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A SIMULATOR STUDY OF FLIGHT MANAGEMENT TASK
PERFORMANCE DURING LOW VISIBILITY APPROACH AND LANDING
USING BASELINE CATEGORY II FLIGHT INSTRUMENTATION

By Walter B. Gartner

SUMMARY

In earlier research efforts, the importance of effective flight manage-
ment task performance during low visibility approach and landing operations
in civil jet transport aircraft was established. Subsequent analysis of piiot
information processing associated with the performance of flight manage-
ment tasks indicated that the pilot's effectiveness in satisfying certain flight
management task requirements, using flight instrumentatior. assumed to
be available in a baseline low visibility landing system (LVLS) is in serious
doubt.

The simulation research project documented in this report was con-
ducted as an empirical extension of the earlier analytic study (ref, 1).
It is the first of a series of projects which are being designed to assess the
potential flight management problems defined in the analysis znd, subse-
quently, to develop and test such solution concepts as changes in flight
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instrumentation, crew preparation, and system operating procedures,

In this initial study, the investigation was focused on the command pilot's
ability to judge his approach tc the authorized Category II minimum
decision altitude (100 feet above the runway) and on the effects of various
flight path offset conditions at this decision height on his ability to carry
out the landing maneuver, The study was carried out as a joint effort

by Serendipity and the Man~Machine Integration Branch at the Ames

Research Center,

Twelve currently active senior airline pilots, individually certified
for Category II opcrations, flew a total of 252 approach and landing
sequences under simulated Category II visibility conditions (1200- and
1600-feet RVR) and data was taken on the accuracy of selected estimates
and judgments of the flight situation., The approach sequences were
flown under various combinations of three alternative pilot operating
procedures and three different flight control modes to determine the
effects ¢f these variables on the accuracy of flight progress judgments,
The data octained in this study support the contention that baseline flight
irstrumentation will be inadequate for accurate monitoring and assess-

ment of the approach to Categury Il operating minimums,

8]
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INTRODUCTION

One of the principal conclusions of a recent analysis of system
concepts and operational probiems in the development of an all weather
landing capability for advanceu commercial jet transport aircraft (ref. 2)
was that the main impediments to the introduction of all weather landing
involved operational procedures rather than individual technical problems,
The role of the pilot in managing the aircraft was cited as a major source
of controversy and it was concluded that methods of using the crew to
monitor performance of the automaiic equipment and a definition of
crew procedures for varicus failure situations are critical problems
which remain to be worked out for low visibility approach and landing
operations, A clear statement of the importance of resolving the many
outstanding issues with respect io the pilot's role in all weather landing
operations is given by Beck in the conclusion to a comprehensive over-
view of crew factor problems in achieving Category II operational

goals (ref. 3)-

Beginning with the initiation of a Category II approach, the success
of each segment of the flisht, as it prcgresss s toward the fouch-
down and rollout, depends on a compatible pilot/aircraft relationship
that can react properly to and take cognizance of each of the
multitudinous factors that will be involved in making this approach
consistent, reliable, of high quality, and aktove all operationally
safe, In October, 1965 the All-Weather Study Group of the Inter-
national Federation of Air Line Pilots made the following statement:
"It is the “tudy Group's view that, in the very low minima envisaged,
it is 10 longer possible to compromise and make exceptions to
accommodate unique circumstances, The operation is too critical
for that., Standardization now becomes essential. If ALL require-
ments cannot be met, the operation should not take place'.

In view of the many problems which remain to be resolved, why
should such operations take place? Former FAA Administrator Najeeb
Halaby, now a senior executive with Pan American World Airways, has

cited the three principal reasons in an article on current developments
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in all-weather operations (ref. 4  The firsc reason ‘s safety ("If we can
operate with instrumeuted precision during bad weather, we can systema-
tize operations during good weather so as to reduce incidents and accidents
..."), the second is reliability ("The traveler wants to deplane at his real
destination at the time promised..."), and the third is efficiency (''Not
having all-weather capability costs the airlines, it has been esiimated,
about $70 million a year beyond regular on-time operations'). In the

same article, Halaby also made it clear that Pan Am, at least, fullv

intends to conduct flight operaiions under the lower visibility conditions:

To confirm that we mean business, I cite the expenditure of
$13-million on our present fleet to qualify its equipment to
progress from Category I to Category II operations. This is
for eq ‘pment only and does not include the costs of the most
advanced training for pilots and copilots and for simulators,
etc.

If these operations are to take place, and if safetv, reliability and
cost-effectiveness goals are to be achieved, the critical problem of
effective flight management must be considered. In earlier research
efforts (ref. 1), a comprehensive analysis of 1 2quirements for flight
management task performaince during low visibility approach and
landi .2 operations was conducted. From these efforts, it was concluded
that certain of these tasks wili impose excessive information processing

demands on the Captain.

This analysis was based on a projection of flight instrumentation
and crew roles envisioned for a baseline low vizibility landing system.
The general concern of'the analysis was to determine how well the
command pilot would be supported by this system in carrying out his
flight management responsibilities. Insofar as support fcr flignt manage-
ment activities is concerned, each of the suspect tasks identified in the
analysis points to a potential inadequacy in prnjected landing system

design features and/or operational procedures.

As a point of departure for the analysis, flight management was

distinguished fro.n othe~ in-fii~ht on. <> cantrel functions, such as



&rendipity inc.

flight control and navigation, as being concerned with assessing the on-
going flight sitvation, judging the significance of aircraft and subsystem
operating states, and with formulating and resoiving action decision
probiems arising out of these assessments. It was also necessary to
adopt a firm position with respect to the pilot's role in implementing the

flight management function, as indicated in the following excerpt (ref. 5):

In any systematic consideration of the means required to
implement system functions in man-machine systems,
issues arise regarding the assignment or allocation of
functions to either man, machine, or man-machine compo-
nents. Such issues are seldom straightforward or easily
resolved on the basis of explicit and widely accepted cri-
teria, and these di“ficulties are compounded in flight
management activities by considerations of ''responsibility"
and "authority.'' With considerable oversimplification,

it can be said that responsibility has to do with the conse-
quences or effects of system performance and involves the
notion of accountability for these outcomes; autbhority has
to do with the means provided for direct and effective
control over the system being managed.

The general position underlying the present study is that
issues expressed in terms of "allocation of functions to man
or machine' or 'degree of automation' are misleading in
dealing with ""command" or "'management' functions in
manned systems. Such functions are distinguished more

by the assignment (or assumption) of responsibility for
achieving system performance cbjectives and satisfying
established safety and economic constraints than by the
means employed. It is here asserted that this responsibility
can only be assumed by people, in this instance, the pilot-
in-comnmand. When severe demands are imposed on their
ability to make the necessary judgments and decisions, pro-
visions must be made for more adequately supporting
management/command personnel. Corresponding provisions
must be incorporated into the system design to give the
pilot-to~command the necessary authority to impiement
management decision, e.g., provisions for entering command
data and/or effecting corrective actions.

This assertion should not be construed as imposing arbitrary
constraints on the extent to which particular component func-
tions of the flight management function can be mechanized or
automated. It simply means that even in the hypothetical
case of a fully automated system, the pilot-in-command must
be equipped to wssess the overall flight situation and the
particular conditions encountered to determine the manner

)
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in which the system will be employed (e. g., the on-line
configuratior of equipment units and their operating mode)
as well as any corrective actions necessary to achieve
operational objectives. No restrictions, as such, are thus
placed on the degree of automatic= of such system design
features as self-monitoring and automatic mode switching
or disconnect. System design provisions of this sort are
seen as one means of supnorting the pilot-in-command.

This study is the first of a series of projects which are being designed
to provide an assessment of the problems defined in the analysis and, sub-
sequently, to develop and test such solution concepts as changes in flight
instrumentation, crew preparation, and system operating procedures.

The investigation was focused on the pilot's ability to judge his approach
to the authorized Category II minimum decision height (100 feet above
the runway) and on the effects of various flight path offset conditions at
the decision height on his ability to successfully carry out the landing

maneuver.

Airline pilots currently qualified for Category II approach and landing
operations served as subjects in the study. The simulator runs were
designed to assess pilot performance of selected approach assessment
tasks under nominal Category II operating conditions, using simulated
information inputs representing the ongoing flight situation as they
would be presented to command pilots in the projected operational environ-

ment. The specific objectives of the simulation exercise were:

1. To determine the accuracy of the command pilot's estimates
of relative altitude (i.e., the aircraft's height above the
intended touchdown point on the runway) during the approach,
especially the accuracy of his estimate of arrival at the

authorized 100-foot decision height;
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2, To determ.i-e the accuracy of pilot estimates of cross-track
position (i.e., lateral deviation {rom the localizer course)
and the accuracy of his judgments of the aircraft's direction

of flich. relative to the runway;

3. To deterinine the effects of three different pilot operating
procecures and three alternate flight control modes on the

accuracy of these flight progress ‘udgments; and

4, To determine the effects of various flight path offset conditions
whicl can occur at the decision heizht on the success of

manually controlled landing manecuars,

For the reader's convenience, the analysis of potential problems in
judging the success of 2 C:.tegory Il approach, from which the foregoing
study objective were Jerived, is reproduced as Appendix A to this report.
Analyses of the data recorded during the simulation exercise and docu-
mented in this report provides an estimate of the number and type of
errors in pilot judgment which may be expected to occur in actual flight
operations under the conditions represented. The interpretation of these
results is related to the issues discussed in Appendix .», The study was
also intended to support subsequent simulation research projects by
distinguishing the particular components of the flight management task
on which difficulties are expected, if any, and by providing baseline
performance data against which various system design changes, revisions
in operating procedures, performance under different task conditions,

etc., can subsequently be assess-a,
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METHOD

Overview of How the Study Was Conducr.d

The basic plan of the study can be understood as a test of the extent
to which the information environment projected for the baseline low visibil-
ity landing system (LVLS) can be expected to support the command pilot in
his ussessment of approach success. The information environment is com-
prised, primarily, of flight deck instruments and auditory display channels
(e. g., aural warning signals and radio voice communications), and study
results may be expected to apply to the selection or development of these
landing system componenfs. It also includes flight planning data and in-
flight reference materials (e.g., clearances, approach charts, flight data
sheets, etc.), the air and ground environment, and the stored (in memory)

products of learned procedures and perceptual expectancies.

It should be clear that the study was not intended, in any sense, to
evaluate the quality of the individual pilot's judgmental or decision making
abilities, The experimental plan gave explicit consideration to controlling
the effects of individual differences in pilot skills in this area. More-
over, during a debriefing session, pilots were asked to provide critical
evaluations of the information and display characteristics available to
them in the simulation. The pilot's primary role was to carry out
assigned approach management and landing control tasks in accordance
with the orientation given. Insofar as it is feasible to do so, pilot
selection and orientation to the experimental task was directed toward
achieving behavior in the simulator that could be construed as representa-
tive of the behavior of command pilots in an actual operational situation.

An overview of the structure of the simulation study is presented
in Figure 1. Each run in the simulator represented the execution of an
approach and landing sequence, The sequence was initiated with the

9
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aircraft at approximately ten nautical miles from the runway, stabilized
on the assigned localizer course, and maintaining an assigned initial
approach altitude. The run ended with the aircraft on the runway deceler-
ating to a nominal turn-off speed, or with the pilot's decision to reject

the approach and initiate a go-around. During this simulated flight
sequence, pilois performed specified flight management tasks, responding
to simulated information inputs to the command pilot. These inputs were
intended to represent the ongoing flight situation as it is presented in the
LVLS and impose the same information processing demands on pilots in
the simulation as those associated with the operational situation. To
accomplish this objective, both the flight information provided and the
display characteristics (i.e., presentation mcde, type of display, and
display-referent relationships) were carefully matched to their assumed

counterparts in the baseline system.

On each run, data on pilot performance were recorded as indi-
cated by the pilot outputs shown in Figure 1. At the same time, data
were recorded on the "actual' position and behavior of the aircraft as
represented in the simulation sequence and, where appropriate, on the
corresponding display of flight situatior. parameters which, presumably,
served as the immediate basis for pilot judgments. Objective data
on the simulated flight situation (e, g., actual aircraft track) and on
pilot judgments (e.g., estimated cross-track position) were used
to derive accuracy scores for determining how well the specified
flight management tasks were performed. In addition, subjective data
obtained in debriefing sessions (e.g., pilot's reports of how judgments
were made and appraisals of flight instruments) were available to support

the interpretation of objective performance data,

Notice that simulated information inputs, pilot task assignments, and

the data taken were held constanrt on al’ baseline simulator runs. Controlled

10
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variations in the flight path actually followed (e, g., ILS deviation, actual
lateral and vertical offset pousition at the decision height, etc.) and
environmental conditions (e. g., terrain profiles approaching the dicision
height, runway visibility, etc.) were represented in the information
inputs in ordar to include a number of different flight situations for sub-
jects to respond to. A systematic assignment of these variable conditions
to simulation runs was worked out to ensure an appropriate sampling of
conditions of interest.

The stuay was also designed to examine the effects of alterna-
tive crew procedures and control task loadings on flight management
task performance and to examine landing performance from various
flight path offset conditions at the decision height, Variations in crew
procedures can be distinguished by citing differences in the pre-arranged
assignment of specific monitoring and/or control duties to the Captain
and First Officer. It is reasonable to assume that flight management
performance wouldbe differentially affectedby such variations, since the
immediate bases for making the approach success judgments, in terms of
information available and display modes, will not be the same when alter-
native crew procedures are adopted. Alternative flight control modes
(i. e., fully automatic, split-axis control, and fully manual) were examined
to disclose the effects, if any, of differences in task loading on the Captain,
When manual control is assumed for one or more axes, the Captain can
be expected to have less time and attention to apply to flight management
tasks, per se,

Baseline runs were conducted with a fully-coupled automatic flight
control mode simulated and employing a crew procedure wherein the
Captain exercises complete control of the approach to the decision height.
As the aircraft approaches the decision height, the Captain continuously
assesses ~is altitude above the runway and flight path alignment with the
runway by instrument reference. On arrival at the 100-foot decision

altitude he goes "head-up'' to assess the adequacy of external visual

12
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r.ierence, resolve the landing commitment decision and, at that point,
either abort the approach or assume manual control to complete the landing
maneuver, As indicated in Figure 1, six iterations of the baseline scheme
were carried out to examine the effects ot alternative flight control modes
and crew procedures. The structure of the study, as schematized, was
essentially unchanged in these iterations, but in each of the iterations a
different combination of control mode and crew procedure was represented
to govern the pilot's task orientation and the simulation of the flight

sequence,

The Simulated Approach and Landing Flight Sequence

The operational context adopted as a framework for the experimental
manipulations in the study was a Category II approach and landing sequence.
For convenience, the recently published Category II approach to runway
1R at Dulles International Airport (DIA) was selected to define the assigned
flight profile and ‘vas used on all simulation runs as the reference profile,
The current Approach Chart for this profile is reproduced in Figure 2,
Specific features of the simulation profile, which may differ from those
shown in Figure 2, and descriptions of controlled variations in simulated
flights paths will be made with reference to this approach.

Controlled Variations in Flight Profiles

Since the principal concern of the simulation sequence was to exercise
pilots in specified approach assessment tasks, it was considered de-
sirable to include a number of different flight situations for them to judge.

The key parameters on which the approach was assessed were:

1. Vertical offset (altitude relative to the runway),
2. Lateral offset (cross-track position), and
3. Tracking vector (alignment of the aircraft's horizontal flight

13
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path with the localizer course, i.e., parallel, converging,

or diverging), as the aircraft approaches the decision

height.

By systematically varying the values assigned to these parameters on any
given run and providing for reasonable variations in flight path control
earlier in the approach, nine cifferent profiles were defined to cover all
of the different flight situations which were of interest in the studv These
profiles wcre defined as indicated in Table 1, by combining three vertical
offset conditions ('"'on', "high', and '"low") with three lateral offset con-
ditions ("'on", "marginai'", and "excessive'') and three tracking vector con-
ditions ('parallel', ''converging'', and ''diverging'). Each of these
combinations defines a different flight situation at the decision height and
may thus be construed as the ''terminal condition" for a given approach,
One of three possible variations in approach history was associated with
each of these terminal conditions: a '"cross-over' flight path defined by
sinusoidal variations around the assigned profile, a consistent tendency to
be either "high" or ''low'' on the glide slope, or a consistent tendency to

be to the "'right' or ''left' of the localizer course.

A tenth profile has been identified in Table 1 as a reminder that the
controlled variations in simulated flight paths called for in profiles P-1
through P-9 were generated only on simulation runs for which the auto-
matic flight control mode was specified. On some runs, manual control
was exercis- 1 on one or more axes and the corresponding flight path
parameters (i.e., vertical offset when pitch axis control is manual,
lateral offset and tracking vectors whe:: control of the roll axis is also

manual) then, of course, assumed whatever values resulted from the

pilot's performance of the control task.

The intended application of the profiles defined in Table 1 in the
study was, as already indicated, to exercise the pilots in judging a

wider range of flight situations than would be the case if only "typical"

17
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Table 1, Definition of Alternative Flight Profiles for Controlled Simulation Sequences,

Profile
Designator
P-1
P-2
P-3
P-4
P-5
P-6
P-7
P-8
P-g
P-10

Terminal Condition

Vertical Lateral  Tracking
Offset Offset Vector
on on parallel
on marginal  diverging
on excessive converging
high on diverging
high marginal  converging
high excessive parallel
low on converging
low marginal  parallel
low excessive diverging

Approach History

Glideslope
Tracking

cross—-over
high

low
cross=over
high

low
cross—-over
high

low

(As attained by manual flignt path control)

Localizer

Track ing

cross-over
left

right

rignt
cross-over
left

left

right

cross—over

or "in-tolerance' runs were simulated. For this reason, excessive

deviations from optimum control system perforinance were deliberately

included without regard to the probability of their actual occurrence in the

operational situation.

The intent was to include some marginal and

excessive offset conditions to provide a more complete sample of situations

to be judged. A systematic procedure was defined for specifying the pro-

file to be followed on each run to ensure that pilots

were exposed to.

similar run patterns and that similar run patterns were used for alternate

experimental conditions.

Controlled Variations in Environmental Conditions

Simulated flight sequences are further defined by variations in the

environmental conditions represented during the run series.

18
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irregularities in terrain elevation approaching the runway, weatner

and runway visibility conditions, the location and characteristics of final
approach marker beacons, the approach and runway lighting system, the
location and operating characteristics of ILS antennas, and runway
characteristics. A brief statement of the more important features and
controlled variations in these conditions which were included in the

simulation sequence is given below:

a. Terrain elevation - controlled variations in terrain elevation

approaching the runway were included in order to provide a more
complete test of the pilot's abilitytoassess relative altitude.

Twc variations in the comparatively level terrain situation repre-
sented by the actual approachto DIA (theprofiledesignated TP-1

in Figure 3) were defined. One of these is characterized by

a sharp drop in terrain elevation on the approach end of the
runway (TP-2 in Figure 3). With this terrain profile, ab-

solute altituade at the decision height would be 140 feet and
"arrival at the decision height", if it were judged by reference

to a radio altimeter without considering the difference between
absolute and relative altitude, would occur quite late in the
approach. The second variation (TP-2 in Figure3d) is
characterized by rising terrain off the approach end of the
runway. With this terrain profile, "arrival at the decision
height'' again judged without explicit consideration of terrain

elevation, would occur early.

b. Weather ceiling and runway visibility - on all runs, the fade-
in of visual cues, representing the penetration of cloud cover

in the vicinity of the runway, occurred within the decision
region, i.e., between the middle marker and the decision
height., To preclude the use of emerging visual cues for
judging relative alticude and to vary the conditions affecting
the landing commitment decision, two variations in runway

visibility were represented by simulating a runway visual
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range (RVR) of 1200 feet on some runs and 1600 feet on others.

Location and characteristics of final approach marker beacons -

an outer marker beacon located 4. 6 nautical miles from the
runway, a middle marker at 0.6 nautical miles, and an
inner marker at 0.2 nautical miles, as shown in Figure 2,
were represented in the simulatior,

Approach and runway lighting system - a visual guidance

system, consisting of configuration "A'" approach lights with
sequenced flashing lights, high intensity runway edge lighting,
touchdown zone lights, and centerline lighting was represented
on the visual flight attachment,

Location and oper=ting characteristics of ILS antennas - a

standard II € installation was represented with the localizer
antenna array located a nominal 1000 feet beyond the far end
of the runway and with the glide slope antenna located 1000 feet
from the runway threshold. In the simulation sequence

the localizer beam was precisely aligned with the designated
localizer course at DIA (006°) and the glide slope was
accurately aligned with a 2, 5° vertical approach path.
Allowable deviations in beam alignment, in accoerdaace with
ICAO standards, were considered in the analysis and inter-
pretation of data, but not included in the simulation,

Runway characteristics - runway elevation, length, and

width were as specified for runway 1R at DIA, i.e., 313 feet
Mean Sez Level (MSL). 11, 500 feet, and 150 feet, respectively.

All weather runway markings were not represented.

21
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Apparatus

The simulation facility used for this study was an Ames Research
Center fixed-base transport simulator equipped with a closed-circuit
color television visual display attachment. The principal components
of the facility and a generalized representation of signal flow are
schematized in Figure 4. The principal components of the facility are:
(1) the crew compartment, (2) visual display system, (3) the analog
computation of aircraft equations of motion and display functions, and
(4) data recording equipment, A brief characterization of the design
features and functional capabilities of each of these components is de-
lineated below. Emphasis has been placed upon the identification of the
means selected for meeting various study requirements rather than
providing a detailed description of the mechanization of simulation
functions,

Crew Compartment

The crew compartment was a conventional transport-type cab
mounted on a stationary raised platform. Two forward facing seats were
installed with a control pedestal in the usual location between the seats,
Functional control columns and rudder pedals were available at both
crew stations, but complete instrumentation was provided only at the
Captain’s station on the left side. The left seat served as the pilot's

station.

Flight instruments and controls available to the pilot were
located as shown on the station configuration drawing (Figure 5). No
attempt was made to reproduce the flight deck configuration for a parti-
cular aircraft type. The requirements of the study were met by providing
the same informat.on as that available in the projected baseline landing
system for the approach and landing tasks and by employing functionally
equivalent displays, i.e., instrumentation that imposes the same kind
of information processing requirements on the pilot. In general, only
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the controls and instrumentation which directly support the selected ex-
perimental tasks were provided. For this reason, complete engine
instrumentation and system status/warning displays were not installed.

Primary flight situation/director information was provided by the
Collins FD-109 Integrated Flight System operating in the approach mode
(mode selector set to GS AUTO) and equipped with expanded scale local-
izer deviation indicator elements. The rising runway (absolute altitude)
indicator was not used in the present study. Display elements of the
Flight Director Indicator (FDI) and Course Indicator (CI), the principal
display units of the FD-109 system, are more clearly represented in
Figure 6. The details of other pilot station flight instruments and con-
trols are also shown in this figure. The characteristics of the pilot
station flight instrumentation are outlined in Table 2.

An experimenter was seated at the station to the right of the
pilot's seat. This position allowed the experimenter to observe the
pilot's behavior during simulator runs and to monitor the flight instru-
ments and external visual display available to the pilot. No controls or
instrumentation were at this location. However, the experimenter was
equipped with a separate TV monitor of the external visual field, and
with a headset and microphone which he used to communicate with both
the pilot and the simulation facility operators via an intercom system.

-

Visual Flight Attachment

The Visual Flight Attachment (VFA) used in the study was designed
and manufactured by General Precision Systems, Ltd., and is comprised
of a moving-belt type terrain model, a closed-circuit TV camera and
optical attachment, a TV projection system, two meoniters equipped with
virtual image lenses, and various rack-mounted control equipment. Op-
eration of the VFA is controlled by signal inputs from the simulation
computer. Relative movements of the camera, optical attachment, and
terrain model associated with X, Y, and Z axes and aircraft attitude pro-
duce changes in the displayed picture. These movements are produced
by electronic servo systems controlled by corresponding drive signals

from the simulation computer.
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Table 2. Characteristics of Pilot-station Flight Instrumentation.
Name Type Lowest
of of Range Scale
Instrument Indication Division
Airspeed........ eeses.s] Scale-pointer 0-800 knots 20 knots
Altimeter.,..... ceronene .| Scale-pointer 0-1000 feet 50 feet
Drum 0-99950 feet 100 feet
Radio Altitude....... ... .| Scale-pointer 0-2500 feet 10 feet
Vertical Speed..... ceesed Scale~pointer 0+30000 fpm 100 fpm
Thrust.....ccceveenees ..| Scale-pointer 0-20000 1bs 1, 000 1lbs
Flap Position s vcveeevee .| Scale-pointer O(up) to 50°(down)ﬂ 10°
Trim....co0eeeeeeees ..d4 Relative Position
Flight Director
a)Pitch Attitude. ...... . | Relative Position | + 90° 5°
b)Roll Attitude......... | Relative Position | 360%

Scale-pointer + 60° 10°
c)Expanded Localizer... | Relative Position | 0+75 pa 75 pa
d)Glide slope peviation . | Relative Position | 0+150 pa 75 pa
e)Minimum Decision Alt,] Light

Course Indicator
a) Heading e0 o s e 000 0t Scale-DOinter 3600 50
b) Course. .....esvvvs..| Drum 360° 1°
c)Course Deviation..... | Relative Position 0+150 pa 75 na
d)Glide slope Deviation .| Relative Position 0+150 pa 75 pa

Touchdown........... .. | Lights

Approach Progress ..... | Lights

Marker Beacon......... | Lights

Landing Gear Position...} Lights

28



servo systems controlled by corresponding drive signals from the simu-
lation computer.

On all runs in this study, the descent to the decision region (between
200 feet and the 100-foot decision height) was conducted with the externalvisual

scene obscuredto representan''in-cloud'’ condition. The fade-in of visual cues
began at a point inthe decisionregionand with the degree of obccuration appro-
priate to the selected runway visual range (RVR) conditions, A RVR of
either 1200 or 1600 feet was selected at the Remote VFA Control Console
prior to each run., Subject-pilots executed the landin, .aaneuver by

reference to the visual display on every run.

Analog Computation

The AD256 and TR48 analog computers were used to furnish the
drive signais for flight instruments and the visual flight attachment. A
DC-8 aircrajt was represented in the aerodynamic simulation and all
aerodynamic control and aircraft configuration effects occurring in routine
approach and landing operations were included. Ground effect was computed.
The computation of earth-referenced flight situation quantities (e.g., flight
path coordinates, ILS deviation, absolute altitude, etc.) was based on the
representation of an approach to the runway 1R at Dulles International Air-
port and on the selected variations in environmental conditions cited earlier.

Basic flight path control computations were driven, as they typically
are in piloted flight simulators, by manual control inputs from the
pilot. In order to generate the controlled variations in the flight profiles,
it was necessary to add an ""automatic' flight path control mode and then to
further modify this operating mode to provide for "split-axis' control.
In the fully automatic mode, values for flight path defining parameters Y
(lateral deviation from the runway centerline extended) and Z (height
above the runway) were programmed on diode function generators as
functions of X (distance from the glide slope intersection with the runway)
for the nine different approach profiles (see Table 1) which were, in turn,
used to control aircraft position. In effect, the computer then acted as
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a controller, Y and Z inputs available from the diode function generators
for a designated profile were cornbined with actual aircraft position
coordinates to generate error signals which were then used to generate
the necessary control inputs for following the selected profile, The

pilot was thus relieved of the manual flight control task, just as he
would be when using the autopilot-ILS coupler in the actual aircraft.

In the split-axis mode, the pilot retained manual control of the
pitch axis while roll axis control was derived from programmed values
of the Y function. When this mode was selected, the vertical component
of the flight path ant associated display functions were governed by manual
control column displacements rather than programmed values of Z, The
automatic and split-axis modes were selected by placing the AFCS MODE
SELECT control in the crew compartment (see Figure 5) in the AUTO
(automatic) or ROLL ONLY (split-axis) positions. Depression of the
AFCS DISENGAGE switch located on the left side of the pilot's control
wheel returned the compvter to the full manual mode, wherein the
computations were again driven by manual control inputs from the pilot.

Automatic control of pilot-selected command airspeeds was also
included in the simulation. When the A/ T selector (Figure 5) was ir. the
ON position, the basic computation of indicated airspeed (V) on the basis
of throttle position and aerodynamic forces was interrupted. A simplified
autothrottle function was then simulated by maintaining V within +5 knots
of the  pilot-selected command airspeed (Vc). Only two command air-
speeds were used in the problem: an initial approach speed of 150 knots
at the beginning of the run and a change to a final approach speed of 135
knots when X was approximately 36, 000 feet, i.e., when the aircraft
was one dot below the glide slope. The airspeed change was commanded
by the pilot using the CMD A/S SELECT control (Figure 5).

Depression of the AFCS DISENGAGE switch also served to terminate
the simulation of the autothrottle function and V was again computed on the
basis of throttle position and aerodynamic factors. To minimize transition
problems when the autothrottle function was terminated, the throttles were

30



positioned, prior to initiation of automatic runs, so that computed V for
conditions at the decision height did not difter excessively from the 135
knot command airspeed.

Flight Instruments

The simulation of the primary flight deck display functions was
a straightforward product of the solution of aerodynamic equations and the
application of computer outputs, via suitable buffering and scaling ampli-
fiers and synchro converters, to the inftruments at the subject's station.
Special mention must be made, however, of the si..ulation of flight
director commands, expanded localizer deviation, radio altitude, and
minimum altitude indications. Flight director pitch and roll commands
were computed by the 562P-1E pitch computer and the 562R-1E roll
computer components of the FD-109 system. Steering commands were
presented via an integrated pitch and roll command bar. Both the steer’ g
commands and the expanded-scale display of localizer deviation available
on the Flight Director Indicator (FLI) were scaled as a function of glide
slope and localizer deviation inputs, A full-scale deflection (one dot)
on the expanded localizer deviation indicator corresponded to a 20 micro-
amp deviation signal from the localizer receiver. The steering computer
was also designed to automatically change the glide slope inpul gain
when activated by a preset radio altitude trip point. The trip point was
set at 200 feet, At this altitude, tne gain for pitch steering commands
was reduced to half ther. minal value over a 7.5 second period.

Radio altitude was aerived in the simulation computer by summing
Z and the programmed values of terrain elevation, The three alternate
approach terrain profiles (see Figure 3) were programmed on diode
function generators as functions of X to represent the variations in this
environmental condition. A minimum decision altitude (MDA) trip signal
was provided by a comparator matching the radio altitude signal with a
preset voltage representing the MDA, i, e,, the vclue which corresponds
to a Z of 100 feet at the Inner Marker. This preset MDA reference value
was different for each of the terrain profiles nsed in the problem,.
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The MDA trip signal was used to illuminate the MDA light on the
Flight Director Indicator. Anothc> MDA trip signal was generated by
conmparing the radio altitude signal to a preset signa. representing an
altitude which was 50 feet higher than the MDA. This second trip signal
was used to initiate an audio tone warning applied to the piiot's head-
set. Onset of the tone thus occurred at 50 feet above the preset altitude,
increased in volume as the aircraft descended, and terminated abruptly
when the MDA trip signal was generated.

Data Recc-ding Equipment

Objective recording of flight situation data and pilot response
events for the subsequent assessment and interpretation of flight manage-
ment cask performance was accomplished by utilizing the SEL 840 Digital
Computer System and two strip chart recorders. In order to record
subject response events, the following controls and/or control design
features were added to the pilot's station (see Figure 5):

1. A momentary contact type pushbutton, labelled RA for
Relative Altitude, was located on the front of the inboard

horn of the control wheel @ A discrete voltage level
change occurred each time this button was depressed.

2. A discrete voltage level change occurred as the AFCS was
disengaged. The AFCS DISENGAGE (AD) button was located
on the inside of the outboard horn of the control whee.

The parameters and events recorded on the strip chart recorders
are identified in Tables 3 and 4. Eight channels of data were
monitored by the SEL 840 Digital Computer System. During the execu-
tion of an experimental run the outputs of the analog-to-digital converters
were sampled to detect flight situation and pilot response events. As
these events occurred the values of selected channels were stored into
computer memory for subsequent error calculation and recording onto
disc storage system. The data monitored by the 840 system are
identified in Table 5.
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At the conclusion of a run sequence, the pilot's estimates were
entered manually into thc computer memory via the ASR-33 teletype
terminal. Error scores based on the pilot's estimates and recorded
data values were then calculated and a run summary printout provided
through the teletype terminal. To prevent loss of information, data
stored on the disc storage system were periodically transferred to
magnetic tape. This magnetic tape was then used at the end of the study
as the source of data for analysis.

Procedure

The study was carried out by having twelve Category II-qualified
airline pilots fly a total of 252 approach and landing sequences in the
simulator for the record. A complete run schedule for each pilot in-
cluded three simulator-familiarization runs, conducted under clear
visibility conditions and with no experimental tasks assigned, to give
them the "feel" of the device and the simulated instrumentation. Six
practice runs were then completed under the conditions appropriate to
the pilot's role in the experiment to allow him to learn the assigned
experimental tasks and to practice landing maneuvers under the 1200-
and 1600-foot RVR conditions. Eight pilots then flew iwenty-seven runs
for record and four flew nine runs as described in the experimental de-
sign section. '

A standardized orientation was given to each pilot. Each pilot
read a booklet (see Appendix B) describing his role in the simulation
exercise, the principal characteristics of the simulation sequence, and
the equipment, and the specific experimental tasks they would be asked
to perform. An Experimenter provided amplifying comments and briefed
the pilots on the procedures to be followed in the simulator. Background
data was taken on the pilots at this time.
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After completing the orientation session, pilots were taken
to the simulator crew compartment and briefed on the location and
operation of all controls and displays they would use during the scheduled
run series. The Experimenter then flew two "talk-through' demonstra-
tion runs to familiarize the pilots with the general sequence of events
and the correct performance of the experimental tasks, The pilot was

then seated and allowed to complete three familiarization runs.

Prior to initiating the practice run series, the simulator was posi-
tioned at the Inner Marker and then placed successively in six different
lateral and vertical offset positions. Visibility was reduced to simulate
1200- and 1600-foot RVR at the other three. Pilots were thereby given a
static demonstration of how the variations in flight path ofiset they would
encounter later in the dynamic sequence would appear under the Category
II visibility conditions represented in the simulation. The simulator was
then repositioned and set-up for initial run conditions and the practice

run series was completed.

Experimental runs were completed in blocks of nine-run series,
as called for by the experimental design. The longest run schedules
required approximately 3 hours to complete, A lunch break was scheduled
after the first hour and pilots were allowed to fly two refresher runs prior
to completing the afternoon schedule. In a debriefing session following the
simulator run series, an open-ended interview was conducted, using a
questionnaire form (see Appendix C). This procedure allowed the pilots
to comment on their experience and io express their opinions regarding
the operational procedures, flight instrumentation and control techniques

represented in the simulation.

Pilots

Fifteen currently active, senior airline pilots participated as sub-
jects in the study. Most of the pilots (9) were flying with Pan American,
4 were with Trans World Airlines, and 2 were with United Airlines. Two
of thece pilots flew the simulator during simulator checkout and procedure

verification exercises and 12 flew for the record. The last pilot was
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Captain R. H. Beck, IFALPA committee chairman for All Weather
Operations and author of many papers on the pilot's role in reduced
minima operations. He was invited to experience the simulation exer-
cise and to critique the study. The contributions of these pilots is hereby
gratefully acknowledged.

All of the 12 pilots who flew for the record were Captains and
had completed their company's training prugram and certification re-
quirements for Category II operations. Four of the pilots were
combany check pilots and training Captains and two were chairmen of
the local ALPA Councils for their airlines. The average pilot was 47
years old and had 16, 425 hours of icizi airline flying; 6, 875 of these hours
were in jet transports. With the exception of three pilots who had served
for many years as Navigators and subsequently ualified as pilots, the
average number years of command pilot experience-represented was

fourteen years.

Experimental Design

The design of the study is best understood as a composite structure
comprised of three separate and distinguishable component experiments
which were all carried out within the context of the same set of simu-
lated approach and landing sequences. Its basic structure, as schematized
earlier in Figure 1, was simply a testing sequence wherein the twelve
pilots were exposed to controlled variations in aircraft behavior and
data was taken on their performance of specified flight management tasks.
All of the runs in this test series were made under the same baseline
conditions of information availability and display, operational procedure,

and control task loading.

The testling sequence can be seen as the first component of the study.
Performance data obtained on elements of the approach success judgment
were interpreted with reference to external criteria of accuracy, time-
liness, appropriateness, etc. For example, the accuracy of lateral offset

judgments was assessed by comparing pilot estimates of this parameter
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value with the "actual' position of the aircraft at selected points in the
simulation sequence, The average magnitude and variability of these
"error' scores, taken on all pilots over all controlled variations in
flight path and environmental conditions, was interpreted with regard to
the practical significance of errors as great as those reflected in the
data and/or the proportion of runs on which errors in judgment were
indicated.

The second component in the composite design was the iterations of
the test series which were carried out in order to examine the effects of
differences in crew procedures and control task loading on flight manage-
ment task performance. This examination called for a statistical assess-
ment of differences in flight management performance under alternative
conditions, Including baseline conditions, three alternate operational
procedures and three alternate control task loadings were distinguished,
as outlined below, to define the levels of these experimental variables.

Operational Procedure:

1, Cross-check - Under this condition, experimental tasks were

initially performed solely by instrument reference. As the
aircraft approached the anticipated breakout altitude, and at
his discretion, the pilot was permitted to look out to see

if the runway or approach lights were visible. .As visual
cues becvome available, the pilot could replace or supple-
ment information obtained by instrument reference with
information from the external visual field. The frequency
and duration of shifts in visual reference were at the

pilot's discretion. Full control authority was retained by
the pilot throughout the approach and landing sequence.

2. Head-down - Under this procedure, the pilot was
instructed to perform assigned experimental tasks solely by
instrument reference all the way to the decision height and

to rely on the Experimenter,acting as First Officer, to

49



Serendipity inc.

monitor external visual conditions. As a matier of disciphue

in operating proceduire, the pjlot Wwas constrained not to

look up for visual cues until he determined that tne aircraft

was at the 100-foot DH. At that time, the pilot was instructed
to assume manual control and execute the landing maneuver

by visual refe.ence,

3. Head-up - Under this procedure, control authority was
assumed to be assigned to the First Officer and the subject-
pilot concerned himself exclusively with managing the approach,
In the operational situation, the First Officer would remain
head down to closely monitor autopilot performance or
exercise manual control, At 200 feet above the runway,
the pilot was therefore free to go head-up and to direct
his full attention to the search for visual cues. Under
this condition, then, all flight path alignment judgments made
in the vicinity of the DH were made strictly by visual reference,
Arrival at the DH was indicated by tone offset and the illu-
mination of the MDA light. When this event occurred, the
pilot disengaged the automatic control system and
completed the landing by external visual reference,

Control Task Loading:

1, Fully Automatic - For this control mode the Automatic Flight

Control System (AFCS) was placed in the AUTO mode to repre-
sent automatic tracking of both the glide slope and localizer

beams. In this mode, the programmed flight profiles governed
the aircraft's flight path (see Table 1 for definition of these

profiles).

2. Split Axis - In this mode, the AFCS was engaged in the roll
axis only and localizer tracking was automatic. Vertical flight
path control (pitch axis) was concurrently exercised manually
by the pilot.
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3. Fully Manual - In this mode, the AFCS was disengaged and
both horizontal and vertical flight path control was manual,

A two-by-three factorial design with repeated measures on one
factor (ref.6, p. 298) was adopted for carrying out this seconi component
of the experiment and also served to establish the detailed pasis for
scheduling pilot exposure to run variations and experimental conditions
for all components of the study. This design is schematized in Figure 7.

FACTOR B
CONTROL TASK LOADING

By By b
Au'f'Fgfl;\%lc) (SPLIT AXIS) (FULLY MANUAL)
Aj GROUP |
GROUP |
(CROSS-CHECK) (h=4) GROUP |
FACTOR A
OPERATIONAL
PROCEDURE Ay  GROUP 2 |
(HEAD - DOWN) (n=4) GROUP 2 GROUP 2
A GROUP 3
3 : : | ( see text for explanation of Group 3 )
(HEAD - UP) | (h=4) '
Y v T Y T - -— —_— ]

Using this design, comparisons between different levels of Factor A
are confounded with differences between groups of pilots. However,

the effects of Factor B and of interactions between A and B are free
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of this confounding and the tests of these effects are more sensitive
than those on the effects of A, The eight pilots required to carry out
this design were randomly assigned to two experimental groups com-
prised of four pilots each, The four pilots in Group 1, using the
"Cross-check'' procedure, completed nine approach and landing sequences
under condition bl’ nine more under condition b2, and, finally, nine
runs under condition b3. Group 2 completed the same run series using
the ""Head-down'' procedure. Four additional pilots were assigned

to a third Group and completed only nine runs under a condition defined
by pairing the ''Head-up'' procedure with the "Fully Automatic' control
mode. In the baseline landing system (with no head-up display) the
"Head-up'" procedure can be used only when the Captain is relieved of
the manual flight control task in both axes, either by the autopilot or the
First Officer; combining this operational procedure with split-axis or
full manual control would, therefore, be meaningless,

The third experiment in the composite design was directed toward
the problem of establishing appropriate lateral offset limits at the 100-foo*
decision height and tn the issue of relating variations in the vertical flight
situation to touchdown performance relative to longitudinal dispersion
limits (Appendix A, pp. A-8 and A-16). As a consequence of exercising
control over the flight paths followed by the simulated aircraft on most
of the runs conducted for purposes of study components one and two,
an examination of toachdown performance associated with a wide range
of terminal conditions (i.e., vertical offset, lateral offset, and tracking
vector at the decision height) was possible, Pilots were instructed to
attempt the landing maneuver on all runs, even those on which terminal
offset conditions were considered excessive., For purposes of the experi-
ment, pilots Wwere further instructed not to compromise on desired
touchdown rate-of-descent in attempts to assure touchdown within estab-
lished longitudinal limits nor to use control techniques that could not be
used routinely under actual Category II flight conditions (e. g., the
"duck-under' maneuver or the use of excessive roil rates and/or bank

angles).
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With respect to the lateral offset limit problem, this third experiment

can be seen as a parametric study of the pilot's ability and willingness

to execute the side-step maneuver from various lateral offset positions
at the decision height,

Schedule of Pilot's Exposure to Run Variations and Experimental Conditions

The twelve pilots available for the simulation study were randomly
assigned to three experimental groups. Membership in a group determine-
the operational procedure to be used by a given pilot on all runs. Group
1 used the '"Cross-check' procedure, Group 2 was ''Head-down', and Group
3 was ""Head-up'. The order in which pilots in Groups 1 and 2 were
exp s d to different levels of Control Task Loading was counterbalanced
so that differences in performance would not be systematically biased by
carry-over effects. These effects include such factors as fatigue and learn-
ing which may occur as earlier runs in a series are completed and "'carry-
over' to affect performance on subsequent runs.

The order of exposure to levels of Factor B was as indicated below
for pilots in both Group 1 and Group 2

First Series Second Series Third Series
b1 b, bg
b3 b, b,
by bs by
by by b3
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Es. . es consisted of nine approach and landing sequences

(runs). Awuweowtically controlle ‘light paths were used under conditions

b 1 and b2 (see Figure 7) and the same pattern of variations in flight pro-
file and environmental conditions was applied on all run series. Variations
in flight path and environmental conditions were combined to define nine
basic run condition alternatives, One of these alternatives was specified
for each run. Definitions for these alternatives, designated Al, A2, A3,...
A9, are given in Table 6 by specifying the approach profile, terrain profile,

and RVR used on a de-ignated rin.

Tabie 6. Definition of Alternative Run Conditions

Alternative Approach Terrain RVR
Designator Profile* Profile** (f.)
A P-1 TP-1 1200
A2 P-2 TP-2 1600
A3 P3 TP=3 1200
A4 P-4 TP-1 1600
AS P-5 TP-2 160v
Ao P-6 TP-3 1200
A7 P-7 TP-1 1200
A8 P-8 TP-2 1600
A9 P-9 TP-3 1200

NOTES: *  Approach profiles are defined in Table 1,
** Terrain profiles are defined in Figuie 4,

To furthe counterbalance carry-over effects and to preclude pilot
detection of .~»runonalities in the flight situations he is exposed to from
run to run, ithe order of pilot exposure to run szlternatives was ran-

domized. A table <. random numbers was used to generate the twelve
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run patterns given in Table 7. Cell entries identify the run condition

alternative, as defined in Table 6, selected for each run in a series of

nine runs. The run pattern adopted for a particular series thus establish

the order in which these zlternatives were presented.

-

Table 7. Random Patterns of Run Alternatives

Pattern Order of Presentation in a Given Series
Designator 1 2 3 4 5 é 7 8 9
A 4 9 6 8 1 5 7 2 3
B 5 6 7 4 8 9 2 3 1
C 8 4 2 5 7 1 3 9 6
D 6 2 4 7 3 1 8 5 9
E 5 3 4 6 2 7 3 9 1
F \ 6 5 1 7 9 2 8 3 4
G 5 7 2 ? 6 8 4 3 1
H 2 4 5 3 9 6 8 7 1
| 8 3 2 4 ? 6 7 1 5
J 2 5 1 6 3 4 7 9 8
K 6 2 5 9 7 1 3 4 8
L 4 5 3 7 6 1 2 9 8

The foregoing considerations were used 1o fully structure the study

in terms of the total number of simulator runs required, pilot assign-

ments to particular run series, and the flight situation to be represented

on each rn.

Each of the eight pilots in Groups 1 and 2 flew 36 runs;
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nine familiarization practice runs and 27 for record. Pilots in Group
3 flew 18 runs; nine preliminary and nine for record. The total num-
ber of runs was thus 360, of which 252 provided the data used in the
analysis and interpretation of results.

Data Recording and Analysis for Assessing
Flight Management Task Performance

The basic structure of the simulation exercise, as indicate.. earlier,
was a straightforward testing sequence designed to determ‘ne how well
the pilots could perform the component tasks of the approach su~cess
judgment under the conditions represented in the simulation. One
subset of these conditions is intended to be taken as the most likely
cor ditions for actual Category II approach and landing operations and is
defined by pairing the "Fully Automatic'' flight control mode with the
"Head-down'' operational procedure. Data taken on simulator runs
carried out under these conditions is therefore used as the basis for
deriving the best estimates of command pilot performance during actual
flight operations.

Thirty six approach and landing sequences were flown under the
nominal Category Il conditions; the frur pilots assigned to this condition
each flew a series of nine runs for the record. Flight situation and
pilot response data were recorded on each run to provide the basis for
deriving criterion measures of flight management task performance
for each component of the approach success judgment. The measures
adopted and their derivation from recorded run data are briefly defined

below,
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Evaluation of Pilot's Ability to Estimate Relative Altitude

The measure selected for this assessiaent was the number of errors
pilots made in estimating their actual heigint above the runway touchdown
zone. Response indicators of pilot estimates of this parameter (Z) wereob-
tained at three points ir the approach: one at 300 feet (designated as e,),
one at 200 feet (designated as eg), and the last one at the 100 root decision
height (designated as e4). When the pilot was confident that the aircraft
was at precisely 700 feet (and later at 200 feet), he depressed and released
the RA (relative altitude) button. When he was co:zfident that the aircraft
was precisely 109 feet above the runway (i.e., at the DH), he depressed
and released the AFCS DISENGAGE (AD) button. Activation of these push-
buttons was ser sed by the 840 computer and the actual value of Z at the time
of these events was determined for subsequent print-out and derivation of
error scores. Activation of the RA and AD buttons was also recorded on the
strip chart recorders and could be compared with corresponding recorde.

values of Z.

The value of Z at the time the pilot depressed the designated
pushbuttons (Zegi ) was recorded and then used to derive error counts.
Since the operational significance of a precise determination of Z increases
as the aircraft approaches the DH, different accuracy limits were used to
define ey, eg3, and ey. At 300 feet an e9 error was counted whenever
Z-Zgy > 50 feet, an eg error was counted whean - Z,gt | D 20 feet,
Z - Zegt. | > 12 feet.

Pilot performance on this component of the approach success judgment is

and at the DH an e, error was counted whenever

reflected in summary statistics on Z,g data and by error ratios formed by
dividing eg, e3 and e4 error counts by the number of runs in a series or

subset of interest.
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Evaluation of Pilot's Ability to Estimate Lateral Offset and Tracking

Vectors

Absolute errors in the pilot's quantitative estimates of the
aircraft's lateral displacement from the extended runway centerline,
taken at the time he depressed the AD button, were the criterion
measures us<d to evaluate lateral offset judgments. Errors in the
pilot's qualitative estimates of aircraft tracking tendencies at the
same point in the approach were used to assess the tracking judgment.
Pilots were instructed to report quantitative estimates of the aircraft's
lateral offset from the extended runway centerline (Y) verbally, via the
intercom system, and these estimates were recorded, as reported, by
the experimenter. After subsequent entry into the 840 computer Y
estimates were compared with actual values of Y at the time the
depressed the AD button in order to derive the error measures. On
""Fuily Manual'' runs, the same data was obtained from values of Y
recorded when the computer sensed the pilot's depresasion of the RA
button in the vicinity of the 100 foot DH.

At the time pilots reported Y estimates at the DH, they included
in their transmission a qualitative estimate of the alignment of the air-
craft's direction of flight over the ground with the extended runway center-
line. Pilots were instructed to report '..... tracking ON (or PARAL-
LEL)", when no significant misalignment was perceived; "..... track

DIVERGING'', when the aircraft was judged to be moving away from
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the acsired track; or "..... track CONVERGING'", when the aircraft

was judged to be moving toward the desired track.

Error measures, designated as ey errors, for pilot estimates

of lateral offset are based on the absolute value of the difference between

the actual value of Y and the pilot's Y estimates; ane

counted whenever

Y-Y

est.

Vi error was

| ) 25 feet. Subject performance on this

component of the approach success judgment is thus reflected in sum-
)

mary statistics on IY -Y

est. l

data and by error ratios formed by

dividing e, error counts by the total number of runs in a designated

series or subset.

Pilot errors in judging the aircraft's tracking tendencies

were determi .ed by comparing his verbal qualitative estimates, which

were recorded on the experimenter's data sheet, with cross-track

velocities (Y) recorded at the time these estimates were made, i.e.,

when the AL button was depressed. Errors, designated as eg, Were

counted in accordance with the following "accuracy' matrix:

Ervy-

0.

When the subjects report was: And the recorded value of Y was:
= 4 fps > 4 fps
"ON" or "PARALLEL" no error 39 error
"DIVEkGING" eg error no error*
"CONVERGING" e9 error no error*

*|f direction is correct; i.e., away from track when DIVERGING
is reported, toward track when CONVERGING is reported.

= for 2_ errors were used to represent pilot performance

9

L t of the approach success judgment.
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Evaluation of Pilot's Ability to Predict Approach Success

This assessment was concerned with the pilot's ability to extra-
polate his ongoing determination of the airecraft's flight path to the terminal
conditions of the approach. It was included as a general test of the extent
to which baseline flight instrumentation enabled the pilot to accurately
judge whether or not he would arrive at the DH within specified flight path
offset limits.

The measure selected for this test was the number of errors pilots
made in predicting that the aircraft would be within or outside prescribed
offset limits on arrival at the DH. Pilots were instructed to attempt
this prediction just after making their first estimate of height above
touchdown at 300 feet. The prediction was given verbally, using the
intercom system, and reflected the pilot's go/no-go judgment that the
aircraft would be within 50 feet of the extended runway centerline and not

" more than 12 feet above or below the 100-foot DH on arrival at the Inner
Marker. This report was recorded by the Experimenter and relayed to

the data monitor who subsequently entered the data into the 840 Data Ac-
quisition System. Errors, designated e errors, were counted whenever
a ""Within' prediction was reported and actual offsets exceeded either of
the limits or when an ''Outside' report was given and actual offsets were
within both limits.
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Data Treatment for Assessing the Effects of

Operational Procedure and Control Task Loading

Summary statistics on the measures of ilight management task
performance under alternative operaiiorai pe- cedures and control task
loading were also derived for contrast with those obtained under the more
representative operational conditions, In addition, the joint and separate
effects of the variations in Operational Procedure (Factor A) and Control
Task Loading (Factor B) were examined by analysis of variance techniques.
The structural model underlying the basic factorial design and the corres-
ponding computational procedures used for the analysis are discussed
in Winer (ref, 6 , p. 298). Wnen the variance analysis indicated signifi-
cant overall effects for one or both of these variables, the Newman-Keuls
method (ref. 6, p. 80) was used to test the differe-.ces between particular

levels of the two factors.

Contrasts between performance under the ''Head-up'' condition and
the conditions included in the basic factorial arrangement were carried
out by using appropriate t tests (ref. 6, p. 24). The performance of the
4 pilots assigned to Group 3 could be contrasted with that of 4 different
p iloté in Groun 1 or 2 under the treatment combinations of interest,

In addition to certain of the measures already identified for com-
ponents of the approach success judgment, a composite measure of the
overall quality of piiot performance was defined for the examination
of the effects of alternative procedures and control task loading. This
measure was a weighted sum of the e, €35, €y, €5, €, and eg errors
defined in the preceding section. The differential weighting of these
error scores reflects the operational importance attributed to the
corresponding judgments,

Errors in estimating relative altitude (e4) and lateral offset (e7)
at the decision height were considered most critical and were assigned a

weighting value of 3. Errors in judging tracking vectors at the decision
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height (eg) and in estimating relative altitude at 200 feet (e3) were con-
sidered somewhat less critical and were assigned a value of 2. The
remaining error types included the relative altitude estimate made
earlier in the approach (e2) and the decision height prediction (e5).
These errors are considered to be comparatively less critical and

were assigned a weighting value of 1.

Data Treatment for Evaluating the Effects of
Flight Path Offset at the Decision Height (DH) on Landing Performance

This assessment was concerned with the pilot's willingness and
ability to execute the landing maneuver from various flight path offset
positions and tracking vectors at the DH, By combining 3 lateral off-
set situations with 2 tracking conditions and- 3 vertical offsets, 18
different terminal situations were defined and touchdown performance
was considered for each of these DH situations. The pilot's willing-
ness to complete the landing maneuver from each of the DH situations
was indicated by his verbal report, recorded by the Experimenter, of
his acceptance of the offset and tracking situation actually encountered
at the DH on each run, Since the pilots were instructed to attempt a
landing out of each approach, their ability to effect a successful touch-
down was determined for each of the terminal -:onditions of interest by
obtaining data on touchdown position and velocities.

The measures selected for assessing touchdown performance were
lateral touchdown position (Y), longitudinal touchdown position (X),
vertical velocity (1:1), and cross-track velocity (Y) at touchdown. FAA
touchdown dispersion limits (ref. ) were used to assess recorded
touchdown positions., Lateral displacement was considered excessive
whenever the recorded value of Y was greater than +27 feet. Touchdown
along the runway was acceptable only when the recorded value of X at
touchdow.: was within +1000 and -1500 feet. Since X=0 occurs at the
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glideslope intersection with the runway (GSX), the actual runway threshold
is defined by X = 1,000 feet. A touchdown at greater positive values of X
would therefore constitute a short landing. An X value of -2, 000 feet
corresponds to the end of the 3,000-foot touchdown zone, Assuming a
restruction in the pilot's forward visibility of "pproximately 25 feet in
front of the aircraft when it is in the landing attitude, a main gear touch-
down at or before the point X = -1, 500 feet was required to stay within
longitudinal tc \chdown dispersion limits. These limits would assure a
main gear touchdown point that will enable the pilot ".... to see at least
four bars (on 100-foot centers) of the 3,000-foot touchdown zone lights at
touchdown'' (ref. 7). These dispersion limits are illustrated in Figure 8.

Threshold (X=1000") GSX (X=0') r— End of Touchdown Zone
£ # (X=-2000')

SV WS ¥ 2 1 A PP Y A A

(Feet from Threshold)

=2~ Longitudinal Dispersion Limits -
(0 < X < 2750')

Figure 8. Touchdown Dispersion Limits Used to Assess Landing Performance.

Criterion values used for assessing touchdown velocities were six
feet per second for h and eight feet per secnnd for Y. Lardings were con-
sidered to be completely successful only when recorded touchdown velocities

were k2low these values.

Ut
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RESULTS AND LISCUSSION

Data reflecting pilot performance on the assigned experimental
tasks are presented in this section, Analyses of the effects of control
task loading and operational procedure on flight management task per-
formance and data reflecting the pilot willingness and ability to
execute the landing maneuver from various flight path offset situations
at the decigion height are also reported here. The presentation of these
data is structured by the specific issues and questions raised in the
analysis underlying the simulation study.

Each of these issues will be briefly restated and a summary statement
of the study resulis pertinent to that issue is given, Supporting data is
then cited and discussed in terms of its relevance to the issues of interest
and of its statistical and practical significance. A complete record of
error scores, pilot estimates of specified flight situation parameters,
and the recorded values of these parameters at key peints in the approach
and landing sequence is presented in Appendix D,

Flght Management Tagk Performance

The general intent of the simulation study was to exercise appro-
priatelv qualified pilots in the performance of selecied approach
agsessment tasks under nominal Category II operating conditions and to
obtain data on how well they are supporied in the performance of these
tasks by the information availability and flight deck display characteristics
assumed for the baseline low visibility landing system (LVLS), Data
recorded auring the gsimulator runs provides an estimate of the number and

type of errors in pilot judgment which may be expected to occur in aciual
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flight operations under the conditions represent: d,

Operationally significant errors occurred on more than a third
of these runs in the present study. With respect to the support provided
.0 the command pilot for flight management activities, this general
finding indicates inadequacies in the LVLS design features and/or opera-
tional procedures assumed in the underlying analysis. A breakdown of
pilot task performance data for specific elements of the approach
success judgment follows,

Pilot Estimates of Height Above Touchdown

The analysis underlying the study questioned the pilot's ability to
accurately estimate relative altitude, i.e., the aircrart's height relative
to the intended touchdown point on the runway, as the aircraft approaches
the authorized minimum decision altitude (Appendix *, p. A-4), Irregu-
larities in terrain elevation approaching the runway were cited as a major
factor in the dfficulties anticipated for the pilot in judging his arrival
at the 100 foot cecision height (DH).

Data taken under the most representative operational conditions
included in the simulation indicate that significant errors in judging
arrival at the DH will occur on 36% of the approaches. Variations in
terrain profile were found to have 1 significant adver-e effect on these
judgments. When irregularitiec in terrain elevations approaching
the runway were represented in tue simulator, errors in judging a) ~ival
at the DH occurred on more than half of the runs.

Summary ‘Jata on pilot est:mates of height avove touchdown
(HAT) for the major variations in operational conditions representec in
the simulator are presented i. Table 8., As indicated earlier, the "Fully
Automatic' control mode paired with ine '""Head Dowrn'" procedure is consi-
dered to be most representative of operational conditiors. Data taken
on the 36 runs under these conditions (colimn 2) may thus oe interprete i
as the best estimators of pilot performance in the cperational situation,
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It is of interest to note thatpilot performance under these conditions

was consistently better than under any alternative condition.

Meanpilot estimates of HAT, in .aost instances, were quite close
to the actual values at all three altitudes. The variability of these estimates,
however, is very high, as indicated by the corresponding standard deviations.
Error ratios (E/R) are reported in Table 8 to provide an indication of the
operational significance of this variability in pilot performance. These
ratios wer2 formed by dividing the error count for a specified run series by
the tot=! number of runs (a run is one approach and landing sequence in the

simulator).

At 300 feet an error was counted when the pilot's estimate was not
within 50 feet of this value. In almost al! instances, the variability in 300~
foot =stimates was within these limits. As the aircraft approaches the deci-
sion height, more accurate judgments are required; at 200 feet a one-dot
deflection on the glideslope deviation indicator represents 28 feet above or
below the glideslope and at the 100foot decision height the one-dot displace-
ment is only 14 feet. Accordingly, errors in the 200-foot estimate were
counted when estimates were more than 20 feet off and errors in estimating
the 10000t point were counted when estimates were more than 12 feet off.
Further justification for adopting the 124oot accuracy limits for the DH judg-
. ment is provided by the FAA requirement that glideslope tracking be accompli_hed

"... to within +35 microamperes or +12 feet, whichever is larger" ( ref. 7)

The effect of varying approach terrain elevation profiles on HAT estimates
at the DH is shown in Table 9 (see the Method section for a definition of the
terrain profiles). Data from 210 simulator runs were reorganized to separate
runs on the basgis of the terrain profile represented. The slight departure
from the experimental plan, which called for 72 runs under each terrain pro-
file, is due to missing data. On six of the fully manual runs, pilots forgot
to indicate arrival at the 100<€oot point. Variability in pilots and other run

conditions was the same for the three sets of data summarized in Table 9,
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Table 9. Effect of Approach Terrain Elevations on Pilot Judgments of Arrival
at the 100-Foot Decision Height,

Measure Low Level High
¥

Mean P estimate - feet 108 98 114

(Number of observations) (69) (70) (71)

Standard deviation 27 1" 20

Total errors 4] 12 K74

Error ratio 99 A7 92

It is clear from the summary data that, in contrast with the ''Level"
profile, both the variability of pilot estimates and the number of significant
errors increased when either the "High'" or the '"Low" profile was represented.
An analysis of variance, based cn a rearrangement of the data in accordance
with a single factor design with repeated measures (ref. 6, p. 105), shows
the effect of differences in terrain profile on the error ratios to be significant

when a is set at ., 01. A summary of this .nalysis is presented in Table 10.

Table 10, Analysis of Variance for Terrain Profile Effects,

Source of Variation of MS F
Between pilots 7
Within pilots 16
Terrain profile 2 425 10,89**
Residual 14 .039
Total | 23

% F
.99 (2, 14) = 6. 51
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A test of the differences between error ratios for the three terrain
profiles, using the Newman-Keuls method (ref. 6, p  80), indicates that
error ratios for both the "Low'" and "High" profiles differ significantly from
those for the '"'Level" profile ( « = 01). Differences between error, ratios

for the "Low' and "High" profiles are not significant.

Summary data preser.ed in Toble 8 for alternative run conditions
reflects higher error ratios and thus provides further support for the
assertion that difficulties may be expected in judging relative altitude.
Variations in operational procedure do not affect the estimates made prior
to the emergence of visual cues at 300 and 200 feet. The increased task
loading in going from '"Fully Automatic' runs to the manual control modes
was expected to increase error scores or variability in HAT estimates, but
the data do not support this contention. An analysis of variance on error
ratio data, arranged in a 2 x 3 factorial design with repeated measures
(ref. 6, p.302) revealed no significant effects of either control mode,
operational procedures, or the interaction of these two variables on the

critical estimate of arrival at the DH.

Based on the data obtained in the simulator, pilot estimates of rela-
tive altitude can be expected to be highly variable (and therefore unreliable)
and to be adversely affected to a marked degree by variations in approach
terrain elevations. In the debriefing session following the simulation exercise,
pilots identified the information sources for their HAT estimates. Six
of the twelve pilots used both the Barometric and Radio altimeter for the
300-foot estimate, five pilots reported exclusive use of the Radio Altimeter,
and one pilot relied solely on the Barometric instrument. At 200 feet, less
use of the Barometric Altimeter was reported. At the DH all twelve pilots
used the Radio Altimeter. Six used this instrument exclusively, five used
it together with the auditory tone, and one used it in conjunction with the
Barometric Altimeter. It is interesting to note that none of the pilots re-
ported \ sing the Minimum Decision Altitude (MDA) light located on the
Flight Director Indicator.
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Inspection of the error scores for individual pilots revealed no
systemati- differences which might be attributal to the information
source used. Consistent use of either the auditory tone or MDA light
should have minimized the effects of variations in terrain profile, but
there was no indication of this in the data. Consideration was given to the
possible effects of delayed pilot reaction times on HAT estimates,.
However, this factor would tend to produce pilot estimates which
were lower than the altitudes being judged and the mean pilot estimates

reported in Table 8, with only three ex< .tions, are consistantly higher
than the target values. Reaction time is therefore dismissed as a
biasing factor.

Responses to the debriefing questionnaire show that only two of
the tweleve pilots found the use of the pushbutton to be awkward or
or limiting for indicating HAT estimates. Four pilots rzported some
awkwardress on the first few runs but no problems thereafter and the
rest reported no difficuities with this procedure.

Pilot Estimates of Flight Path Alignment and Tracking

As the aircraft approaches the DH, the command pilot must be able
to determine that its flight path is within specified lateral offset limits
from the extended runway centerline and that it is tracking so as to remain
within these limits. The component judgments of estimating lateral
oofset and tracking vectors, by reference to either flight instruments or
external visual reference, were considered suspect in the background
analysis of flight management task performance (Appendix A, p. A-11).
Current trends in Category II training and equipment procurement suggest
that qualitative indications of localizer deviation will be relied upon for
assessing flight path alignment until visual cues fade-in and can be used
for a final determinaiion of cross-track position and tracking tendencies.

Seventy-eight percent of the pilot estimates of lateral offset, based
strictly on instrument reference, were within 25 feet of the aircraft's
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actual cross-track position. It is interesting to note that when these
estimates were made by external visual reference, only 56% were within
this same accuracy limit. This finding suggests that external visual
reference under Category II visibility conditions is not an adequate
information source for "confirming' flight path alignment judgments
made earlier in the approach by instrument reference.

The assessment of aircraft tracking tendencies was more
accurate by visual reference. On instruments, errors in judging
tracking vectors occurred on 47% of the simulator runs; when the
tracking judgment was made by visual reference this error rate dropped
to 31%. Apparently, the visual cues provide a better basis for detecting
rate and direction of movement, even under degraded visibility cond.tions,
than the flight situation instruments.

Summary data on the accuracy of flight path alignment and tracking
judgments is presented in Table 11, Error measures are derived from
the differences between pilot estimates of flight path alignment at
the DH and the recorded values of cross-track position (Y) and drift (Y)
at that point in the approach. Arrival at the DH was indicated by the
pilots by depressing either the AD or RA pushbutton on the control wheel
(see Method section) and both the pilot estimates and recorded values

of Y and S.{ were ref erenced to this event,

On the average, pilot estimates of lateral offset were within
about 20 feet of the actual cross-track position. Again, the variability
of pilot estimates was high; at one standard deviation the magnitude of
estimate errors is about twice as high as the mean. The actual cross-track
positions judged by the pilots ranged from 0 to more than 150 feet, though
on most runs they were less than 50 feet, Errors in judging the more
divergent flight paths were clearly larger, as indicated in Figure 9,
These errors in judging the less critical offset positions tend to slightly
inflate the error measures reported in Table 11,but their effect is the

same across all experimental conditions.
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Mean Error in S Estimates of Lateral Offset (Feet)

Serendipity inc.

40 A (n = 31)
30 =
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Recorded Value of Aircraft Cross~Track Position (Feet)

Figure 9. Errors in Judging Lateral Offset for Various
. Aircraft Cross-Track Positions at the Decision Height

Mean estimate errors for the "Head-up'' condition (judgments made
solely by external visual reference) appear to be considerably higher than
those obtained under the nominal "Head-down'' condition (judgments made
by instrument reference), but the difference is not statistically significant
[based on the two data sets, t2 = 3.37 and F:95 (1,6) = 5. 99], However,
when the two conditions are contrasted, using the error ratio for lateral
offset judgments as the criterion measure, the increase in errors under
the "Head-up'' condition is significant with « set at .05[t2 =12.25, Fgg (1,6)
= 5, 99]. This contrast between ""Head-up'' versus '"Head-down'' procedures
was based on data taken under the same ''Fully Automatic' control mode
and with similar patterns of variation in run conditions operating during
the two run series. An analysis of variance on error ratio data for the
lateral offset estimate, as indicated in Table 11 disclosed no significant

effects of either control mode, operational procedure, or taeir interaction.
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Errors in judging the aircraft's tracking tendencies occurred on
about 40% of the simulator approaches. The error ratios presented in
Table 11 for this judgment were based on discrepancies between
pilot reports of aircraft movement relative to the runway centerline (i.e.,
parallel, converging, or diverging) and the recorded values of Y and Y (see
Method section). An analysis of variance on these data, arranged in a
2 x 3 factorial design, disclosed a significant interaction in the effects of
Control Mode and Operational Procedurc on tracking judgments. Summary
data on pilot performance under cach combination of these two variables
is presented in Table 12, The cell entries in this table are summations of
error counts for the 26 runs (30 for one combination due to missing data)

carried out under each treatment combination.

Table 12, Number of Pilot Errors in Judging Tracking Tendencies for 3ix Combina-
tions of Control Mode and Operational Procedure,

Operational Control Mode

Procedure: Automatic Split-axis Manual
Cross-check 8 15 14 (n = 30)
Head-down 17 21 11

When the error counte shown in Table 12 areconverted to ratios, a
consistent tendency for errors to increase asthe Control Mode varies from
"Automatic' to ""Manual" is apparent, except for the pairing of the '"Head-
down'' procedure with the "Manual" mode. This trend and the indicated
reversal accounts for the significant interaction effects found in the analy-
sis of variance. A subsequent test of the simple effects of the two variables
(e.g., the effect of alternative Control Modes when only one Operational Pro-
cedure is considered at a time) indicated that differences in the effects of

Control Mode are significant with a set at .01, The effect of differences in
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Overational Procedure was significant at the .05 level for the ''Automatic"
control mode, but not significant for either 'Split-axis' of '"Manual" modes.

The overali anaiysis is summarized in Table 13.

Table 13, Analysis of Variance for the Effects of Control Mode and Operational
Procedure on Pilot Tracking Judgments,

Source of Variation df MS F
Between Pilots 7
A (Operational Procedure) 1 ,031 -
Subjects within groups 6 -0432
Within Pilots 16
B (Control Mode) 2 , 0605 4:42
AB (Interaction) 2 .096 7.01%*
B x Pilots within groups 12 0137

Simple Effects:

A for b, (Automatic Mode) ] 122 5.19*

A for b2 (Split-axis Mode) 1 .04 1.70 (NS)
A for b3 (Manua! Mode) 1 .06 2,55 (NS)
Within Cell 18 . 0235

B for a) (Cross-check Procedure) 2 97 70, 8*

B for a, (Heod-down Procedure) 2 .58 42, 3+

B x Pilots within groups 12 137

NOTES: *  Foc(l,18) = 4.41
" Foo(2,12) = 6,93

"

68



Serendipity inc.

In summary, then, the forégoing analysis shows that subject per-
formance in judging aircrait tracking tendencies was degraded when
manual flight control war required, particularlyv in the split-axis mode,
and, further, that when flight control was automatic the number of errors
in judging tracking strictly by instrument reference (Head-down) was
significantly higher than those made when cross-checking of visual cues
was permitted. An appr: 2nt reversal of this finding occurred for the
"Head-down'' condition when full manual control was exercised. Under
this treatment combination, tracking judgments were correct more often
than when lateral flight path control was automatic. The fact that the
pilots were 2ctually controlling aircraft tracking tendencies apparently
had a positive etfect on their ‘udgments of this sitvation,

A cursory look at the effects of runway visual range (RVR) on the
lateral offset and tracking judgment indicates that there is no significant
difference in performance under the two visibility conditions. Data taken
on the 36 runs under '"Head-up'' conditions are summarized in Table 14,

Table 14

Accuracy of Lateral Offset and Tracking Estimates
for 1200 Feet and 1600 Feet RVR Conditions

RVR
Measure: 1200 feet 1600 feet
- Mean error is P's estimates of 30 29
lateral offset in feet
(n) (20) (16)
- Stand~rd deviation 28 23
- .otal lateral offset estimate 9 7
errors
- Error ratio .45 .44
- Total tracking judgment 5 6
errors
- Error ratio .25 .37
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In the debriefing sessions, half of the pilots stated that the
cross-track position estimate was the most difficult judgment they were
asked to make, Two others identified the tracking judgment to be the
most difficult. Only two pilots felt that their cross-track position
estimates were "highly accurate (within 25 feet)". Four felt they were
"somewhat uncertain" about their estimatec und one pilot was "highly
uncertain -- wouldn't rely on tnem". The rest (five) felt they were
... close enough (within 50 feet)''. It is interesting to note that one
of the most confident pilots actually was "highly accurate" - his
averag-. estiinate was within 12 feet of the value being judged and the
variance of his estimates wes the lowest achieved (the standard deviation

was 11,2 feet).

Both the objective task performance data and the subjective reports
thus support the contention that difficulties can be expected in judging
flight path alignment and tracking. All pilots except those specifi-
cally instructed to make this judgment by external visual reference
reported that the expanded localizer indicator on the Flight Director Indicator
(FDI) was used as the information source. It should be noted that identifiable
localizer errors -- such as alignment with the runway cexterline, airborne
centering errors, and course bends -- were not represented in the simula-
tion. An analysis of just those localizer errors which are within current
(1967) International Civil Aircraft Organization (ICAO) standards for Category
II ILS has shown that root sum of square (RSS) localizer errors at the DH can
accumulate to about 55 feet on a three-sigma basis (ref. 8). Errors of this
kind must be added on an RSS basis, to errors in pilot estimates when these
judgments are made by reference to ILS-derived instruments such as the
expanded localizer indicator.
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Pilot's Ability to Predict Approach Success

This component of the approach success judgment was concerned with
the pilot's ability to effectively "'stay-ahead" of the aircraft and is only
indirectly related to the issues raised in Appendix A. It was considered
to be of some interest to determine how accurately pilots could
anticipate their flight situation at the DH by monitoring the ongoing flight
path offsets and tracking tendencies. At 300 feetabove the runway, just after
making the relative altitude judgment, pilots. were instructed to report
their predictions regarding the outcome of the approach in terms of
lateral offset limits,

The accuracy of these predictions is shown in Table 15. _Since ‘the
predictions were made prior to the fadc-in of visual cues, differences in
Operational Procedure are not relevant here; all of the predictions were
made "Head-down', i.e., by instrument reference, Pilots were
instructed to report ""Within" if they were confident that the aircraft
would arrive at the DH within +50 feetof the extended runway centerline or
"Outside' if they felt that these limits would be exceeded. The error
counts presented in Table 15 were based on discrepancies between
pilot reports and the actual cross-track position of the aircraft at the
100 foot DH.

Table 15

Accuracy of Pilot Predictions of
Approach Success by Control Mode

Control Mode
Measure: Fully Fully
Automatic Split Axis Manual All
- Total errors 50 38 42 130
(n) (108) (72) (66) (246)
- Error ratio .46 54 .64 .53

It is clear from the error ratios in Table 15 that the accuracy of
pilot predictions c. approach success is no better than chance and possibly
not as good. It might be argued that the programmed flight profiles used
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on Automatic runs in the simulator were unrealisticaily unpredictable,

but the data summarized in Table 15 contradict this notion. Error ratios

for the ""Fully Manual” runs are clearly higher than those obtained on

either the "Fully Automatic' or "Split-axis" runs. An analysis of variance,
using only the data on the eight pilots who flew all three conditions, indicated
that Control Mode was not a signiticant factor for approach success pre-
dictions (F<1).

Much of the error in predicting approach success can be attributed
to a "positive" or "accepting" bias which was noted in the pilot's pre-
dictions. A marked preference for reporting that the flight path would
be within specified offset limits at the DH was apparent, even when the
aircraft's actual lateral offset was excessive and/or tracking tendencies
were diverging. Pilots predicted "Within" on 209 of the 252 experimental
runs (23%). Only 65% of these runs were actually within the 50 feet offset
limits at the DH,

Effect of Control Task Loading and Operational
Procedure on Flight Management Task Performance

Nominal Category II conditions represented in the simuiation
called for the flight control function to be fully automatic, leaving the
pilot free to devote all of his time and attention to the flight management
task. In addition, pilots were instructed to adopt a procedure wherein
all component estimates of the approach success judg:nent were made
strictly by instrument reference, i.e., the ''Head-down'" procedure.

In order to assess the effects of alternative control task loadings and
operating procedures, additional data on flight management task per-
formance were obtained under seven combinations of Control Mode and
Operational Procedure (see Method section).

The effects of these two factors on specified components of tne
approach success judgment have already been represented in preceding
sections, To further explore their effect, a composite index of the
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overall quality of the approzch success judgment was adopted as a criterion
measure. This measure is a weighted summation of error counts derived
from performanc~ on each component of the approach success judgment
(see Methed s¢ ~tion) and can range from 0, when no errors are countrd

for a given run, to a high of 12 per ruvn when all possible errors occur.

Mean error counts per run, using this composite measure, are
presented . Table 16 for each of the seven combinations of the two factors.
The e :pected impairment in performance as control task loading increases
in the more .nanual modes is evident for the "Head-down" procedure, but
.his trend is reversed when the ""Cross-check' procedure is considered.
The overall quality of flight manage.nent task performance appears to be
best when .he ""Head-up'' procedure is paired with the "Fully Automatic"
control mode, However, errors in juZging arrival at the DH are not
reflected in the composite measure for this condition. It will be recalled
that pilots in the "Head-up' group were not required to make the
relative altitude jndgment at the DH by external visual reference,

Table 16

Effect of Control Mode and Operational Procedure on a
Composite Measure of the Pilot Accuracy of Approach Success Judgments

Control Mode:

1 Fully : Across
Operational Procedure: | Automatic Split-axis | Fully Manual | Ceatrol Modes
Cross=-check 4.42 431 3.81 4,17
| (n = 36) (n = 36) (n = 36) ‘a =108)
Head-down ; 3.53 4,12 4,89 4,18
I (h=36) (n = 36) (n = 36) (n=108)
Head-up f 2,94 NA NA 2,94
Across Procedures

* Cell entries are mecn composite error scores - see text,
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With the data on six combinations (''Head-up'' data excluded) arranged
in a 2 x 3 factorial design with repeated measures ( ref. 6,p. 302), no
significant differences in error counts were indicated by analysis of
variance in either the main effects of the two factors or their interaction.
A comparison of all mean error counts with the nominal coundition
("Head-down'' - "Fully Automatic") taken as a control (ref. 6, p. 89),
also disclosed no significant differences (the largest t statistic computed
was 2, 51; Dunnett's t. 975(12) = 3.10). The data thus indicate that the
overall quality of the approach success judgment is the same under all
of the combinations of Control Mode and Operational Procedure which
were examined in the study.

The earlier analyses of component flight management tasks suggest
that only the flight path alignment estimates made at the DH were
differentially affected by variations in Control Mode and Operational
Procedure. No consistent trend in the effects of these variables is
evident in the data, however, and the specific influence of increasing control

task loading and/or varying in formation sources remains unclear,

Effects of Flight Path Offset at the DH on the

Success of the Landing Maneuver

In order to assess pilot performance on flight management tasks,
a wide range of flight path offset and tracking situations at the DH were
programmed for the simulateu approach sequences., Displacements
from the glide slope and localizer also occurred when manual flight
path control was e¢xercised. Landing performance from a variety of
known offset and iracking conditions could thus be examined in an attempt
to clarify the problem of establishing appropriate criteria for defining
a successful approach (Appendix A, p. A-8)

The initial criterion measure adopted for assessing the effect of
flight path offset on landing performance was the probability or proportion
of completely successful touchdowns (Pg). A completely successful
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touchdown was one that satisfied the following criteria:

1. Lateral displacement from the runway centerline was within
127 feet,

2. Touchdown along the runway eccurred between the threshold
and a point located 2500 feet down the runway,

3. Touchdown rate-of-descent was 6 ft, /sec. or less, and
4.  Cross-track velocity at touchdown was 8 fi, [sec. or less.

For the landings attempted under the simulated Category II conditions
in the present study, these criteria proved to be exceedingly difficult
to satisfy. Even when flight path offsets at the initiation of the landing
maneuver were at minimum values (less than 25 feet laterally and within
12 feet of the prescribed 100-foot decision altitude) and the eircraft's track
was parallel or converging, only 6% of the touchdowns were completely
successful. Excessive rate-of-descent at touchdown disqualified most
of the landings; the mean value for this parameter over all landing attempts
(n = 233) was 11, 2 ft. /sec. However, lateral displacement from the
runway centerline was also excessive in many instances and the dispersion

of touchdown points was high,

A more complete picture of the touchdown performance data for
various lateral offset conditions at the DH is provided in Figure 10. In
order to provide a clearer indication of the effects of lateral offset, the
data summarized in Figure 10 are based only on runs for which the aircraft's
tracking vector at the DH was aligned with the runway or converging.
Diverging tracks at this point in the approach were expected to degrade
touchdown performance and were omitted from this first inspection of
the data.

Mean touchdown positions along the runway are well within the
2500-foot limit for each of the five lateral offset situations and are all
near the expected value of 1000 feet, Seven of the 158 landings repre-
sented in Figure 10 wereshort of the runway; the distribution of these
short touchdowns over the five offset conditions is 4, 1, 0, 1, 1, Orly
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four touchdowns exceeded the 2500 foot limit and were evenly distributed
over the last four offset conditions. For the most part, then, the second
criterion fcr successful landings was easily satisfied. However, the
excessive touchdown vertical velocities may have been the price paid

for landing within the touchdown zone,

With respect to lateral displacement from the runway centerline,
mean touchdown positions were near or within the criterion values
only when lateral cffsets at the DH were 50 feet or less. When the
aircraft was more than 100 feet from the approach course, 8 of the 19
landings were clearly off the edge of the runway. In an analysis of
usable runway width, allowing for landing gear width restrictions and
moderate crab angles at touchdown, the amount of runway actually
available for landing a large jet transport was shown to be about +45 feet
from the centerline of a 150-foot runway (ref, 8). Eleven of the 12 landings
from the widest DH offset position exceeded this offset limit,

Although the trends in the lateral touchdown position data plotted in
Figure 10 clearly indicate that limits on allowable lateral offset at the
DH should be set no wider than +50 feet, the excessive variability around
the data points precludes any straightforward generalizations. On a one
standard deviation basis, touchdowns as far as 73 feet from the centerline
could occur from minimum offset positions at the DH. Twelve of the 66
landings attempted from DH offset positions of 25 feet or less (18%) resulted
in touchdowns that exceeded limits on useful runway width (+45 feet),

It is aiso clear from Figure 10that touchdown rate-of-descent
and cross-track velocity was excessive on an unacceptably high propor-
tion of the landing attempts under all of the flight path offset conditions
considered, Average touchdown rates-of-descent recorded in earlier
studies, using the same simulator and piiots of comparable
experience, were about 4 ft, /sec. (ref. 9). In these earlier studies, however,
f'ight control was fully manual throughout the approach and landing and
degraded visibility conditions were not represented in the simulation,

There is an interesting possibility that the very poor touchdown
performance exhibited in this study, from all offset situations at the DH,
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supports the contention that the visual cues available under Category Il
visibility conditions are inadequate for flight control, particularly for
controlling the aircraft in the vertical axis (see discussion, Appendix A,
p. A-17). British investigators have repeatedly stressed this problem,
as indicated in the following quote:

The main safety problem in bad weather landing using present-
day techniques is considered to be the shortcomings of the visual
control in pitch during the final phase of the approach and land-
ing especially in low visibilities ....

Whilst it is reasonable to expect a proficient pilot to be able to
assess the aircraft's position and velocity in the horizontal
plane by looking at a segment of approach lighting which
includes only one cross bar, it is more difficult, if not im-
possible, to make a similar assessment in the pitch plane from
the same picture., Even gross errors may be difficult to detect
in the time available after visual contact in operations to the
lower decision heights of Category II. (ref. 10).

Summary data on touchdown performance under all conditions of
flight path offset, tracking vector, and relative altitude at the initiation
of the landing maneuver are presented in Table 17. Data from 238
landing attempts are represented in the Table; on 14 of the experi-
mental runs the pilot elected to abort the landing manuever, It is
interesting to note that 72% of the DH flight situations were judged
to be ""Acceptable" by the pilots, i.e., they indicated that they would
have attempted the landing. The data in Table 17 shows that only 104
of the 238 approaches (44%) were within +50 feet of the runway center-
line and tracking properly (aligned or converging). Again (see p. 72,
above), pilots exhibited a positive bias in their judgment of the flight
situation,

There is some tendency for lateral displacements (¥} aid cross-
track velocities (S?() to be higher for the wider DH offset positions, and
for the variability in touchdown position and velocities to increase, As
indicated earlier, however, touchdown performance is operationally
marginal or unacceptable for all DH situations. The proportion of
successful touchdowns appears to be highest when lateral offsets at the
DH were between 50 and 75 feet, with a parallel or converging flight
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Command pilot performance of selected flight management tasks
during simulated Category II approach and landing operations was evalu-
ated in this study. The intent was to determine the extent to which flight
instrumentation expected to be available in a baseline low visibility
lan¢:ng system would support the pilot in carrying out his flight manage-
ment responsibilities. Estimates of pilot performance were obtained
under nominal operating conditions and under two alternate combinations
of operational procedure and flight control mode. In addition, the effects
of various flight path offset situations at the 100-foot Category II decision
height on the success of the landing maneuver were examined,

The data obtained in this study support the following conclusions:

1, Baseline flight instruraentation will be inadequate for accurate
monitoring and assessment of the approach to Category II minimums,
Operationally significant errors occurred on more than a third of the
approaches conducted under the condition considered most repr:esenta-
tive of the actual operational situation, i.e., with flight control fully
automatic and pilot judgment made strictly by instrument reference.

2. Pilot judgments of height above touchdown will be unreliable,
Under nominal conditions, significant errors in judging arrival at the
100-fnot decision height occurred on 36% of the approaches. Mean pilot
estimates of height above touchdown at 300 feet and 200 feet were highly
accurate, but the variability of these estimates was high.

3. Variations in terrain elevations approz~hing the runway can
be expecfed to have a significant adverse effect on relative altitude
judgments., When irregularities in terrain profiles were represented
in the simulation, errors in judging arrival at the decision height
occurred on more than 50% of the runs, When coniparativeiy level
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terrain profiles were represented, errors occurred on only 17% of the
approaches,

4, Both the objective task performance data and the pilot's
subjective reports support the contention that difficulties can be expected
in judging flight path alignment and tracking. Mean estimates of lateral
offset at the decision height were within 20 feet of the aircraft's actual
cross-track position, but again the variability was high; at one standard
deviation the magnitude of estimate errors was 45 feet. Errors in
judging tracking tendencies occurred on 47% of the approaches under
nominal conditions. In debriefing session., half of the pilots
stated that the cross-track position estimate was the most difficult
judgment they were asked to make, two others identified the tracking
judgment as the most difficult, and all but two expressed low confidence
in their estimates,

5. External visual 1 2ference under Category II visibility conditions
is not an adequate information eource for confirming flight path align-
ment estimates made earlier in the approach by instrument reference.
Seventy eight percent of the lateral offset estir.otes made by instrument
reference were within 25 feet of the actual cross-track position; when
the same estimates were made by visual reference only 56% were within
the 25-foot accuracy limit,

6. Pilots will not be able to make accurate predictions con-
cerning the outcome of the approach. The accuracy of approach success
predicticas was found to be no better than that expected by chance,

7. Pilote will exhibit a positive bias in judging approach success.
A marked preference for reporting that the flight path would be within
specified offset limits at the decision height was apparent, even when
the aircraft's actual otfset was excessive and/or tracking vectors were

diverging at the time the predictions were made,

8. The deviations from nominal conditions in operational pro-
cedure and flight control task loading examined in this study will neither
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improve nor degrade the overall quality of approach success judgments,
No significant differences in error counts were indicated by analysis

of variance in either the main 2ffects of the two factors or their inter-
action. Analysis of components of the approach success judgment
suggested that flight path alignment and tracking estimates at the de-
cision height were aifferentially affected by variations in flight control
mode and procedure, but no consistent trend in the effects of these

variables was evident in the data.

9. Touchdown performance under Category II conditions imay
be expected to exceed established criteria for successful landings, Even
when flight path offsets at the initiation of the landing maneuver were at
minimum values (less than 25 feet laterally and within 12 feet of the
perscribed 100-foot decision altitude) and the aircraft's track was parallel
or converging, less than 6% of the touchdowns were completely successful,

10, There is an interesting possibility that the poor touchdown
performance exhibited in this study, from all offset situations at the
decision height, supports tne often cited contention that visual cues
available under Category II visibility conditions are inadequate for
flight control during the landing maneuver. particularly for controlling
the aircraft in the vertical axis,

The foregoing conclusion statements indicate the rotential impact
on Category II approach and landing operations if instrumentation similar
in function and general design to the baseline system represented in this
simulator study is used. Summary data cited in support of each conslusion
reflects the performance of highly qualified airline pilots under a carefully
developed simulation of flight management task demands. However, any
generalization to particular operational situations must be tempered by
unavoidable limitations in the physical and psychological fidelity of the
simulation and by the experimental procedures adopted to render the flight

management task ''visible' for measurement and analysis,
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With respect to psychological fidelity, for example, it cannot be
demonstrated that the simulation inclucded all of the information sources
for pilot judginents which are available in the actual situation or that
critical visual cues were faithfully reproduced. Thus, alth.agh visual
segments appropriate to 1600 and 1200-foot RVR conditions were accurately
represented, such factors as fog structure and the brightness and
resolution of visual features in the runway surrounds probably were not
phenomenally equivalent to their real world counterparts. The influence
of such factn. s on the pilot's head-up judgments and landing performance
in the simulator is therefore undetermined.

The general point of the foregoing remarks is that further verification
of the data presented here is desirable, as it is with any simulator study,
prior to its use in characterizing actual flight operations, However, the
study raises important questions regarding the adequacy of the flight
instrumentation which many airlines are planning to use in Category II
oper ations. The data presented are consistent with the findings of earlier
analyses of pilot factors and flight instrumentation in low visibilit_
appreach and landing operations (refs. 1, 2, 3, 8, 10, 15, 16 and 18).

The study documented in this report provides an additional empirical basis
for consideration of these issues by the many agencies and indiwviduals

who are working to assure the effectiveness and safety of iow visibility
approach and landirng in jet transport aircraft.
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> ECEDING PAGE BLANK NOT FILMED.

Potential Problems in Judging the Success of the Approach

An appreciation of the performance objectives of "landing' systems
developed to satisfy Category Il operating requirements suggests that
these systems might be better understood and referred to as "approach"
systems, Under such conditions, landing maneuvers are initiated only
after the approach is judged to be successful and then only when external
visual reference is considered acceptable to the pilot-in-command for
subsequent control of the flare and touchdown. Approach systems can
also be distinguished from landing systems for Category III conditions,
since a positive assessment of the approach will also be necessary before
automatic control of the landing sequence is initiated. The general con-
cern in this section is with flight management problems in determining
the success of the approach to pre-established minimum altitudes where
the landing commitment decision is finally taken.

Consideration must first be given to the defining characteristics of
a "'successful' approach. As a point of departure, the following excerpt
from FAA Advisory Circular 120-20, dated June 6, 1966, which outlines
criteria for the approach of Category II landing systems, is given:

Definition of a Successful Approach. For the purpose of the
airborne system evaluation, a successful approach is one
in which, at the 100' point:

(1) The airplane is in trim so as to allow for continuation
of normal approach and landing.

(2) The indicated airspeed and heading are satisfaciory for
a normal flare and landing. If an auto throttle control
system is used, speed must be +5 knots of programmed
airspeed but may not be less than computed threshold
speed.

(3) The airplane is positioned so that the cockpit is within,
and tracking so as to remain within, the lateral con-
fines of the runway extended.
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(4)  Deviation from the glide slope does not exceed +75
microamps as displayed on the ILS indicator.

(3)  No unusual roughness or excessive attitude changes
occur after leaving the middle marker,

The 100-foot point in the foregoing definition is, of course, the
established decision height for Category II operations, At this point a
missed approach must be initiated if the approach is judged unsuccess-
ful or when certain ground and/or airborne equipment operating require-
ments cannot be satisfied. For Category III operations, no formal
minimum approach altitude has yet been established but it can be assumed
that a decision height based on minimum altitude requirements for =xe-
cuting a go-around will be determined, The key requirements to be
satisfied in achieving a successful approach are taken as those de.iing
with the aircraft's position and tracking velocities relative to the intended
touchdown area on the runway as the descent to the established decision
height proceeds. Discussions of these requirements are frequently
expressed in terms of an "approach gate' or "window', defined by
lateral and vertical flight path displacement limits, from which a "soft"
landing (i. e., a touchdown rate-of-descent of about two feet per second)
can be «chieved within a tightly defined touchdown area without exceeding
autopilot authority limits or imposing excessive demands on pilot skills

in manually controlling the aircraft.

Assessing Relative Altitude as the Aircraft Approaches the Authorized

Decision Height.

Relative altitude is the present elevation of the aircraft relative to
the elevation of the intended touchdown area on the runway., The appraisal
of approach success and, under Category II conditions, of the adequacy
of external visual reference for controlling the subsequent landing maneu-

ver must be completed before the wheels of the aircraft reach a specified
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relative altitude, i.e., the decision height. As the aircraft approaches
the decision height, then, the Captain must monitor and assess relative
altitude to ensure that the aircraft does not proceed below the decision

height unless the approach is judged successful.

In the projected SST landing system, relative altitude is not directly
represented. Dual low-range radio altimeter systems will be available
and it is assumed that relative altitude judgments must be derived from
several radio altitude displays. Scalar indications of radio altitude,
resolvable to about five feet, will be continuously available below 300
feet. Based on information given in approach charts, an index on the
radio altimeter can be set to correspond to the relative altitude at the
decision height. Below 200 feet, radio altitude is displayed qualitatively
on the Attitude Director Indicator (ADI) using a ''rising runway' symbol.
In addition, arrival at a pilot-selecied radio altitude is indicated by both
a legend light component of the approach progress display and an auditory
signal, Conventional readouts of barometric altitude will also be available

and could be used to cross-check or supplement radio altitude information.

During the approach to the decision height, it is assumed that the
Captain will simply monitor the scalar radio altitude indicator and/or have
the First Officer call out altitude at 200 feet. When arrival at the decision
height is imminent, i.e., at approximately 200 feet or over the middle
marker, the Captain will direct primary attention to external visual
reference and passively monitor the pre-set aural signal. The First
Officer will continue to monitor radio altitude displays and may also
report arrival at the decision height using established crew communication

conventions.

The principal difficulty in this assessment is that the absolute

altitude indications available from the radio altimeter systems can differ
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significantly from relative altitude due to irregularities in terrain
features along the approach path. As Litchford reported several years

ago (ref. 12):

The pilot wants to know his height above his touchdown, which
is some 3300 feet in front of him if he is indeed at 100 feet,
But ihe terrain leading to the approaches of many of our major
airports is usually very irregular, and this is becoming more
common as runways are extended out over tidal waters and
ravines to provide suffcient length for landing jets,

This point was illustrated by the terrain profiles schematized in
Figure 2 for twelve major United States airports. It should be clear that
considerable uncertainty regarding actual height above the intended touch-
down surface can occur when radar altimeters are used over approaches
such as those shown for the Pittsburgh and Dallas airports. The use of
a pre-set relative altitude on the radio altimeter will provide a discrete
indication of arrival at the decision height, but the problem of anticipating
arrival at the decision height when approaching over uneven terrain
remains, False discrete indications of arrival at the decision height are
possible when the approach terrain is higher than the runway elevation,
The use of currently operational barometric altimeters to supplement
or cross-check radio altitude displays does not seem promising, Their
use under Category II conditions is considered 'basically unsafe' by the
ALPA All-Weather Flying Committee (ref, 3) and in FAA tests of various
methods for determining the 100 foot point on the glide slope, barometric
altimeters were found to be the least accurate technique. Reported dif-
f.culties include inaccurate pressure settings, effects of rapid pressure
changes due to wind conditions, inadequate provisions for detecting

instrument errors, and instrument readability problems,



Serendipity inc

Assessing Flight Path Alignment with the Runway

As indicated earlier, one of the key requirements to be satisfied
in a successful approach is that the aircraft's position and velocity
vectors at the decision height are such that a "soft" landing within a
well-defined touchdown area on the runway can be accomplished with-
out exceeding autopilot authority and/or pilot-defined maneuvering
limits. Most analyses of tolerable lateral offset limits suggest that
lateral flight path alignment at the 100-foot decision height should be
within 50 fret of the runway centerline extended and that velocity vec-
tors (flight path projections) should be parallel or converging with
respect to this reference line. Approaching the decision height, the
Captain must judge flight path alignment to be within these limits or to
be correcting so as to arrive within these limits by the time the decision

height is reached.

In the projected landing system, flight path alignment with the
runway centerline is not directly represented. The principal basis for
judging flight path alignment is assumed to be the expanded localizer
deviation indicator, Boeing design goals for localizer tracking during
the final approach are to maintain the aircraft within +20 microamps of
the localizer beam, an indicated deviation of about one-quarter dot
(ref. 13). As the aircraft closes to tlie decision height, visual cues will
"fade in'" and may also be used by the Captain to judge flight path align-
ment and tracking tendencies. The First Officer will continue to moniior
the localizer deviation indicator and report excessive cross-track error
and/or divergent tracking tendencies when the aircraft arrives at the

decision height.

Some mention should also be made of the "'approach gate monitor"
cited in the B-2707 Model Specification (ref, 14). It is called out as a

requirement to ', . . warn the crew if the airplane exceeds the boundaries
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of a pre-established 'gate' or 'window' through which a safe landing can
normally be accomplished'. Since no subsequent identification or des-
cription of this indicator is provided in the B-2707 proposal documents,
this display was not included in the landing system design concepts

adopted in this study.

There are three unresolved issues associated with supporting this
flight management reguirement. FEach one is cited below in the form of

a question and briefly discussed.

1. What is an appropriate lateral offset limit for the B-2707 at the

100-foot decision height?

Firm criteria for judging excessive cross-track error at the
decision height have not been establish~d for the SST. From the pre-
viously cited FAA Advisory Circular, absolute limits on the horizontal
dimensions of the approach gate, at 100 feet, may be set at +75 feet
from the runway centerline (i. e., tracking within the lateral confines of
the runway extended, with a standard runway width of 150 feet assumed).
However, somewhat stricter limits must be placed on lateral displace-
ment limits when the pilot's ability to correct for a lateral offset con-
dition is considered. This is illustrated in Figure A-1, which shows a
shaded region of localizer deviations from which pilots made acceptable
manual alignments for proper landings. These data are based on
British studies of the ability of airline pilots to execute the ''sidestep"

maneuver, as reported in reference 2,

Note that lateral offsets in excess of a 20% localizer scale
deflection (approximately 75 feet and consistent with the FAA limit)
were clearly outside the range of acceptable conditions for manual
landing success, Limits on this range of acceptable offsets, begin,
however, with localizer scale deflections of about 14% or approximately

50 feet from the runway centerline, The reported range of limits for
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successful recoveries is due in part to the fact that pilots employed
different degrees of roll angle in effecting the re-alignment. Note that
a strict offset limit of approximately 50 feet is imposed if corrections
are to be made by the autopilot with bank angle commands limited, as

is usually the case at this point in the approach, to five degrees,

The pertinent implications of the foregoing are that an offset limit
of +50 feet may be a more appropriate criterial value for judging exces-
sive cross-track error than the FAA standard of +75 feet, and, perhaps
more important, that criterial values shnuld be based on a determina-
tion of offset distances from which pilots can comfc.tably perform
lateral correction maneuvers in the SST, The data in Figure A-1 were
obtained using aircraft representative of conventional subsonic jet

transports and should be derived again for the SST,

As Beck has indicated (ref. 3), it may be that pilots would not be
willing tc accept any degree of lateral disp’acement which would neces-

sitate a correction at the 100-foot point:

The first step that must be required to deliver this aircraft
to the ""'success' gate at 100 feet will be the manner in which
the crew operates the equipment, This then involves con-
sideration of all the ramifications and techniques that will
have to be employed in a mixed automatic/human environ
ment where the airplare is flown to much tighter tolerances,
because at the 100-foot point, the airplane must be ''in the
slot"; that is, aligned with th¢ runway, on glide slope, on
speed, at the proper sink ra.e, and stabilized. There can
be practically no sia. -step adjustment after becoming visuel,

Other analyses (ref, 2) have indicated that an uncorrected landing
maneuver, committed on the basis of an indicated 20% localizer devia-
tion, could miss the runway completely and that one committed with only
a 10% deviation can result in a touchdown dangerously close to the edge
of the runway. The problem here, then, is that there is currently con-

siderable uncertainty with respect to the degrece of la e'al offse: which

A-10
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should be judged "'excessive' by the SST Captain. It is suggested that
criterial values for this a. sessment be established on the basis of
demonstrated pilot ability and willingness to aanually execute a lateral

correction from the decision height.

2. Can pilots accurately estimate lateral offset and tracking vectors

by instrument reference?

This question is applicable to approach success assessments under
both Category II and IIl conditions. It suggests that the expanded ILS
localizer deviation information used as the primary basis for this assess-
ment, togethe~ with basic flight situation instruments such as ihe heading
indicator which may also be used, will not enable pilots to judge cross-
track erreor and tracking tendencies to the required accuracies. An early
indication of this potential problem emerged in Phase II of the joint FAA-
USAF Pilot Factors Study of control-display concepts applicable to flying
the SST under low visibility conditions (ref.15), Phase II was conducted,
in part, to examine advanccd dis play concepts which would enable the
pilot to manually fly the aircraft to the runway threshold on instruments,
The following excerpt from the discuscion of results provides a clear

statement of the basic problem (underlining added):

Control of the Cross-Track Component The lateral require-
ments for routine operation inside the middle marker demand
more than keeping the aircraft within the center half of the run-
way. The lateral velocity vector of the aircraft becomes in-
creasingly important to the success of the approach under 200
it. For a constant approach speed the lateral velocity vector
of the aircraft determines the direction and speed that it moves
with respect to the runway centerline. As a consequence the
cross-track component of the aircraft's lateral velocity vector
must be maintained within tolerances about zero so that the
aircraft will b2 moving parallel to the runway centerline up-'n
breakout or, in the case of a touchdown on instruments,
straight dowr. the runway for roll-out. Certainly, there are
trade-offs involved between displacement and the cross-track
rate component, But in any event, there is no question but

that both parameiers must be controlled for successful opera-
cion inside the middle marker,
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Localizer deviation showed that the standard flight
director displays presented control information which was
adequate with respect to lateral displacement inside the
middle marker., However, the standard flight director con-
figuration apparently did not provide the proper type of
information to the pilot for maintauning the cross-track com-
ponent of the aircraft's lateral velocity vector within tolerances,
Indicative of this inadequacy was the finding that 12% ot the
coupled touchdowns, 16% of the semi-automatic touchdowns,
and 32% ol the manual touchdowns had a cross-track component
of a magnitude that precluded a safe roll-out. A number of
times, the hooded subject pilots expressed surprise upon a
‘quick take-over at touchdown that such a cross-track com-
ponent existed. Everything "looked good on the panel.

This is understandable when one considers the information
that the flight director presented and the way that it was dis-
played. The bank steering bar, when centered, was limited
to telling the pilot that the aircraft was either on localizer or
returning at the proper re-intercept rate. The pilot must
necessarily devote a great deal of attention to the steering
bars under 200 ft, because they are the primary control ele-
ments, On the horizontal situation indicator, displacement
from localizer was presented by means of the Course Devia-
tion Indicator (CDI). The rate of movement of the CDI re-
flected that rate at which the displacement was being incurred
or reduced; this was an approxiination of the lateral velocity
vector., But either the location or the quality or a combination
of both might have been the cause for the pilot's apparently not
making use of the lateral rate information when he needed it.
Heading information was presented by means of a card which
rotated and a fixed incex. Quite probably the display was toco
insensitive for presenting the quality of information required.

The problem related to maintaining the cross-track
component of the lateral velocity vector within tolerances
using just the standard flight director displays did not ap-
pear in the T-39 flying until the vertical path information
requirements had been resolved., Even then the prublem
did not become evident until touchdown, because of the quick
response of the T-39. The problem undoubtedly would ap-
pear further back along the approach with a heavier aircraft.
Thus, attention should be devoted to satisfying this information
requirement of the pilo* in the lateral plane.

In the projected SST landing system, the integration of an expanded

scale localizer deviation indicator into the ADI may improve the pilot's
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ability to estimate offset distance and cross-track velocities, but this
possibility should be confirmed, Even with such display improvements,
however, difficulti-s in assessing actual lateral offset and tracking ten-
dencies remain due to localizer beam characteristice and the information
processing required to translate indicated localizer deflections to offset

distances in feet,

One set of problems stems from the well-documented sources of
noise in the localizer signal. These include beam distortions produced
by reflectance from large buildings and other objects in the airport sur-
rounds, reflection interference from overflying aircraft, spurious traas-
missions due to atmosphere effects and interference from remote
transmiiters, transmitter drift, etc. Considerable effort is being
devoted to monitoring such noise sources and to controlling their effects
in the improved Category II ILS, but some problems remain. Other
problems stem from the fact that information regarding displacement
from the beam center is provided via localizer receivers as a signal
proportionai to angular dispiacement rather than linear displacement,
Thus, a given offset distance from the centerline will produce a variable
signal depending on the aircraft's distance from the transmitter, Since
transmritters are typically installed at the far end of the instrument run-
way, the offset distance corresponding to a given beam displacement at
any given distance from ...e runway threshold will vary as a function of

runway length,

In order to determine actual offset distance, then, the Captain
would require relative transmitter distance information, which will not
be available, and would have to recall a complex conversion table for
translating qualitative beam deviation indications into microamp dis-
placements and then into offset distance in feet, It is, of course,
unreasonable to assume that such data processing will occur. It is

likely that deviation indications on the order of one-quarter dot or less
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will be accepted as providing adequate runway alignment until, under
Category II conditions, track alignment and tracking can be confirmed
by external visual reference. Potential problems in using visual cues
are discussed next; the problem of accurately judging lateral offset and

cross-track velocities under Category III conditions remains,

3. Ca- - ilots accurately estimate lateral offset and tracking vectors

«  r oxternal visual cues?

This question is applicable only to an approach under Category II
conditions wherein the Captain attempts to assess flight path alignment
and tracking relative to the runway by reference to visual cues emerging
in the extremely limited time period just prior to arrival at the decision
height, It should be noted that the approach success judgment can be
made solely on the basis of instrument reference and visual confirmation,
strictly speaking, is not required. However, it will be recalled that the
Captain is assumed to be "head up' at this point in the approach in order
to assess the adequacy of exernal visual reference for the landing and it
is further assumed that the compelling character of even fragmentary
visual cues is such that they will influence his final judgment regarding
flight path alignment. The potential preblem here is that information
available from these visual cues may prove to be a highly unreliable
ba: ,s for judging flight path alignment, and, further, that the severe
time constraints on resolving the judgment, together with psychological
factors which can be expected to bias the judgment in favor of a positive
assessment, will increase the already high error probability in this

component of the approach success decision,
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The general character of this problem from the piiot's viewpoint

has been briefly outlined by Beck (ref, 3) as follows:

No pilot under the stress of 2 Categcry II approach, should
ever be required to mentally process and evaluate what he
has seen in order to be able to recognize where he is. The
above considerations now lead directly into the basic con-

cept of tracking.

You are doing one of three things: tracking on or parallel
to, tracking away from, or tracking toward a desired path
over the ground. When you're moving fast at a low altitude
and the visibility is restricted, you can only determine
where you are by first observing a known object such as a
light, for example, then observing another light or series
of them and comparing them, basically, with what you first
saw,

Experience has shown that, in order to do this, a pilot must
see a horizontal segment of lights equivalent to about three
seconds of reaction time, and in an aircraft approaching at
140 knots, he will require a length of at least 700 feet. To
mentally digest this information, evaluate it, and decide
whether you are or are not tracking as you wish to, may
take a fraction of a second or it may take several seconds,
depending on the clarity, readability and simplicity of your
cues. You can even complicate and delay this decision by
having your plane in the not uncommon position where it is
sawed to the right due to a crosswind and the autopilot has
placed the plane to the left of the centerline but is now cor-
recting back to "on course' - you think! The cockpit slant
range visibility is 810 feet and, as you approach the 100-foot
decision point, your visual cues are appearing outside the
window to the left,

Now, are you tracking properly or not? From the 100-foot
decision height to the threshold the pilot will have approxi-
mately six seconds, then another six seconds to touchdown.
During the extremely short interval necessary to make the
correct decision in this example, there is grave doubt
whether a pilot can positively recognize a tracking tendency.

From British studies of low visibility conditions (ref.18), it can
be concluded that there is a high probability of achieving visual contact

and a 500-foot visual segment prior to reaching the 100-{oot decision
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height, with contact occurring in most instances (70%) at altitudes between
200 and 300 feet. These data suggest that the total elapsed time from the
first "fade-in'"' of visual cues to arrival at the Category II decision height
will be on the order of 10 to 15 seconds, assuming a nominal rate of
descent of about 12 feet per second. During this time interval, which
must be reduced to allow the pilot to transition from near-field to far-
field viewing conditions and to acquire and recognize usable visual cues,
the Captain must also assess his vertical situation and the adequacy of
visual conditions for completing the landing maneuver under manual con-
trol. Potential problems in performing these assessment tasks are
discussed in subsequent sections, but they are cited here to note that
some time-sharing among flight management tasks will be necessary
during this brief time interval, further reducing the time available

for assessing flight path alignment with the runway.

It is anticipated, then, that pilots may experience considerable
difficulty in extracting timely and accurate indicators of flight path align-
ment from visual cues expected to be available in Category II conditions.
This problem is related to the problem of the adequacy of visual cues for
assessing the vertical situation and the more general issue of what con-
stitutes "adequate' visual reference for resolving the landing commitment
decision. Discussions of these issues are given later in this report and

are also applicable here.

Assessing Vertical Flight Path Alignment

The second major component of the approach success judgment is
the determination that the aircraft's relative altitude (see above), verti-
cal flight path angle, airspeed, and rate of descent are within appropriate
limits for effecting a landing within the "touchdown zone'', The touchdown
zone is defined by the FAA (ref. 17)as the first 3000 feet of runway,
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beginning at the threshold, and in specifying Category II operating
requirements this agency requires that a missed approach be initiated
when a touchduwn cannot be accomplished within this area, Somewhat
more stringent constraints on the desired touchdown point have been
suggested by other interested agencies, The Air Transport Association,
in a proposed Advisory Circular to the FAA on Automatic Landing Sys-
tem Standards, dated 14 Decemkter 1966, calls for longitudinal touchdown
dispersion limits of -300 feet to +1000 feet from a line on the runway
which is the intersection of the linear extension of the glide slope with
the runway. As an indication of preferred touchdown areas in current
operations, the mean touchdown pcint - 1510 feet obtained in an FAA
study of hundreds of jet landings by experienced pilots under visual

conditions may be cited (ref. 12),

In any event, the Captain must be confident, prior to reaching the
established decision height, that the landing can e completed within an
acceptable distance from the threshold. On the basis of British studies
of the adequacy of external visual reference for vertical flight path con-
trol, it is reasonable to assume that this assessment must be made
solely by instrument relerence. This point has been reiterated by

Morrall in a 1 ecent paper (ret, 16):

In making the decision whether to continue with the landing
or not after becoming visual the pilot must assess not only
his position relative to the ideal flight path but also his
velocities, both cross-track and vertical, to determine
where the aircraft is going., Whilst it is reasonable to ex-
pect a proficient pilot to be able to assess the aircraft's
position and velocity in the horizontal plane by looking at

a segment of approach lighting which includes only one cross
bar, it is more difficult in the absence of the horizon, if not
impossible, to make a similar assessment in the pitch plane
from the same picture. Even gross errors may be difficult
to detect in the time available after visual contact in opera-
tions to the lower decision heights of Category II. It is
believed that visual control of the aeroplane in pitch begins
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to become reliable when the pilot can see the threshold and
does not become really good until he can see the point on
the ground at which his approach path is heading. This
means that to achieve high standards of safety in these low
visibility conditions instrument guidance in pitch is required
to heights of at least 100 feet,

In the projected SST landing system, the principal basis for making
this judgment will be the glide slope deviation indicator and the direct
readouts of airspeed, radio altitude, and vertical speed. Problems
associated with the use of radio altitude dispiays for determining relative
altitude have already been discussed. No direct representation of verti-
cal flight path angle is available and no problems are anticipated in

monitoring airspeed and vertical speed.

The potential problem associated with the use of these instruments
to assess the vertical situation approaching the decision height is that
the information provided will not allow the Captain to determine that
hiz touchdown will occur within acceptable limits, Following an analy-
sis of touchdown dispersion outlined by Osder (ref. 2), it can be shown that
SST touchdowns can occur well beyond the 3000-foot touchdown zone even
when the instruments accurately reflect the fact that the aircraft is pre-
cisely on the glide slope, maintaining appropriate airspeed and vertical
velocity, and at the appropriate relative altitude as the aircraft arrives
at the decision height., The basic elements of this analysis are indicated
in Figure A-2 which shows the path that would be followed by an aircraft
initiating a flare from a 2.5 degree glide slope at approximately 50 feet.
Assuming a glide slope intersection with the runway at about 1200 feet,
notice that an ideal flare marneuver, executed to reduce sinkrate to about
one foot/second, would result in a touchdown over 40(0 feet down the

runway.

This basic problem is well documented in the literature on proposed
Category II landing systems employing existing ILS installations and it

is generally conceded that lower minima touchdowns will occur at a
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considerable distance down range of the glide slope intersection point,
Lower minima flareout trajectories start tangent to the glide slope

and thereafter always remain above it, Data reported by Litchford (ref.
12) indicates that glide slope intersection points range from about 700 feet
to more than 1500 feet past the runway threshold, so the 1200 foot inter-
section used in Fig. A-2is not unrealistic. When it is recalled that flare
initiation will occur at 75 feet in the SST, rather than the 50 feet used in
Osder's analysis, the present concern for the Captain's ability to assure

a touchdown within the touchdown zone can be appreciated,

Pilots, of course, are concerned about stopping distances and
prefer to touchdown much closer to the run'vay threshold, especially under
low visibility conditions. In Category I conditions, this has been accom-
plished by performing a "duck under'' maneuver as soon as adequate
visual reference is achieved and prior to initiating the flare. As many
writers have pointed out (refs.12, 2, and 3), this maneuver cannot be
tolerated under Category II conditions due to the rapid increase in sink

rate that would occur close to the ground.

The problem posed here is or.e of enabling the Captain to determine
that he can touchdown within acceptable longitudinal distance limits before
he is committed to land, It should be clear, however, that this is one of
the major unresolved issues in achieving acceptable low visibility landing
objectives and will also affect flight management tasks in assessing the
initiation and execution of the landing maneuver. This maneuver and
the wind conditions under which it is performed will, of course, finally
determine where the aircraft will touchdown. Potential problems

associated with its management are outlined in a later section.
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ORIENTATION

The Man-Mach:ne Integration Branch here at the NASA Ames
Research Center is engaged in a broad program of research concerned
with flight crew factors in the operation of commercial jet transport air-
craft, The study you have been asked to participate in today is being
carried out by Serendipity, Inc,, under contract to Ames and is cne of
a series of simulation research projects designed to examine the duties
and responsibilities of the pilot-in-coinmand during Category II approach
~nd landing operations. You zre one of the twelve pilots who were
specially selected to help us wntain valid and operationally relevant data

from the simulation and to p ‘omote acceptanc: of study results by the

aviation corimunity,

Our principal objective in conducting this study is to determine how
well command pilots in heavy turbojet aircraft will be supportea ip their
role as monitors and decision makers by the "information environment"
projected for a baseline SST instrumented for Category II approach snd
landing, This information environment is comprised, primarily,of flight
deck instruments and auditory displays (e, g,, aural warnirg signals and
radio voice communications), It also includes flight planning information
and in-flight reference materials suck as Apoproach Charts and flight data
sheets, We have attemnpted to represent this information enviroament in
one of Ames' piloted,fixed base flight simulators and we are going to ask

you to serve as the pilot-in-command on a series of simulated approach

and landing sequences.
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It sicald be clearly understocd that the study is not intended, in
any sense, to evalu.ate the quality of your judgmental or decision making
ab .ities as an individval pilot. Your job will be to carry out cer*ain
approach inanagement and rlight control tasks under the conditions
represented in the simulator. You will be asked to mzke certain assess~
ments of the aircraft's flight path during the approach, to judge the suc-
cess of the approach in terms of your relative position and tracking vector
at the decision height, and to execute the iznaing maneuver through the
touchdown and rcll out on the runway. Data taken on each simulation
run will be 1sed to determine the accuracy and timeliness of the assess-
ments and decisions you are asked to make. As noted above, the analyses
are desigred to evaluate *he information and displays made available to
you as the basis for vcur judgments and not to assess your individual skiils
and abili.ies. Co- ‘1 techniques were deliberately included in the study
design so that the contribution of individual differences among pilots to
the study results could be sy . tematically accounted for in the data

analysis.

The material presented in this booklet is intended to provide you
with an overview of what to expect during the rest of the session, to
briefly identify the simulated eguipment and operating conditions, and
to cutline tlie tasks vou will perform as a subject in this experiment,
if you would like to kncw more about the aims of the study, we will be
happy to diccuss your interests with you after the completion of the
experiment. The avaiiability of vour experience, skills, and knowledge
is an important element in the success of our investigation and we
appreciate your ~ontribution of time and effort. We would like to thank

you for particiatirg in this project,
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Background Data

Before proceeding to the more specific orientation material,
please complete the brief Background Data Sheet attached to this book-
let. The information requested is of interest only to the project staff
and will be used in subsequent interpretations of study results. You

will not be identiried by name in the publication of study results and data

records for designated individuals will not be released to outside agencies

or individuals. This also applies to any comments you may make during

the course of the day or to opinions ycu will be asked to express during

the debriefing session following the completion of the simulator run

series.

General Time Commitment and Schedule of Activities

You are scheduled to fly a total of __ runs in the simulator today.
As séon as this orientation session is over we will proceed to the sim-
ulator crew compartment and carry out a series of familiarization runs
After a brief cofieebreak you will then complete the first nine runs of
the experimental series for the record. Following lunch, we'll let you
fly two refresher runs before completing the last two experimental
series of nine runs each. A debriefing session will then be conducted

back here in this area and that wiil complete the cday's activities.

It will take a full day to complete this schedule.* Barring
unforeseen incidents or delays, the schedule should work out as out-

lined on the next page.

*NOTE: This schedule was appropriately modified for pilots assigned to
Group 3.
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0815 - 0900 Orientation to study

0900 - 0915 Coffee break - proceed to simulator

0915 - 1100 Simulator familiarization & practice run series
1100 - 1200 Complete {irst experimental run series
1200 - 1300 Lanch

1300 - 1315 Complete two refresher runs

1315 - 1430 Complete second experimental run series
1430 - 1445 Break

1445 - 1545 Complete third experimental run series
1545 - 1600 Break - return to briefing area

1600 - 1630 Debriefing

Flight Sequence and Equipment Represented in the Simulation

The operational context represented in the simulator runs is an
ILS approach and landing u..ier Category II conditions on runway 1R
at Dulles Internatiorial Airport. Each run in the simulator will repre-
sent the execution of a flight sequence beginning with the aircraft at
approximately eight nautical miies from the runway, stabilized on the
localizer course, and descending tothe assigned initial approach attitude
This sequence ends with the aircraft on the runway decelerating to a
nominal turn-off speed. A copy of the current Jeppesen Approach
Chart for Dulles will be provided by the Experimenter.

Aircraft response characteristics and fligit control system
dynamics represented in the simulat®~n are those of the DC-8 airplane.
The crew comparitment is a conventional transport-type cab mounted
on a stationary raised platform (no motion cues are provided). You
will occupy the Captain's seat and function as the pilot-in-command on

all runs. In contrast to the training simulators you have flown, our
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research simulator will probably appear to be somewhat custere, No
attempt has been made to reproduce ihe flight deck configuration for

any particular aircraft type and a full complement of instrumentation and
controls is not provided. The instrumentation and controls which will
be available to you are identified in Figure B-1. Flight instrumen-
tation and controls on the Captain's side were selected to support the
approach management and flight control tasks you will be asked to
perform. Some additional instruments and controls are available on

the center panel and aisle control stand, but the First Officer's station
is not fully represented and the instruments and contrels typically
available on overhead panels, side panels, and the control panels mounted

on the aisle control stand are not available in the simulator.

Detailed familiarization with these instruments and controls
will be given at the simulator; however the equipment charactcristics
outlined below should be noted and if you heve any general questions

we will atte.ipt to resolve them at this time.

1. Primary flight situation and command information is
provided by the Collins FD-109 Integrated Flight System.
(The principal features ct this system are illustrated
in the booklet provided by the Experimenter.)

2. A full on-dot deflection on the expanded localizer scale
represents the same 75 micro-amp deviation signal as
that available on a smaller scale on the Course Indicator.
At the decision peint, a full scale deflection would indicate
a lateral cffsei of about 190 feet.

3. Three different -“light control modes will be used in the
run series. With the AFCS MODE SELECT control set
to AUTO (AFCS re.ers to the Automatic Flight Control
System), a fully coupled control mode is represented
(i.e., both localizer and glide slope tracking will be
accomplished pny the autopilot). When ROLL ONLY is

selected, a split-axis autopilot mode is represented.
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wherein localizer tracking continues to be automatic,
while manual control via the control column is assumed
in the pitch axis. (In some aircraft this mode is selected
by placing an autopilot control in an "elevator disconnect”
or "'pitch disengage'' position.) The OFF position is

used when full manual control in both pitch and roll axes
is called for (i.e., the autopilot is either not engaged

or is used for stability augmentation only).

4, An autothrottle function is also simulated. When the
A/T control is in the ON position, the selected command
airspeed (CMD AS SELECT) will be maintained to within
+5 kts automatically. It should be noted, however, that
in the simulator this will not be accomplished by automatic
positioning of the throttle levers,

The simulator is also equipped with a Visual Flight Attachment
which will provide you with a color TV projection of the runway and
its sur ounds. Since Category II conditions will be represented,
(1200' RVR on some runs, 1600' RVR on others) an "in-cloud"
condition will be simulated until the aircraft is sufficiently close to the
apprcach lights and/or runway for visual cues to fade-in. Configuration
"A" approach lights will be simulated with sequenced flashing lights,
hi-intensity runway lights, touchdown zone lights; and runway center-
line lights also available.

OPERATING PROCEDURE

Your role in the simulation sequence, as already indicated, will
be to act as pilot-in-command and to carry out designated flight
management and control tasks. We are primarily interested in your

ongoing assessment of the success of the approach to the decision
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height (DH). At specified points in the sequence you will indicate

the outcome of judgiments you make regarding the aircraft's lateral
offset from the assigned approach course, its relative altitude (i.e.,
height above the runway touchdown zone), and its tracking vector

(i.e., alignment of the aircraft's flight path with the approach course).
On every run, regardless of the aircrait's offset position at the DH,
when you determine that you are precisely at the 100-foot DH you will
disengage the AFCS, if it is engaged, and execute the landing maneuver

under manual control.

The general procedures you will follow on each run are outlined
below. Variations in flight control mode and environmental conditions
will occur from run to run and the effects o: these variations on the
procedures to be followed are noted where applicable. You will be
exercised in carrying out these procedures in the simulator prior
to performing the experimental series. An experimenter (E) wili be

present in the cab to monitor and coordinate the simulation sequence
on each run. E will brief you on run conditions and will take care of

certain run setup controls. E will also handle the gear and fiaps on

your command. At the start of each run, the simulator will be appropri-
ately positicned above the initial approach altitude. You will initiate
each run immediately after E gives you your approach clearance (item

4 below).
1, Receive Uriefing on run conditions. E will identify the

control mode (fully automatic, split-axis, or fully manual)
and the approach terrain profile for the designated run,

One of three alternate terrain profiles will be specified:

(1) "Level-95'"" - this is the actual terrain profile at

Dulles, 95' is the Radio Altitude specified on the approach
chart for the glide slope height at the 100' DH (Inner Marker);
(2) "Low-140"" - this is the first variation and represents

a drop in terrain elevation to -40' relative altitude, the

Radio Altitude cited on the Approach Chart for this profile
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would thus be 140'; (3) ''High-85'" - this variation represents
rising terrain to a relative altitude of +15', published Radio
Altitude would therefore be 85'.

Set up flight deck for initial approach:
a) Gear up.
b) Fiaps set to 30°.

c) Set airspeed bug to programnied speed for initial approach
(150 kts will be used on all runs).

d) Select AFCS mode in accordance with E's briefing
(item 1 above).

e) If run is not fully manual, engage autothrottle function
(A/T control to ON) and seiect initial command airspeed.

f) If A/T function is used, position throttles for disconnect
(this is a simulator-peculiar item, thiottles should be set
to a thrust index of 5,000 lbs).

g) Set Radio Altimeter reference bug to appropriate DH
value (item 1 above).

h) Trim aircraft for initial approach (or for AFCS disconnect).

E will indicate readiness to start the run. Acknowledge by
placing simulator in OPERATE mode, using control on left

side of cockpit.

Simulation will now go dynamic. Monitor flight instruments

and voice communications.

If selected AFCS mode is not automatic, hand-fly aircraft as
required. Initial maneuver is to descend to initial approach
altitude. '

Monitor decrease in glide slope deviation as aircraft approaches
the Outer Marker (OM).

Call for gear extension at one-dot below glide slope and flap

extension to 50° crossing OM.
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12,

13.

14,
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Monitor glide slope capture.
Call for adjustment of command airspeed to 135 K.

Continue to assess localizer and glide slope tracking. When
you are confident that the aircraft is at preciseiy 300' above
the touchdown zone, depress, and release the Height Above
Touchdown (HAT) button on the inboard horn of the control
wheel.

When you are confident that the aircraft is at precisely 200'
above the touchdown zone, again depress and release the HAT
button.

At any time after Middle Marker passage and prior to arrival
at the DH, at your discretion, report your prediction regarding
the outcome of the approach. If you are confident, based on
your assessment of the aircraft's flight path and projected
position, that you will arrive at the DH with both:

a) A lateral 6ffset no greater than 50' on either side of

the extended runway centerline, and

b) A vertical displacement from the glide slope no greater
than 12' (high or low),

make a verbal report as follows: ''DH POSITION WILL BE
WITHIN LIMITS. " If you are confident that one or both of
these offset limits will be excee =2d, report: '"DH POSITION
WILL BE OUTSIDE LIMITS. " If you do not feel confident that
you can predict the outcome of the approach, make no report.

Request instruction from E regarding procedure to be followed
in transitioning to visual reference. It is important that you
carefully follow the suggested procedure on all scheduled runs.

Fifty feet above the bug setting on the Radio Altimeter an
auditory alert tone will sound in your headset. At the onset
of this tone, carefully estimate the aircraft's cross-track

position (lateral displacement from the extended runway center
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line) and its tracking vector (drift as the aircraft approaches
the DH and prepare to report this estimate to E, using the
intercom system. Give your best estimate of cross-track
position in feet on arrival at the 100' DH and then report the
aircraft's tracking vector a3 "...ON" or "... PARALLEL"
when the flight path of the aircraft at that time is judged to
be aligned with the extended runway center line, report

". ..TRACK DIVERGING " when the aircraft is judged io be
moving away from this track, or report "...TRACK
CONVERGING'" when the aircraft is judged to be moving in
toward the runway from an offset pcsition. The general
format for this report will thus be as follows:

"ESTIMATE OFFSET AT THE DH TO BE

_____ FEET LEFT, TRACKING PARALLEL."
When this report is given, add your own judgment regarding
the acceptability of the approach. Based solely upon the air-
craft's position and tracking tendencies at DH, report
"APPROACH ACCEPTABLE" if you would routinely attempt
a landing given the same conditions in actual flight, or
"MISSED APPROACH" if you would routinely reject the
approach and go-around. This decision should not include a
consideration of the adequacy of external visual reference.

When you are confident that the aircraft is a*t precisely 100’
above the runway, (i.e., at the DH), depress and release

the AFCS DISENGAGE button on the left horn of the control
wheel. This control is necessary on all runs, whether the

AFCS is ‘engaged' or not, to indicate your judgment of

arrival at the 100' DH, On runs using the fully-automatic
or split-axis mode, both the AFCS and A/T will be disengaged
when this button is depressed and you will irnmediately assume

full manual control. On runs made from the outset under full
manual control, no change in control mode will occur, and
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you will continue to hand-fly the aircraft through the
landing maneuver,

16. Execution of the landing maneuver should be accomplished
by external visual reference with cross-checking of flight
instruments at your discretion. Your goal, of course, is
to correct your alignment with the runway, if necessary,
and achieve an acceptably soft touchdown on the runway
within the 3,000-foot touchdown zone. To stay within
established touchdown limits, you should attempt to land
within +27 feet of the runway center line and at a point
along the runway where you can see at least the last four
bars of the touchdown zone lights. We would like you to
attempt the landing on every approach, even when you feel
that your offset situation at the DH is excessive. However,
do not use contiol techniques that you would not use under
actual Category II approach conditions, i.e., do not use
excessive roll rates or bank angles, and do not accept an
excessively hard landing in order to touchdown within the
limits just cited. Remember, this exercise is not a test
of your ability to salvage a bad approach. Touchdown per-
formance will be interpreted as an indication of aircraft
response characteristic under the conditions represented
in the simulation, not as an assessment of your piloting
skills. If at any time after initiating the landing attempt
you feel that a safe touchdown on the runway cannot be
accomplished without excessive maneuvering, initiate a
go-around and/or terminate the simulation sequence by
depressing the IC control.

At some point during the roll-out, reposition the simulator for the
next run in the scheduled series by depressing the IC button. The general
position just outlined will then be repeated for the next scheduled run. If
you have any questions regardiag the procedures just outlined, please ask

the experimenter for further clarification.
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APPENDIX C

PILOT DEBRIEFING QUESTICNNA'RE
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PRECEDING FAGE BLANK NOT FILMED.

SUBJECT-FILOT DEBRIEFING QUESTIONNAIRE

Based on your experience in carrying out the flight management
activities during the simulation exercise, we wcuid like you to comment
on certain aspects of the procedures employed, the simulation equip-
ment, and your reactions to the task we asked you to perform. In
addition, we would likc¢ to solicit your opinion regarding operational
procedures, flight instrumentation, control techniques, etc., which
might be developed to make your job safer and easier in carrying out

actual approach and landing operations under Category II condiiions.

1. Did you consider the study orientation and simulator familiarization
you received to be adequate preparation for the tasks you were
asked to perform ? If not, what additiohal information or familiar-
ization exercise do you think would have been helpful ?



Serendipity inc.

Did any of the simulated flight instruments, controls, or procedures
differ significantly from your experier-e with Category II certified
aircraft (or from your expectations of what Category II equipment
would be like)?

Which flight instruments or other sources of information did you
use to assess lateral offset from the localizer course early in the
approach (i.e., prior to reaching 500 feet)? List them in the
general order of their importance or usefulness to you.



5.

Was the use of the LO button to indicate your lateral offset
judgment awkward or limiting in any way?

Which instruments or other sources of information did you use
to estimate relative altitude at 300 feet? At 200 feet? Arrival
at the 100 foot decision height (DH)? .

Serendipity inc.
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6. Was the use of the HAT buttonfor indicating this judgment awkward
or limiting ?

1. Which instruments (or information; did you use to estimate
cross-track position at the decision height?
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8. How confident do you feel about your quantitative estimates of
cross-track position at the decision point?

They were highly accurate (within 25 feet)
They were close enough (within 50 feet)

I was somewhat uncertain about them

a o T p

I was highly uncertain - wouldn't rely on them
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9. Where do you think the lateral offset limits at the decision height
should be set, i.e., what is the maximum lateral displacement

in feet that you would accept as an initial condition for a routine
landing maneuver ?

9a. How about vertical offset limits, in terms of feet above or below

the glide slope on arrival at the Inner Marker?
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10. Did you notice anything peculiar about the behavior of the flight
instruments or their agreement with each other during fully-
coupled runs?

11. Were there any peculiarities of the flight simulator or the
procedures you were asked to follow which you feel made your
behavior in the simulator differ from what you would do in an
actual Category II situation?
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12. Which particular judgments cr estimates did you find most
difficult?

13. What additional instrumentation or changes in how available
instruments are designed do you feel would improve your ability
to monitor a Category Il approach or increase your confidence
'in judging the ongoing flight situation?

C-10
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14. Are there any particular aspects of Category II equipment
availability, design, or operating procedures that you have
become aware of in your Category II .raining and familiarization
that you feel are being neglected or require more emphasis?

15. Witn just the equipment represented in the simulation for this
study, would you attempt an approach under:

1600 feet RVR conditions?

1200 feet RVR?

Lower?

C-1
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16. Did you feel that your performance of the flight management task
was degraded on runs where you had to hand fly the airplane in
the pitch axis or in k2th axes during the apprcach? Was there
any noticeable difference between the split-axis ("ROLL ONLY")
and fully imanual (AFCS "OFF") mc.e?

17. DBriefly state your general attitude towards flight simulators (in
terms of the validity or applicability of simulation data to the
actual operational situation).

C-12



18.

Serendipi inc.

Do you think that your time was well spent in participating in this
study? (Please feel free to offer any critical comment you would
care to make in regard to your experience as a subject or to the
issues raised in the study.)

C-13



APPENDIX D
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PRECEDING PAGE BLANK NOT BLMED.

APPENDIX D
COMPUTER PRINT-OUT OF SIMULATOR RUN DATA

The following computer print-outs present the error counts and the
recorded values of designated flight situation parameters at key points
in the approach for each run in the experimental schedule. Familiariza-
tion and practice runs are not included. The data are presented by run

numbers for each subject.

The data enwries in each column of the print-out can be understood
by reference to the following translation of column headings (the reader
should consult the Method section for a more complete definition of the

measures):

RUN = The designated run number taken from the experimental

run schedule,

CM = Error count for the composite measure, i.e., the overall

index of the quality of approach success judgments.

E2 = Error count for errors in estimating HAT at 300 feet.
E3 = Error count for errors in estimating HAT at 200 feet,
E4 = Error count for errors in estimating HAT at the 100-foot

decision height.

E5 = Error countforerrorsin predicting approach success.

E7 = Error count forerrorsinestimating lateral offset at the decision
height,

Eg = Error count for errorsinjudging tracking tendencies at the

decision height.
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PPS =

ZRA3 =

ZRA2 =

ZAD

YAD =

YDAD =

YTD =

YDTD =

XTD =

Serendipity inc.

A "1" entry indicates an excessive lateral touchdown position,
i.e.,, touchdown was more than 27 feet from the runway
centerline,

A "1" entry indicates a touchdown position outside longitudinal
dispersion limits, i.e., short of the runway threshold or more
than 2500 feet down the runway.

Partial proportion of successful touchdowns -- a "'1" entry
indicates that all four of the criteria for a completely success-
ful landing were satisfied.

The recorded value of the aircraft's height above the runway (2),
in feet, when the subject pressed the RA button near 300 feet.

Tl.e recorded value of Z when the RA button was pressed
near 200 feet.

The recorded value of Z when the AFCS was disengaged (or

when the RA button was pressed) near 100 feet.

The recorded value of aircraft cross-track position (Y), in
feet, when the subject disengaged the AFCS (or pressed the
RA button near 100 feet).

The recorded rate of change in Y, in feet per second, at the
same point in the approach (YD is read "Y dot'').

The recorded value of Y at touchdown.

The recorded value of cross~track velocity ({Z), in feet per
second, at touchdown,

The recorded alue of distance from the point of glide slope
intersection with the runway (GSX), in feet, at touchdown;
since X = 0 at GSX, negative values are beyond this point
(GSX is located 1100 feet from the runway threshold),

D-4
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HDTD = The recorded value of vertical velocity (rate-of-descent) at

touchdown, in feet per second.

The designators on the side :or 9-run subsets indicate the flight
control mod: used on the associated run series. '"FA' represents the
Fully Autoriatic mode, "SA" stands for Split-axis, and "FM'" identifies
the Fully Maauel runs,

Rurn conditions are not specified on the computer print-out. This
information mzy be obtained for each run by using Table B-1, The cell
en .cies in this table refer to the alternctive run conditions defined in
Table 6 of t.ie body of this report (see p.41). Note that run numbers
cannot be uscu directly in Table B-1, To determine the conditions
representied for a designated run in the :rint-out, use the following

procedure:

1, First determine the control mode (FA, SA, or FM) used

on tlre 1 an series,

2. Then locate the designated run in the associated run series,
e. g., the 6th FA run for subject 1.

3. Now determine, from Table B-1, the alternative run condition
designator for the run under consideration (e. g., for the
6th FA run for subject 1, this designator would be "'1""),

4, Refer to Table 6 in the body of the report for a definition of
the corresponding run conditions (e, g., for designator 1,
Approach Profile 1, Terrain Profile 1, and an RVR of 1200

feet were represented).



Serendipity inc.

"SUO{|PUOD UNJ JO UOK}IULBP IO UOYDBS PoYiaW Ul § B|qD) 985
¥

»JoiuUBIsEQ UOKIPUOD) UNY BAJIDUIBY|Y

joelang Aq seaeg uny |pjuswidadxy JOj SUOHIPUOD) UNY BAIDUISY|Y

- |l 6822 9% ¢S zl
VN YN 9 6 €1 L ST ¥ 8 I (dn-poay)
8 6 LV €91 S ¢ ot g dnaid
6 S8 1 €LY ZTSY 6
S L L9 6v T €8 | 68LZT9VES €2 LS 189 6 ¥ 8
8 ¥ €L L 6S T 9 LEVB896ZLS 96¢E 1 LST V8 L  (umop-posy)
8 6 LV €9 162Z v€E8Z6LILSO9iLETEBY LIS g oo
8 621 9L€S%t 1LL896CS¥YrzZ 668 1LE€LYVZO S
O e — ——————————————— ettt et
S 129 6¥ e8|l 68 LT 9FrecsS|{eT LS 189 6% y
8 ¥ € L L 6S T 9|1 €V 89 6CLS|96¢E 1 LST V8 € (3o8yd-ssa1d)
8 6 LV €91 SZ|ve82 6L LSO 1L ETEBY LOYS z L0
8 62 L 9LE€ESV| L L899 6¢CSVrZlessleLrTo !
6 8 L9 SV ez 1L|68L9SPeECTL|68L9CSTHE T yoelgng
suny jonuoyy A4 suny s|Xy=44|ds suny ol4pwony A||nd

‘I-a °Iq01



‘e)ep Surssiw 3)}BOIpUl S9IJIIUD jueld
*

‘g ‘L899~ ‘¢~ ‘1= * ) * ‘69T ‘962 1 0 6c 0 n 0 o 1T 0 7 b
‘6 ‘8161~ °* '21= ‘21 ‘02 ‘90T *09T ‘62 0 T 6 T 0 0 0 T 0 TS
‘9 ‘pp2l- ‘2 ‘pe ‘T ‘b  '80T ‘68T 422 T O O T T 0 O O T 9 92¢
.m .?Nﬁi .N! .Oﬂl .N .Oﬁ .Nb.ﬂ omo.ﬂ .OﬂN .ﬂ O o Q O O O ﬁ n N ﬂﬁ
‘g ‘eet 'S ‘G ‘1 ‘Te ‘$€T  °*86T ‘092 0 0 0 0 0 T T o0 9 0¢
'9 ‘e06~ ‘6 ‘Tl ‘¢ ‘Tep= °*TT™ *08T *Tee O 0 0 T 1T 0 0 0 0 ¢ 67
‘2t ‘p6g- ° ‘pe . . . ‘19T ‘*¢g82 0 0 06 0 0 0 0 1 0 ¢2 14
.m.ﬂ .NV?! ‘e .mnl . . . .OOH .th 0 0 T 0 0 0 0 1 0 2 [?
i .\@b. .h“ Sl .L! » . _ o OW oMON T 0 0 P 0 0 0 0 N ] Q2
‘g ‘184 '17 ‘02 ‘Tew ‘22~ ‘90T °*69T *pg2 1 0 n 0 o0 0 o T on 2 )
‘11 ‘L6Te *2 ‘pTe *Qa ‘b *TOT  *L6T *TL2 O 0 0 T 0 0 0 T 0 v2
‘b ‘efCe ‘e ¢22= ‘Ge ‘99 *0pT 69T °*T92 T 0 0 0 1T T T T 0 6 €2
‘'S ‘BTL=s  '2e ‘- ¢ ‘6= °*6TT °802 °*TL2 T 0 o T 0 T T n 9 o 22
‘v ‘692 ‘g ‘P ‘v *0t- 20T 987 °gg2 1 0 5 0 a 0 0 929 9 o T2
‘6 ‘gBb- ‘¢ 'g9= P ‘ée ‘2T (8T *$92 O 0 T T T 1 T a 0 6 02
‘e ‘g2t °1 ‘62 ‘1 ‘b= ‘9T *pel ‘882 0 0 T T o T ©T T o0 8 61
‘9 ‘ve ‘Te ‘6= ‘2 'L ‘60T 'T02 *¢492 O 0 T 0o 0 0 U g9 0 ¢ AT
‘2 ‘p99e ‘G- ‘Che  ‘pe ‘66~ 'f£¢ ‘802 '862 0 0 T T o T T U 0 G LT
L “09% ‘g~ '8 g ‘8€~ °'€£0T '6G6% ‘ez 0 ©0 0 T 0 0 0 1 0 o 91
‘e *le2= 2 ‘01 'T ‘ge= 'GPT 68T *992 o0 0 c T o T T 0 9 9 Q1
‘9 11 ‘¢ ‘LT ‘e ‘Id ‘6L ‘6T *2L2 T 0 n 1T n T I 1T 0 @ vT
‘07 *2eg= ‘P ‘pe ¢ 4 ‘8¢ ‘00T *622 0 0 n 0 0o T T T 1 ¢ 1
‘g ‘18T ‘Qe ‘ffe ‘P ‘L6 ‘6TT  ‘6pT *1€2 O 0 T T T 0 1 ¥ T 71t 21
‘g ‘9LlT= ‘9 ¥4 ‘g *22= ‘61T *‘p6T (92 0 6 0 T 0 T 0 n 9 11
‘9 ‘{08~ ‘g~ ‘Qe ‘e ‘ot ‘621 ‘691 ‘*4fZ 1t 0 0o n 0 T T 1T 1T ¢ 0t
‘g ‘pee ‘Ze- A ‘pea *02= ‘*9s1 ‘ 0 0 n T n T T 2 9 9 6

i ! ‘216 °¢ ‘¢ 'pT- °'G¢ i €0 S *x T 0 0 T o T T 0 0 9 R

aildm aix giaa aila Qvaa Aqava gvz CVYZ §VH? Sdd TT3 013 63 £4 63 3 ¢3 23 WD NNN

T PHIAYWAN 1D3ransS

D-7



‘1dwajye Surpue] ayj} jJ0qe 03 paloa[d 109iqns ay3 ‘ *a ‘I ‘andoo0 Jou PIP UMOPYONO] JBY} 9)BDTIpUI S31JJUd 3SIY L,

%

D-8

‘671 *2v9 ‘Y 11 ‘ ‘o2 ‘16 ‘022 °‘f8¢f¢ O 0 T o 0 T 0 0o 0 ¥ HY
‘e ‘»89 ‘2= ‘6= ‘e ‘€CT ‘02T *'#92 *06f 0 0 6 T 0o T T T n @ L9
‘el *L62 ‘9 ‘6l- ‘G= ‘2l 'G9 ‘GG  '9¢¢ 0 0 T o o T 1 1T 0 9 99
‘et ‘erot 1 ‘€L ‘0T °*Te ‘2T *Tg2 *LTE O Y T 6 0 T T T 9 9 69
‘T% ‘20T ‘pe ‘1¢g ‘b ‘$6 ‘g8 ‘002 ‘6T O 0 T 0 0 0 0 T Q@ 2 $9
‘11 ‘c60T- ‘0T ‘Op= ‘6 *22=- ‘68 *L02 °*v8C 0 0 T 0 o 0 0 0 0 0O £9
‘€T ‘T8 i A ‘9 ‘el ‘26 ‘gpe  ‘eff 0 0 T 0 0o 0 O T 0 2 29
‘6 ‘0006~ °*00S ‘005 °*2°1 ‘89T °'88 '862 °*v6f 0 T T 9 0o 0 0 T 1T ¢ 19
‘6 A A ‘6L ‘9 ‘g ‘6b ‘pR8T ‘908 0 0 T 0 0 0 T 9 0 ¢ 09
iy vZi¢ ¢ “Pee Ll €T ‘26  'tre ‘'Lgff 0 O0 T T 0 0 0 T 0 v 6q
‘eT ‘9081~ ‘b= R *ITT=- °*121T 66 ‘g6z ‘16 O 1 0o 0 1T 1 0 T 1T ( 8¢
‘L ‘p282~ ‘B ‘G ‘e * 29 ‘99 ‘9¢2 °*8¢f O T T 00 T T T 0 9 LS
‘9 ‘216 ‘L ‘Gb= ‘Ge ‘6L= ‘f¢ ‘oz ‘2t¢ O 0 1 T 0 T T 1T 0 @ 9¢
‘Tt ‘TT¢L ‘Cu ‘20T« *TT~ *Gf= 02T *G92 ‘*66¢f O 0 T 060 o T T T 1T U« <G
‘e ‘9T ‘Be *22 ‘P °2¢ ‘86 *822 ‘L€ O 0 0 T 0 0 0 T 0 ¢ 14
‘02 ‘chy ‘g ' g6 ‘2 A ‘*T0T *ve2 *G2f O 0 T 0o 0 o0 T o0 2 £¢
‘g *TL9« *CTe °T9 ‘g ‘02 ‘9 ‘pGe  ‘pre O 0 T 0 0 T T T 0 9 26
‘b *¢07 ‘v2 % X S X- ‘Y= 4T *6G2 66 0 0 1T T o0 T T T T 6 1¢
g v2eL '8t ‘00T ‘1= ‘'¢fi- .de.Qdmunqmmm 06 0 T Tt T tT T 0 0 6 06
‘0t ‘629 ‘Il °*0T7 ‘9 ‘6L * L6 ‘66T *L62 O 0 o T T T ©6 6 0 9 6t
‘eT VA ¢ ‘L8 *21 ‘L= ‘€6 ‘602 °*8L2 O 0 T 0 0 0 ©C 0 0 o0 av
‘0t ‘p02~- ° ‘9¢e *Ce *92= *96 *LLT *vg2 O 0 T T 0 0 o0 T 0 ¢ Ly
‘6T ‘8Lb= ‘G- ‘peo ‘Z- ‘el ‘6T *¢22 ‘*g2¢ O 0 0 T 0 T T T 0 @8 9t
‘0T 0006 2006 4006 *02= ‘*LT= °*HET *9pg °02¢ O T T 0 0 T T T 0 9 Gb
‘01 ‘81 ‘e tgee ‘(L1 ‘20T °*6TT ‘122 ‘662 O 0 T 0 0 T T 1 O o9 vy
*6 ‘$09 °2 ‘T ‘2- ‘g ‘gpT *882 *09¢ 0 0 6 0 0o T T T T ( S
‘9 ‘189 ‘g ‘08 ¢ ‘02« ‘60T '£6T *00f O 0 T T T © 06 0 06 g9 2

daiam aix aiLaa aia avaar dva avz 2vdz ¢vdZ Sdd TT3 073 63 £3 63 v3 €3 23 WD NNYH

e ‘HIAWNN 103r8EnsS



‘L ‘GTT ‘ge ‘pe ‘1 ‘T *26 ‘e02 ‘8wz N 0 0 0 0 0 0o 0 9 0 201

‘p ‘61T ‘9 ‘Gfe ‘9= ‘00T °*00T °*902 °10% O 0 T T 0 T 0 9 0 ¢ 107

‘07 ‘@Ty . ‘9fe ‘ge o * 86 ‘eT2 ‘982 O 0 T 0 0 0 0 0 0N 0 0071

‘6T *Ivt ‘01 ‘pfe ‘Ge ‘9L ‘ebT  *Tp2  ‘pEE O 0 T T 0 1T T 1T 0 @8 66

‘01 ‘6vT *22=~ ‘Ll- L1 ‘6L ‘p0T °*TT2 ‘91 0O 0 0o 0 n 9 0 o 0 0 €6 VS
°¢ *59 ‘g *22 ‘6= ‘99~ 42T ‘602 ‘162 T 0 6 ¢ 1T 1T T @ O ¢ L6

‘6 *000S= °*00& °*00G ‘Ge ‘Gh= ‘€T ‘vp2 *0HS O 1 T 0 o T T T 0 9 e6

‘6 ‘0006= ‘006 ‘008 ‘v ‘TT=- ‘(6 ‘gf2  ‘L2¢ O T T 0 9 1T 0 T 0 ¢ 66

‘6 ‘682 ‘Qe ‘pe ‘pe *21= °*TeT @22 ‘*L£f O 0 6 T o0 0 1T T 0 ( ¥6

vTT ey YO0t ¢ ' T 4 T719¢ 'a¥t 0 0 0 O 0 O O T 0 ¢ <6

A ‘919 ‘p ‘2= ‘2= ‘T2« ‘6 *TT2 *60Ff O 0 06 0 0 0 p N7 0o O 26

‘9 ‘L= ‘2= ‘12 ‘Cw ‘6T= °*GfT *'v62 ‘*gaf 1 0 0 T 0 T I T T 6 T6

‘97 ‘e8¢ ‘Qm ‘e s ‘he ‘L6 ‘602 262 0O 0 0 6 0 0 0 0 0 O 06

21 ‘9¢g ‘g ‘9T ‘*g= ‘1T« *66 *2LT *60¢ O 0 6 0 0 0o 0 T N0 2 68 N4
‘LT ‘96p= ‘'Qe ‘€T ‘O ‘b ‘86 ‘022 °*01f O 0 0 0 0 0 0o 0 n DO 88

‘¢ ‘608 ‘ge ‘0~ ‘T~ ‘0T *22T1T °'tTs2 ‘2ve O 0 T o 0 © T 1 0 9 (8

‘g ‘g2 ‘UL~ *Ige *§¢ ‘9T~ 20T ‘*L£2 *cL2s 0 T T 0 0 0 T 0 ¢ 98

‘6 ‘bive 0T ‘¢ ‘1 ‘0T= °$8 ¢ LT8¢ 0 00 T 0 T 1 n 0 9 GH

T '000%- '00& ‘00% '8t 786 “IvT ‘'bee ‘02t O T 1T 0 0 0 T T 0 6 ve

‘g ‘909 ‘6> ‘g ‘TT1- °*12= ‘22T ‘9€2 *'21¢ O 0 06 0o T T T T 0 6 £/

‘vl *2¢¢ ‘Qa ‘Be ‘0T~ ‘€6 ‘0T *p£2 *8I¢ O 0 0 0 T T 6 T 0 ¢ 28

‘6T ‘16 ‘2= ‘pa i ¢ ‘€T °86 ‘68T ‘982 O 0 6 0 T T 0 0 0 ¢ 19

‘el ‘el ¢ ! ‘G ‘€T ‘€6 ‘p02 *062 O T 6 0 0 T 0 0 0 T 08 VJd
‘o1 ‘9aGhH ‘9 ‘1 ‘v ‘9¢e ‘20T 'G02 ‘608 O 0 o 0 0 I 9 0o 0 1 61

] ‘gT- ‘P ' ‘Qe ‘pge *6TT °0T2 ‘*90¢f O 0 6o 0 T T 1 0 0 ( 8¢

‘e1 ‘pT- ‘G ‘Gpe ‘Qe *9T= ‘*$0T ‘06T '¢LB2 O 0 T T 0 0 0 0 0 2 LL

‘0t *2¢6 ‘gte 2 ‘Ge *9g *GL *86T °G62 O 0 6 0 o 0 T 0 0 ¢ 9¢

aLdn aix aida aLA 4avaa Qava avz 2YH¥2 SVMZ Sdd TT3 013 63 £3 63 »3 €3 23 W) NNH

g PHIAWNN 1337 9NS

D-9



‘11 ‘2s ‘Ge ' Q¢ ‘9 ‘Lg *T0T *2T2 ‘*60f 0 0 I T 1T T 0 9 0 o 9¢ 1
‘91 ‘9TGe ‘P ‘0 ¢ ¢ . ‘902 °*862 O 0 T 0 0 0 0 9 0 o Gy1
‘91 ‘e8P ‘be ‘b ‘6 ‘o1 ‘L6 ‘08T °*£82 0 0 T 0 o 0 0 0 0 o psT
‘¢ ‘811 ‘0¢=- ‘0¢ A ‘os ‘16 ‘T2 *62¢% O 0 T 0 0 0 0 ¢ 0 =n oo T
‘1 ‘60T °Ga ‘£9 ‘Te ‘62 ‘€6 *LT2 °S6Tf 0 0 T 0 0 0 0 0 g 0 2¢T WA
2 ‘g ‘Qa ¢ 2¢ ‘2= i 15 ‘g6 ‘*g02 ‘10 O 0 T 0 T 0 0 ¢ 0 ¢ 181
'21 . ‘P ‘g2l '@ ‘62 *LTT *pT2 ‘A0S 0 0 T T 1 T 1 0 0 6 0¢1
‘! .ome. ‘b ‘ef ‘e ‘A .aoﬂ *téz ‘ev2¢ 0 0 T 0 T 0 0 1T 0 ¢ 621
‘G ‘p9ge °¢ ‘66 ‘8 ‘46 *10T ‘602 ‘018 0 0O I T 1T T 0 0 0 9 821
21 7128 iy *2¢ ‘b= ‘04 *€0T '81z ‘'8ff 0 0 0 0 T 0 0 0 o ¢ Mmﬁ
‘Tt ‘68 ‘Ce *6T= ‘pe ‘9= *2TIT €12 *S0¢ O 0 o 0 1T 0 0 0 0 ¢ 921
‘eT '662T ‘T2 ‘7 ‘2 ‘Gh=- °88 ‘p02 ‘*L62 O T n 0 T 0 0 9 0 ¢ G2l
‘pT ‘g09 ‘b ‘T¢ ‘Cw ‘0¢ ‘€0T *902 ‘00% 0O 0 T 0 T T 0o 0 0 p21
A *199 ‘G ‘1T A ¢ ‘96 ‘66T ‘162 0 1 6 0 a9 T 0 a 0 ¢t $21 w4
‘6 'Toee ‘€T« ‘G ‘he ‘1L ‘22T *002 ‘0% O 0 T 0 T T T o n ¢ 221
‘0t *66¢ ‘Te A *L ‘e ‘88 ‘Te2  °*g2¢ O 0 6 n T T 9 T N 9 121
‘9 ‘61T ‘T ¥ ‘Ge ‘Ce *TTT *222 ‘608 O 0 T 0 0o 0 0 T o 7 021
‘97 ‘0g~ ‘6 '11 ‘pe *2 ‘96 ‘002 ‘v62 O 0 9 0 0 0 0 0 9 o0 ATT
Y0t ‘98 '% oY 2= ‘L= *86 ‘'4a0ec 'G0f 0 0 0 0 0 0 0 0 " 10 817
‘o1 ‘889 ‘02 ‘61 ‘Ge ‘p2= *20T °*922 '8I¢ 0 0 0 0o n 0 0 T 0 7 LTY
‘6 ‘CHhple ‘fe ‘2L ‘Ta ‘99 ‘0T *86T ‘*608 O 0 T ¥ o 0 o0 0 0o ? 911
'L ‘96 ‘L 'Te ¢ ‘g2~ ‘@88 *T02 ‘*v0E O 0 o 0 9 0o 9 o 0 0 Q171
‘ol ‘0vg ‘91 ‘b1 ‘Ca ‘€Te ‘80T *TT2 ‘60 o 0 0 T o0 0 a 0o g 2 pTT VS
‘0t ‘969 ‘¢ ‘gh ‘g ‘L ‘06 ‘922 ‘91¢ O 0 T 0 T 1T U T 0 o 1T
‘12 ‘6L ‘17 ‘$2 ‘2e i ! ‘L6 ‘112 *692 o0 0 0 T o 0 0 0 0 2 211
A *28s ‘2 ‘1 ‘he ‘TS ‘00T °¢22 °*T2¢ O 0 T 0 T ©T ¢ 1v 9 9 T11
i *eetL ‘9 ‘0¢ ‘Ge A *e2T *‘9T2 °*90¢ O 0 T 0 0 T 1T 0 0 otT
ai1ds  aix aiaa aLA aveaA ava avgz 2VHZ ¢©V¥Z Sdd TT3I 0T3 63 £3 63 3 £3 23 KO NNN

b4 tHIAFRNN

103rans

D-10



‘11 ‘268~ ‘¢ ' 2- ‘¢ *9T= ‘9TT *802 *02f 0 0 0 O N T T 0 0 v O/%

i 1Y) ‘sT ‘ve ‘pe ‘6= ‘$2T *2¢2 *B2¢ O 0 I 0 0 T T 1 0 9 691

.0 .nﬂﬂl *2e *p ‘be ‘Qa .QN.n .N.ﬂN -Qoﬂ 14 0 ] 1 0 T 1 0 0 9 Q9T

'12 *GLET ‘ST~ ‘G2 ‘91 ‘Te '6pT '9T2 *20¢ 0 T 0 O T T T 0 9 ¢ (91

‘2 ‘09¢ ‘91 ‘81 ‘Ba °2 ‘907 ‘{22 *$2¢ 0 0 o O O T 0 T 0 ¢ 991 WA
‘e1 ‘768 ‘2 ‘02« ‘ge ‘1¢ ‘66 *LT2 *00€ 0 O ©0 T 0 O 0 9 0 2 g9t

‘L -39 ‘G ‘9L °g *TL= *6TT (€2 *€2f 0 O T 0 T T T n & pot

‘6T ‘gL~ ‘L= ‘89 ‘02~ ‘L2 ‘26T *002 *02¢ O O T O O T I 9 0 p €97

‘11 ‘pel= °*2 *TL ‘LY ‘2 °*00T *002 °00¢ ] 0 T 0 T T 0 0 0 ¢ 2971

=0t  'bg v T¢9 ‘2= *2> °'96 ‘B0 ‘'00F 0 O T 0 0 T 0 0 0 1 197

‘0t *$G2T ‘Te *22 °g ‘9t *96 *Tt2 *00f 0 T o0 T 0 T O O 0 § 0o1

‘01 *G2TT ‘'£T1- ‘62 ‘be ‘19 *T2T *pT2 ‘60 0O T T 0 O O T 0 0 ¢ 661

‘g ‘168 ‘e~ 28 ‘81 ‘TTT 26 ‘(12 *12¢ 0 0 T O T O O 0O o § ggl

‘07 ‘2201 ‘6 ‘65 ‘6=  ‘p2- ‘2T ‘282 ‘#T€ 0 T T 0 O T T T U 9 (&1 VS
‘21 ‘656 ‘P ‘pT ‘g ‘0TT 08T *022 *TO0f 80 0 020 T 0 T T N 929 9 9c¢1 -
21 °26 ‘0T ‘Tp ‘ge ‘Te ‘08T ‘802 *'962 0 0 T T 0 O T 0 0 ¢ &Gt —
‘1T ‘ITd . *T¢ ‘Ge ‘0p *00T *002 *962 6 O0 T T 0 0 0O 0 9 2 bt A
‘L1 ‘0T ‘6 ‘96- ‘g= ‘06~ ‘90T ‘v02  °TI¢ o0 T T T T 0 0 3 0 & §T

T0¢ ‘088% ‘G2 ‘6t ‘Zi- ‘bi= °*02% °*G2Z °'B2¢ O T O0 0 o0 T T T n 9  2a1

‘81 ‘£L9 ‘9 ‘6¢ ‘g ‘G ‘0T *86T *80¢ 0 O T 0 0 0 0 19 0 0 Ta1

‘gt ‘1¢€9 *0T- *8¢ ‘Ge ‘6L *9¢ *Tp2 *20€ 0 O T T T O T O 0 R 06T

X} *L26 ‘g ‘0 ‘2. ‘b ‘$0T 002 ‘962 0 0 T 0 0 0 O 0 0 0  6b7

‘Gt ‘g2TT  ‘*9¢= (¢ ‘pe *26T °80T ‘202 ‘02% O I T T ©t T 0 0 0 9 QT VA
‘vt ‘G0PT ‘T~ ‘L2 - ‘L ‘00T °*v02 °*962 0 1 0 T 06 0 9 0 0 2 /vl

‘91 ‘6¢ ‘6 ‘0¢= °*9a ‘L~ *20T *26T *00f€ 0 O T T O O 0O 9 0 2 9pl

‘6 ‘92¢ *2 ‘g¢ ‘Ge '6f= *9TT *G6T *HN& 0 0 T 0 0 T T 0 0 & &bl

‘v T ‘66¢ ‘g2 ‘621 ‘Tt *TgT ' 26 ‘9T2 *S£I® 9 O T O I 0 0O 0 0 § byl

Gi10H @lX QiaA QLA OVAA (VA QOVZ 2VYHZ ©VMZ Sdd TT3 0T3 63 £3 63 ¥3 €3 23 A0 NNM

G $H39WNN 123r[Ne



v 1 ‘6L- ‘9= ‘o ‘P ' 271 ‘p6 261 *¢262 O 1] T 0 9 0 o0 92 o o v0e

‘L ‘0t2 ‘TT= ‘*69= °‘pT= ‘26T °*pOT *282 *2I¢ 0 6 T T 0 O O T O ¢ §02

‘0t ‘€0p ‘LT ‘Ta *Le *2p= *9FYT *802 0T 9 o0 o0 O T T T 9 9 ¢ 202

‘et ‘HeP ‘2t ‘89- °‘€T- ‘'pT- *p2T *QT2 *'€0f O O T o O T T O 0 v 102

‘9 ‘622 ‘fa ‘g2 ‘pa ‘0T  *96 ‘go2 *20¢ T 0 0 T T O 0 O N & O0p2 VJ
* 12 ‘Tpe ‘pe ‘6Ga ‘6= ‘Qm ‘00T ‘26T °*00¢ 0O © T 0 0 O O o O 0 661

‘vl ‘066 ‘6o ‘8T ‘P ‘92 °28 ‘26T ‘262 0 0 0 O O T T 0 a0 & 86%

‘61 ‘216 ‘08 ‘68 °¢ ‘9T ‘0T '822 ‘¥#2¢ 0 O T T O O O T O » L6T

‘21 ‘09T . “Lp ‘e * Ta ‘20T 802 *2If 0 0 T T o C 0 90 0 2 947

Yt '06¢ 9 /- ‘6= ‘'2¢ '88 ‘902 'wée 0 O© 0 0 O0 0 O 0o O 0 &bt

‘vi YA ‘2= ‘80T~ ‘0T~ *8pT °*HOT *B22 *¥2f O O T T T T 0 T 0 8 61

‘g ‘59T ‘0T~ °*£¢ ‘9a ‘66 “2TT *212 *082 0 oO0 T T 0 T O 0o 0 ¢ ¢61

‘s - ‘9T 12¢= ‘ge ‘0G= *HOT 912 -“21¢ 0 O T O O T 0 0 O T 26T

‘L1 * 192 ‘$1 ‘Tée ‘L= ‘p6= °26 '9T2 ‘02¢ 0 0 T 6 0 T O O O T 16T VS
‘¢ ‘gLt ‘T *p2e ‘'S v22 *$0T °*96T ‘962 0 0 o0 T T O 0 T O (¢ 061

‘b ‘692 °‘TT- ‘8T ‘e ‘L2 ‘08 ‘902 ‘882 N 0 O 0 0 T T o0 0 v 68T

‘g *LTe= 0T~ *¢2 'y ' 2% ‘06 ‘002 ‘€62 0 0 0 T o0 0 N g 0 2 88t

‘6 ‘08L ‘12~ °*88 ‘LT *GTT ‘60T *©22 *82¢ 0 0 T 0 0 T 0 T 0 §& (87
e "Tec- ‘12 T6G= ‘le *G9 *22t ‘912 ‘962 0 O0 T 0 T T T 0 0 L 98¢

‘g *L99= ‘L€= ULV ‘»T ‘0% °*TIT *2€2 ‘02¢ 0 O T O 0 T o0 T 0 ¢ AT

‘g ‘v 06 ‘9T~ ‘89 ‘91 ‘29 ‘06 902 ‘962 6 O06 T 0 a4 T o 9 0 T AT

‘T2 ‘016 ‘g2~ ‘2% ‘2 ‘¢fT *20T ‘o002 ‘00 O 0 T T I T O 1 0 9 e¢81

‘0T ‘96¢ ‘21 ‘TT ‘Tt- °*€T- 60T *v22 *02¢8 0 O o0 T o0 O o T 0 ¢ 297 Qo
‘9 ‘09~ i ‘0T ‘et ‘L2 ‘26 ‘g2z *‘$£1¢ T 0 0 T T o0 O T 0O ¢/ 181

‘vl ‘ToT ‘6 ‘L6 ‘qt ‘T8~ 88 ‘96T *262 0 €6 T 6 I T ¢ 1 0 ¢ 08T

‘g *202 ‘Tl= ‘0f= ‘02 ‘68 ‘02T *¢02 °*2T¢ 0 O T 1T YT T 1 0 O & 64T

‘2t ‘g2rtT ‘s *2h= ‘9T~ ‘G- ‘$2T *LT2 °*v0€ 0 T T 0 0 T T 0 0O & 8.7
g1 Qix 4dlgA QdLA AVGA QYA QQVZ  2VHZ ©VYMZ Sdd TT3 073 63 £3 63 v3 £3 23 W) NNH

9 (N IAWNN 103 ANS

D-12



‘sT ‘008 ‘2 ‘2 1 “0T- °*p»0T *2T2 *00€ 0 O & T O O 0 0 0 2 «se

‘6 ‘128 ‘2= ‘9L- ‘G~ ‘02T ‘62T ‘822 ‘IS 0 O T O T I I T O & «1%2

‘pT  °‘T9f ‘9«  *'Gp= °*G= ‘€T °TOT ‘€02 'L62 92 O T T O O 0 0 U 2 9%z

‘c2  ‘®s ‘€= '0G6  *Te *pg ‘9L 't02 ‘00 & O T T O T T O C 9 gfe

‘9 *26G6= °*TT= ‘8L ‘6T °*¢ *09T *2¢2 *02¢ 0 0 T O 9 T I T 0 9 ws2 VS
‘g ‘016 ‘9 ‘66 ‘6= *fG= ‘92T ‘T22 ‘¢T¢ 0 O T T T I I T O 11 ¢sf2

‘0t ‘82T~ *¢- ‘b= ‘S ‘0L °08 *e02 °*p0OE O 0 T 0o v ©T © O O ¢ éece

‘Tv  *086 ‘b= ‘6T ‘¢ ‘¢l ‘26 ‘002 °*9%2 © 0 ©0 T O O 0 o6 3 ez 1¢2

‘6 ‘vl. 2 *6f  *Te  *Ge 23T 602 ‘*20°% o 1 T o6 0 0 3 0 2 0z
B A A 1 AN TS} SR L7 T A T S I a1 3
‘et 066 ‘1t ‘6~ ‘bhe *¢¢= 00T *00Z *B80f ¢ 0 0 0 o0 O 0 0o o0 0 Q2e

‘b ‘pp2 ‘2vy  '692 ‘¢ ‘GgGT= ‘(0T 822 *21¢ ¢ 0 T O T T O T O 9 22

‘LT ‘Glole ‘68 *€8 0T °*TET *02F *#»¥T °*pg2 . T T T O T I I N w 922

"$T  ‘Gle ‘2=  *90T=- ‘2T« ‘0T "$9 ‘pO2 ‘00 O O T O 6 T T O O p G2z WA
*6 ‘gge~- ° * 2L ‘Qe *I2= *p21T *822 *'02¢ O 0 T T o T T T 0 8 vee

‘0T 2 ‘p 'g *(T= ‘€T« °*9/ *98T *€¥¢ 0 O O 0 0 T T 0 0 b €22

LT ‘9 ‘b 'TG  *9e  *Gp- 6L ‘68T 062 0 O T T 0o T T O o0 9o 222

‘€T "Té6P  ‘pTe (9T ‘(2 'v9 ‘92T ‘2z ‘428 O O T o0 T T T T O & T2z
e T0Z1%t ‘2 ‘It ‘02 “0¢ *227 °18t ‘28¢ 0 T 1 0 0 T 1 0 0 v 022

‘T  *Ts86T ° ‘69- ‘2T ‘g ‘92T '222 *LT¢ 0 T T o0 O T T T O 9 612

‘p2  ‘6T2T BT~ ‘68 2 ‘02T *TpT °*gT2 642 0 T T 6 T T T O O ¢ 912

‘62 ‘86~ ‘9 ‘9L ‘¢ ‘L2 ‘L6 '96T ‘.62 0 0 T T O O O 0 0 2 /%12

'L ‘€68 ‘2~ ‘61 ] . ‘p0T °*T02 ‘€82 0 O O T 0 O 0 0 0 2 912 V4
‘el ‘6011 A ‘67 ‘e= g Y. ‘LY ‘o0 O T O T 0 0 0 T 0 ¢ Gqtle

‘1T ‘O¥T- ‘@ ‘0T °*p= *Ge= °*9TT *922 °*£0f 0o O o0 T o0 T T T 0 8§ o112

‘67 ‘ve ‘pe ‘v ‘e~ ‘Gt ‘86 ‘o002 ‘2862 O 0 6 T 0 0 0O 9 0 2o ¢Te

‘S ‘9fT= ‘pe '0G ‘9- ‘68 °*'T6 ‘09T ‘982 0 O T O T T o0 T 0 9 2r2
Q104 Q4iX GlaA GLA QvVaA 4VA avz 2¥8Z ¢oVMZ Sdd 173 0T3 63 23 63 3 £3 23 WO NAM

L

tHIAWNN 123 gns

D-13



‘07 ‘TH9- ¢ 'eTe ‘€T~ *1IT *L6 ‘602 *T0¢ 0 0 o ¥ o0 0 o o n 2 2L2

‘12 ‘09~ ‘e ‘2~ ‘T ‘Ofe ‘9@ ‘202 °162 0 0 60 0 0 T T a9 0 v 1.2

*21 ‘gP6= 'Te *p2e  ‘he ‘g ‘T8 ‘€02 *g£62 0 0 o0 T T T 1 0 0 6 0:2

‘1 ‘819~ ‘07 ‘ot ‘L ‘9T ‘LTT  'eT2 LT O 0 0 0 0 1T T 0o 0 692

‘91 ‘q6L~ ‘2 ‘g2 ‘g ‘0g= °92T *T22 ‘*61f 0 0 0 0 0o T T T 0 9 892 WA
‘02 ‘'966T= ‘9 ‘0= ‘2T=- ‘89 ‘£0T ‘28T *262 O T T ¢ 0o t© ¢ a 0o 1 L92

‘g ‘g2 ‘¢ ‘T- . *(2= ‘ug '06T *00¢ o 0 b 0 0 0 0 0o 0 o0 992

‘°©Ut ‘'8VGT= ‘Cw *He .Ma .woc *LG .Nmm . 0 T 0 ¢ % 0 T T 0 @g GQ9?

‘18 ‘668 ‘¢ * L9 ) ‘0F~ ° ) ‘$0€ 0 o0 T 0 T 0 0 g9 0 ¢ v92
2 A A SO TSle 'G= 911 ° mm *éte '2t¢ 0 0 0 T 0 1 1 90 N o 93

A ‘229~ ' ‘ve * 2 ‘82« ‘00T *66T *8B62 0 n 0 0 0 0 N 9 0 292

A *12¢ ‘Gge ‘G ‘T= ‘o7 ‘o8 *L6T ‘88l 0 0 0 0 0 T T o 0 192

A ‘60L~ ‘- ‘P ‘Te ‘€T  *T2T *T02 r*00f ¢ 0 6 T 0 T T 9 0 Q N9z

*ZT ‘99b ‘G- ‘Tle ‘¢ ‘T a.) ‘88T °‘Rr82 O 0 " 0 0 0 0 o 9 n 662 VJd
‘0t ' 298¢ ‘0T 2% ‘Ge ‘L ‘80T °*88%1 *262 0 0 T T T 0 6 o 9 HG¢ <«
‘9t ‘0006~ 008 ‘005 °T1T ‘62T °*v0T *6T2 ‘0I¢ 0 T Tt T 0 T 0 n o ¢ LS2 in
‘91 ‘9T ‘11 'L ‘0t=- *R2e *Q0° .Nﬁm ‘608 0 0 v 0 0o 0 0 o n nq 962 -
‘0 ‘g8 ‘TG  ‘Ge ‘08~ ° '68 ‘068 9 T 0 0 0 9 0 0 g 62

TLT  '600%- ...m. "¢ ‘T ‘Te .mm “167 ‘162 @f 0 0 0 0 0 0 o0 &~ n par

‘67T ‘98GTe *ge ‘v T ‘8fe °‘ICT *9T2 *‘$IE O T n T o0 T T n a0 g €G2

‘11 ' 26~ 'G ‘g ‘Ge ‘04 ‘68T 202 *Lle2 0 0 o T T T T 4 ¢ A 262

‘p7 ' 27 ‘pe ‘62 ‘e ‘2w *T01 26T *182 O 0 T 0 1T 0 0 ¢ 0 ¥ 12

- 4 A ‘Te ‘be ‘Ge ‘9p= *2IT *R0Z °*°862 O 0 o v o 0 o n 0o ¢ N¢? VS
‘LT ‘€06t ‘9T ‘11 ‘T€T  ‘o0€T ‘ez ‘LIg O T 9 T 0 T T T 0 @ X 24

‘27 ‘¢12 ‘T ‘0fe ‘Qw ‘pe- ‘b6 *T6T *262 0 0 T T o N g n n p Qe 2

‘9t *291a- ‘GQe ‘G- ‘v ‘82T °*6TT *022 '¢£I¢ 0 0 o T 0o 1T T U u 9 Ln?

A ‘peil~- ‘B ‘ple ‘9. 21 ‘89T ‘602 *'TO0f O 0 o 0 o T T o0 0 9w Qv 2

aldM aix ailaa QlA avagaA Qava avz 2VHE QVHZ Sdd TT3I 013 63 £3 63 »3 €3 ¢34 ¥id NNM

CHIFAWAN 1D IFGNS



.cﬂ
‘e
Ry
‘ot
.Nﬂ
‘€1
‘v
oo.ﬂ
‘G

Q10w

‘grl-
‘869~
‘pLl-
'€y~
‘662~
‘Br7-
‘g98-
‘v8

‘peob-

aix

giaa

‘€1
'1g-
QNN.
-?ﬂ'
‘ple
oh.

oQ.
‘v

aiai

4
‘eg
‘69"
‘6e
000‘
*pe
.°~
‘99
‘99

ava

‘66
‘66
‘ot
‘v6
‘2ot
*26
*e6
‘00T
‘68

ave

‘602
‘Tve
‘8ye
‘v61
‘912
‘v6t
*261
‘8671
‘g2

AR T

‘ang
*L2¢
L] cmn
‘gge
*$0¢
‘662
N 1-X4
‘062
43

HOCOCOCOH0CO
OO0 C OO0 O0O
OO0 O0OO0OO0OO0O 0O
DA rHDHC OO0
A O CHOAHOC
A Ot O 10 Q
C3O0OC0CO 00 O2

EVM? Sdd TT3I 0T3 63 (3 63 #13

- OO OO Ao

£3

no 0
0 2
n 8
o e
"9
¢ 1
0 @
n 9
D 9
23 W)

e
{42
9re
GRe?
bRz
£9e
éue
182
n|e

NI

6 PHIARAN 1DArUNS

vVd

D-15



aiaH

aix

‘00g
.N'
'1
'9

alaa

. in
‘G-
.ﬁm

‘LG~

‘00¢
omN
.mm
‘ib~-

aiLai

.o.
.o.
‘9
.N.
‘v
'L
‘7
2
.N'

avaa

‘007
‘UTe
)

AL
‘££1
‘897

oNn.
[ Oﬂ.

ava

‘opt
‘607
‘p6
‘96
‘9¢l
‘L8
‘L6
‘Tt
‘02t

avz

‘90
‘L1
‘pAT
‘96T
‘el
L] QNN
‘261
*L02
‘€02

rAR-F-

*v0¢
‘etTe
‘062
*262
13>
‘ete
‘€62
‘v0¢
‘662

COoOOOOoOC OO oo

T OO O OODOOO

O O et v !

DOV -HO DO

OO0 HAID2DC O

vos
£0¢
eng
T0¢
0o¢
662
862
L62
962

OO0OO0O100000O
COO0OO0OLODOC OO0
D00 ODOOC0OC
Qoo CooCGCo
OO DO NODDN

EVHZ Sdd 113 0T3 63 £3 63 v3 £3 23 Wl NNH

0T (H3AWNN 1923rAaNS

vd

D-16



A ‘0006- *00¢
‘L ‘9p2T °‘¢7
‘ot ‘g9 ‘b
° 22 *LET ‘Te
‘T *Lez-  '0t1
‘eT ‘96t ‘e
‘et ‘¢Q- ‘6
‘et ‘6Gbe ‘@
‘6 ‘612« ‘g

aidm aix aidaa

‘00¢

o‘n
‘ge
.VN
‘Th
omn
‘91
..ﬂm

aia

‘L
‘€1-
‘9T~

‘2
‘s
.m.
om.
ON‘

avaa

‘¢8°7
‘28~
)

‘s
‘S
‘29~
‘g2
' 66

ava

‘ve
‘111
‘68
‘£6
‘88
‘eot
‘1T
‘66
‘eel

avz

veee
*éééd
1222
*L6T
*o0o0¢c
‘902
*90¢2
‘002
‘g0¢c

FAR-T-

‘11¢
'61¢
‘$1¢
‘062
‘b6c
*10¢
‘£0¢
‘e6e
‘60¢

COLCOO0OCOOO OC

COO0DOOCCO v

O AN O AAO

OO0 DOOOQOO

O OO O

0e¢
61¢
R1¢
L1¢
91¢
q1¢
bis
fie
éte

O ADO0OO OO
OO0 O0OOCLOLOODOD
DD OC OO vt i
QOO0 O C OO0
T OFT OSDONN

fVHZ Sdd TT3 0T3 63 £3 63 »3 €3 23 WY NOM

IT  (HIAWWAN 1D3rANnS

vVd

D-17



omﬂ
.mﬂ
.G.ﬂ
.vﬂ
.m.ﬁ
.Nﬂ
.Nﬂ
‘1
‘11

GiQH

‘682
K44
AL
*GL~
*eet
*¢pv0T~
‘691~
‘8p9-
‘08¢

aix

.v'
.Nﬂ'
.m.
on.
oNﬁ
.'.
.h.
‘s
.0'

airga

‘o7

*66=
‘Che
.mo.
.nh.
‘pEe
.00&
‘6(~
oom

alLaA

ON.
‘s

.o.
.'ﬂ
.o.
.o.
.m.

avaa

.NN'
‘90T
‘€6

‘6Ce
oNNl
‘f01
4 4
‘€07
‘69

ava

°66
‘9Tt
‘et
‘96
‘627
‘p17
‘vé
‘86
‘Tet

avz

‘9Lt
‘vL1
‘181
‘8Lt
‘g8t
YA
‘097
‘081
‘g8t

rAR-F-

‘06
‘pae
*LLe
‘vee
‘9,2
‘9RZ
*9L2
-Y¥4
* LR

oo ocOoO0O0O0OC
OO0 O0DOO0O0COO
et A O
MrODDO0OD e
O OO ~O

$VYZ Sdd TT3 0T3 63 (3

9¢e
Gfe
pes
e
ees
iee
VI
62¢
RS

DHOD -t O
coc DT OCOCO
D0 O O~
200 0Cc ocOoD
ANCTS NAM OO

G $3 €3 24 WA MNANM

2T HAHWNN (J3rans

D-18

vd



