 34.9 10.4 =-39.2 65.4

7 Y C ALSF2/H 1800 150 (Missed Approach)

8 N F ALSF2/H 1800 150 -9,6 -35.2 4.9 22.8 -0.6 51.9

S Y C ALSF2/H 1800 150 -5.4 -26.1 24.9 -33.3 -68.0 1.1

10 Y ¢ MALSR/H 1800 150 6.8 -4.4 22.7 10,1 -9.0 26.4

11 N F MALSR/H 1800 150 8.0 =~-16.0 44.2 1.2 -7.4 23.9
12 N F MALSR/CL 1600 150 (Missed Approach) .
13 Y C MALSR/CL 1600 150 -18.4 -47.8 33.0 -6.9 =-44.1 17.7

14 N F MALSR/CL 1600 150 -1.7 -46.5 36.5 8.1 -30.7 33.5

15 Y C ALSF2/H 1600 150 -1i2.0 -36.2 4.5 <=22,3 -62.6 1.6 ¢
16 N F ALSF2/H 1600 150 -13.9 =27.5 4.1 20.1 ~-11.7 57.2
17 Y C MALSR/H 1600 150 ~1.5 =30.7 20.5 <-=24.8 -49.2 1.5
18 N F MALSR/H 1600 150 -5.6 -11.7 6.5 8.4 -24.3 135.0
19 Y C MALSR/H 1600 150 11.2 0.7 36.6 -16.9 =42.2 7.4
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Results under the same test conditions with MALSR/HIRL/CL were
considerably poorer than those achieved with MALSR/HIRL. The
vertical tracking performance with MALSR/HIRL/CL is shown in
figure 21. It appears that the presence of the centerline lights
causes an approach under-arcing tendency.

Lateral performance at threshold crossing for DH=150 feet and

RVR=1800 feet showed a similar pattern. The mean lateral error

of 10.1 feet with MALSR/HIRL was considerably smaller than the

-33.3 feet error with ALSF-2/HIRL. The smallest range in

‘observed lateral position error also occurred with MALSR/HIRL, -
35.7 feet. This was almost half the value observed with

ALSF-2/HIRL, 69.1 feet, and almost a third of the value observed

with MALSR/HIRL/CL, 97.1 feet.

- Results from approaches 13 (MALSR/HIRL/CL), 15 (ALSF-2/HIRL), and
17 and 19 (MALSR/HIRL) can be compared for the RVR=1600 feet test
condition. When the RVR was reduced from 1800 to 1600 feet, the
vertical results appear equivalent regardless of the three
lighting conditions used. Approaches made with MALSR/HIRL/CL
resulted in only slightly greater threshold crossing deviation
than with ALSF-2/HIRL or MALSR/HIRL. Laterally, the smallest
mean error occurred with MALSR/HIRL/CL. However, the observed
range of lateral threshold crossing errcrs that resulted with
MALSR/HIRL/CL were 20 percent larger than the range observed on
approaches 17 or 19 with MALSR/HIRL. The largest observad
lateral error (62.6 feet) occurred with ALSF-2/HIRL. Figure 22
depicts the better lateral tracking performance that resulted
with MALSR/HIRL as compared with the ALSF-2/HIRL results shown in
figure 23.

¢ The analysis of the results from the second 10 crews
shows that the best threshold crossing results for the DH=150
feet, RVR=1800 feet condition occurred with MALSR/HIRL. At
DH=150 feet RVR=1600 feet, the best vertical resu.ts were again
obtained with MALSR/HIRL. Lateral performance for the different
runway lighting conditions was essentially equivalent.

TOQUCHDOWN POINT DISPERSION.

The data thought to be least reliable from the simulation is the
touchdown dispersion, owing primarily to the simulator's poor
handling qualities in landing configuration with full flaps
selected. Based on the recommendations of the FlightSafety
International instructors, with their extensive Beech 200
simulator training background, all landings were conducted with
approach flaps. Final Approach Speeds (Vref) were, therefore,
approximately 13 knots higher than Vref would have been with full
flaps extended. The higher approach speed, coupled with reduced
drag during the flare, resulted in the aircraft floating and, in
most cases, landing well beyond the intended touchdown point.
All participants, both subject pilots and instructors, were
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unanimous in categorizinc tne behavior of the simulator as
unrepresentative of actvcal Leech 200/1900 landing
characteristics.

Comparative plots of touchdown .position were analyzed. For the
secon® 10 crews who participated in the evaluation, only the
captains used the flight director. Ignoring the planned missed
approach runs, the results from approaches 5 (MALSR/HIRL/CL), 9
ALSF-2/HIRL), and 10 (MALSR/HIRL) can be compared. The results
fron these three approaches .are depicted in figures 24. through
26. Again, for a DH=150 feet and RVR=1800 feet no significant
differences ir. the touchdown dispersion can be detected.

With DH=150 feet and RVR=1€00 feet, results from approaches 15

--(ALSF=-2/HIRL), 13 (MALSR/M.IRL/CIL), 17 and 19 .(MALSR/HIRL) can be.

compared. The results depicted in figures 27 through 29 do not
identify any significant difference associated with a particular
lighting system.

QUESTIONNAIRE ANALYSIS

Since the first 10 crews were exposed to different test
conditions than the second 19 crews, “he questionnaire analysis

for each set was done separately. Analysis of pilot responses to

three separate questionnaires is presented below. The first
questionnaire was administered prior to testing. The second
questionnaire consisted of a short series of questions asked of
the pilot following each approach. Most of these questions were
designed to elicit a numerical response in accordance with the
Cooper-Harper rating scheme. The final questionnaire was
administered after testing was completed and was designed to
collect measures of the overall comparative perceptions of the
pilots who participated in the testing.

PRE-EVALUATION QUESTIQNNAIRE.

The first question, What approach and runway lighting systems
would you want for an approach to a 150-foot DH and RVR of 1800
feet, was designed to establish a perception baseline for the
subject pilots. Eighty-five percent of the 20 subject pilots
responded with answers that included TDZ and/or CL.

The second question concerned the airborne systems needed to fly
tc DH's below 200 feet. Eighteen of the subject pilots
identified airborne elements required by FAR Part 91, Appendix A.
The two most frequent additions were autopilot and large
instruments. The need for training and an experienced co-pilot
was also mentioned frequently.
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The third pre-test question was, What is your understanding of

the objectives of this evaluation? Responses from 18 of the 20
subject pilots demonstrated that they understood the objectives
of the evaluation.

POST PROCEDURE QUESTIONNAIRE.

This questionnaire was designed to measure the subject pilot's

immediate perception of the test conditions which he had just

been exposed to. It was administered to the pilot who flew the

approach immediately after its completion. Since the approaches

of interest involved the use of the flight director, the

following analysis only considers those approaches for which the

flight director was available. For the first 10 crews, the .
approach set of interest includes approaches 3, 4, 7, 10, and 13,

The crews were requested to respond with a numerical rating, ’
using the Cooper-Harper rating scheme, to the question, For the
procedure just flown, how would you rate the lighting system in
providing visual guidance to execute a landing? The mean and

standard deviation of the responses to this question are

presented in table 11.

The captains' ratings of the visual guidance with ALSF-2/HIRL at
a 100-foot DH and MALSR/HIRL at a 150-foot DH were not
significantly different. The 95 percent upper limit using the
Cooper-Harper Rating translates to a "clearly adequate"
evaluation of both lighting systems. The captains' responses
also indicate that the MALSR/MIRL lighting was inadequate for the
test condition (150-foot DH). The 95 percent upper limit
response for MALSR/HIRL and a 100-foot DH translates to a
“marginal" evaluation.

TASLE 11. CAPTAINS' CCOPER-HARPER RATING OF THE
LIGHTING ENVIRONMENT FOR THE FIRST 10 CREWS

DH RVR Lighting Standard 95%
(Feet) (Feet)  System = Mean Deviation Uppex Limit

100 1200 ALSF-2/H 2. 0.44 3.18
150 1800 MALSR/H 2.4 0.54 3.48 .
150 1800 MALSR/M 4.0 3.24 10.48
150 1600 MALSR/H 2.3 1.00 4.30
100 1200 MALSR/H 3.2 1.56 6.13

(For a review of the Cooper-Harper rating scale, see figure 5)




The second question asked was, From DH to completion of the
approach, how would you rate your overall workload for the
procedure just completed? A summary of the captains' responses
are presented in table 12.

TABLE 12. CAPTAINS' COOPER-HARPER RESPONSE STATISTICS
FOR WORKLOAD FOR THE FIRST 10 CREWS

DH RVR Lighting Standard 95%
(Feet) (Feet) System Mean Deviation Upper Limit

100 1200 ALSF-2/H 2.4 1.50 5.40
150 1800 MALSR/H 2.3 0.46 3.22

150 1800 MALSR/M 2.8 0.98 4.76

150 1600 MALSR/H 2.4 1.11 4.62

100 1200 MALSR/H 2.9 1.56 6.02

The best workload ratings occurred with MALSR/HIRL and DH=150
feet. In these cases, the numerical value equates to, "Desired
performance requires moderate pilot compensation" or better. All
other test conditions, including ALSF-2/HIRL, evoked responses
indicating more demanding performance by the pilot was required.
For the 49 approaches made by captains under the above test
conditions, only one was rated unacceptable. This occurred with
MALSR/HIRL and a 100-foot DH.

Similar analysis of first officer responses were made. The
approaches of interest are 14 through 18. Table 13 presents the
statistics on the first officer's evaluation of the various
lighting systems.

TABLE 13. FIRST OFFICERS' COOPER-HARPER RATINGS OF THE
LIGHTING ENVIRONMENT FOR THE FIRST 10 CREWS

DH RVR Lighting Standard 95%
{Feet) (Feet) System = Mean Deviation Upper Limit

150 1800 MALSR/H 2.5 1.36 5.22
150 1800 MALSR/M 2.8 1.83 6.46
150 1600 MALSR/H 2.6 1.56 5.72
100 1200 ALSF=-2/H 1.8 1.54 4.88
100 1200 MALSR/H 3.4 l1.56 6.52

The first officer evaluations of the lighting systems reflect
somewhat poorer ratings than from the captains. The MALSR/HIRL,
DH=150 feet response was only slightly higher than the ALSF-
2/HIRL, DH=100 feet response. The 5.22 95 percent upper limit
value for MALSR/HIRL translates to an "adequate' rating. The
MALSR/MIRL, and MALSR/HIRL with DH=100 feet had significantly
poorer ratings. The first officers' response statistics for the
question addressing workload are presented in table 14.
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TABLE 14. FIRST OFFICERS' COOPER-HARPER RESPONSE STATISTICS
FOR WORKIOAD FOR THE FIRST 10 CREWS

DH RVR Lighting Standard 95%
{Feet) (Fget) System Mean Dpeviation Upper Limit
150 1800 MALSR/H 2.6 2.08 6.76
150 1800 MALSR/M 2.8 1.94 6.69
150 1600 MALSR/H 2.4 1.50 5.40
100 1200 ALSF-2/H 2.0 1.82 5.63
100 1200 °  MALSR/H 3.0 1.73 6.46

The observations of the test observer indicated a definite

learning trend. The ALSF-2/HIRL, DH=100 feet, RVR=1200 feetf 95 .
percent upper limit value of 5.63 was similar to the MALSR/HIRL,
"'DH=150 feet, RVR=1600 feet value of 5.40. Regardless of test
condition, the ratings indicate, "adequate performance requires
considerable pilot compensation.'" For each test condition, one
or two first officers rated the lighting system unacceptable.

Similar analysis was conducted on the responses of the second 10
crews. Since only the captain used the flight director, only
captains' response analyses are presented. Table 15 presents the
results of the captains' evaluation of the various lighting
systems.

TABLE 15. CAPTAINS RESPONSE STATISTICS ON LIGHTING
EVALUATION FOR THE SECOND 10 CREWS

DH RVR Lighting Standard 95%
(Feet) (Feet) Systenm Mean Deviatjon Upper Limit
200 1800 ALSF-2/H 1.8 0.98 3.76
150 1800 MALSR/H/CL 3.3 1.94 7.18
150 1800 ALSF-2/H 1.9 0.54 2.98
150 1800 MALSR/H 2.5 1.11 4,71
150 1600 MALSR/H/CL 3.8 2.33 8.46
150 1600 ALSF-2/H 3.1 2.38 7.87
150 1600 MALSR/H 2.8 1.39 5.59

With DH=150 feet and RVR=1800 feet, ALSF-2/HIRL ratings were the

best. However, the 95 percent upper limit response found ’
MALSR/HIRL ‘'adequate" for DH=150 feet and RVR=1800 feet.

Noteworthy are the significantly poorer ratings given to

MALSR/HIRL/CL. The 95 percent upper limit response translates

to, "Inadeqguate." It may be that the captains' unfamiliarity

with this lighting combination influenced their rating. For

DH=150 feet and RVR=1600 feet, MALSR/HIRL was rated better than

the ALSF-2/HIRL lighting. An analysis of the captains' responses

to the question on workload is presented in table 16.
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TABLE 16. CAPTAIN'S RESPONSE STATISTICS TO
WORKLOAD PERCEPTION FOR THE SECOND 10 CREWS

DH RVR Lighting Standard 95%
(Feet) (Feet) System Mean Deviation Uppe imi
200 1800 ALSF~-2/H 1.8 0.60 3.00
150 1800 MALSR/H/CL 2.6 1.16 4.92
150 1800 ‘ALSF=2/H 2.2 0.87 3.94
150 1800 MALSR/H 2.2 1.00 4.20
150 1600 MALSR/H/CL 3.8 1.97 7.74
150 1600 ALSF-2/H 2.6 2.20 7.00
150 1600 MALSR/H - 2.7

1.21 5.12

The best workload rating occurred for thc ALSF-2/HIRL, DH=200
feet, RVR=1800 feet test conditicn. The worst worklcad rating
was given to the MALSR/HIRL/CI;, DH=150 feet, RVR=1600 feet test
condition. For DH=150 feet and RVR=1800 feet, ALSF-2/HIRL and
MALSR/HIRL workload ratings are nearly equivalent, and translate
to "desired performance requires moderatc pilot compensation.”
For the RVR=1600 feet condition, the workload rating for
MALSR/HIRL (5.12) was better than ALSF-2/HIRL (7.00). However,
the 95 percent upper limit response value equates to "adequate
performance requires considerable pilot compensation."

POST-EVALUATION QUESTIONNAIRE.

The first question asked following completion of the test was, As
a result of your experience during this evaluation, what approach
and runway lighting system would you want for an approach to a
150 foot DH with an RVR=1800 feet? Table 17 presents the results
for the first 10 crews who participated in the test.

TABLE 17. KESPONSE SUMMARY OF THE FIRST 10 CREWS TO
LIGHTING ENVIRONMENT REQUIRED FOR APPRUACH TO A
150-FOOT DH WITH RVR=1800 FEET

Lighting Environment

Respondent ALSF=-2/H MALSR/M MALSR/H MALSR/CL
Captain 3 2 2 3
First Officer 3 0 5 2

No clear preference exists. Six crew members selected ALSF-
2/HIRL and seven crew members selected MALSR/HIRL. It is
interesting to note 25 percent (5) asked for MALSR/HIRL/CL even
though this combination was not presented to the first 10 crews
and, subsequently, received some of the lowest ratings.

The second 10 crews were asked a similar question: As a result of
your experiences during this evaluation, what, in your opinion,
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are the minimum approach and runway lighting systems necessary to
land from an approach to a 150-foot DH with a 1600 foot RVR? The
results are presented in table 18.

TABLE 18. RESPONSE SUMMARY OF THE SECOND 10 CREWS TO
- LIGHTING ENVIRONMENT REQUIRED FOR APPROACH TO A
150-FOOT DH WITH RVR=1600 FEET

Lighting Environment

Respondent ALSF-2 MALSR/M  MALSR/H  MALSR/CL
- Captain 3 1 3 3
First Officer 2 0 6 2

Again, 45 percent (9) of the crew members felt MALSR/HIRL was

adequate.. Several of the ALSF-2/HIRL responses were qualified .
with a statement such as "less lighting would be reguired with ‘
proper training." Of the 40 crew members who participated in the
testing, 90 percent stated they would feel comfortable with the

aircraft equipment used in this evaluation when operating to DH's

of 150 feet 9 lower.

CONCLUSIONS
TSST SCENARJO.

Based on the results contained in this report, several
conclusions can be drawn:

1. The consistency of test results, including subjective piiot
responses to questionnaires, indicate that the Beech 200
simulator provided sufficient fidelity to address the feasibility
of minima reduction.

2. The assumed reguirements made prior to testing were proven
valid. Specialized training and thorough crew coordination are
necessary for operations in low visibility conditions. Given
very stable and accurate precision approach guidance, pilots with
sufficient experience and training can manually fly, with the aid
of a flight director, safely to Decision Heights (DH's) below the
current Category-I DH of 200 feet. Both lateral and vertical
cross track errorc are significantly reduced with the aid of a
flight director. Pilot performance with the flight director ,
permits arrival at a 150-foot DH with a variability that is

entirely contained within the accepted variability without flight
director aiding at the current Category-1 200-foot DH.

3. The equipment specified in appendix A to FAR Part 91 is
sufficient to support operations to DH's as low as 150 feet.
Category~11 approach and runway lighting systems may not be
required. Thie conclusion results from the measures »f pilot
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performance, and from questicnnaire responses made by the pilots
after testing.

: ) E RMANCE.

Several conclusions can be drawn concerning pilot performance in
the visual segment.

1. Inside DH, having broken out into visual conditions, pilots
often continue to utilize the guidance provided by the navigation
system. This is increasingly true for the lower DH conditions.
This conclusion is based on direct observation of pilot scanning
techniques and on statements made by the subject pilots. This
conclusion relates to a significant benefit that is provided by

“the Microwave Landing System (MLS). MLS, when properly sited,

will provide accurate guidance to runway threshold. This is not
always true with the Instrument Landing System (ILS).

2. Accurate arrival at DH's, regardless of the category of
approach, does not assure a landing. On several occasions, with
the flight director not available, the pilot arrived at DH in
visual conditions, chose to continue the approach beyond DH, and
then executed a late missed approach. This is referred to as a
palked landing. The flight director provides better attitude
cueing which leads to a much lower balked landing rate. When the
flight director was available, pilots, with minimal low
visibility approach training, were able to complete 149 out of
155 approaches (96 percent). Of the six balked landings that
occurred, two of them occurred with Approach Lighting System with
Sequenced Flashing Lights (ALSF-2)/High Intensity Runway Lights
(HIRL) , one occurred with Medium Intensity Approach Light System
with Runway Alignment Indicator Lights (MALSR)/Medium Intensity
Runway Lights (MIRL), one with MALSR/HIRL/Centerline Lighting
(CL), and two with MALSR/HIRL. Both MALSR/HIRL balked landings
occurred with DH=100 feet. All flight director aided approaches
with MALSR/HIRL to 150-foot DH's were completed successfully.

3. Accurate arrival at thresnold crossing is influenced by the
runwvay lighting environment. MALSR/HIRL threshold crossing
results for 150-foot DH's were equivalent to or better than
results obtained with ALSF-2/HTRL. Test results demonstrated
that MALSR/MIRL was inadequate for operation below standard
Category-I. Although one would expect that the inclusion of
centerline lights with MALSR/HIRL would result in better
performance than without centerline lights, that was not the
case. With a 150~toot DH, the balked landing rate was higher
with MALSR/HIRL/CL. Considerably poorer threshold crossing
performance, both laterally and vertically, was also obszerved
with MALSR/HIRL/CL.
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TOUCHDOWN LOCATIONS .

Although sic.ificant differences in touchdown dispersion were not
observed under the conditions tested, no specific conclusions can

" be drawn. The fidelity of the simulator visual system, coupled

with its handling qualities in the landing configuration,
prevented a true evaluation of landing dispersion. Accurate
touchdown performance measurements can only be taken during

‘actual flight testing.

QUESTIONNA.RE ANALYSIS.

Based on post-evaluation questionnaire responses, it can be
concluded that most test subjects felt that MALSR/HIRL was
sufficient for operations to DH's of 150 feet. The Cooper-harper
95 percent upper limit responses provided by test subjects also
identified MALSR/HIRL as "adequate'" for approaches to 150-foot
DH's. In several cases MALSR/HIRL ratings were superior to those
for Approach Lighting System with Sequenced Flashing Lights
(ALS¥=-2) /HIRL.

Based on the perceived workload evaluations provided by the test
subjects, it is concluded that operation to 150-foot DH's with
MALSR/HIRL did not result in n excessively high worklocad. 1In
fact, MALSR/HIRL ratings were ketter than those for ALSF-./HIRL
in several cases. The 95 percent upper limit response for
MATSR/HIRL workload rating for DH=150 feet translates to "desired
performance, requiring only moderate pilot compensation."

RECOMMENDATIONS

Based on the resulte contained in this report, it is recommended
that the flight testing phase of the minima reduction study be
initiated. Prior to testing, several issues should be addressed.
They are:

1. Development of a thorough training package prior to testing.
Testing will require subject pilots to fly with a Federal
Aviation Adrinistration (FAA) safety pilot. The crew interaction
observed during simulator testing was a result of the captain and
first officer coming from the same airline. For the flight
testing phase, the crew response repertoire must be developed
prior to taking test measures. This may require several practice
approaches to gain crew interaction/procedure familiarity.

2. The FAA Beech King Air 200 test aircraft should be used.
The Electronic Altitude Director Indicator (EADI) should be
modified to display either radar altimeter information or
Microwave Landing System (ML.S) computed height information.

3. The testing scenario should utilize visibility restricting
devices worn by the subject pilot to adequately emulate low
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visibility conditions. The devices should be calibrated against
the High Intensity Runway Lights (HIRL) system present on the
runway to which the approaches will be flown.

4. All testing should be with flight director aiding.

S. The runway lighting environment should include Medium
Intensity Approach Light System with Runway Alignment Indicator
- Lights (MALSR)/HIRL, MALSR/HIRL/Centerline Lighting (CL) and
Approach Lighting System with Sequenced Flashing Lights
(ALSF-2) /JHIRL as test factors.

6. Both on~-board data recording and external tracking of the
aircraft should be used to collect test measures.
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APPENDIX A

SUBJECT PILOT EXPERIENCE




Pilot Experience Responses From
Pre-Evaluation Questionnaire
MLS Minima Reduction Study

CREWS 1-10

Pilot Ratings Held

Crew #
1C:

1FO:

9F0:
10C:

10FO:

Air Transport Pilot, Airplane Single and Multi-Engine

Air Transport Pilot, Airplane Multi-Engine Land,
Commercial Airplane Single-Engine Land, Rotor-Craft-
Helicopter-lnstrument, Certified Flight Instructor-
Airplane Single-Engine Land.

DC-3 and BE-1900 Type Ratings, Air Transport Pilot.

Air Transport Pilot Multi-Engine Land.

Air Transport Pilot Multi-Engine, Multi-Engine Certified
Flight Instructor Instruments, Metro~III and BE-1900 Type
Ratings.

Commercial, Multi-Engine Instruments.

Air Transport Pilot with BE-02/B-300 and DHC-7 Type
Ratings, Glider & Multi-Engine Ratings, Certified Flight
Instructor Single and Multi-Engine Instruments.

Air Transport Pilot Single Engine, Multi-Engine
Commercial, Instruments, Lear Jet, L-300.

Air Transport Pilot, Multi-Engine Land.

Single and Multi-Engine Land, Commercial, Instruments,
Flight Engineer.

Air Transport Pilot, BE~1900/300 and BV-234 (Commercial
Chinook) Type Ratings, Commercial/Instrument Rotorcraft.
Comnmercial, Instruments, Multi and Single ¥ngyine Land.
Air Transport Pilot, Commercial, Multi-EnginZ Land.
Commercial Single and Multi-Engine Land, Instrument
Airplane.

Air Transport Pilot, Flight Engineer, Turbo Jet.
Instrument, Multi~Engine, Commercial.

Air Transport Pilot, Multi-Engine Land, Commercial
Privileges, C-500 Type Rating, Turbo-Jet Flight Engineer.
Commercial, Instrument, Multi-Engine Land.

Air Transport Pilot/Commercial, Single Engine Land and
Single Engine Seaplane Flight Instructcr, Multi-Engine
Land and Instrument, BE300/900 Type Ratings.
Commercial/Instruments, Multi-Engine Land, Multi-Engine
IOnstruments.




Total Flight Time B-200/1900 Flight B-200/1900 Flight

Crew # Hours Hours Hrs (Last 6 Months)
1C 5,600 1,000 500
1FO 2,250 100 80
2C 7,900 2,000 500
2F0 2,400 650 500
ac 5,000 400 400
3FO . 2,350 280 280
4C 4,200 1,050 95
4FO 4,300 50 50
5C 7,000 + 2,000 480 \
SFO 650 150 150
... 6C 4,100 1,100 550
6FO 1,300 200 200 }
7C 3,000 1,000 600
7F0 1,300 100 100
8C 3,000 500 450
8FO 1,400 400 400
9C 7,000 950 500
9F0 575 300 300
l0C 4,700 2,200 200

10FO 1,300 450 450




Pilot Experience Responses From
Pre-Evaluation Questionnaire
MLS Minima Reduction Study

CREWS 11-21 ‘

Pilot Ratings Held

Crew #
11C:

11FO:
12C:

12FO:
13C:

Air Transport Pilot, Commercial Single Engine Land and
Rotorcraft, Instrument Helicopter.

Commercial, Instrument, Multi-Engine, Flight Engineer.
Air Transport Pilot Multi-Engine, Commercial Single-
Engine, Flight Instructor.

Commercial, Multi and Single Engine Instruments.

Air Transport Pilot-Multi-Engine lLand, Commercial
Privileges, Airplane Single Engine Land, BE~1900 and BE-

- 300 Type Ratings, Certified Flight Instructor Instruments

13FO:

14C:
14FO:
15C:

15F0:

16C:

16FO
17C:

17F0

18C:

18FO:

19C:

19FO:

20C:

20F0:

Multi-Engine.

Commercial, Instrument, Certified Flight Instructor,
Certified Flight Instructor Instruments, Multi-Engine,
Multi-Engine Ground Instructor.

Air Transport Pilot, BE-1900 Type Rating.

Air Transport Pilot.

Air Transport Pilot, Certified Flight Instructor, Multi-
Engine Helicopter Instruments, Commercial Helicopter.
Air Transport Pilot Multi-Engine Land, Commercial,
Instrument, Single Engine Land, Certified Flight
Instructor Instruments and Multi-Engine.

Flight Engineer (727), Certified Flight Instructor,
Certified Flight Instructor Instruments, Glider, Air
Transport Pilot, Single and Multi-Engine, SA227, CV-240,
340, 440, Lear Jet, BE-1900 Type Ratings.

Air Transport Pilot, Commercial.

Air Transport Pilot-Multi-Engine Land, DA-10 and BE-
1900/BE~300 Type Ratings, Commercial-Single Engine Land,
Single Engine Seaplane, Multi-Engine Seaplane, Glider.
Air Transport Pilot, Certified Flight Instructor
Instruments/Multi-Engine, Ground Instructor.

Air Transport Pilot, BE-200/300 Type rating, Certified
Flight Instructor Instruments.

Commercial, Multi-Engine Land, Certified Flight Instructor
Instruments.

Air Transport Pilot, Commercial/Instruments, Single and
Multi-Engine.

Commercial Single Engine Land, Multi-Engine Land,
Instruments, Flight Instructor Single and Multi-Engine
Land.

Air Transport Pilot, BE-1900 Type Rating, Flight Engineer,
Air Transport Pilot.

Commercial, Airplane Single and Multi-Engine Land, Glider,
Certified Flight Instructor.




Total Flight Time

Crew #

11C
11F0
12C
12F0
13¢C
13FO
14C
14F0
15C
15F0
16C
16FO
17¢C
17F0
18C
18FO
19C
19F0
20C
20F0

Hours

5,000 +
3,200
7,500
1,900
3,000
1,900
5,000
5,000 +
11,000
1,910
9,000
5,100
7,000
2,600
2,600
2,500
3,800
1.650
5,700 :
4,200
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B-200/1900 Flight
Hours

2,000
25
800
10
800
350
600
300
600
21
1,000
10
800
50
500
100
200
60
200
120

A-4

B-200/1900 Flight
] st 6 Months

4

25

65

10

450

350

550

300

400 y
21 R,
2

10 !
600

50

450

100

200

200
120




