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PREFACE

This report presents an evaluation of Data Link input/output devices
using airline flight simulators. Throughout its 13 months' duration, this
project has been characterized by the complete and enthusiastic support of
the U.S. air carrier industry for the Federal Aviation Administration,
acting through the Transportation Systems Center, in its quest to develop a
safer, more cost-effective air traffic control system through automation.

The evaluation of cockpit input/output devices is only a portion of the
total Data Link project; investigations of the computer/controller interface
requirements and link characteristics are being performed concurrently. This
report is the sixth in a series of interim reports describing the continuing
stages of development for Data Link cockpit input/output devices.

ARINC Research Corporation wishes to express its appreciation for the
support of many individuals and organizations. Charles W. Schild of United
Airlines and Steven C. Nardone of ARINC Research were particularly helpful
in achieving the project objectives -— Mr. Schild in planning and conducting
the flight simulator evaluations, and Mr. Nardone in developing data-
collection and analysis programs.

Also greatly appreciated is the generous and valuable assistance
of Dr. J. Kent Haspert and Mr. Herbert Dagen of ARINC Research; Captain
Robert E. Cole and Mr. Arthur Ogilvie of Trans World Airlines; Mr. Kenneth
Allbee of United Airlines; Mr. Frank C. White of the Air Transport
Association; Captain J. J. Ruddy of the Airline Pilots Association; Mr.
John F. Canniff, Mr. Edwin H. Hilborn, Mr. Jerrold Sabath, and Mr. Robert
W. Wisleder of the Transportation Systems Center; Mr. Robert Grace of the
Federal Aviation Administration; and the numerous airline pilots who
traveled and participated at their own expense.
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SUMMARY

S.1 INTRODUCTION

The evaluation reported on herein, which was performed for the Depart-
ment of Transportation/Transportation Systems Center, concludes a three
year effort involving laboratory and flight-simulator evaluation of cockpit
digital Data Link input/output devices.

The evaluation was performed by the Telecommunications Systems Program
of ARINC Research Corporation, a subsidiary of Aeronautical Radio, Inc. Trans
World Airlines and United Airlines were selected from among five proposing
airlines as subcontractors to ARINC Research Corporation. They provided the
use of DC-2 and B-727 flight simulators, respectively, along with the
support of their flight-training and flight-simulator staffs. Airline
pilot participation, provided principally by Trans World and United Airlines,
was substantially augmented by volunteer participation coordinated by the
Airline Pilots Association,International (ALPA), the Air Transport Associ-
ation (ATA) of America, and the Federal Aviation Administration (FARA).

S.2 OBJECTIVE

The primary objective of this work was to evaluate candidate cockpit
I/0 devices for possible use in an eventual Air Traffic Control air-ground-
air Data Link communications system. A further objective was to expose a
significant number of airline pilots to a postulated Data Link concept and
to obtain their opinions on means of improving the concept. The evaluation of
these devices and concepts was based on their relative desirability when com-
pared with each other and with present day concepts rather than on some
absolute measurement.

S.3 APPROACH

The I/0 devices to be evaluated were combined into three distinctive
complements, or complete suites, of equipment that provided full ground-
air (uplink) and air-ground (downlink) communications -- even to the extent
of incorporating airline company operational communications for the purpose
of realism in the evaluation.

The first complement was distinguished by a visual short message ATC
(SMATC) display mounted in both the captain's and first officer's instru-
ment panels. The second complement was characterized by a voice synthesizer



(Vosyn) ; and the third complement consisted of both the SMATC and the Vosyn.
A Control and Downlink Unit (CDU), which simulated downlink capability,
and a cockpit page printer were included with all complements.

The simulators employed featured both motion and runway visual systems
in order to simulate possible flight and out-the-window distracting effects.
The DC-9 and B-727 represented a large portion of the two- and three-crew-
member air carrier fleet.

An experiment was designed to evaluate the I/O device complements and
Data Link concepts. This consisted of developing three simulated missions
or scenarios designed to be representative of today's typical airline
flights. The Data Link enviromment was evaluated against these scenarios.

S.4 CONCLUSIONS

This experimental evaluation collected both qualitative and quantita-
tive data. The qualitative data are believed to be the more meaningful of
the two categories because they provided an assessment of pilot reaction
to a wide range of questions concerning airborne Data Link concepts and
specific input/output (I/0) devices. The quantitative data were based on
relatively narrow parameters such as device response time and device utili-
zation. In general, they seemed to validate the qualitative data. Con-
clusions based on the data and recommendations for further evaluation are
discussed in the following paragraphs.

S.4.1 Short Message ATC Display (SMATC)

The SMATC display was found to be easily readable and well located.
With the exeception of a small number of commands, the abbreviations used
on it were not confusing.

The SMATC did not distract pilots during most phases of flight. Their
attention may have been distracted from the adjacent airspeed indicator
during climbs and descents. A majority of pilots believed that the SMATC
could potentially distract them during an instrument approach. Figure S-1
shows the SMATC message "CLR LAND RWY 14" being displayed as the aircraft
approaches a simulated touchdown at O'Hare Airport.

The use of the SMATC display for emergency or time-critical messages
such as minimum-safe-altitude warning or "go-around" is not considered
effective. Even with the audio alert, it does not adequately command the
crew's attention under high-workload situations.

The SMATC display was very popular when used as a recall instrument
for currently assigned Heading, Altitude, and Airspeed information.
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Figure S-1. Simulated Landing at O'Hare International

S.4.2 Printer

The use of a printer seemed to be quite desirable. Crews found it
especially useful for the longer messages such as ATC clearances, ATIS
information, and some company traffic. The use of the printer on shorter,
more perishable information did not seem desirable. A page printer might
be preferable to a line printer although the former was not evaluated here.

The paper-management problems arising from the printing and line-
feeding of every message were severe. It would have been highly desirable
for crews to be able to obtain "loose copies" of only the specific messages
they required.

Restriction of printer access to the second officer (flight engineer)
is satisfactory in a three-crew-member aircraft. 1In a two-crew-member air-

craft, however, the printer must be accessible to both crewmen since the
aircraft is routinely flown from either position.

The use of red print to distinquish company messages and the absence
of some method to alert the crew to a company message were unacceptable.
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S.4.3 Control and Downlink Unit (CDU)

Although the CDU was somewhat complex, the crews learned to be fully
proficient in its use after about two one~hour flights that had been
preceded by a 20-minute training session.

The left-center-right method of entering alpha characters on the
modified "Touch Tone" type key pad was tedious but not wholly objectionable.
This conclusion is based on short (three- to five-character) messages. The
great majority of pilots participating were right-handed. They experienced
no problem in operating the CDU with the left hand.

One pilot commented that the complexity of the CDU could be greatly
reduced by eliminating alphas in favor of numbers and several special-
function buttons. The observation was somewhat validated by the quantita-
tive data on CDU utilization.

A tabulation of the most frequently used CDU features indicated that
ATIS requests, HAS recall requests, and I/O Blank accounted for more than
60 percent of the CDU usage. The I/O Blank usage was caused by the unde-
sirable bright red display of the SMATC figures, and this could be elimi-
nated by a better design.

Geographic plots of destination ATIS requests showed that they occurred
in the high en route phases of flight earlier than currently encountered with
voice. A plot of HAS distribution shows the feature to be used primarily in
the departure and arrival terminal areas, with the heaviest use during the
arrival phases.

A WILCO acknowledge button on the CDU will be operated primarily by

the non-flying officer. A WILCO button on the control yoke will be oper-
ated by both pilots.

The AUTOTUNE feature, in which the communications frequencies were
automatically selected, was highly desirable. The idea of extending this
automatic ground control to any other device, with the possible exception
of the transponder, was equally undesirable.

Pilots did not show a strong relative preference for the use of Data
Link to provide ATC navigational or non-navigational commands, preprinted

departure clearances, ATIS, or automation of company reports.

S.4.4 Voice Synthesizer

The intelligibility of the Vosyn is believed to be unacceptable for
routine communications. Pilots found that its mechanical sound and the
lack of tonal inflection and volume variation made it difficult to under-
stand in a simulated airborne noise environment as well as annoying. The
effect apparently did not mitigate with practice.

The Vosyn should be limited to short messages; it seems to be well
suited for emergency or time-critical messages. It was effective as an
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attention-getter during the busy phases of flight. The synthetic voice
detracted from one of the prime advantages of Data Link, as commented
upon by one pilot, in that it seemed to demand attention while, on the
other hand, the SMATC allowed two people to communicate effectively with-
out devoting full attention to each other.

No strong opinions were exhibited in the responses to questions on
combined SMATC and Vosyn use. The predominant belief was that the dupli-
cation provided by the two devices was either undesirable or not clearly
desirable. When pilots were asked to choose one for elimination, the
SMATC emerged as the strong survivor.

S.4.5 Ranking of Devices

In the ranking of the relative desirability of air traffic control by
conventional voice, SMATC display, or Vosyn for various phases of flight,
the SMATC was found to be a slight favorite in the ground phase but a
strong favorite in low and high altitude en route phases. Conventional
voice was more desirable in local control (airport traffic areas), with
the SMATC and conventional voice being ranked approximately equally in
the arrival and departure phases. Figure S-2 shows this result.

An analysis of variance of response times showed that there were no
significant differences among simulators, scenarios, crews, or order of
missions flown. Differences among device complements and phases of flight
were significant. The mean values for response times by complement and
phase of flight, excluding miscellaneous values of 30 seconds or more,
were:

Device Complement Flight Phase
SMATC - 6.30 seconds Departure - 7.66 seconds
Vosyn - 8.69 seconds En Route - 7.52 seconds
SMATC/Vosyn - 6.75 seconds Arrival - 6.89 seconds

Histograms of response times by complement showed that crews respond
partly to Vosyn commands and partly to SMATC commands when all commands are
displayed on both devices.

Histograms by phase of flight showed that this double peaking, or
cross-reference effect, of response times is quite pronounced during the
relatively low-workload en route phase of flight. During the higher-
workload departure and arrival phases, the two peaks tend to merge as some
responses are delayed by workload while others are speeded up.

S.4.6 General Data Link Concepts

With two exceptions, no significant differences were observed between
the operation of Data Link in two- and three-crew-member aircraft. The
exceptions were the relative levels of intelligibility of the voice syn-
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thesizer and the relative acceptability of abbreviations and symbols on the
cockpit page printer. The first is explained by unintentional variations in

audio quality in the two simulators. The second represents a difference of
opinion between flight engineers and first officers. This difference of opinion,
causing the flight engineers to be more receptive to the symbols and abbreviations
used on the printer, is probably due to differences in in-flight workloads.

The selective-address capability of the Data Link, in which each aircraft
received only transmissions intended for it, did cause a loss of information
that pilots consider essential. It was stated that the information loss could
affect both the safety of flight and the comfort and convenience of airline
passengers. A majority of pilots believed that the loss of knowledge of the
proximity of other aircraft in the same en route or terminal sector, which is
normally acquired on a common-channel VHF system, could be detrimental to
flight safety. Similarly, a majority of pilots believed that the loss of both
terminal-area routing information (such as aircraft ahead, holding patterns in
use, approaches in use, and anticipated descent instructions) and specific
weather—anomally information (such as the extent, location, and altitude of
encountered turbulence) is detrimental to passenger comfort and convenience.
(The discretionary use of the seat-belt sign, the food and beverage service
schedules, and the use of different altitudes which affect fuel burnout are
often predicated on the knowledge of these circumstances.)

Although no objective test was made of this effect, airline pilots
generally did not favor a system that would require them to wait in a queue
for data-polled acquisition of an ATC voice channel. Comments repeatedly
indicated that when they found it necessary to converse with ATC, usually
because of a time critical situation, immediate access was desired. These
comments apparently resulted from occassional misunderstandings or misstate-
ments of test instructions concerning the procedure for talking with ATC:
The assumption was in all cases, that ATC was constantly available.

The concept of Data Link control was somewhat disliked during ground-
proximate flight phases, including local control, arrival, and departure. The
requirement for pilots to use the Control and Downlink Unit (CDU) or receive
Data Link instructions during a missed-approach execution caused considerable
unfavorable comment.

These comments indicate an apparent operational requirement for the
continuation of conventional style voice communications to some extent to
supplement the Data Link environment. Voice is required for pilot/controller
discussions. Voice is also needed to advise of encountered en route weather
(turbulence, thunderstorm detour paths, icing, etc.) and for occasional
air-to-air communications of this nature. Perhaps certain abbreviated voice
procedures can supplement Data Link to overcome the feeling of isolation
expressed by some pilots during a pure Data Link operation and to provide
some of the clues on traffic flow and congestion available today.



S.4.7 Acceptability of a Data Link System

The concept of air traffic control by an air-ground-air Data Link
appears to be a viable alternative to today's system., However, two
problems must be solved before air traffic control can be exercised en-
tirely through a digital Data Link system:

* Loss of common-channel information because of selective-address
communications

* Dislike of Data Link and increased work load due to its use in
ground-proximate flight phases

S.5 RECOMMENDATIONS

S5.5.1 Development and Simulator Evaluation of Data Link Concept

It is recommended that the Data Link concept be further developed and
then evaluated in a simulator environment. The concept development should
attack the central issues that made this evaluation concept likely to be
unacceptable in an operational system. Alternatives that enable flight
crews to maintain their current overall "feel" for their environment should
be examined. Data Link procedures during ground-proximate flight phases
should be simplified. Finally, the use of conventional voice for certain
communications in the Data Link environment should be expanded in future
tests.

8.5.2 Evaluation of a Limited Data Link System

It is recommended that consideration be given to in-flight evaluation
of a limited Data Link system. This could probably be a domestic "add-on"
to the currently envisioned AEROSAT Test and Evaluation Program, in which
it is planned to equip a small number of airliners with Data Link type
equipment.

This evaluation could assess the operation of a simpler CDU device,
a page printer, and possibly a SMATC and AUTOTUNE type device.

In addition to device refinement, primary consideration should be
given to the potential dislike of Data Link due to information loss, data-
polled company voice-channel acquisition, and unacceptability of Data Link
commands during ground-proximate flight or flight in heavy traffic areas.

S.5.3 Interchange System

The ability of the NAS/ARTS/ARINC ground system effectively to inter-
change and deliver information under a Data Link concept such as that
hypothesized in this project should be evaluated under actual conditions.
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A limited interchange system should be established between two short-
length, high-density terminals such as San Francisco and Los Angeles.

A limited number of aircraft flying regularly scheduled turn-arounds

on such a trip could yield a significant quantity of cost-effective test
data.

The objective of this effort should be to measure the feasibility of
delivering predeparture clearance, en route and destination weather, and
ATIS information, and possibly to control information to aircraft through
a system of ground communications switches and terminals. A parallel
study should investigate the possible cost benefits of such a system to both
the Federal Aviation Administration and the airline industry. These benefits
would be examined in terms of potentially reduced staffs for FAA functions
such as tower clearance delivery and airline functions such as en route
communications.
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1. INTRODUCTION

1.1 PROJECT OVERVIEW

The Systems Research and Development Service of the Federal Aviation
Administration (FAA) has sponsored a program to determine the suitability
of air traffic control (ATC) communications that are composed digitally in
the ground-controller environment, transmitted digitally by any of several
conceivable "links," and displayed on digital-type devices in the cockpit.
The composition,transmission,and display constitute the three phases of
the program, and work has been undertaken in all three of these phases.
This report addresses the message-display phase of the program.

The Department of Transportation/Transportation Systems Center (TSC),
working for the FAA, has been using flight simulators to evaluate the use
of digital Data Link concepts and prototype equipment in aircraft cockpits.
This work is known as Phase I of the FAA's Data Link program. The other
phases of this program have involved simulation of the ground environment
and evaluation of link propagation characteristics.

Flight simulators used prior to this program have included the GAT-1
single-engine general-aviation simulator at the TSC Cambridge facility and
the GAT-2 multi-engine general-aviation simulator at the FAA's National
Aviation Facilities Experimental Center (NAFEC). The report describes
Phase ID, in which commercial airline simulators representing both two-
and three-crew-member aircraft have been used.

All of the Data Link input/output (I/O) devices evaluated in this
airline simulator effort have been evaluated in previous tests —-- most
of them by a mixture of general-aviation pilots, NAFEC test pilots, and
volunteer airline pilots. The devices tested include a visual display
device, a printer, a voice synthesizer, a control and downlink device,
and various company communications terminals.

ARINC Research Corporation conducted this airline simulation effort
with two subcontractors, Trans World Airlines (TW) and United Airlines (UA).
The work, which began 11 April 1974, was performed under Contract DOT-TSC-
793 by the Telecommunications Systems Program of ARINC Research.



The following eight tasks comprise the contract effort:

. Select the complements of I/O devices to be evaluated
. Develop combined ATC and air-carrier message bases
. Determine simulator-facility requirements

. Define test instrumentation hardware and software requirements

. Prepare test facilities

1

2

3

4

5. Prepare a simulator test plan

6

7 Conduct simulator flight testing
8

. Analyze the data collected and report the results

Tasks 1 through 6 have been completed. Reports on these efforts have
been submitted as required under Contract DOT-TSC-793. This report describes
the results of Tasks 7 and 8.

The test plan describes a program of evaluation using professional
aircrews in the United Airlines Boeing 727 simulator and the Trans World
Airlines DC-9 simulator. Three different missions or scenarios of about
1 hour and 10 minutes each, representing typical airline flights, were con-
ducted to evaluate the Data Link I/O devices. Three complements, or mixtures,
of I/0 devices were evaluated at each simulator site, yielding nine unique
combinations of device complements and scenarios. Nine aircrews, consisting
of two NAFEC crews, several volunteer airline crews, and other professional
airline crews (from UA and TW), each participated in the three missions at
each simulator site. A total of 54 data runs were conducted; company com-
munications were included in each of the three scenarios to provide realistic
message workloads.

Data collected on these 54 trial runs consisted of both qualitative
and quantitative data. Qualitative data were developed from questionnaires
and from comments made by crew observers. Quantitative data were collected
by means of a minicomputer tape recording system, which kept an accurate
time log of various data-link events.

The data collected were grouped and analyzed with respect to influencing
or suspected influencing factors. Appropriate statistical tests were applied
to the results of this analysis to identify real differences.

In concluding this evaluation, the device complements evaluated have
been ranked qualitatively and quantitatively, and the impacts of various
Data Link concepts have been discussed.

1.2 OBJECTIVES

The purpose of the effort described in this report is to further the
efforts to determine how best to present air traffic control (ATC) informa-
tion in an automated ATC system by evaluating candidate data-1link cockpit
I/0 devices and postulated Data Link concepts in a simulated airline



airborne environment. The work is complementary to current evaluations
of the Data Link propagation characteristics of present aeronautical ATC
transmission media.

The primary objective of this work is to evaluate candidate cockpit
input/output (I/0) devices for air-ground-air Data Link applications in
the more realistic and sophisticated environment of commercial aircraft
flight simulators. A further objective is to expose a significant number
of air-carrier pilots to the Data Link concept by participation in the air-
line simulator experiments and then obtain their opinions and suggestions
regarding Data Link hardware and procedures in the cockpits of modern
commercial aircraft.

The field of candidate I/0 devices includes a short-message display
device, a voice synthesizer with a programmed vocabulary, a hardcopy
printer, a link control device that permits the pilot to send pre-text
requests and responses of free-form digital messages to the ground, and
a company communications terminal. This field has been progressively
narrowed and refined in previous cockpit I/0 evaluations. With air
carrier operations comprising the large majority of the ATC communications
that may be suited for eventual digital transmission, the knowledge acquired
in this series of tests is believed to be extremely important. The con-
clusions drawn from the quantitative and qualitative data obtained can be
used to modify, refine, add, or eliminate devices that may be considered
for eventual Data Link flight testing. They can also be used to validate
or refute certain postulated concepts.

Although airline pilots' opinion have been obtained previously on
a volunteer basis, this is the first time a relatively large number of
professional line-qualified crews have evaluated these devices in standard-
configuration/air-carrier simulators. Their opinions and suggestions
relating to operational procedures are considered invaluable.

1.3 PROJECT HISTORY

The increasing level of automation in the ATC ground system is dic-
tated primarily by two factors. The first is the ever-increasing volume
of Instrument Flight Rule (IFR) operations being conducted by faster air-
planes, reducing the time allowed for critical separation decisions and
transfer of necessary flight data. The second is the expense of controller
personnel involved in separating this traffic.

The recommendations of the Air Traffic Control Advisory Committee
(ATCAC) in 1969 included automation techniques to increase controller pro-
ductivity. These have been initiated with the nationwide implementation
of the Automated Radar Terminal System (ARTS) and National Airspace System
(NAS) En Route Stage A. Whether these or similar ground-based computer
systems now under consideration will ever be used to effect an automated
control of, transfer of information to, or display of information within
aircraft has not been determined.



It is hoped that through the effort described herein, as well as future
efforts and related work being accomplished for the ground system, the
practicality of a fully automated ATC system can be demonstrated. Although
the need for automation is predominatly in the ground system, the eventual
limitations to the automation of control as well as the relative desirability
of various automation aspects may well be determined by the practicality
of Data Link within the cockpit.

To establish a proper frame of reference, the reader should be aware
of several on-going projects. This effort is the sixth in a series of
interim investigative laboratory and simulator evaluations, all involving
the human-factors considerations of airborne data-link. The preceding
efforts have evaluated the automated airborne presentation of ATC infor-
mation through a series of activities:

* Two experiments on the GAT-1 simulator
* Four experiments on the GAT-2 simulator

¢ Five laboratory tests of message formats and coding schemes for
Short Message ATC (SMATC) commands and advisories

* Two experiments involving the preliminary evaluation of synthetic
speech for providing ATC information ,

Further information on these efforts can be obtained from two reports
entitled "Human Factors Experiments for Data Link". These are a summary of
Interim Reports 1-4 (FAA-RD-74~82, February 1974) and Interim Report 5 (FAA-
RD-75-14, February 1975).

A parallel effort (Phase II) is being conducted to determine the
display techniques and operating procedures that best enable an air traffic
controller to work in a mixed voice/digital communications environment.
This effort involves a simulation of a simplified ARTS III Metering and
Spacing system that was conducted at the National Facilities Experimental
Center (NAFEC).

These efforts are complemented by a Phase III effort, which is evalu-
ating link-propagation characteristics.

1.4 REPORT ORGANIZATION

This report is organized into six sections and four appendixes.
Section 2 describes the experimental approach used in conducting the
evaluation. Section 3 is a discussion of the experimental design and
its conduct. Sections 4 and 5 present analyses, respectively, of the
qualitative and quantitative data collected. Section 6 includes con-
clusions drawn as a result of the analysis and recommendations concerning
areas suitable for further study.



Five appendixes are included in this report:

Appendix
Appendix
Appendix
Appendix

Appendix

A
B
c
D
E

A Listing of Flight Scenarios Employed

Flight Crew Information
Flight Crew Questionnaires, with Responses and Comments

Supplemental Questionnaire.,. with Responses and Comments

Report of Inventions .






2. EXPERIMENTAL APPROACH

In this section the overall evaluation approach is discussed and the
experimental apparatus illustrated. The major components of experimental
equipment are also described, including the individual I/0 devices evalua-
ted, the airline simulator test facilities employed, and the experimental
support equipment used.

2.1 OVERALL APPROACH

A key part of the Data Link development effort is the man-machine
interface in the aircraft. It is important that eventual operational I/O
devices that implement this interface between the Data Link and the crew
be structured in a manner that provides good information throughout while
consistently meeting the highest standards of safety.

The approach applied in this study has served to provide relative
evaluation of competing prototype-hardware concepts while determining what
hardware and operational concepts are consistent with the requirements
stated above. ARINC Research was assisted in this evaluation not only by
the simulator and flight training staffs of United Airlines and Trans World
Airlines but also by numerous other airlines and user groups acting both
individually and in response to requests by the Air Transport Association.

The general approach consisted of evaluating a series of device comple-
ments in the DC-9 simulator and B-727 simulator under identical conditioms.
These particular simulators represent a major portion of the two-crew-member
and three-crew-member aircraft currently employed by the U.S. airlines.
Because of the magnitude and potential expense of a relatively large-scale
program, the major constraint on the design and conduct of the experiment
was an economic one.

I/0 devices were grouped into three test complements for evaluation.
Three flight profiles were developed, along with their accompanying message
scripts. Simulation facilities, including DC-9 and B-727 simulators, were
used to test the complements in each of the scenarios.



Eight tasks were performed in the conduct of this evaluation:

Task 1 - Select I/0 Complements to be Evaluated. In association with
TSC, ARINC Research identified the I/O complements to be
evaluated.

Task 2 - Develop Combined ATC and Air Carrier Communications Message
Scripts. Test-flight profiles were established, and the
accompanying message scenarios were developed for use in the
test activity.

Task 3 - Determine Simulator-Facility Requirements. Installation
detalls for placing the I/0O devices and their supporting sys-
tems were developed.

Task 4 - Define Test-Instrumentation Hardware and Software. ARINC
Research supported TSC in defining the test-instrumentation
hardware and software needed to perform the prescribed test
program.

Task 5 - Prepare Simulator Test Plan. A test plan, including a detailed
experimental design, was developed to provide a plan for mea-
suring desired test variables. This was published in August
1973 by ARINC Research Corporation (Publication 1304-01-1-
1312).

Task 6 -~ Prepare Test Facilities. Simulator facilities were prepared
to accomplish the test program.

Task 7 - Perform Simulator Flight Testing. The I/O devices and soft-
ware were tested according to the test plan prepared in Task 5.

Task 8 - Analyze Data and Prepare Final Report. The test data were
analyzed in detail. The results are published in this report.

Figure 2-1 is a block diagram of the generalized experimental set-up.
It depicts the placement of the I/O devices, the simulator test facilities,
and the test support equipment used to record experimental data. These will
be described in the sections that follow.

The experimental crews were asked to fly "block-to-block" trips between
major air terminals, These trips were described in three scenarios, which
were pre-recorded on digital cassette tapes. The scenario messages were
retrieved and dispatched to the appropriate I/O devices, and the desired
data were recorded on cassette tapes. These data were later reduced and
analyzed,

2.2 1I/0 DEVICE COMPLEMENTS

In an operational communications system, the true measure of relative
merit has to be based on the performance of the system and not of its com-
ponents. Therefore, complements of I/O devices were selected on the basis
of proven and available prototype hardware and on the basis of certain
assumptions made with regard to the operation of a Data Link.
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Figure 2-1. Overall Simulator Layout

The following concept assumptions were used in selecting I/O device
complements:

All complements would provide a downlink (air-to-ground) message
capability.

All complements would be capable of receiving both short ATC and
long or extended-length ATC messages in addition to airline
operational messages.

All complements would provide a simulated Automatic Tuning
(AUTOTUNE) capability for communications transceivers.

All complements would provide a control-yoke type WILCO capability.

All complements would provide back-up voice capability.

The three complements selected are defined as follows:

Complement I

** 2 X 8 Character Display (also called Short Message ATC, or
SMTAC, Display)

°** ANADEX Page Printer
** AUTOTUNE Radio Head

s Control and Downlink Unit (CDU), including control yoke WILCO
buttons

** Aural Alert
Complement II
*+ Voice Synthesizer (Vosyn)

** ANADEX Page Printer



s+ AUTOTUNE Radio Head
*+ CDU, including contxol yoke WILCO buttons
*+ Aural Alert

* Complement IIT
*« 2 x 8 Character Display (SMATC Display)
+» Voice Synthesizer (Vosyn)
=+ ANADEX Page Printer
*+ AUTOTUNE Radio Head
e¢ (DU, including control yoke WILCO buttons
*+ Aural Alert

A separate data communications terminal was mounted at the second
officer's (flight engineer's) station on the B-727. It was used for company
communications in all complements.

Each of these devices is defined in the following subsections. AaAddi-
tional details on these devices can be found in Cockpit I/0 System Specifi-

cation by TSC, PGS-413-2.0, dated December 1973. All devices were furnished
or constructed by the government unless otherwise noted. Figures 2-2 and
2-3 show the locations, in the DC-9 simulator, of the devices described in
the following pages. With the exception of the page printer location, the
B-727 installation was almost identical.

Figure 2-2. 1I/0 Device Locations in the DC-9 Simulator
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Figure 2-3. Printer Locations in the DC-9 Simulator

2.2.1 2 X 8 SMATC Display

The SMATC display shown in Figure 2-4 was constructed by TSC; it con—
sists of two lines of eight alphanumeric characters per line. Five-by-
seven dot matrix LED display elements are used to form red characters
one—fourth inch high by one-fifth inch wide. Located above the two ends
of the top line and below the center of the bottom line were the lighted
labels HDG, ALT, and SPD. These abbreviations are lighted independently
from the display characters under program control and indicate that the
numbers within the main body of the display refer to the current heading,
altitude, and speed commands. Requests for this information to be dis-
played are initiated by the pilot via buttons on the Control and Downlink
Unit (CDU). For normal ATC messages, these labels are extinguished and
not visible to the pilot. A dimming control is included on the front panel
of the SMATC displays; it controls the brightness of both the 16 alpha-
numeric characters and the three labels.

One of these devices was mounted in front of each flight officer in
the primary instrument panel. The devices were used only for perishable,
short ATC messages such as radar vectors, altitude commands, transponder
codes, and en route clearances.

Upon receipt of a new message, the display flashes on and off for a
short period in order to attract the crew's attention.

The SMATC display interfaces with the driving computer. It is packaged

in a standard ARINC 3ATI case approximately nine inches deep excluding a
connector, which adds two and three-quarter inches.
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Figure 2-4. SMATC Display

2.2.2 Voice Synthesizer (Vosyn)

Figure 2-5 shows the Vocal Interface VOTRAX Model Six voice synthesizer
equipment that was used for this evaluation. The Vosyn was mounted outside
the simulator and interfaced with the cockpit audio system in the B-727. In
the DC-9 it was channeled through its own amplifier. The unit outputted its
messages directly into the simulator. A volume control and a message-repeat
button contained on the CDU were used for in-cockpit control of the Vosyn.
The Vosyn vocabulary of 256 words was stored in the supporting computer.

This device was used for both short- and long-message ATC commands.
However, no company communications were allowed on it in keeping with the
philosophy that ATC and airline company communications should not be con-
fused with each other.

2.2,3 Printer

Figure 2-6 shows the ANADEX Model DP-751 printer selected as the cock-
pit hard-copy display. The unit prints 21 columns of characters on 3-1/2

12
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Figure 2-5. VOTRAX Voice Synthesizer with Programming Unit

Figure 2-6. ANADEX Model DP-751 Printer
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inch paper in either red or black ink. The 42 different characters include
the 26 letters, 10 numbers, and the symbols *$-./, which are selected by
the standard ASCII data codes. The characters are one-tenth inch high. 1In
this evaluation, red ink was used for company messages, while black ink

was reserved for ATC messages.

The printer recorded every message sent to the cockpit, whether it was
displayed on any other I/O device or not. The message "see Printer" on the
SMATC called attention to an ATC message appearing only on the printer, such
as ATIS or clearance. Typical company-business messages were outputted by
the printer to add a realistic workload to the experiments. All messages
were tagged on the printer with the time the message arrived. The printer
interfaced with the computer.

2.2.4 Control and Downlink Unit

The Control and Downlink Unit (CDU) shown in Figure 2-7 has three
functions:

1. Generation of messages of up to 16 characters in length by the
pilot for downlink transmission to the ground

2. Control and status indication of the cockpit I/O system

3. Provision of certain control and message-acknowledgment functions
for some of the I/O devices (WILCO, UNABLE, STANDBY, Vosyn repeat,
message recall, etc.)

The CDU was mounted in the forward pedestal. The unit was made up of 12
discrete function buttons and one clearance/advisory button for generating
downlink messages; a l4-button keyboard for generating general alpha-
numeric messages and data; 12 buttons, knobs, and indicators for control

of the I/O system and status indications; and an eight-window scratch pad
display for message composition. The functions of each of these CDU elements
are described in the following paragraphs. An additional alphanumeric
terminal was provided at the second officer's station in the B-727 simulator
since the CDU was mounted on the forward pedestal and was not within reach
of the second officer. It had been hoped that the CDU could be mounted
within reach of all three crew members in the B-727; however, installation
problems necessitated mounting it in the forward panel.

2.2.4.1 Function Buttons - The function-button portion of the CDU has
modes of operation, "clearance" and "advisory", the mode being selected by
the correspondingly labeled alternate-action pushbutton. This is illustrated
in Figure 2-7. 1In the "clearance'" mode, only the top half of each function
button is illuminated, and depressing a button initiates the top, clearance-
type downlink message. Similarly, when the "advisory" mode is selected, only
the bottom half of the buttons will be illuminated and the corresponding
messages will be of the advisory type. The labeling on the switches is
such that the unilluminated half will be invisible. The meanings of these
function buttons are self-evident from the button descriptors shown in
Figure 2-7.

14
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Function buttons shown above were modified somewhat for the
airline tests. See Figure B-2 (Appendix B) for a diagram
showing function buttons actually present.

Figure 2-7. Control and Downlink Unit (CDU)
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Messages requiring a WILCO response cause the UNABLE, STANDBY, and
WILCO buttons to light. The WILCO button will then flash. When WILCO is
pushed, the UNABLE and STANDBY lights will go off and the WILCO light will
become steady. After the simulated polling and transmission delays, the
WILCO light will extinguish. If the UNABLE button is pushed, the WILCO
and STANDBY lights will extinguish while the UNABLE light becomes steady
and then extinguishes after simulated polling and transmission delays. No
change will occur if the STANDBY button is pushed.

2.2.4.2 Alphanumeric Keyboard -~ The l4-button alphanumeric keyboard
consists of 10 dual-function alpha/number pushbuttons (the alpha half of
the "1" button is not used); left, center, and right letter-select buttons;
and an alpha/# alternate-action pushbutton. When the keyboard is in the
alpha mode, only the top half of the 10 alpha/number keys will be illuminated,
as will be the "alpha half of the alpha/# select button. The numbers and
the "#" legend on the alpha/# button will be invisible. By pressing the
alpha/# button, the number mode will be selected, extinguishing the letters
and "alpha" legend and illuminating the numbers on the lower half of each
button as well as the "#" legend. Successive depressions of the alpha/#
button will alternately select the alpha and # modes.

The primary use of the keyboard is in the generation of alphanumeric
identifiers or parameter values to be appended to downlink messages, such
as "BOS" for a Boston ATIS request or "160" for a 16,000-foot altitude
request. In order to generate numbers, the pilot selects the # mode with
the alpha/# select button and then presses the desired number key(s). The
numbers selected in this way will automatically appear in the CDR eight-~
window display as each key is pressed.

Letters are generated by first placing the keyboard in the alpha mode
and then pressing the button containing the desired letter, followed by the
"left", "center", or "right" button depending on the position of the letter
within its own key. Thus the letter J would be generated by pressing first
the "JKL" key and then the "left" key. After the left, center, or right
key is pushed, the selected letter will automatically appear in the CDU
display.

2.2.4.3 (DU Display - The CDU includes an eight-window alphanumeric
scratch pad display to assist the pilot in composing messages with the
keyboard. It utilizes red-dot-matrix LED characters one-fourth inch high,
the brightness of which is controlled by the CDU dimming control.

Characters appear on the display automatically, being added from left
to right as they are generated with the function buttons. For those mes-
sages requiring more than eight characters, the entire message shifts from
right to left by one character as each character after the eighth is gener-
ated. The leftmost character is simultaneously dropped from the display
(but still remains in the message).
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When the keyed-in message is transmitted downlink by depressing the
SEND button, the scratch pad erases.

2.2.4.4 Control Buttons and Status Indicators -~ The CDU includes
12 buttons, knobs, and indicators for various I/0 system—-control and
status—-indication functions. They are continuously illuminated, and the
brightness is controlled by the CDU dimming control. These special
function buttons are as follows:

* Delete Entry - Used to delete entered characters.
* gend Button - Causes keyed-in messages to be transmitted downlink.

* I/0 Blank Button - Blanks SMATC displays. Pushing it a second time
will cause the return of the message to the screen.

* HAS Recall Button - Pushing this button will cause the current
heading, altitude, and airspeed command information (if any is
assigned) to be displayed.

* Message Store Button - May be used to store any SMATC or Vosyn
message such as clearance.

* Message Recall Button - Pushing this will cause the last stored
message to be recalled.

* Vosyn Repeat Button - Pushing this will cause the last Vosyn
message to be repeated.

* Vosyn Volume Control - Self-explanatory.
* Dimming Control - Controls the brightness of all indicators.

* Poll Indicator - Indicates receipt of simulated data-poll from
the ground station.

* Test/Fail Button - When this button is pushed, the I/O system will
go into a self-test routine, during which the TEST half of the
button will flash off and on. When the test is completed, the
TEST legend will return to normal illumination. TIf the system
passes the test, no other indications will be made. If it fails
the test, the FAIL half of the button will be turned on and will
remain on until the self-test operation is again initiated or defective
circuitry is repaired.

* REQ Voice Button - Depressing this button will provide an ARINC or
Company (simulated) voice channel.

2.2.5 AUTOTUNE Device (Automatic Frequency Selector and AUTOTUNE Indicator)

The AUTOTUNE device, illustrated in Figure 2-8, simulates the automatic
tuning, via Data Link, of the voice and data transceivers. Two displays at
the top of the unit display the current frequencies of the Data Link and
voice radios, respectively, with a resolution of 25 kHz. The lower single
element is a scratch pad for pilot entry. These display elements are visible
in direct sunlight. Two selector knobs are provided. The outer portion of
the left-hand knob provides manual or automatic frequency selection, and the
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Figure 2~8, AUTOTUNE Indicator Panel

center portion provides a dimming control. The outer portion of the right-
hand knob allows selection of data or voice radio tuning for manual entry,
and the center portion provides the volume control for the voice radio.

The Voice Test position is a springloaded position that has no operational
function for this simulation. The test position on the left-hand knob
illuminates all light-bar segments.

In the automatic mode, the frequencies were inserted by an uplink
message from the computer after a WILCO response from a crew member. The
manual entry mode was not used in these tests. The AUTOTUNE was mounted
in the forward pedestal.

Voice and data AUTOTUNE messages were initially displayed on the SMATC
(oxr Vosyn) display as conventional messages. Upon pilot acknowledgment by
depression of the WILCO button, the appropriate display elements of the
AUTOTUNE device (e.g., DATA COMM or VOICE COMM) displayed the frequency
currently appearing on the SMATC (or Vosyn).

2.2.6 Company Communications Terminal on B-727

In order to handle Data Link company communications, the B-727 second
officer needed access to an input device. This device was required for
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standard messages such as Departure and Arrival Reports, Off Reports,
Revised ETA/ETO, Manifest, and Gate Requests, in addition to a free-form
digital company message that the second officer might send.

Originally it was planned to mount the TSC-supplied CDU within reach of
all three crew members in order to use the same device for both company and
ATC downlink messages. However, installation difficulties made it necessary
to mount the CDU on the forward pedestal, where only the captain and first
officer could reach it. Consequently, a separate input unit was provided
solely for the use of the second officer in the B-727.

Two different devices were obtained by ARINC Research, and each was
used in approximately one-half of the B-727 evaluations. One device was
the KUSTOM MCT-10 Mobile Communication Terminal built by KUSTOM Data
Communications. The other was the Motorola MODAT, Mobile Data Terminal.
Both were off-the-shelf equipments currently used in law-enforcement
mobile units. Both had full alphanumeric keyboards and volatile-character
scratch pads, which allowed the second officer to review a message prior
to transmitting it.

2.3 SIMULATOR TEST FACILITIES

The two participating airlines, United Airlines (UA) and Trans World
Airlines (TW), were selected from among five prospective participants as
the most capable of assisting ARINC Research in achieving its project
objectives.

The DC-9 and B-727 aircraft simulators supplied by TW and UA,
respectively, represent two of the most common aircraft in the commercial
fleet. Their choice, it was thought, would help to highlight any signifi-
cant differences in Data Link communications between aircraft with two-
member crews and those with three-member crews. The process of installing
these devices provided significant insight into the location problems that
will eventually be encountered in the installation of Data Link equipment
in any aircraft.

2.3.1 DC-9 Simulator

The TW DC-9 simulator includes an authentic facsimile of the DC-9 air-
craft flight compartment, containing exact replicas of the DC-9 crew stations
and duplicating all portions of the external cockpit structure normally visi-
ble to the captain and first officer. There is an instructor's station
located aft of the captain's station.

A visual-display closed-circuit television system is installed on the
DC-9 simulator. Ceiling, visibility, and lighting conditions are variable.
The motion system incorporated in the DC-9 simulator provides independent
motion in three degrees of freedom.

The photograph presented in Figure 2-2 shows the installation of the

two SMATC displays, the CDU, and the AUTOTUNE in the DC-9 simulator. The
printer installation is also shown in Figure 2-3. It was mounted to the
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right of the first officer's seat on the simulator floor. It was placed
in an upright (or end) position to make it easily readable by the first
officer.

No installation difficulties were encountered, with the exception
of mounting the captain's SMATC display. This device was nine inches long
and would not flush-mount with the instrument panel because of the outer
simulator shell. It protruded about one-fourth inch at the bottom. How-
ever, this did not detract from experimental realism.

2.3.2 B-727 Simulator Facility

The simulator cockpit shown in Figure 2-9 conforms to the UA B-727-222,
Cockpit configuration and system operation are identical in all significant
respects to the B-727-222 aircraft in the UA fleet. The fuselage contains
an instructor's console from which environmental conditions can be set or
varied. The simulator incorporates a hydraulically powered three-axis
motion system.

The simulator incorporates a visual system with a color image projected
on a large screen in front of the cockpit. The image is developed from a
scaled 10 X 5 mile earth model surrounding an Instrument Landing System
(ILS) runway.

Figure 2-9. B-727 Simulator Cockpit
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Environmental controls for the visual model include visibility variable
from 0 to 9-3/4 miles, ceiling variable from O to 2,000 feet, time-of-day
variation, and approach lighting control. The ability to vary surface and
altitude winds was a major contributor to keeping the scenarios on schedule.

Figures 2-10 through 2-12 depict the B-727 installation of the two SMATC
displays, the CDU, the AUTOTUNE, and the printer. The independent company
communications data-terminal device was located near and behind the second offi-
cer's shelf. The cockpit printer was located on a shelf below this terminal.

No installation problems were experienced in the mounting of these devices.

The simulator was returned to its normal configuration immediately after Data
Link test sessions. Because of the requirement for rapid configuration change,
a primary consideration in installation was the quick changeability of these
devices.

2.4 TEST EQUIPMENT

All of the experimental I/0 devices installed in the simulators were
driven by a government-provided Texas Instruments 960A minicomputer located
outside the simulator. Each of the three scenarios consisted of approxi-
mately 60 messages. During the actual conduct of the experimental flights,
these messayges were stored in memory in the minicomputer. Each message
was automatically displayed on an ASR 733 Printer-Keyboard Terminal asso-
ciated with the minicomputer. At the proper time, the console operator
would release these messages to the simulator. The Texas Instruments 960A
minicomputer appears on the right side of Figure 2-13. The ASR 733 appears
on the left side of the figure.

The ASR 733 console included a twin magnetic-tape cassette read/write
unit. This can be seen immediately above the keyboard console in Figure
2-13. Each scenario was programmed onto one cassette, while the other
cassette was used for data collection. The printer allowed the operator
to observe the process of the scenarios as each message was printed out.
The keyboard gave him control over the system operation, enabling him to
dispatch each message in sequence, skip or go back one or more messages,
add messages, and initialize various parameters prior to a given experimental
run. The computer was mounted in an equipment rack along with the Vosyn
and associated power supplies. The ASR 733 console was placed on a table
adjacent to the computer rack.

Figure 2-14 shows the actual test equipment configuration used at the
B-727 simulator location. In addition to the equipment shown, an audio link
and one-way buzzer (depicted in Figure 2-1) was provided between the con-
sole operator's station outside the simulator and the test observer's sta-
tion inside the simulator. These links were used for test coordination
during the actual scenario delivery. This will be described further in
Section 3.

The buzzer link and audio link as well as associated headsets were
provided by the airlines at their respective sites.
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Figure 2-10. Captain and F/O Panels with Proposed SMATC Locations,
B-727 Simulator
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Figure 2-12. B-727 Printer and Company Communications Data Terminal
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Figure 2-14. Test Equipment Configuration, B-727 Simulator

Redundancy was provided where possible. Only one of each I/O device
was supplied (two SMATC displays) by TSC because of the time required to
construct duplicates. A spare minicomputer and console terminal were
available at the test site. In addition to backup, this computer was used
for off-line "quick look" analysis of each day's data to verify that the
system was operating properly. A spare wiring harness or cable was also
provided at each site. This was used to test the devices when they were
not installed in the simulator. Additional wire pairs were provided in
each installed cable in case of failures within cables after installation.

In addition to the equipment provided by the government and ARINC
Research, TW and UA both supplied facilities that allowed the test operator
outside the simulator to be constantly aware of the simulated aircraft's
geographic position and altitude. In essence, he had the same type of
information that is available to air traffic controllers.
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5. DESIGN AND CONDUCT OF EXPERIMENT

The overall evaluation objectives will be expanded into specific
objectives in this section. The development of an experimental test was
based on these specific objectives and required measurements of the effects
of various factors on communications performance. The procedure used to
acquire experimental pilots and the characteristics of these pilots are
discussed, and the daily evaluation operating schedule and the method of
scenario delivery are described.

3.1 SPECIFIC EVALUATION OBJECTIVES

The overall evaluation objectives stated in Section 1 have been
further defined in terms of specific objectives:

+ To determine pilot reactions concerning three complements of I/0
devices based on a wide range of commercial airline pilots

* To measure and record crew communications performance using the
Data Link I/O devices

« To investigate the possible effects of scenario, simulators,
turbulence, lighting conditions, and crews on various I/O
complements

+ To evaluate which features afforded by a Data Link would be used
by a crew

* To investigate the differences between Data Link in two- and
three-crew-member aircraft

* To rank the three demonstrated complements of I/O devices on the
basis of both quantitative and qualitative data

The factors that may influence data include the following:

* Simulators
* Scenarios
* Complements

¢ Crews
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* Turbulence conditions
* Light conditions

* Practice effects

In order to meet the above-listed objectives, both quantitative and
qualitative data were collected. The quantitative data were collected by
the Data Collector subroutine of the TI 960A computer. Response time
upon message comprehension was the quanitative variable. The qualitative
data were collected from the debriefing questionnaires, from the observa-
tions of the cockpit observer, and from the supplemental questionnaires.

3.2 EXPERIMENTAL DESIGN

The cost of owning, operating, and maintaining a well equipped airline
simulator often approaches several hundred dollars per hour. For this
reason the major constraint in developing an adequate design was that of
economics.

An Analysis of Variance of the anticipated experimental design indicated
that, within the program constraints, twe simulators, three scenarios, and
three device complements could be adequately evaluated. Two main criteria
were taken into consideration in designing this evaluation:

1. 1Interaction among and between causal factors

2. Variations in measures due to factors not controlled in the
experiment, such as crew background

The first of the criteria was handled by obtaining responses while
varying all the factors simultaneously rather than varying only one factor
at a time. The second of the criteria was obtained by randomizing the
factor combinations to the experimental units (i.e., individual crew sorties).

Nine aircrews were tested at each of two simulator sites and three
scenarios were employed. Each scenario, describing a communications
profile for a typical airline flight of approximately one hour ten minutes,
started as shown in Figure 3-1. The three complements combined with the
three scenarios yielded nine distinct combinations.

Fach crew flew one four-hour test session consisting of three flights.
This provided a total of 27 flights per simulator, or 54 overall. Each
flight experimental run in Table 3-1 was smooth or turbulent and flown
under day or night conditions. This yielded 36 possibilities. To accom-
modate this number with nine crews in two blocks (simulators), we used a
fractional factorial design in which the occurrence of complement and
scenario was completely balanced with the crews, the turbulence, and the
daylight conditions.
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Figure 3-1. B-727 in Take-Off Position at Kansas City International

TABLE 3-1. CREWS BY TEST CONDITIONS

Scenario SMATC VOSYN SMATC/VOSYN
and
Condition Day Night Day Night Day Night
Smooth 5 8 3 6 9
I
Turbulent 7 1 4 2
Smooth 9 6 1 7 3
II
Turbulent 2 5 8 4
Smooth 4 8 2 7 1
ITT
Turbulent 3 6 9 5
Note: The terms SMATC, VOSYN, and SMATC/VOSYN indicate the
distinctive characteristics of each complement. The
full suite or complement of devices in each case may be
reviewed from the listing on pages 9 and 10.
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The basic experimental unit for this evaluation was a flight on a
particular simulator using a particular complement, with a particular
daylight and turbulence condition during a particular scenario. Although
normally all the factor combinations used in the experiment were randomized
on the experimental units, in this situation there was a restriction
resulting from each crew's having to fly three flights in a row.

Table 3-1 shows for each of the simulators the combinations of
conditions each of the crews experience. As the crews became available,
they were assigned to one of the crew numbers in Table 3-2. The order of
missions for each of the nine crews in Table 3-2 was randomly selected.

TABLE 3-2, ORDER OF MISSIONS FLOWN

Scenario (S)
Crew SMATC VOSYN SMATC/VOSYN
S-I S-I1 S-IIT S-T S-IT S-IIT S-I S-I1 S-III

1 2 3 1
2 2 1 2

3 2 1 3

4 3 2 1

5 3 1 2
6 1 2 3

7 2 1 3
8 1 3 2

9 3 2 1

S-I: SFO-LAX; S-II: MCI-ORD; S-III: LAX-SFO

Table 3-1 was restructured into five two-factor tables as presented
in Table 3-3. Only in Table 3-3(a) is there represented a full-factorial
(i.e., all factor combinations tested) design with replications so that
the differences among crews can be tested as well as all the interaction
among crew, complements, and scenarios.

Appropriate transformations on the data were made in order to attain
variance stabilization and normalization, which are the necessary assump-
tions in conducting the desired analysis of variance. This analysis is
described in Section 5.
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(a)

(b)

(a)

(e)

(£)

TABLE 3-3.

(NUMBERS LISTED ARE CREW NUMBERS)

CREWS BY FACTOR COMBINATIONS: TWO FACTORS CONSIDERED AT A TIME

Scenario by Complement

Scenario SMATC VOSYN SMATC/VOSYN
I 1, 5, 7 3, 4, 8 2, 6, 9
IT 2, 6, 9 1, 5, 7 3, 4,
III 3, 4, 8 2, 6, 9 iva Sha 1

Light Condition by Complement

Light Condition SMATC VOSYN SMATC/VOSYN
Day 2, 4, 5, 7, 9 1, 4, 6, 8 3, 5,6, 7,8
Night 1, 3, 6, 8 85 Bp im &a B 1, 2, 4, 9

Turbulence by Complement

Turbulence SMATC VOSYN SMATC/VOSYN
Smooth 4, 5, 6, 8, 9 1, 2, 3, 7, 8 1, 3, 6, 7, 9
Turbulent 1, 2, 3, 7 4, 5, 6, 9 2, 4, 5, 8

Light Condition by Scenario

Light Condition Scenario T Scenario IT Scenario III
Day 4, 5, 6, 7, 8 1, 3, 8, 9 4, 5, 6, 7
Night 1, 2, 3, 9 2, 4, 5, 6, 7 1, 2, 3, 8, 9

Turbulence by Scenario

Turbulence Scenario I Scenario II Scenario IIT
Smooth 3, 5, 6, 9; 9 1, 6, 3, 7, 9 1, 2, 4, 8
Turbulent 1, 2, 4, 7 2, 4, 5, 8 3, 5,6, 7, 9

Turbulence by Light Condition

Turbulance Day Night
Smooth 1, 3, 4, 5, 6, 8 9 1, 3, 6, 74 8; 9
Turbulent 2, 4, 5, 6, 7, 8 1, 2, 3, 4, 5, 9
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3.3 EXPERIMENTAL CREWS AND SCENARIOS

In selecting experimental crews, it was desired to obtain the widest
possible cross-section of qualified pilots from the air carrier industry.

The primary element of this participation was to be the professional
pilots and flight instructors on the staffs of TW's and UA's training
centers. They were chosen since scheduling conflicts with them could be
minimized. Additionally, it was desired to obtain volunteer pilot
participation from interested user groups in the industry and FAA test-
pilot participation.

The number of volunteers surpassed all expectations, undoubtedly due
to the written request made by the ATA to all member airlines. Pilots
currently flying for or on the staffs of the following organizations
participated in the evaluation:

* Airline Pilots Association

* BAmerican Airlines

¢ Boeing Company

* Braniff International

* Continental Airlines

* Federal Aviation Administration (NAFEC)

* Southern Airways (not used because of equipment malfunction)

* Northwest Airlines

* Ozark Airlines

* Pan American World Airways

* Society of Automotive Engineers (S-7 Committee)

* Trans World Airlines

* United Airlines

* Western Airlines .
The participating pilots could be classified as follows:

* Line Pilots
+ Management Pilots (Flight Instructors and Flight Managers)

* Engineering and Test Pilots o

Table 3-4 shows a breakdown of certain pilot characteristics.
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TABLE 3-4.

EXPERIMENTAL CREW CHARACTERISTICS

o - Airline
Simulator Average Hours in Transpo?t ?1ne, Manégement ?est
Hours X Rated (in Pilots Pilots Pilots
Aircraft .
Aircraft)
DC=-9 9600 1530 17 (11) 6 8 4
B-727 11600 1900 19 (14) 5 16 6

The three scenarios, which were used at both simulator sites, were as
follows:

Scenario I - San Francisco to Los Angeles

Scenario II - Kansas City to Chicago

Scenario IITI - Los Angeles to San Francisco

Each of these scenarios described a typical flight of about one hour
ten minutes between two high-density terminals. Approximately 60 messages
were contained in each scenario: roughly 50 were ATC messages, and the
remaining 10 were company messages. Situations that required the crew to
use the CDU for downlink-message composition were provided. Each scenario
was coded into three message scripts, one for each device complement. It
had been desired to use at least one international scenario. However,
the geographic detail stored in the simulator computer as well the lack of
suitable navigation capabilities in the simulators prevented this,

Runway visual systems were used for all takeoffs and landings to
simulate realism and note any distracting effects of the I/0 devices.

Three varying degrees of company automation were employed in the three
scenarios to obtain qualitative pilot opinion on the acceptability of the
varying amounts of button-pushing required in composing these messages.

The three scenarios are illustrated in the following subsections and are
described in detail in Appendix A.

3.3.1 Scenario I - San Francisco to Los Angeles

Scenario I, illustrated in Figure 3-2, involved a non-stop flight from
San Francisco International Airport to Los Angeles International Airport.
The crew initially requested Automatic Terminal Information Services (ATIS)
by using the CDU. Next they requested clearance. Prior to takeoff but
after gate departure, the flight was advised of a ten-minute delay and
asked to forward a delay report to the company. The flight took off, was
vectored through its departure procedure, and was instructed to climb to
altitude. (The altitudes were somewhat different for the two simulators,
consistent with the altitudes for which the aircraft would actually file.)
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An impossible altitude command was given to the crew in order to require
the use of the UNABLE button on the CDU. Following the resolution of the
difficulty on the voice channel, the flight was instructed to proceed to
its proper altitude.

Clear Air Turbulence (CAT) was encountered en route, forcing the crew
to request a change to a smoother altitude. The flight was cleared to a
smoother altitude and eventually descended for its approach into Los Angeles.
The flight was radar-vectored for an instrument approach at Los Angeles.
The assigned approach differed from the one mentioned in the ATIS information.
The aircraft landed and taxied to the gate. The flight concluded with the
crew filing its arrival report with the company.

A certain degree of automation was assumed for company messages in
this scenario. It was assumed, for the purpose of Gate Departure, Air-
borne, Landed, and Gate Arrival reports [respectively called OUT, OFF,
ON, and IN ("C00I")], that on-board flight devices automatically inserted
the flight number and applicable station identifiers. The crew entered
only the proper function (e.g., DEPARTED) and the applicable time and
fuel-weight digits, and then depressed the SEND button.

3.3.2 Scenario II - Kansas City to Chicago

Scenario II, illustrated in Figure 3-3, involved a routine flight
from Kansas City International Airport to O'Hare International Airport.
As in Scenario I, the crew requested ATIS and ATC clearance via the CDU.

The aircraft took off, was radar-vectored to intercept the proper
departure course, and climbed to its flight-planned altitude. An
impossible transponder code was given to the flight in order to require
the crew to use the UNABLE buttom on the CDU. Once this situation was
resolved on the voice channel, the flight was given the correct transponder
setting via the data link. The flight was instructed to circle and hold
prior to entering the Chicago terminal area.

Full automation of company "000I" messages was assumed in this scenario.
The crew pressed only the applicable function button, followed by the SEND
button. On-board sensors and devices caused the flight number, station
identifier, applicable time, and fuel-weight digits to be entered.

3.3.3 Scenario ITI - Los Angeles to San Francisco

Scenario III, illustrated in Figure 3-4, involved a flight from Los
Angeles International Airport to San Francisco International Airport.
As in Scenario II, the scenario began with the crew requesting ATIS and
Clearance via the CDU. The flight was vectored through a departure
procedure to its flight-planned route.

The flight proceeded normally through the departure, en route, and

initial arrival stages. An unreadable heading command was given to the
flight in order to force the use of the UNABLE button. After this
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situation was resolved on the voice channel, the correct heading was given.
On final approach, the flight was told to go around because of a disabled
aircraft on the runway. The flight was radar-vectored for another
instrument approach and landed. This scenario was concluded with the

crew filing its arrival report.

Only the flight numbers were automated in the company messages of
this scenario. The crew entered station identifiers, times, and fuel-

weight digits for the "000I" messages.

3.3.4 Downlink Request Messages

There were two conditions under which the crew was instructed to
generate downlink request messages via the CDU. The first occurred when
they wanted to obtain a clearance, taxi instructions, ATIS, weather, or
altimeter setting, or to send company-type messages. The second
condition for downlink messages occurred in some scenarios at predetermined
points. At the proper time, the on-board observer informed the crew that
a certain situation existed. The observer instructed the crew on the
action to be taken in terms of a downlink request, which was predetermined.
The downlink messages that fall into this category are "ALT Request,"

"HDG Request", and "Alternate Airport." A crew member would key in the
required downlink request, for which the uplink response was the next
sequential message of the scenario.

3.4 EXPERIMENTAL PROCEDURE

Test personnel included the Test Observer and the Test Operator. In
the B-727 simulator, an additional person, the radio aids operator, was
used.

The test observer, seated inside the simulator at the instructor's
station, had three principal functions:

1. Act as advisor to the crew as necessary
2. Advise the console operator when to release certain messages

3. Observe and record crew action for purpose of data gathering ,

He was also responsible for initializing the simulator at the beginning of
every trial; this activity included setting light conditions and locating
identifiers, environmental, and visual system parameters. He adjusted the
wind component to keep the tests on schedule. In addition, he operated the
visual system on takeoffs and landings. Figure 3-5 shows the test observer
operating the B-727 simulator initialization and control panel.

The console operator, seated with the test equipment located outside
the simulator (shown in Figure 2-1), effectively ran the experiment from
his station. The operator loaded the script cassette and data-collection
tapes into the ASR-733 cassette terminal. He set all required initial
values into the minicomputer. When the observer advised him to release
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Figure 3-5. Test Observer Operating Simulator Control Panel

the first message, he did so. In addition to releasing messages, he also
functioned as ground voice controller for both ATC and company purposes.
There was at least one instance in every scenario in which it was
necessary to use a voice channel for ATC or company purposes. Whenever
the UNABLE button on the CDU was pushed, the observer responded on the
voice channel as the appropriate ATC controller. Whenever the company
voice button on the CDU was pushed, the operator responded as the Company
Radio Operator. When the B-727 second officer sent a company message
downlink on the independent terminal, it appeared on a separate printer
at the operator's location. The operator entered the reply on the
ASR-733 console. This reply appeared on thé page printer in the cockpit.

Figure 3-6 shows the exact procedure used at TW with the DC-9. The
procedure for the B-~727 was somewhat more complicated in that the approach
recorder was not accessible to the test console operator. He had to use
an additional audio link to a UA Radio Aids Operator located in a distant
section of the building.
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Figure 3-6. DC-9 Test Operating Procedure

An experimental session consisted of approximately one day's activity
for the experimental flight crew and test operating personnel. It included
four hours of simulator time during which three flights were conducted in
accordance with the experimental design tables (3-1 and 3-2).

Each test session was planned to last not more than four hours, but
the sessions sometimes ran 20 to 30 minutes long, at the convenience of
the host airlines. Immediately prior to and following these sessions,
the simulator was configured for standard training. All devices were
removed from the simulator or stowed out of sight when not being used
during the I/O trials.

A typical seven-hour day for the flight crew, with a one-hour lunch
break, was broken down approximately as follows:

Time (0800 start is arbitrary) Event

0800-0815 . . . . ... . . . . Flight crew reads or rereads
Appendix B, Briefing Information.

0815-0855 . . . . . . . . . . . Flight crew is briefed.
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0900-1300 v « « « « « » » « » » PFour-hour simulator session.

0900=0910 + & v &« = » = » » » « Crew-familiarization run --
Appendix B.

0910-1020 . + + « « « &« « «» « » First flight is conducted.

1020=1030 + +« + « « « « s« » » » Break. Second trial run is
made ready.

1030-1140 . . ¢« + « « « « « « « Second flight is conducted.

1140-1150 . . 4+ 4 & « « « « « « Break. Third trial run is
made ready.

0150-1300 + « « « + « +« &« + « «» Third flight is conducted.

1300-1400 . + « + + « « » » « o Lunch.

1400-1500 . + « +« « « = « « « « Flight crew completes questionnaire
and is debriefed.

The simulator testing was begun at UA's facilities in Denver on
26 October 1974 and was completed at TW's facilities in Kansas City on
20 December 1974. With the exception of some minor technical problems
with the Voice Synthesizer in early December, the tests proceeded without
incident.
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l,  QUALITATIVE DATA ANALYSIS

When an automated information-transfer system, such as Data Link com-
munications, is integrated into a system in which critical life-protecting
decisions are dependent on the quality of the man-machine interface, the
subjective evaluations of the operators may be as decisive as the technical
measurements of the system. The use of simulators in this experiment is
aimed directly at comparing the quality of the man-machine interface of
various complements of Data Link communications equipments. The subjective,
or qualitative, data were derived from three sources in this evaluation:

* Debriefing questionnaires
* Observer comments

* Supplemental questionnaires

The most useful data collected were those compiled from the 44 responses
to the debriefing questionnaire. At the completion of the three trials,
each crew was taken to a classroom and asked to complete the questionnaire,
which is reproduced in Appendix C. The questions concerned the device com-
plements, the individual devices, and many of the general assumptions or
Data Link concepts tested during the evaluation. After the questionnaire
was completed, a question-and-answer or free-comment session was held.
Significant remarks were recorded by the observer, who was also the debriefer.
The entire process took about one hour.

Another significant source of data was the compilation of the test
observer's comments. Four persons acted as observers during the 54 trials.
All four were instrument-rated pilots, and the one who observed about 83
percent of all trials had considerable heavy-jet experience. Their comments
primarily concerned the effects of Data Link on crew performance and inter-
action and were usually recorded on an exception basis. In other words, if
the observer noted something he considered unusual, he recorded it.

Another function of the observer was to enable the computer to record
whether the left- or right-seat pilot responded on the CDU. It was
intended that this be done by manually changing the switch provided as
part of the test instrumentation. The observer's workload prevented him
from actively using this switch. As a practical matter, however, it was
noted by all observers that, almost invariably, the CDU was operated by
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the non-flying officer. For the flying officer to operate the CDU, he
would have to lean forward across the engine controls, and this action
was observed infrequently, if ever.

The supplemental questionnaire was distributed about four months after
completion of the testing. 1Its purpose was to help provide additional
insight into overall crew sentiment toward various device complements and
Data Link concepts. One of its principal advantages is that it provided
all responders a four-month period to re-examine their initial reactions
to Data Link and to formulate considered opinions.

4.1 INITIAL QUESTIONNAIRE RESULTS
The questions deal with the attributes <f Data Link I/O devices,

device complements, and concepts. The 45 questions presented were distributed
as follows:

°* SMATC Display 11
* Vosyn 4
* SMATC with Vosyn 5
* Printer 6
* CDhU 4
* General Concepts 15 »

In addition to answering the questions, crew members often provided
amplifying and clarifying comments. Sometimes the question called for spe-
cific comments. In explaining the results, this report employs some of
these comments. The initial questionnaire responses and all additional
comments are tabulated in Appendix C. The B-727 crews generally provided
more additional comments than the DC-9 crews. Because of a slight error
in administering the questionnaire, the DC-9 crews were given a longer,
unabridged version, which left them little time for additional comment.

The abridged questionnaire used for the B-727 crews is a subset of questions
in the longer, unabridged version. No data have been lost as a result of
this error, however.

Since one of the major objectives of the evaluation was to determine
the differences in Data Link communications between two- and three-crew-
member aircraft, the questionnaire responses from the two-member DC-9
crews and the three-member B-727 crews were examined for significant
differences. The test used to determine these differences was the Chi-
Square test of independence in contingency tables at the 0.05 (5 percent)
level of significance, which compares the expected values of responses
against the observed values at a stated level of significance. These
differences are discussed before the basic analyses of all responses because
of the desirability of treating the remaining data -- in which no response
differences could be attributed to simulators -- as data belonging to a
single population.

A significant difference between the simulators was found in the
responses to three questions. Two questions were related to Vosyn intelligi-
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bility, and a third was related to desirability of abbreviations used on the
printer.

The Vosyn was found to be more acceptable in the DC~9 than in the B-727
simulator. The integration of Vosyn audio into the B-727 audic system pro-
vided a poor-quality sound because of stray noise and interference, mismatch
of impedances, and the generally less than excellent quality of sound in the
simulator audio system. The speakers used in the audio system were, however,
identical to those used in the fleet aircraft.

In the test installation for the DC-9 the Vosyn audio output was fed into
its own amplifier and then into a dedicated speaker directly behind the crew.
A much improved audio quality was thus obtained. Since the total cost of
the amplifier and speaker used in the DC.9 simulator was small, the improved
acceptability of the Vosyn here cannot be attributed solely to the use of
"high fidelity" equipment. The significant difference in the Vosyn audio-
quality acceptability of the two simulators is a result of the improved in-
stallation technique employed in the DC-9. However, the feasibility of pur-
suing this improved technique in the aircraft, with its attendant high-noise
environment, is not known.

In the examination of the significant difference in the desirability
of abbreviations used on the printer, it appeared unusual that the DC-9
crews were much less receptive to the use of any abbreviations on the
printer than were the B-727 crews. However, the respondents in the B-727
case were all flight engineers, or non-flying officers. In the DC-9 the
respondent was always the right-seat pilot, who was sometimes the flying
officer. It is readily understandable, in view of his relatively heavier
workload, that the flying officer would be less receptive to abbreviations
used on the printer than the non-flying officer in the B-727. Providing
only the right-side crew member with access to a printer in the DC-9 was
the unfortunate result of having to make the simulator easily convertible
to the normal training configuration.

No other significant differences between simulators were found in any
of the responses. Therefore, the remaining qualitative data will be treated
as though they belong to a single population.

4.1.1 SMATC Display

The SMATC display was used by itself as a complement and in combination
with the Vosyn. Eleven questions were asked concerning the SMATC. Four
were of the Yes/No type, two concerned distracting effects, and five asked
for opinions on device employment. These questions are discussed below,
along with selected comments that support the majority or contrasting
responses. Only the two flying officers were asked to respond; however,
B-727 second-officer responses were not excluded. Responses to seven SMATC
questions are illustrated in Figure 4-1.

Without exception, all pilots found the SMATC readable in its present

location (see Figure 4-1). One pilot commented that in a small cockpit
such as the DC-9's, one centrally located device would be sufficient.
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The majority of pilots agreed that there were no confusing abbrevia-
tions on the SMATC display. A complete list of abbreviations on the SMATC

Percent Responding

Questions Answers
25 50 75 100
Did you find the device Yes S R ;
readable in its present
location? No

Were there any confusing Yes
abbreviations on the

SMATC? No
Did the SMATC dominate Yes
your attention or dis-
tract it from any No g ; 5
other instrument?
n To a degree 9.5
Could the SMATC cause Yes 12
distraction during an _ .
instrument or visual No A
a h landing? .
pproach or naing Marginal :|7
Are more or less More 32
characters needed?
Less
As is i
Unsure ’4
What character size Larger
do you prefer?
4 12 Smaller :] 2
As is
What method of alert- Audio 18.7
ing to a new message Alert )
on the SMAT R
refe§° S ES R 9.7
P ‘ SMATC S

Flashing
WILCO | Jeu1

Note: The shaded bars represent those responses considered favorable to
the device or concept being evaluated. Decimals represent multiple
responses.

Figure 4-1. SMATC Display Responses
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is given in the SMATC column of the scripts in Appendix A. The following
abbreviations cited as confusing could have affected aircraft navigation:

* 0SI (identifier for Woodside) was confused as the 051 radial.

+ DEP 050R (meaning "depart 050 radial”) was interpreted by one
pilot as an altitude clearance of 5,000 feet.

The first comment was cited by two pilots. The second comment, along
with six others not pertaining to navigation, was mentioned once. The
majority of pilots felt that the SMATC display did not dominate their
attention or distract it from any other flight or navigation instrument.
Those who commented that the SMATC did distract, or could do so to a degree,
cited the horizontal situation indicator, flight director, altitude, and
airspeed instruments as those which could be neglected. Three pilots
felt that distraction could be caused during climb and descent. Since the
SMATC was positioned next to the airspeed indicator, which is a primary
instrument during climbs and descents, this is understandable. Two pilots
cited the red light of the SMATC LED characters as distracting since this
color is usually reserved for high-priority fault annunciations. One
pilot commented that the flashing of the SMATC upon displaying a new message
could be distracting during critical flight phases.

In the approach and landing phase, the majority of pilots believed
that the SMATC display could cause at least a marginal distraction. Again,
the flashing was mentioned as being distracting, along with the audio alert.

The great majority of pilots thought that the l6-character field of the
device was adequate. This is based on the assumption of printer availability
in the cockpit with the SMATC being limited to short ATC messages. Similarly,
a majority thought that the individual character size was adequate.

Most pilots showed preference for an audio alert of a new message on
the SMATC as opposed to flashing the message on and off to gain attention.
The choice of having the WIICO button flash was not attractive to the pilots.

During the approach into San Francisco a go-around was given at typically
250 feet while IFR conditions still prevailed. On three trials in each simu-
lator the SMATC display alone was present. In most cases the flying officer,
who was giving full attention to the flight director and one or two other
instruments, did not notice the go-around message, which was preceded by the
aural alert. In at least one case the flight engineer called the message to
the crew's attention. Several pilots observed that the SMATC went unnoticed
during the busier phases of flight, including the instrument approach. One
pilot observed that a message on the SMATC during this phase of flight
should be more attention-getting.

The SMATC display was found to be easily readable and well located.
With the exception of a small number of commands, the abbreviations used
on it were not confusing. The SMATC did not distract pilots during most
phases of flight. Some distraction of the pilot's attention from the
adjacent airspeed indicator may have been caused during climbs and descents.
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A majority of pilots believed that the SMATC could potentially distract them
during an instrument approach.

The use of the SMATC display for emergency or time-critical messages,
such as minimum-safe-altitude warning or go-around, is not recommended. Even
with the audio alert employed, it does not adequately gain the crew's
attention under heavy-workload situations.

4.1.2 Voice Synthesizer (Vosyn)

The Vosyn was used in two device complements -- once by itself and
once in combination with the SMATC display. The crew was asked four ques-
tions concerning the Vosyn's intelligibility, the improvement of intelli-
gibility with practice, the effect of mechanical speech, and the applica-
tion of the Vosyn in air-traffic control. The results of these questions
are shown in Figure 4-2.

Overall, only 20 percent of the pilots rated the intelligibility of
the Vosyn good, while 80 percent rated it marginal or unacceptable. How-
ever, in the DC-9 simulator, which did not use the simulator audio system
for the Vosyn, the intelligibility rating was much higher. In the DC-9
alone, 47 percent rated the Vosyn good, 47 percent marginal, and 6 percent
unacceptable. These latter percentages are thought to be more representa-
tive of the responses to this question. 1In either event, fewer than half
the pilots thought that the Vosyn intelligibility was good.

No real differences between the simulators were cited in the responses
to the remaining questions. In commenting on the applicability of the
Vosyn, several pilots observed that it should not be used for routine com-
munications but instead should be used only for emergency or semi-emergency
type communications of the first priority, such as minimum-safe-altitude
warning or missed approach.

Pilots found the long messages to be distracting and hard to follow.
There was practically no tonal inflection or volume variation in the Vosyn
words. The lack of space between words made the speech difficult to follow.
One pilot commented that he found the Vosyn quite difficult to understand
while others in the cockpit were speaking.

One engineering test pilot observed that the Vosyn detracts from one
operational advantage of Data Link -- namely, that two persons can communi-
cate without devoting full attention to each other at the same time. He
felt that, in contrast to the SMATC, the Vosyn demanded the pilot's atten-
tion because it blocked out other conversation.

The intelligibility of the Vosyn is considered unacceptable for routine
communications. Pilots found the mechanical scund and the lack of tonal
inflection and volume variation to create difficulty in understanding in a
high-noise environment as well as annoying. This effect apparently did not
diminish with practice.
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Percent Responding

100

Questions Answers v Y
25 50 75

How would you rate the Good 8.5

intelligibility of the 3

Vosyn? Marginal _]29.5

Did the intelligibility
improve with practice?

Apart from intelligi-
bility, did you find
the mechanical quality
of speech to be
annoying?

Should the Vosyn be
limited to certain
types of messages?

Unacceptable 5

Yes

No

Only
Slightly
No
Moderately
Very
Undecided

Short Only
Long Only
No

Other

21

24.5

Note:

the device or concept being evaluated.

responses.

The shaded bars represent those responses considered favorable to
Decimals represent multiple

Figure 4-2.

Voice Synthesizer Respomnses
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On the basis of the foregoing, it is concluded that the Vosyn should
be limited to short messages. It detracts from one of the prime advantages
of Data Link, in that it seems to demand attention, while on the other hand
the SMATC allows two people to communicate effectively without devoting full
attention to each other at the same time. This characteristic, however,
would be desirable for emergency or time-critical messages. The Vosyn is not
recommended for routine ATC communications.

4.1.3 Vosyn With SMATC

There were five questions concerning the combined use of the SMATC
and the Vosyn. Figure 4-3 shows the results of the questions.

Only 27 percent responding stated that synthetic speech should be
restricted to takeoff and landing. A slightly higher percentage, 37,
thought that this device complement provided too much redundant informa-
tion. (See questions 1 and 2 on pages C-10 and C-1l.) Two pilots inde-
pendently found the combined use annoying on the heading, altitude, airspeed
(HAS) messages. Apparently, the SMATC would first display the recalled
HAS information; the Vosyn would then recite it with a slight delay as
the SMATC was switched back to the original message by the crew member.

A large majority reported that it was not confusing to have the same
ATC messages presented on both the SMATC and the Vosyn. (The response-
time analysis, however, shows that this did significantly delay responses.)
Several pilots commented that the duplication, although not confusing,
was both irritating and unnecessary.

Only 26 percent considered the device duplication desirable. In the
answers to the question there was a significant difference between the
B-727 and DC-9 crews, and this is probably directly attributable to the
higher Vosyn quality in the DC-9 simulator. Disregarding this unintended
experimental variation, we would expect (on the basis of the DC-9 responses)

10 of 18 respondents, or 55 percent, to find the duplication desirable,
as did the DC-9 crews.

It is noted that the comments in favor of the duplication frequently
came from the crew that had been given the low-altitude go-around with only
the SMATC device. 1In these and similar instances, the Vosyn served as an
effective attention-getter.

A large majority, 84 percent, believed that the Vosyn could be most
readily eliminated, with only 5 percent stating that the SMATC could be
eliminated. The response did not vary significantly with the simulator
used, indicating that the better audio quality of the Vosyn in the DC-9
did not affect the relative desirability of the SMATC and Vosyn.

No strong reactions were exhibited in the responses to questions on com-
bined SMATC and Vosyn use. The predominant belief was that the duplication
provided by the two devices was either undesirable or not clearly desirable.
Given the choice of eliminating one of the two, the pilots strongly favored
retaining the SMATC.
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Percent Responding

Questions Answers T I T

2P 50 75
Should synthetic speech be |Yes |1O
limited to when pilot's s -- s

eyes are busiest (such as
takeoff or landing) with
a visual display
otherwise?

Did some of the device
complements provide too
much redundant
information?

No Opinion

Yes
No

No Opinion

Was it confusing to have Yes

the same ATC messages N

presented on both the N

SMATC and the Vosyn at To Some

the same time? Extent

Was the duplication in Desirable

this complement desir-
Unnecessary |l4

able or unnecessary? T
Neither __J14

Which device could be SMATC

most readily

eliminated? V@S —J32
Neither

Note: The shaded bars represent those responses considered favorable to

the device or concept being evaluated.

responses.

Decimals represent multiple

Figure 4-3.
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The Vosyn was determined to be effective as an attention-getter during
the busier phases of flight.

4.1.4 Printer

Questions were asked concerning the possible applications of the printer
and the method of presenting and calling attention to information. Twelve
percent believed that the printer should be restricted to long messages
only, while 75 percent believed that it should not be so restricted. Com-
ments on this question indicated the general desirability of printing all
ATC clearances, ATIS information, company communications, and any other
information requiring documentation. The printing of such perishable
information as traffic advisories, HAS, etc., was not considered desirable.

When asked if abbreviations and/or symbols on the printer were desira-
ble, flight engineers and pilots answered as follows:

Category E;;E:g:;s Pilots
Abbreviations 7 0
Symbols 1 0
Both 6 1
No Opinion 0 1
None 5 14

In the B-727, the respondents are primarily flight engineers, whereas
they are pilots in the DC-9. The two groups responded quite differently.
The pilots appeared to be almost unanimously opposed to abbreviations or
symbols, while the flight engineers were agreeable to abbreviations, symbols,
or both. As stated earlier, the printer operator in the DC-9, who was
sometimes the flying officer, was generally much busier than the B-727
printer operator.

A time-tag was appended to all printer messages. A majority of re-
spondents either believed that this time-tag had no value or had no opinion
on it. Several pilots observed that the time-tag served no value during
the flight although it might be needed later for record purposes.

Seventy percent of pilots stated that there should be a visual or aural
alert to let the crew know of impending company messages. In this evalua-
tion, no alert was provided other than the printer line-feed noise, which
was relatively loud.

The majority of pilots believed that all messages, both company and
ATC, should be displayed on the printer. The majority also felt that a
distinction such as red and black ink for company and ATC messages, respec-
tively, was sufficient, although several pointed out that red ink is
invisible at night in a red-lighted cockpit, indicating that another color
ink should be shown. However, the determination of night lighting accept-
ability was not among the evaluation objectives.
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The printer location to the right side of the flight engineer's panel
in the B-727 was considered satisfactory and convenient. The location on
the DC-9, however, was considered generally unsatisfactory. It was observed
that the printer should be accessible to beth pilots in a two-man cockpit.

Because every communication was printed and then line-fed out of the
printer, severe paper-management problems arose on all flights. One method
of remedying this situation would be for the printer to print only a loose
copy of requested messages, which could then be torn off and accumulated
on the pilots' chart boards.

The use of a printer appeared to be quite desirable. Crews found it
especially useful for the longer messages, such as ATC clearances, ATIS
information, and some company traffic. The use of the printer on shorter,
more perishable information did not seem desirable.

It should be noted that several airlines have conducted flight evalua-
tions of printers that might be used for company communications. They have
generally concluded that a page printer is preferable to a line printer be-
cause of the potential volume of material that might be printed.

Restriction of printer access to the second officer (flight engineer)
is satisfactory in a three-crew-member aircraft. In a two-crew-member
aircraft, however, the printer must be accessible to both crewmen since
the aircraft is routinely flown from either position.

4.1.5 Control and Downlink Unit

Only one of 35 pilots reported that he was left-handed. The great
majority (30 pilots) indicated, however, that left-handed keying from the
copilot's side posed no difficulty.

One pilot observed that entering letters on the CDU by the left-center-
right method was tedious. Downlink messages entered were typically three to
five characters in length. Longer messages could be expected to generate more
comments.

Another thought that dedicated function buttons and numbers could
handle 95 percent of all messages that the crew would want to send to the
ground. The remainder, he suggested, could be handled by voice.

4.1.6 General Considerations

General questions were asked concerning the various features that were
or could be provided by a Data Link system and the overall impact of the
Data Link concept on flight operations.

Questions about the features included the AUTOTUNE concept, in which
certain on-board equipment was tuned upon ground command; the provision of
heading, altitude, airspeed (HAS) data; acquisition of voice channels; and
alerting to uplink information.
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Figure 4-4 shows the pilot reaction to some of the features provided.
Opinion was heavily in favor of having the AUTOTUNE device automatically
set the voice and data communications transceivers. Somewhat surprisingly,
opinion was almost as heavily against the use of AUTOTUNE to set or tune
any other instrument or radio. Those who responded positively to this
question indicated that transponder codes and company radio frequencies
could be automatically set. Several pilots suggested that navigation fre-
quencies should be set, but several others seemed strongly opposed to this.

There was mixed and indifferent reaction to the question of setting the
altitude alert or heading and speed bugs. A large majority of pilots found
that the audio alert prior to each message was helpful (see Appendix C).

Most pilots thought that the HAS recall capability was useful even
though they may have set their heading bug and altitude alert. An HAS
recall capability using the SMATC was strongly favored over a recall capa-
bility with the Vosyn or a SMATC display dedicated to HAS only. When
questioned about the usefulness of the STANDBY button in responding to
uplink messages, 38 percent reported that it was useful, while 45 percent
had no opinion and presumably had not considered using it in any of their
trials.

Sixty percent thought the message-store capability was desirable even
though the HAS capability was provided. Others did not consider it neces-
sary as long as the printer collected long messages such as clearances.

Several questions asked concerned the overall impact of Data Link on
flight-crew operations. Figure 4-5 shows the responses to some of these.
As can be observed from the response to the first question, only three
percent of pilots thought that no valuable information was lost. Obviously,
information is lost, but how valuable it is cannot be determined from the
question. For this reason this question was expanded somewhat in the
supplemental questionnaire, which will be described in Section 4.3.

The loss of data results from the assumed selective-address capability
of Data Link, such that only one aircraft receives or transmits the ground-
air or ailr-ground messages intended for it. Although this provides a large
benefit in communications efficiency, it seems to pose one of the major
liabilities of the Data Link concept.

Comments provided by pilots regarding the loss of common-channel voice
communications may be reviewed in Appendix C. Simply stated, many pilots
view their own mental air-traffic-situation analysis as a necessary part
of safe and reliable air traffic control. For instance, many pilots can
refer to instances in which they detected potentially dangerous ATC errors
that might otherwise have gone undetected. A pilot's decision to accept
an ATC clearance is often based on his knowledge of the proximity of other
aircraft. This topic is explored further in the discussion of the supple-
mental questionnaire (Section 4.3).
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Percent Responding

Questions Answers I i T

Do you feel the automatic | Yes
tuning feature of AUTO- N
TUNE is desirable? N
Should this capability Yes
be extended to other

i No
equipment?
What about a similar Yes
capability to set alti- .

o

tude alert, heading,
and speed bugs?

Was HAS useful even
though you set speed
bugs?

Which method of HAS
presentation did you
prefer?

Worth Trying

No Opinion

Yes

No

No Opinion
Recall With
SMATC

Recall With
Vosyn

SMATC Dedi-
cated to
HAS Only

Not Required

34

]2

The shaded
the device
responses.

Note:

bars represent those responses considered favorable to
or concept being evaluated.

Decimals represent multiple

Figure 4-4.
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Percent Responding

Questions Answers I T T
25 50 75 100
Did you find that in a Much Infor- 44] 14
Data Link environment, mation Lost |
not being able to monitor ]
voice contact with other Litele Mnior |16

mation lLost

aircraft, valuable infor-
mation was lost? No Informa- ﬂl
tion Lost &

What do you think will Increase
be the effect of Data DedEEEEs
Link on crew workload?
About the
Same
Unsure
Do you feel the pro- Yes
cedure for acquiring an
ATC voice channel is -
adequate?

Note: The shaded bars represent those responses considered favorable to
the device or concept being evaluated. Decimals represent multiple
responses.

Figure 4-5. Impact of Data Link

The majority of pilots believed that Data Link would reduce crew work-
load. This view was taken not strictly with respect to air-ground-air
communications but also with respect to other crew duties. As one pilot
commented, ''The lack of constant talk format over the radios allowed the
crew to perform check lists and other command type duties.'

Sixty percent of pilots viewed the procedure for obtaining a voice
channel as adequate. The comments received on this question, however, indi-
cated some confusion over the availability of voice ATC channels as well as
the procedure to obtain one. The briefing instructions pointed out that
an open channel, or "hot" mike, to ATC was always available. Further, if
pilots responded UNABLE to a message, the ATC controller would always
inquire over this channel. The Request Voice (REQ VOICE) button on the CDU,
it was explained, was to be used only for acquiring a company voice channel.

Apparently these potentially confusing instructions were either misstated
or misunderstood in several cases: numerous critical comments were received

from crews about having to push a button in order to talk with their controller.
These comments stress the importance pilots place on having instantaneous

voice contact with the controller, independent of a Data Link system.
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Invariably the pilots seemed displeased with the idea of data-polled voice-
channel acquisition. This is viewed as a second potential liability in

the implementation of a Data Link. Since this was not a variable designed
into the experiment, no measure of its significance is attempted. Never-
theless, the strength of the comments offered indicated that this aspect
should be given careful study in the design of an air-ground Data Link
system.

A third potential liability in Data Link implementation arose, also
through the comments received rather than through specific questions on
the attributes of Data Link. Numerous comments indicated a high reluctance
to accept or trust Data-Link during ground-proximate flight phases,
including local control, approach, and departure. Not only did pilots
feel that the visual presentation of messages while the aircraft is
flying close to the ground could be distracting; they were wary of the
Data Link in such circumstances. There seems to be a certain reassurance
in talking to a human on the other end of the circuit, and not to a
computer responding to buttons pushed by a human.

This subject is further explored in the supplemental questionnaire.

On the basis of the foregoing, it is concluded that the AUTOTUNE fea-
ture, in which the communications frequencies were automatically selected,
was highly desirable. The idea of extending this automatic ground control
to any other device with the possible exception of the transponder was
equally undesirable. Also, the selective-address capability of the Data
Link, in which each aircraft received only transmissions intended for it,
caused a loss of information that pilots believe to be essential. Airline
pilots generally were not in favor of a system that would require them to
wait in a queue for data-polled acquisition of an ATC voice channel. Also,
the concept of Data Link control was somewhat disliked during ground-proximate
flight pheses, including local control, arrival, and departure.

4,2 OBSERVER COMMENTS

A trained observer accompanied the crew on each of the 54 evaluation
tests. The four different observers used had varying amounts of flight
experience, but as a minimum all were instrument-rated pilots with con-

siderable experience in large-jet in-flight crew observation.

4.2.1 Role of the Observer

The observer had three main functions to perform:

* BAssist the crew in flying the scenario
« Coordinate test conduct with other test personnel

+ Observe crew functioning in the Data Link environment
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The observer was usually the crew briefer. His first 20 minutes in
the cockpit would involve illustrating points discussed in the briefing.
He would conduct the experimental familiarization run, assist the crew in
assembling charts, explain simulator equipment or procedures to pilots
unfamiliar with them, and be alert for areas of crew confusion in order
to keep the test running smoothly.

As explained previously, conduct of the test was a precise coordination
exercise that required the test minicomputer operator to know when to
release messages. The test observer in the cockpit would perform this
coordination. In addition, he would initialize the simulator at the begin-
ning of every trial with the appropriate location, environment, and visual
system parameters.

His third function in the cockpit was to observe crew performance under
the Data Link concept. He noted crew errors and areas of crew confusion
caused by the Data Link, and he recorded significant crew comments that
otherwise might not be recorded. It was unfortunate, but necessary, that
this be his lowest-priority function. Nevertheless, the compilation of
observer comments has produced significant information on Data Link con-
cepts and procedures.

4.2.2 Recorded Observations

Observer comments were collected primarily during the conduct of the
three trials, but in several instances additional comments resulted from
discussions during the debriefing. For presentation here, they have been
subdivided into the following general classifications:

* General Observations

* Data-Link Concepts

* SMATC Display

* Vosyn Device

* Combined SMATC with Vosyn

* CDU

° Printer

4.2.2.1 General Observations - As a general observation, the crews
were usually quite rushed. Under optimum conditions the three tests and
familiarization rumns could barely be accomplished in the four hours allotted.
Any simulator or test equipment problem, any delay in obtaining use of the
simulator, or even a long coffee break would cause the schedule to be
delayed. The observer controlled the amount of simulated tailwind to keep

scenarios on schedule. Usually 100 knots or more was used during en route
phases of flight.

This rushing seemed to create crew frustration and annoyance in
several instances. It is hoped that this did not bias them against the
Data Link concept or specific equipments. As a positive benefit, this
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pressure provided an atmosphere more conducive to mistakes and, conse-
quently, a more rigorous test.

Crew mistakes occurred fairly consistently. These were largely the
result of planned irregularities in the scenario. For instance, one mes-
sage instructed the crew to "squawk 8626.'" It was thought that this mes-
sage would require the crew to respond UNABLE since the transponder head
does not provide codes above 7777. The "dummy" head in both simulators,
however, went as high as 9999. All crews set in the 8626 code, although
some questioned it. The Los Angeles (LAX) ATIS told the crews to expect
Runway 24L; yvet they were cleared to Runway 25L for their approach. At
least one crew commenced approach to the wrong runway.

A few ARINC Research script errors were pointed out by crews. For
instance, we used an Expect Approach Clearance (EAC) instruction, where
technically we should have used Expect Further Clearance (EFC) in assigning
a holding pattern.

Along with the time constraints, some crews' lack of familiarity with
the scenario geography caused confusion. This was compounded in several
instances by a lack of familiarity on the part of some guest pilots with
the exact instrument configuration of the aircraft simulated. Also, the
ready-for-takeoff assumption and the lack of a TAKEOFF request button
confused some crews since this procedure is not used at all air-carrier
airports.

Overall, no adverse performance was observed that could be attributed
to the Data Link.

4.2.2.2 Data Link Concept - The loss of information from the aircraft
ahead regarding holding, approaches, descent instructions, and weather was
frequently commented upon. One pilot commented that if "exception'" type
information from the aircraft ahead was available on a common voice channel,
this loss might be tolerable.

Many pilots were critical of the use of Data Link below approximately
2,000 feet above ground level. One volunteer captain commented, "From
clearance to takeoff until above 2000 and from clearance to land until
turning off the runway I am too busy trying to keep from killing myself
to push buttons."

4.2.2.3 SMATC Display - The SMATC seemed to distract pilots during low-
altitude phases of flight and could be dangerous under certain circumstances.

The use of SMATC for emergency or critical communications appeared to
be inadvisable since it did not command attention. This was the reaction

of several pilots.

Pilots were quite pleased with the SMATC display of recalled HAS
information.
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4.2.2.4 Vosyn Device - Many printer verifications were required for Vosyn-
jonly messages, especially long ones. In the case of ATIS, it had to be either
repeated or confirmed by the printer with regularity.

One pilot, confusing a VOR radial intercept instruction going into
Los Angeles, stated that he would not have misinterpreted the same instruc-
tion on the SMATC. (The reason for this comment is not known.)

Several informal remarks indicated that the Vosyn might be desirable
for emergency or critical messages.

The imagined or simulated cockpit air noise at 300 knots in addition
to the poor-quality audio in the B-727 simulator seemed to make the Vosyn
undesirable for routine communications.

"Expedite through 190" was misinterpreted at least twice as "Expedite
through 150."

4.2.2.5 Vosyn with SMATC - When the devices were used in combination, low-
altitude critical messages such as ''go around" were observed often by Vosyn
and not by SMATC presentation. The SMATC was generally favored for routine
communications.

Vosyn HAS recall was disregarded when SMATC HAS recall was available.

4.2,2.6 CDU - Several crews indicated a desire for a CDU capability
that would "REQUEST 10 mile DME LEG" when a holding pattern was assigned.

The CDU seemed somewhat complex and confusing, and different pilots

made suggestions for simplifying it, primarily by combining or eliminating
buttons.

The crews experimented with the CDU at cruising altitude although they
frequently complained of excessive button pushing at lower altitudes and
described a feeling of being boxed in by its use on these occasions. The
pilot report message suggested as a result of turbulence, "PI MODURB 250,
SEND," required an average of 43 seconds to generate (based on speed-of-
entry data described in Section 5).

The use of ambiguous codes such as LT for altitude seemed to annoy
pilots, and one commented on his reluctance to use the control column switch
instead of the CDU WILCO button while this button was flashing. Others

indicated that on final approach, a control column WILCO capability was
preferable.
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4.2.2.7 Printer - The DC-9 printer location was poor in that only the
right-seat pilot could access it. 1In general, the DC-9 pilots would not
notice the company messages, which appeared only on the printer and without
aural alert.

4.3 SUPPLEMENTAL QUESTIONNAIRE

A supplemental questionnaire was mailed to 44 test subjects on 31
March 1975. 1Its purpose was to obtain further clarification of several
aspects that were somewhat ambiguous as a result of the first questionnaire
and to achieve an overall ranking of Data Link type systems as compared
with conventional voice. The response to the questionnaire was excellent,
with 38 pilots (86 percent) responding. The three- and four-month lapse
periods provided the DC-9 and B-727 crews, respectively, is considered
beneficial. It allowed the crews to reflect on their simulated experience
with Data Link and form more carefully considered opinions than they
probably would have formed if the questions had been asked immediately
following their evaluation flights.

The supplemental questionnaire and a compilation of responses and com-
ments are presented in Appendix D.

4.3.1 Ranking of Options

The crews were asked to consider air traffic control by the following
means:

¢ Conventional Voice
* SMATC Display

* Synthetic Voice

They were requested to rank them 1, 2, or 3 from most desirable to least
desirable for the six different phases of flight:

* Ground Control Ground movement on other than the active runway

*+ TIocal Control - Takeoff clearance through 2,000 feet and landing
clearance through active runway turnoff

* Departure - Radar-controlled departure, typically through
5,000 feet but often as high as 15,000 feet

* Low En Route - Radar control from departure handoff through
approximately 18,000 feet

* High En Route - Above 18,000 feet

* Arrival - Radar control from low en-route handoff until
cleared for final approach and handoff to local
control
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Figure 4-6 shows the results of a weighted tabulation of the answers.
Arbitrarily the first choice was weighted 2; the second choice 1; and the
third choice 0, since it was probably selected as a default option of the
other two. A different weighting would have yielded similar rankings.

The SMATC is shown to be ranked first choice in the ground phase and
conventional voice second. Conventional voice is a clear first choice in
the local phase, followed by SMATC.

Conventional voice and SMATC are equally ranked for both the arrival
and departure phases, with SMATC emerging as a clear first choice in both
the low- and high-en-route phases of flight.

Examination of the individual responses for both simulators shows that
the conventional voice was chosen in both arrival and departure phases in
the DC-9, while the SMATC was chosen in both arrival and departure phases
in the B-727. The differences in the rankings of these two phases between
the simulators was not overwhelming, and no explanation will be offered
in this report.

4.3.2 Effect of Better Vosyn

The opinion about the effect of a better quality of synthetic voice
on the overall ranking was evenly split, with 48 percent stating that they
would have answered differently and 52 percent stating that this would have
no effect.

Those who answered "yes" could be placed in different categories.
Several would have exchanged the Vosyn with the SMATC in the ground, local,
arrival, and departure phases. Several who had chosen SMATC first in a
given phase would have moved Vosyn up to second choice. It appears from
their comments that the major effect, if any, of improved synthetic voice
would be a redistribution of the second and third choices; it does not
appear that the first choice would be altered. Nevertheless, as several
pilots commented, the improved synthetic voice would have to be re-evaluated
for an accurate answer.

4.3.3 TLoss of Essential Information

The original questionnaire queried the crews as to whether information
they considered valuable was lost by their not being able to monitor voice
communications of ATC with other aircraft. Although the majority concluded
that little information was lost, only three percent concluded that this
lost information was not valuable. To clarify the result of that question,
a supplemental question was asked. Figure 4-7 shows the supplemental
question and a tabulation of its responses.

We chose the categories of flight safety and flight comfort or convenience
in which to describe the effect of information loss. We thought that this
information could consist basically of en route weather advisory or phenomena,
the relative position of other aircraft, or terminal-area routing information.
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Question

Was the information lost by not being able to monitor voice communica-
tions with limited number of aircraft on the same frequency essential
to flight safety or to comfort and convenience?

Flight Safety Percent Responding
| | |

Type of Communication Answers 75 100
Weather Advisory Yes

No
Position of Other Yes 4J37
Aircraft

No
Terminal Area Routing Yes |22
Information

No

Comfort or Convenience

Weather Advisory Yes 25

No
Position of Other Yes 113
Aircraft

No

| [

Terminal Area Routing Yes 4118
Information s

Note: The shaded bars represent those responses considered favorable
to the device or concept being evaluated. Decimals represent
multiple responses.

Figure 4-7. Impact of No Common-Channel Voice Communications

In the consideration of flight safety, a clear majority of pilots are
concerned about the position of other aircraft and the rare instances in
whieh they feel that two aircraft might otherwise be cleared to the same
airspace were it not for crew intervention. Weather advisory and terminal-
area routing were each listed by about 50 percent of pilots as informaticn
loss affecting the safety of flight.

64



In the area of flight comfort or convenience, a clear majority of
pilots considered the loss of weather advisory information significant.
More than 60 percent related terminal-area routing information to flight
comfort or convenience. Knowledge of position of other aircraft was not
considered essential to flight comfort or convenience.

It might be unexpected that a majority of pilots considered weather
advisory and terminal-area routing information essential to comfort and
convenience. It should be kept in mind that the captain's decision on the
use of the "Seat Belt" sign may often be influenced by a knowledge of
"what's up ahead" and that the schedule for meal and beverage service is
often influenced by the arrival schedule anticipated by the crew.

To summarize the results of this question, a majority of pilots believe
that information essential to flight safety (relative position of other air-
craft) and information essential to flight comfort or convenience (weather
advisory and terminal-area routing information) is lost as a result of their
inability to monitor VHF communications with other aircraft.

Pilots were asked to comment on what would be required to replace the
lost information. The comments (see Appendix D) are well formulated, and
it is recommend that the reader review them. Pilots suggested that a device
which would let them know the locations of nearby aircraft would give them the
information they might lose. 1In the case of weather information, an accept-
able substitute for common-channel voice appears to be "by exception" reporting
of weather anomalies on an open channel. The type of information desired is not
synoptic, forecast, or station weather (they currently have these). It is
specified (Pilot Report, or PIREP) information such as "Moderate Chop -
40 SW JOLIET, B727". This information is extremely perishable in the case of
aircraft traveling at 480 knots with as little as five miles' separation.

These comments indicate an apparent operational requirement for the
continuation of conventional style voice communications to some extent to
supplement the Data Link environment. Voice is required for pilot-controller
discussions. Voice is also needed to distribute weather advisories (on tur-
bulence, thunderstorm detour paths, icing, etc.) and for occasional air-to-
air communications of this nature. Perhaps certain abbreviated voice procedures
can supplement Data Link to overcome the feeling of isolation expressed by
some pilots during a pure Data Link operation and to provide some of the
clues on traffic flow and congestion available today.

4.3.4 Effect of Computer Conflict Prediction on the Loss of Essential
Information

The pilots were asked whether the presumption of computer conflict-
prediction backup (i.e., a system free from human error) would have affected
their answer on the loss of essential information. The majority answered

"no." One "yes" answer was qualified by the statement that weather
information would be needed.
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On the weighted basis, the relative desirabilities of Data Link
features were determined to be the following:

1. Data Link presentation of ATC commands

2. Data Link presentation of non-navigational ATC commands (e.g.,
a transponder code change)

3. Preprinted departure clearances
4. Acquisition of en route ATIS information

5. Automation of company reports

Other items mentioned as desirable included the elimination of voice
congestion (mentioned frequently), maintenance-data transmission (telemetry),
minimum-safe-altitude warning, and collision-avoidance system (CAS).

4.4 TREATMENT OF AIRLINE COMPANY COMMUNICATIONS

Although the evaluation was concerned primarily with ATC communications,
company communications were included in the evaluations in order to make the
flights more realistic and to ensure that any workload associated with com-
pany data communications would be included in the overall operations.

In the DC-9 simulator the pilots utilized the standard CDU for company
communications. This was not feasible in the B-727, since the second
officer (who is responsible for company communications in a three-man crew)
could not reach the CDU, which was mounted where the radar indicator is
normally mounted in the forward pedestal in front of the throttles.

4,4.1 Present-Day Messages

The routine company communications messages used in present-day opera-
tions were used in the scenarios for the simulations. Departure reports,
weight manifest checks (B-727 only), off reports, arrival reports, revised
estimated times, and gate assignments were sent via Data Link. Since these
six message categories account for more than 75 percent of all company
communications, pretext function buttons were provided for these functions.
These messages were sent on every flight. The exact message varies from
company to company. Normal United Airlines and Trans World Airlines pro-
cedures were used for the B-727 and DC-9, respectively.

With the present voice procedures, considerable time is wasted while
the attention of the officer conducting company communications is directed
toward voice communications. 1In addition to the initial callup, he must
often wait while the ARINC operator completes communications with another
aircraft. Sometimes the operator does not respond to the first call.
Repeats are sometimes required to ensure that the message has been received
properly. This is particularly true where free-text messages such as
maintenance messages (airplane condition reports) are communicated, because
the difficulty of the terminology often requires readbacks.
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4.4.2 Variations in Assumed TLevel of Automation

There is a difference of opinion in airline circles as to the degree
of automation that should be attempted in communicating with Data Link.
This difference is due to varying assessments of what will be acceptable
operationally to the pilots on the one hand and what can be cost/benefit-
justified by management on the other. Some seek complete automation of
ouUT, OFF, ON, and IN (000I) reports, for instance, in order to reduce
flight-crew workload. Others believe that the complexity and cost involved
in achieving this degree of automation cannot be justified.

Similarly, the degree of automation that will be available on the
ground is open to a good deal of conjecture. Data Link may ultimately pro-
vide direct access into airline flight planning, reservations, and opera-
tional control computers. It may be used to access trunked voice channels,
providing dial-type access to many airline offices. 1Initially, Data Link
will probably allow limited messages to be sent directly into the ARINC ESS
(Electronic Switching System) message-delivery system for all airlines to
utilize as they do today, depending on the individual airlines' degree of
computerization.

4.4.3 Difficulties in Locating CDU Accessible for Company Communications

A completely separate additional data terminal was provided for the
second officer to use for company communications on the B~727. This was
necessary because the B-727 second officer could not reach the CDU located
ahead of the throttles.

Several other approaches were rejected before this approach was selected.
Relocating the CDU to a location where all three pilots could operate it
was considered impractical without modifying the simulator to such an extent
that it would be useless for reqular flight training. The possibility of
building and installing a second CDU was investigated, but this approach was
rejected because of the expense and schedule constraints involved. Building
a special-purpose panel for company communications was rejected for the same
reason. Finally, it was decided that a completely isolated terminal oper-
ating independently with a similar terminal outside the simulator should be
employed. Two manufacturers who build data communications terminals used
in the land mobile radio service supplied hardware for the company communica-
tions portion of the tests. Each manufacturer's terminal was used during a
portion of the tests.

4.4.4 Second Officer's Company Communications Terminal

The terminals used in the B-727 consisted of full alphanumeric keyboards
with LED-type character displays. A terminal was mounted to the right side
of the second officer's station at the same height as his table. Uplink
messages could be sent to the terminal and the cockpit printer. The cockpit
printer used was the same one supplied by TSC for ATC communications, although
company messages appeared in red in order to distinguish them from ATC
messages.
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One type of terminal was connected to a minicomputer, which auto-
matically supplied responses from a computer data file when function but-
tons on the cockpit terminal were depressed, querying the data file. The
software for this feature was programmed for a land mobile radio applica-
tion since there was insufficient time before the tests to change the soft-
ware for the specialized airline company communications application.
Nevertheless, this inquiry-response feature seemed to offer great potential
and could be incorporated into the ground computer as requirements develop.

Some experimentation was performed on some flights to utilize these
data terminals for other company communications needs. In some instances
free-form Data Link messages were sent to maintenance and dispatch. The
equipment was also used to simulate "CALSEL", the automatic assignment of
a trunked voice channel and automatic connection to the proper ground office.
This simulation functioned as follows: The pilot would enter "SFODD" or
"ORDMM" (UA mnemonics for San Francisco Dispatch or Chicago Line Maintenance)
as the function he desired to speak with. The ground computer would
automatically make the telephone connection to that office and assign and
connect an available voice channel. The frequency of this channel would be
sent back to the flight-crew cockpit data terminal as "130.6 go ahead."

The pilot would manually retune his regular company radio to that frequency
and converse by voice, returning to the data channel when finished. Simi-
larly, a "SELCAL" from the ground displayed the frequency to be used and
identified the caller.

4.4.5 Conclusions on Airline Company Communications

On each of the three flights for every crew, a varying level of automa-
tion was assumed for the 000I reports. At the one extreme, as many as 16
button depressions were required to enter the station identifier, out time,
off time, and fuel weights (requiring an average of 46 seconds). At the
other extreme, the pushing of one button automatically caused all these
variables to be transmitted.

As could be expected, the crews preferred the most automated case, which
required the least button-pushing. However, crew reaction did not seem to
be strongly for or against any of the three assumed levels demonstrated.

The use of a data terminal by the second officer in the B-727 for
company communications during this simulation appeared both feasible and
practical. Although complete automation of 000 is most desirable, some
manual entry by the second officer appears acceptable. The second officer's
workload, when he is using a data terminal, although somewhat changed in
nature, appears comparable to present voice procedures. While the pilot
must enter data, he can do so at his leisure. Once the entry has been made,
he can forget about it and be assured that the data will be properly
communicated.
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5. QUANTATIVE DATA ANALYSIS

Quantitative data collected during this evaluation consisted of
response times to uplink messages and time-logged records of events such
as crew-initiated downlink messages.

In this evaluation, as in previous I/0 device evaluations, the
response times to messages have been used as a measure of the "goodness"
of various displays or complements. If it can be assumed that the crews
do not respond until they comprehend the message but do respond as rapidly
as they comprehend it, then the response time does provide a measure of
the communications efficiency of each display or complement. Since the
crew was briefed to respond accordingly and since the previously described
experimental design was rigorously adhered to, response times are thought
to provide a good indicator of communications performance.

The records of events other than response times may be used to
determine the relative usefulness of various features provided by Data
Link. In addition, crew input errors and practice effects in the use of
the CDU can be analyzed. This is, in effect, an evaluation of the Control
and Display Unit (CDU) since all events other than response times must be
initiated from the CDU.

5.1 EFFECTS OF INFLUENCING FACTORS

The effects of several factors on response times can be examined from
the evaluation results. Interactions among these factors can also be
examined. The following factors are of interest:.

* Device complements

* Simulators

¢ Scenarios

« Phase of flight

* Practice effects

* Turbulence effects
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*+ Lighting effects

* Crew effects

It was anticipated in our experimental design that Analysis of Variance
(ANOVA) could be used to look for significant differences within and among
these factors. :

ANOVA is a statistical technique that permits the simultaneous study
of the effects of several factors. 1In essence, a test is made of the null
hypothesis that there is no difference in the expected values of several
populations (e.g., the populations of all SMATC, Vosyn, and all SMATC with
Vosyn response times). Observed differences in samples are tested to
determine whether they are true differences or random variations due to
noise in the data. The use of this technique presumes normally distributed
data and similar variances for each population.

The mathematical treatment of an ANOVA of an eight-factor experiment
is quite complex. It was decided, therefore, to conduct an ANOVA based
initially on four factors -- Simulators, Scenarios, Complements, and Phase
of Flight. These were thought to be probably the most significant factors.
The results could be used to determine how best to treat the remaining
four factors.

It was anticipated that response times would probably be either
normally or log-normally distributed. It was decided to test both dis-
tribution assumptions in the ANOVA. Further, it was observed upon examina-
tion of response data that while the SMATC had a characteristically quick
response time, there were several outlying values (some more than 200
seconds). These outlying values could generally be attributed to periods
of known crew confusion (as determined by the observer's notes) or to
inadequate crew briefing. The ANOVA, assuming log-normally distributed
data, was conducted using only values of less than 30 seconds (96 percent
of the data). This log-normal analysis was not conducted for all values,
because of the distortion that could have been introduced by truncating
the longer times.

The test was conducted at the 0.01 (1 percent) level of significance
in order to avoid making overstatements from the data. The results of
the ANOVA are shown in Table 5-1.

The last four significant effects observed in the log-normal analysis
represent the interactions of the factors shown with either the Phase
Factor or Complement Factor. Scenario by Phase, for example, indicates
that different combinations of Scenarios and Phases probably have different
means. Because of their complexity, no attempt was made to explain these
effects. It should be noted, however, that even in the ANOVA of the log-
normal distribution, Complements and Phases were by far the most significant
in terms of sample differences.
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TABLE 5-1. SIGNIFICANT EFFECTS DUE TO FACTORS AFFECTING RESPONSE

Observed (0.0l Level)

Distribution Values Included N \
Significant Differences
Normal All * Complements
* Phase
Normal Less than * Complements
30 seconds
Log-Normal Less than * Complements
30 seconds
* Phase

* Scenarios by phase

* Simulator by scenarios
by complement

* Simulator by scenario
by phase

* Simulator by
complement by phase

It can be safely stated, on the basis of the analysis described above,
that there are significant differences in the population response times
of the three complements -- SMATC, Vosyn, and SMATC with Vosyn -- and in
the three phases of flight considered -- departure, en route, and arrival.

No significant differences were observed in the sample means of the
two simulators or in any of the three scenarios tested.

Table 5-2 is a tabulation of average response times and standard
deviations by simulator, scenario, phase, and complement. It is based on
all 2471 response-time values, and it repeats the tabulation based on the
2356 values that are less than 30 seconds. Table 5-3 classifies the 115
excluded values of 30 seconds or longer by phase of flight, simulator
complement, and scenario. The values appear to be uniformly distributed
among these factors.

Generally the first message of every trial had an abnormally long
response time because of crew unfamiliarity (the crew usually had to be
prompted to respond to the first message). One crew had abnormally large
response time on almost all messages in one scenario, indicating an
inadequate briefing. One crew completely alien to the geographic scenario
had two long response times, 169.8 and 238 seconds, during their SMATC
trial. The exclusion of these two times alone reduces the overall SMATC
sample response average time by one-half second. For the reasons cited,
the exclusion of outlying values of 30 seconds or greater does not seem
unreasonable in an attempt to determine the true characteristics of each
factor.
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TABLE 5-2.

MEAN VALUE AND STANDARD DEVIATIONS OF
RESPONSE TIMES BY FACTOR

A1l Values Values Less
(Seconds) e
Factor 30 (Seconds)
Standard Standard
Mean R , Mean \ i
Deviation Deviation
Simulator: 1, B-=727 8.49 8.51 7.21 5.00
2. DC-9 9.47 12.7 7.27 5.58
Scenario: l. SFO-LAX 9.27 9.64 7.49 5.53
2. MCI-ORD 8.58 9.40 6.97 5.03
3. LAX-SFO 9.04 12.7 7.25 5.27
Complement: 1. SMATC 8.06 13.1 6.30 5.11
2. VOSYN 10.6 9.82 8.69 5.41
3. Both 8.26 8.76 6.75 5.03
Phase: 1. Departure | 10.3 14.2 7.66 5.66
2. En Route 9.13 9.17 7.52 5.89
3. Arrival 7.96 7.73 6.89 4,85

TABLE 5-3. DISTRIBUTION OF RESPONSE TIMES OF
30 SECONDS OR LONGER
Occurrences by Simulator
Factor
B-727 DC-9
Scenario
1 SFO-LAX 15 28
2 MCI-ORD 14 20
3 LAX-SFO 17 21
Complement
1 SMAT 8 23
2 VOSYN 19 28
3 Both 19 18
Phase
1 Departure 21 38
2*n Route 5 9
3 Arrival 20 22
*Phase 2 has approximately one-quarter the messages
of other phases.
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A histogram of the total sample of 2,471 response times is presented
in Figure 5-1. This histogram shows a distribution that builds rapidly
and has a long trailing tail. The overall mean of this distribution is
8.97 seconds, with a standard deviation of 10.8 seconds. Approximately
96 percent of all values are less than 30 seconds.

A visual inspection of the distribution of response times indicates
that it may be more of a log-normal than normal distribution. A plot of
the Cumulative Probability Distribution drawn on logaritimic probability
paper yielded a piecewise linear composite of three straight lines. This
indicates that the plot of Figure 5-1 may be a composite of separate
distributions.

Since the ANOVA showed Device Complement and Phase of Flight to be
the significant factors, the distributions of response times among these
factors were separately examined.

Figure 5-2 presents the histograms of response-time distributions for
each of the three complements. The three distributions are distinct, with
the SMATC having a smaller mean than the Vosyn. The combined complement
of the SMATC and the Vosyn has bimodal distribution, which shows some
characteristics of both individual distributions.

It can be inferred from Figure 5-2 that in the combined SMATC/Vosyn
trials the responding crew members are responding to the SMATC in some
instances and to the Vosyn in others. A certain amount of this effect
can be expected since long messages such as pre-departure clearances, ATIS,
or weather were never presented on the SMATC but were presented on the
Vosyn. The number of such occurrences, however, is quite small (on the
order of 3 out of 50 messages per flight). The delayed peak in the SMATC/
Vosyn distribution is higher than the first peak, indicating that pilots
are responding more often upon message completion by the VOSYN than by
the SMATC when both messages are presented.

The apparent effect displayed in the complement with both the SMATC
and Vosyn is that the crews are attempting to verify or cross-check one
source of information against the other when both are presented. Analogously,
anyone who has tried to read a passage while the same passage is being read
to him by someone else can appreciate the delay caused by trying to follow
information presented simultaneously in the visual and aural modes.

Figure 5-3 shows the distribution of all response times as a function of
flight phase. Phase 2, the en route phase, is a relatively low-workload
period, which shows the pronounced effect of the visual and aural peaks.

The crew is verifying the visual source with the aural source before
replying. Phases 1 and 3 on the other hand are high-workload phases. The
two distinct peaks tend to converge toward one. The increased crew work-
load tends to delay crew response to the visual display, while the need
for quick action by the crew tends to make them respond before the aural
presentation is completed.
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The effects of lighting conditions and turbulence on response times
and CDU operation are not determinable from this evaluation. There was
very little difference in interior cockpit illumination whether the day
or night runway visual system was selected. No glare, direct sunlight,
or brilliance effects could be simulated. 1In addition, the use of visual
systems that were acquired on a shared-time basis with other simulators
meant that acquisition was usually lost by 2,000 feet MSL and not regained
until the final-approach phase of flight. In effect, all flights were then
conducted under night-time conditions, but without fully darkening the cockpit.

The ability to measure turbulence effects was equally ineffective.
The amount of turbulence that could be simulated was at best comparable
to what is described as a light chop. It is doubtful that it provided
any distraction or coordination difficulty to the non-flying officer,
who was usually the one operating the I/0 devices.

We are left then with consideration of practice effects and crew
effects. "Practice effects" addresses whether communications performance
significantly improves as the crew gains experience with the I/O devices.
"Crew effects" addresses significant differences among the eighteen
participating crews.

The value of the practice-effects measurement is somewhat questionable
since one crew member generally communicated on his first and third trials,
while the other crew member generally communicated on his second. While
there may be some overall crew learning effect between the first and second
trials, no individual effect can be judged.

A significance test of the interations among crews, complements, and
learning effects or order (meaning the order in which complements were
tested) was desirable. However, because the data were confounded (i.e.,
not all factor combinations were represented), the ANOVA was not directly
applicable. The proper use of the ANOVA would have required complex modi-
fications that were considered beyond the scope of this study. To simplify
matters, a two-factor ANOVA of crews and orders was performed. A signifi-
cance test at the 1% level performed on the ANOVA result showed both factors
and their interaction to be significant.

To conclude however that differences among crews and orders are
definitely significant would be a statistical overstatement. It must be
remembered that in collapsing the three-factor ANOVA into a two-factor
ANOVA, the device complement (previously determined to be significant) was
confounded with other factors and in effect masked. The fact that crew
differences were shown to be significant may simply indicate that the
interaction of crew and complement is significant. Likewise, an inference
that the order effect is significant may simply mean that the order and
complement interaction is significant.

Table 5-4 shows the mean response times and standard deviations as a
function of flight order and of crew.
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TABLE 5-4.

MEANS AND STANDARD DEVIATIONS OF RESPONSE TIMES

GROUPED BY ORDER AND BY CREW

Group of Response
Times Less Than
30.0 Seconds

Group of All
Response Times

Factor

Mean Sténdgrd Mean SténdaFd

(Seconds) Deviation (Seconds) Deviation

(Seconds) (Seconds)
Order 1 7.88 5.56 9.41 9.10
Order 2 7.28 5.45 9.14 9.94
Order 3 6.54 4.72 8.33 13.00
Crew 1 7.88 5.11 8.56 7.25
Crew 2 8.28 5.40 9.46 8.30
Crew 3 6.47 4.44 6.86 5.47
Crew 4 7.55 5.50 8.92 9.87
Crew 5 8.38 5.16 11.30 11.40
Crew 6 7.86 4.26 9.47 8.93
Crew 7 8.11 5.43 9.47 9.13
Crew 8 5.71 4.19 7.29 7.99
Crew 9 4.94 3.94 4.94 3.94
Crew 10 5.55 5.72 6.40 7.50
Crew 11 7.55 5.53 8.13 6.76
Crew 12 6.91 5.59 7.08 5.92
Crew 13 7.70 5.28 15.00 27.50
Crew 14 6.27 4.56 7.40 7.27
Crew 15 5.87 4.66 6.87 8.80
Crew 16 9.53 6.51 13.20 11.50
Crew 17 7.56 5.26 9.04 8.43
Crew 18 9.08 5.71 12.50 12.60
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An analysis of variance of response times showed that there were no
significant differences among simulators or scenarios. Differences among
device complements and phases of flight were significant. Differences
among crews and order of flights were not determined but are believed to
be insignificant. The mean values for response times by complement and
phase of flight, excluding miscellaneous values of 30 seconds or more,
are:

Complement Mean Response Phase Mean Response
Time (Seconds) Time (Seconds)
SMATC - 6.30 Departure - 7.66
Vosyn - 8.69 En Route - 7.52
SMATC/Vosyn - 6.75 Arrival - 6.89

Histograms of response times by complement showed that crews respond
partly to Vosyn commands and partly to SMATC commands when all commands
are displayed on both devices. Histograms by phase of flight showed that
this double peaking or cross-reference effect of response times is quite
pronounced during the relatively low-workload en route phase of flight.
During the higher-workload departure and arrival phases, the two peaks
tend toward one as some responses are delayed because of workload while
others are speeded up.

5.2 UTILIZATION OF DATA LINK FEATURES

The Control and Downlink Unit (CDU) served three purposes in this
evaluation:

*» Acknowledgment of ground-air ATC messages
* Generation of air-ground ATC and company messages

* Control of Data Link operation

Data have been collected on the extent of CDU utilization in these
areas. Not all members of each use category are discussed. For example,
the company functions Estimated Time of Arrival or Off Time (ETA/ETO),
Departed, Manifest, Request Voice, Gate Number, Off, and Arrived were
not evaluated. These functions were included primarily to provide
realism in the experiment and were not treated in the experimental design.

Functions that were not used or were used only infrequently in
recurring situations were not tabulated in this section. These functions
include Engines (Start), Flight Plan Change, Alternate Request, Heading
Report, Push Back, and Taxi. Table 5-5 tabulates the utilization of link
control functions and message-generation functions by simulator, complements,
and scenarios. The first five columns are Data Link control functions, and
the last six represent air-ground message operation. The differentiation
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between the two is that the link control function uses information already
resident within the assumed airborne digital control unit, while the air-
ground message requires ground communication. Although this list is not
complete, functions not shown here were used so infrequently as to make
the value of any tabulation of them doubtful.

By coincidence, exactly 1000 CDU actions are tabulated here, yielding
direct conversions to relative percentages of use. Fifty-eight percent
of actions occurred in the B-727, leaving 42 for the DC-9. This difference
is not thought to be of any significance. Two possible reasons for this
difference are: (1) the three crew members of the B-727 generated, as a
rule, more use of the Data Link features than did the two DC-9 crew
members; and (2) the normal B-727 crew briefing was oriented more to
airline pilot training than was the normal DC-9 briefing.

By complements, the SMATC complement accounts for 44 percent of the
usage, leaving the remainder equally divided between the other two
complements. The higher incidence of SMATC messages is primarily due to
the frequent occurrence of I/0 Blank Request, which cleared the SMATC
display.

The data are equally divided, as would be expected, among the three
scenarios.

The heading, altitude, airspeed (HAS) recall capability accounted for
29 percent of CDU usage. The popularity of this feature is somewhat
surprising in view of the fact that today assigned altitude is already
set in a device as required by regulation and heading is set on a rotatable
reference as a general practice. This feature did not receive more than
a proportionate share of briefing attention, and it was emphasized that
HAS recall was a Data Link (on-board) control function, as differentiated
from a ground-air message. Nevertheless, it was used frequently and
approximately equally in all three scenarios. It appeared more frequently
in the B-727, consistent with overall usage in the two simulators. The
SMATC complement received more than twice the HAS recall requests than
either other complement, indicating a strong SMATC preference for this
feature.

Figure 5-4 shows a distribution of HAS recall requests as a function
of flight progress. The number of requests is shown as a function both of
distance from the departure and destination airports and of the climb/
descent profile, which was approximately the same in all three scenarios.

The HAS data were requested most frequently in the departure phase
from takeoff until final cruise-altitude clearance was given (10,000-
15,000 feet about 30 miles from departure point). The HAS data were
requested most frequently during the arrival phase after a descent through
approximately 20,000 feet and within 75 miles of destination. Relatively
heavy usage was observed during the flight portion below 10,000 feet. The
unexpected missed approach at SFO and the arrival-delay holding pattern
at ORD were both large sources of HAS data requests.
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I/0 Blank, accounting for 16 percent of CDU usagde, ranked second in
use among the Data Link control features. The LED display characters
were bright even when the dimming control was in the dim position. The
SMATC device was located in the primary flight instrument scan area as
shown in Figure 2-1 (Section 2); and the display characters were red,
which suggested an emergency-type display to many subjects. The combination
of these three factors explains the heavy use that this function received.
The slightly heavier use on the lower-message-density MCI-ORD scenario
tends to demonstrate that the longer pilots looked at the same message,
the more inclined they were to erase it.

Vosyn Repeat, amounting to about seven percent of CDU utilization,
was used almost four times more often in the B-727 than in the DC-9. This
is probably due to the poor-quality audio system in the B-727, which has
been described earlier. The one occurrence of Vosyn Repeat during a SMATC-
only trial is obviously a mistake. The disproportionally high occurrence
of Vosyn Repeat requests during Scenario 3 (LAX to SFO) occurred during
the arrival phase and was probably due to an intentionally undecipherable
heading command and to the fast tempo of action during the go-around.

Message Store and Message Recall accounted for five percent and six
percent of CDU utilization, respectively. Both were used more frequently
with the SMATC complement than with the other two complements.

The most frequently used ground-air request was ATIS, or Automated
Terminal Information Service, accounting for 15 percent of CDU usage.
It was normally acquired twice for each of the 54 flights, once at
destination and once during arrival. The roughly 50-percent excess
over the required usage indicates unprompted experimentation into this
feature on the part of the pilots.

The occurrence for all destination ATIS requests was plotted for all
three scenarios for both the DC-9 and B-727 crews. The mean distance from
destination for this request and the scenario altitude were determined.
The results are plotted in Figures 5-5, 5-6, and 5-7, and are summarized
as follows:

Mean Request
Scenario Distance (nm) Altitude
SFO-LAX ILAX = 155 nm 30000 +
MCI-ORD ORD - 175 nm 30000 +
LAX~-SFO SFO - 92 nm 30000 +

In today's voice system a typical maximum-range ATIS acquisition can
be made 100 miles out and at 30,000 feet. Generally, the crew may not
be able to acquire ATIS until much closer in (50 miles, for instance).
The most significant element of ATIS other than current weather information
is the designation of arrival and approach procedures and notices to
airmen (NOTAMs) concerning the destination airport.
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It can be safely assumed, and perhaps demonstrated from the plots of
ATIS requests, that flight crews would like to have this information at an
earlier stage of flight than they are currently able to acquire it.

At cruise altitude, for instance, the work pace is generally slow and
all other traffic is under positive IFR control. Acquisition of ATIS here
would provide the crew an opportunity to determine and examine applicable
procedures at their convenience. Once the descent phase begins, however,
the flight and communications workloads both increase, and below 18,000
all crew members must be vigilant for reported and unreported other air
traffic.

With the exception of the third scenario (LAX to SFO), ATIS on the
Data Link was requested primarily during the low-workload high en route
flight phases. In every case, the mean request distance for the DC-9
crews was less than that for the B-727 crews, as shown in the figures.

Clearance Request accounted for seven percent of CDU utilization.
Fifty four requests, or 18 per complement, were required during the
course of the script in each scenario. The additional 20 requests were
mostly in the B-727 and most often made when the SMATC device was present.
These requests were balanced among scenarios.

Altitude requests, accounting for five percent of CDU usage, occurred
predominantly in Scenario I (SFO to LAX). About 27 of the 35 shown for
Scenarioc I resulted from programmed script variations. Except for these
27, the distribution of altitude requests is balanced among the scenarios,
and the requests are made most often in the B-727 simulator and the SMATC
complement.

Weather and altimeter setting reguests are anomalies in that they
appear more often during Vosyn complements than during SMATC. Consistent
with this is the higher occurrence of these functions in the DC-9, which
had a better-quality Vosyn audio system than the B-727.

Wind check was used most often in the B-727 simulator and during the
second scenario (MCI-ORD). The simulator preference is probably due to
a briefing variation. The reason for the complement variation is not
known. This feature was generally not treated in detail during the
briefing.

Ground-to-air (uplink) messages in a Data Link system require some
form of technical and procedural-compliance acknowledgment. The one
postulated in the tests is called a WILCO. All ATC messages in this
evaluation except Radar Contract and Ident messages required a WILCO
response. NO company messages, however, required a WILCO response.

The pilot could respond in one of three fashions: (1) he could WILCO
the message; (2) he could UNABLE the message, signaling his inability to
comply or decision not to comply with the uplink message; or (3) he could
depress STANDBY if he wanted more time to decide whether to WILCO or
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UNABLE the message. The incidence of STANDBY responses was practically

zero. UNABLE was used predictably in two instances in which the crews were
given altitude or heading.commands with which they could not comply.

The most probable use of STANDBY in actual practice would be to indicate that
the pilot had received a traffic advisory but had not yet located the traffic.
This condition could not be simulated during this experiment.

The WILCO response was analyzed with respect to which crew member
made the response and how he made it. Either flying officer could respond
with WILCO through one of two methods: he could depress the WILCO button
on the centrally located CDU, or he could use a switch provided in his
own location. In the B-727, this individual switch was a pendant switch
mounted on the side windshield. 1In the DC-9, this switch was placed on
the outboard side of the control yoke so that the pilot could respond
with the hand on the control yoke without releasing his grip of the
yoke.

The variation in the distribution of response times between the control
column and the centrally located CDU was not considered to be of interest
here. Previous experiments conducted by TSC have shown no difference in
the mean response times between pilot and copilot or between control-
column switch and CDU. The tabulation of WILCO responses by flight officer
and by complement is shown in Table 5-6. In general, all WILCO responses
on the CDU were made by the non-flying officer. A response on the CDU
required the responder to lean forward across the flight and engine
controls, and the flying officer would usually not do this. Locating a
CDU behind the throttle quadrant may have yielded a different result.

The flying officer in the B-727 WILCO'd a total of 37 messages,
compared with 189 in the DC-9. The reason for this disparity is probably
the convenience of the DC-9 control switch over the B-727's windshield-
mounted WILCO switch. This same result is observed in a comparison of
the non-flying officer WILCOs between the DC-9 and B-727. The majority
of non-flying officer responses in the DC-9 are made on the column, whereas
those in the B-727 are predominantly made on the CDU and not the windshield.

Practice effects in the use of the CDU are described in terms of
messages attempted, messages completed, CDU error rate, use of CDU
functions, and CDU character-entry speed as a function of the number of
trials flown by the crew. Because one officer generally operated the
Data Link devices on the first and third trials while the other officer
operated the devices only on the second trial, the repetitive learning
effects on each individual crew member cannot be judged. Only the overall
crew effect can be examined.

Table 5-7 shows the practice effects on the extent of CDU usage. The
simulators were comparable with regard to messages attempted, completed,
and additional (other than those required) messages sent. The one
exception is the message completion rate, which was generally higher in
the B-727 than in the DC-9. More effective training in the use of the
CDU in the B-727 is believed to be responsible for this gffect.
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TABLE 5-6.

DISTRIBUTION OF WILCO RESPONSES

. Non-Flyi Offi
Flying ying “ESH Unnecessary
HeeEer Officer WILCO Bl
Total Column CDU
B-727 Complement
SMATC 0 408 120 288 10 418
VOSYN 11 415 94 321 14 440
Both 26 424 150 274 8 458
Total 1316
DC-9 Complement
SMATC 67 383 362 21 6 456
VOSYN 88 344 338 6 22 454
Both 34 372 362 10 6 412
Total 1322
Averages
B-727 1.3 46.1 13.4 32.7 1.1
DC-9 7.0 40.7 39.3 1.3 1.2
TABLE 5-7. PRACTICE EFFECTS ON CDU USAGE
Message Completion
ORIy Messages Additional Fractional
Tri "
rial Attempted Complieted Messages Completion Rate
Sent B-727 DC-9
1 238 208 122 0.91 0.83
2 229 207 120 0.92 0.88
3 214 180 93 0.85 0.82
Function Usage
Trial HAS Recall | MSG Store MSG Recall MSG Completions
1 75 10 14 208
2 127 21 28 207
3 90 14 19 180
Average Character Entry Speed (Seconds)
Trial B-727 DC-9 All Flights
1 2.7 3.2 Overall Average 2.87
2 3.1 2.7 Button Depressions
3 2.6 2.3 per Trial 67
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Completion rate is the ratio of messages completed to messages
attempted. Once a message was entered in the CDU, it could be terminated
in one of three ways:

* It could be sent to the ground (SEND button) - i.e., a message
completion.

* It could be deleted by use of the DELETE button.

* It could be erased if the crew member responded to a WILCO before
he sent or deleted the message he was composing.

The occurrence of either of the latter two events caused the message
to be aborted. The occurrence of the third event (an erasure caused by
WILCOing an uplink message) was not designed to be a part of the
experimental Data Link system; it was the result of a design fault.
Although the crews were generally briefed on the system fault, it caused
numerous message aborts and was a constant source of frustration to the
crews.

The messages completed are about the same for the first two trials
and then decrease markedly on the third trial. The same effect is
observed with the optional HAS Recall, MSG Store, and MSG Recall functions.
The decrease in the use of the CDU during the third trial is probably the
result of two effects: (1) hurriedness -- the first two trials generally
ran long, requiring a frantic pace on the third trial; and (2) crew
fatigue -- by the beginning of the third trial, the crew were generally
starting to show the effects of fatigue.

Character entry speed seemed to improve slightly during the tests,
but not significantly. The overall average crew entry speed was 2.87
seconds per character. An ATIS request for Los Angeles, for example,
required the following nine key strokes:

CLEARANCE
ATIS
JKL

L
RIGHT}

ABC
LEFT |

WXY
| x

A

CENTER
SEND «

On the average, this required 26 seconds to enter and send via the
CDhU.

A tabulation of the most frequently used CDU features indicated that
the three features ATIS requests, HAS recall requests, and I/O Blank
accounted for more than 60 percent of the CDU usage. A plot of HAS

92



distribution shows the feature to be primarily used in the departure

and arrival terminal areas, with the heaviest use during the arrival phases.
Geographic plots showed that destination ATIS requests occurred in the high
en route phases of flight earlier than currently encountered under voice.

The I/O Blank usage was caused by the undesirable bright red display
of the SMATC figures, and this could be eliminated by a better device
design.

The remaining CDU functions were used only infrequently, tending to
support one comment that the CDU alphas could rossibly be eliminated in
favor of numbers only, with some special func.ion keys. (ATIS reguests, for
example, could possibly be accomplished by assigning a three-digit number to
each of the roughly 500 air-carrier airports.) This conclusion is generally
supported by the functional CDU design develc.ed by the Society of Automotive
Engineers, Inc. (SAES7 Committee): It does rot incorporate alphas.
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6. CONCLUSIONS AND RECOMMENDATIONS

This section presents conclusions based on the data analysis discussed
in Sections 4 and 5. 1In addition, it offers recommendations on Data Link

areas that we consider worthy of further joint airline-industry/govermment
study.

6.1 CONCLUSIONS

This experimental evaluation collected both qualitative and quantita-
tive data. The qualitative data are believed to be the more meaningful of
the two categories because they provided an assessment of pilot reaction to
a wide range of questions concerning airborne Data Link concepts and specific
Input/Output (I/0) devices. The quantitative data were based on relatively
narrow parameters such as device response time and device utilization. In
general, they seemed to validate the qualitative data.

6.1.1 sShort Message ATC Display (SMATC)

The SMATC display was found to be easily readable and well located.
With the exception of a small number of commands, the abbreviations used
on it were not confusing.

The SMATC did not distract pilots during most phases of flight. Their
attention may have been distracted from the adjacent airspeed indicator
during climbs and descents. A majority of pilots believed that the SMATC
could potentially distract them during an instrument approach. Figure 6-1
shows the SMATC message "CLR LAND RWY 14R" being displayed as the aircraft
approaches a simulated touchdown at O'Hare Airport.

The use of the SMATC display for emergency or time-critical messages
such as minimum-safe-altitude warning or "go-around" is not considered
effective. Even with the audio alert, it does not adequately command the
crew's attention under high-workload situations.

The SMATC display was very popular when used as a recall instrument
for currently assigned Heading, Altitude, and Airspeed information.
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Figure 6-1. Simulated Landing at O'Hare International

6.1.2 Printer

The use of a printer seemed to be quite desirable. Crews found it
especially useful for the longer messages such as ATC clearances, ATIS
information, and some company traffic. The use of the printer on shorter,
more perishable information did not seem desirable. A page printer might
be preferable to a line printer although the former was not evaluated here.

The paper-management problems arising from the printing and line-feed-
ing of every message were severe. It would have been highly desirable for
crews to be able to cobtain "loose copies" of only the specific messages they
required.

Restriction of printer access to the second officer (flight engineer)
is satisfactory in a three-crew-member aircraft. In a two-crew-member air-
craft, however, the printer must be accessible to both crewmen since the
aircraft is routinely flown from either position.

The use of red print to distinguish company messages and the absence
of some method to alert the crew to a company message were unacceptable.
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6.1.3 Control and Downlink Unit (CDU)

Although the CDU was somewhat complex, the crews learned to be fully
proficient in its use after about two one-hour flights that had been
preceded by a 20-minute training session.

The left-center-right method of entering alpha characters on the
modified "Touch Tone" type key pad was tedious but not wholly objectionable.
This conclusion is based on short (three- to five-character) messages. The
great majority of pilots participating were right-handed. They experienced
no problem in operating the CDU with the left hand.

One pilot commented that the complexity of the CDU could be greatly
reduced by eliminating alphas in favor of numbers and several special-
function buttons. The observation was somewhat validated by the quantita-
tive data on CDU utilization.

A tabulation of the most frequently used CDU features indicated that
ATIS requests, HAS recall requests, and I/O Blank accounted for more than
60 percent of the CDU usage. The I/0 Blank usggde was caused by the undesir-
able bright red display of the SMATC figures and could be eliminated by a
better design.

Geographic plots of destination ATIS requests occurred mainly in the
high en route phases of flight earlier than currently encountered with
voice. A plot of HAS distribution shows the feature to be used primarily
in the departure and arrival terminal areas, with the heaviest use during
the arrival phases.

A WILCO acknowledge button on the CDU will be operated primarily by the
non-flying officer. A WILCO button on the control ycke will be operated by
both pilots.

The AUTOTUNE feature, in which the communications frequencies were
automatically selected, was highly desirable. The idea of extending this
automatic ground control to any other device, with the possible exception
of the transponder, was equally undesirable.

Pilots did not show a strong relative preference for the use of
Data Link to provide ATC navigational or non-navigational commands, pre-

printed departure clearances, ATIS, or automation of company reports.

6.1.4 Voice Synthesizer (Vosyn)

The intelligibility of the Vosyn is believed to be unacceptable for
routine communications. Pilots found that its mechanical sound and the
lack of tonal inflection and volume variation made it difficult to under-
stand in a simulated airborne noise environmnet as well as annoying. The
effect apparently did not mitigate with practice.

The Vosyn should be limited to short messages and seems to be well
suited for emergency or time-critical messages. It was effective as an
attention-getter during the busy phases of flight. The synthetic voice
seemed to detract from one of the prime advantages of Data Link, as
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commented upon by one pilot, in that it seemed to demand attention while,
on the other hand, the SMATC allowed two people to communicate effectively
without devoting full attention to each other.

No strong opinions were exhibited in the responses to questions on
combined SMATC and Vosyn use. The predominant belief was that the duplica-
tion provided by the two devices was either undesirable or not clearly
desirable. When pilots were asked to choose one for elimination, the
SMATC emerged as the strong survivor.

6.1.5 Ranking of Devices

In the ranking of the relative desirability of air traffic control by
conventional voice, SMATC display, or Vosyn for various phases of flight,
the SMATC was found to be a slight favorite in the ground phase but a
strong favorite in low and high altitude en route phases. Conventional
voice was more desirable in local control (airport traffic areas), with the
SMATC and conventional voice being ranked approximately equal in the
arrival and departure phases. Figure 6-2 displays this result.

An analysis of variance of response times showed that there were no
significant differences among simulators,scenarios, crews, or order of
missions flown. Differences among device complements and phases of
flight were significant. The mean values for response times by complement
and phase of flight, excluding miscellaneous values of 30 seconds or more,
were:

Device Complement Flight Phase
SMATC - 6.30 seconds Departure - 7.66 seconds
Vosyn - 8.69 seconds En Route - 7.52 seconds
SMATC/Vosyn - 6.75 seconds Arrival - 6.89 seconds »

Historrams of response times by complement showed that crews respond
partly to Vosyn commands and partly to SMATC commands when all commands are
present on both devices.

Histograms by phase of flight showed that this double peaking or cross
reference effect of response times is quite pronounced during the relatively
low-workload en route phase of flight. During the higher-workload departure
and arrival phases, the two peaks tend to merge as some responses are
delayed by workload while others are speeded up.

6.1.6 General Data Link Concepts

With two exceptions, no significant differences were observed between
the operation of Data Link in two- and three-crew-member aircraft. The
two exceptions were the relative levels of intelligibility of the voice syn-
thesizer and the relative acceptability of abbreviations and symbols on the
cockpit page printer. The first is explained by unintentional variations
in audio quality within the two simulators. The second represents a dif-
ference of opinion between flight engineers (non-flying crew members) and
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first officers (flying crew members). This difference of opinion, causing
the flight engineers to be more receptive to the use of symbols and abbre-
viations used on the printer, is probably due to in-flight workload
differences.

Although a majority of pilots thought that little information was
lost, the selective-address capability of the Data Link, in which each
aircraft received only transmissions intended for it, did cause a loss of
information pilots believe to be essential. It was stated that the im-
portance of this lost information could affect both the safety of flight
and the comfort and convenience of airline passengers. A majority of
pilots believed that the loss of knowledge of the proximity of other air-
craft in the same en route or terminal sector, which is normally acquired
on a common-channel VHF system, could be detrimental to flight safety.
Similarly, a majority of pilots believed that the loss of both terminal-
area routing information (such as a knowledge of aircraft ahead, holding
patterns in use, approaches in use, and anticipated descent instructions)
and specific weather-anomaly information (such as the extent, location,
and altitude of encountered turbulence) could be detrimental to passenger
comfort and convenience. (The discretionary use of the seat-belt sign,
the food and beverage service schedules, and the use of different altitudes
which affect fuel burnout are often predicated on the knowledge of these
circumstances.) The postulation of a ground-computer conflict-prediction
system had little effect on these opinions, reflecting a skepticism as to
whether a system could ever be totally free from human error.

Although no objective test was made of this effect, airline pilots
generally did not favor a system that would require them to wait in a
queue for data-polled acquisition of an ATC voice channel. Comments re-—
peatedly indicated that when they found it necessary to converse with ATC,
usually because of a time critical situation immediate access was desired.
These comments apparently resulted from occasional misunderstandings or
misstatements of test instructions concerning the procedure for talking
with ATC: The assumption was in all cases, that ATC was constantly
available.

The concept of Data Link control was somewhat disliked during ground-
proximate flight phases, including local control, arrival, and departure.
The requirement for pilots to use the Control and Downlink Unit (CDU)} or
receive Data Link instructions during a missed-approach execution caused
considerable unfavorable comment.

These comments indicate an apparent operational requirement for the
continuation of conventional style voice communications to some extent
to supplement the Data Link environment. Voice is required for pilot-
controller discussions. Voice is also needed to advise of encountered en
route weather (turbulence, thunderstorm detour paths, icing, etc.) and for
occasional air-to-air communications of this nature. Perhaps certain
abbreviated voice procedures can supplement Data Link to overcome the
feeling of isolation expressed by some pilots during a pure Data Link

operation and to provide some of the clues on traffic flow and congestion
available today.

6.1.7 Acceptability of a Data Link System

The concept of air traffic control by an air-ground-air Data Link
appears to be a viable alternative to today's system, However, three
problems must be solved before air traffic control can be exercised
entirely through a digital Data Link system:
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* TLoss of common-channel information because of selective-address
communications

* TInability to obtain an immediate voice channel in a polled system
when needed

+ Dislike of Data Link and increased workload due to its use in
ground-proximate flight phases

6.2 RECOMMENDATIONS

6.2.1 Development and Simulator Evaluation of Data-Link Concept

It is recommended that the Data Link concept ... rurther developed and
then re-evaluated in a simulator environment. The concept development
should attack the central issues that made this evaluation concept likely
to be unacceptable in an operational system. Alternatives that enable
flight crews to maintain their current overall "feel" for their environment
should be examined. Data Link procedures during ground-proximate flight
phases should be simplified. Finally, the use of conventional voice for certain
communications in the Data Link environment should be expanded in future tests.

6.2.2 Flight Evaluation of a Limited Data- Link System

It is recommended that consideration be given to in-flight evaluation
of a limited Data Link system. This could probably be a domestic "add-on"
to the currently envisioned AEROSAT Test and Evaluation Program, in which
it is planned to equip a small number of airliners with Data Link type
equipment.

This evaluation could assess the operation of a simpler CDU device,
a page printer, a SMATC display, and an AUTOTUNE type device.

In addition to device refinement, primary consideration should be
given to the potential dislike of Data Link due to information loss, data-
polled voice-channel acquisition, and unacceptability of Data Link commands
during ground-proximate flight or flight in heavy traffic areas.

6.2.3 Interchange System

The ability of the NAS/ARTS/ARINC ground system effectively to inter-
change and deliver information under a Data Link concept such as that
hypothesized in this project should be evaluated under actual conditions.

A limited interchange system should be established between two short-length,
high-density terminals such as San Francisco and Los Angeles. A limited
number of aircraft flying regularly scheduled turn-arounds on this type of
trip could yield a significant quantity of cost-effective test data.

The objective of this effort should be to measure the feasibility of
delivering predeparture clearance, en route and destination weather, and
ATIS information, and possibly to control information to aircraft through
a system of ground communications switches and terminals. A parallel study

101



should investigate the possible cost benefits of such a system to both the
Federal Aviation Administration and the airline industry. These benefits
would be examined in terms of potentially reduced staffs for FAA functions,
e.g., tower clearance delivery; and airline functions, e.g., en route

communications.
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APPENDIX A
FLIGHT SCENARIOS

This appendix contains the three flight scenarios that were employed
in the Evaluation of Data Link I/O Devices using Airline Flight Simulators.

These message scenarios were not shown in advance to any crew member
who participated in the evaluation. To do so might have produced undesired
learning effects on the part of the crew, which could have distorted the
data.

Each scenario contains the messages for all devices for a typical
airline flight of one hour ten minutes. Each message script was separately
coded for use with three device complements.

The scenarios included here consist of the following:

I San Francisco to Los Angeles

IT Kansas City to Chicago

IIT Los Angeles to San Francisco
Supplemental ATIS and WEATHER Reports e



aN3S ‘66T (1 &di3)

(sbessaw sTUY 238718Q) ——— OIEYdEa paatsoay axodsy sanixedsd T8L ¥N  ANYAWOD
A90T
aHES d8T S¥954 P T OWR 079PT MDOIW
(sbessam STUR 83373Q) ! LSEATHNYH T LET MAZ 6TOL OY LZTLE TBL ¥N  ANYIWOD
weunly
—¥ Aovd
-—HR ¥oeq ysnd o3 pPaAVITD  HSOd ¥ID ¥ aNIs’dEg HSNd ¥owd Usnd o1 psIes(d DIV
——f
—f PATI XIS uted suo oMl Suo §9°T1Z1
~—H punoig OJSTJURII uUeg aNs oas X G9"TET PUNCID 0SS ol A4
(qaTITA0H sanizedap uo SUO ©IBET INOT asanjzedsp
XIONIGI04SaEE00 URADS ¥MENDS "OIDZT ASUTU OM3 TRAIT uo TobL ¥Menbs 067 TFAST
HO¥SSAH HASOA) (oaaz JybITy urejureR “ssTabu¥ SOT ‘UOTH YBTTF uTPAUTEK SITHBUV S0 UOTI
BATZ OMI T3A9T JYBITI ~TSUBL], TRUBAY ‘TRATIIY 2ATJ 2I0WITTA ~TSUBRIL [eusay ‘TRATIIV SATH 230w
ufeluTEl 3d9oXe WU *TeuBAY ‘uUOTITSURIL TRUSAY ‘3ang -TTTd TEuUSAY ‘UCTITSURIL TRUSAY
Ix8] sbessay sv sues) -——F -aedag uaass 2103104 BTA 3xodaTy sanamdag UsSABS BTOIAOG BTA
*o3% ‘saTebuy so1 Su3 —— TEUOTIEUISIUT SaTabuy SOT a3yl o3 FONVETO anEs Jaodaty TeuoTIeuIajul saTabuy
03 paIeald ST 8L ML -==H poIRals ST SUO JYDTD USARS pEITUR Hld IS X S IO SOT 8Ul o3 paIwaTo ST I8L WA oIV
ybTI
oMy 98I} pue 3791 JULTS OomMT whmuﬁ._h ybta 8z
saanaaedag “@sn ur yseoadde ‘3381 pue 339 8z sAemumi saan3aedag
IYbTe om3l femuna SII CIANOF OIST OIST *7gz Aemunxz Burpue] “asn ur
221Uyl ISISWTITY "OMI BUD I8 0IF2 yoroadde 787 Aemumz STI  *P0°0E
USASSs oM PUTM "s2AYI AT Iurodmag ATJEWTITY  “ZT 3° (OLZ PUTM
‘apay] aATF eanjexadmsy “boj uy "gc jutodmag ‘g5 sanjmasdusy
a7TW 3uo AJTTIUTSTA ‘ISBOIIAC ‘Boz ur oTIW T AITTIQISTA
-—— peapuny 99xyj paanseswm BUTTISD ‘3580I3A0 O0E pRInSESW BUTTTSD
—_— e UOTIRWIOFUT IJaodaTy SILY BWTT UOTIPRIOFUI Iaodary
-—-H TeUOTIPUISIUT ODSTOURII UES HlLd F3S be anNas’ sIIv TRUOTIEUISIUT ODSTOURII UES oIY
W NASOA (ozwWs) (OIIM) JINANT NGD (FHLNTHI)

LXTG FONSSEN

SATIONY SOT OL QOSIONWHS NWS

I OTHYNEDS

A-2



—
-—H Juapy menbs INIAT 3uspT yMends iy 2
g
——= Inoy JuUTed AN OM3 BUO 8 T4
—==H sanjaedey oosTOURIly UEg 43a 03s ¥ p"b2T aanjaedaqg 04S JI¥ L
EEEis] £T 3% andEs (0z *oN *bag o1 pITEA
SUC ' OIDT UDASS OMJ PUTM 0LEZ GNIM b 0 aNIm abessom 1 2dAL) £T 3® OLZ PUTM jahA<S -
=l
—— 3327 3ubra oMy 182 My
" Kemuni I1J09¥®l 103 PYIEI1D JONL 910 14 gz KAemunz jjoaxel 103 peIesld oY 9
-5
-—¥ aat1y juted oxaz §TOZT
——H oM3 JUD IDMOJ O2STOUBII URg HML 04S X ST0ET =m0l 04&S john 4 S
(sbessoy polissur)
——--330 =Wl pajedTisd 8L VN
aNsEs (1 =d4z)
sese TAL ML ! 053 /LI pasTaosy jxodsy OLE T8L ¥O  ANMAWOD -
==
-— 8T A
— 3337 34BT® on3 Ammuni o3 TXeL INYL X NS  IXVI TEZ AvMuny O3 TXEL oY ¥
(sbesssw pajaasul) 6761 Tang
3e 04s paaxedag 18L YA
(il MCHS Lmmadaie at)  TINodd NASOA {OI¥WST  (oo7IM)  andnI ngo (SaInTad) INGR0D  COR
FONBLEW ML SV LXEL JONSsSIH HO 2I¥ «°0Es

A-3



-5

DETY
—F 0132 0IIZ BUO oMl AmMEnBS  QOTZ NUS 00Tz Ymenbs 2 ST
———F
DETH 1eTpRX 33abap XTS  HOIl ISO
-—H sUC IO IPTSPoOM U3 Ide0IR3Ul LIOWIINT X ¥9T11 IS0 3denaajur oL ¥
g
OETY
060H 038z aouTu ©I9Z BUTPESY IFIT uUANG 060+ X 060 ButpEay 3397 uang 2L £1
(PBTT
=ypow A1buTpucdsazzon
sbessaw Indutr NQd)
OLT Tend---330 (sbessaw pajaasur)
———=3N0 03§ IIO TBL ML IV 035 330 I8L M0
paaTaoey anas (T 2di5)
3zoded 330 T8L ML ! eeemddo peaTeoey 3x0dey 330 T6L YN ANWEWOD -
=ty
OETY TeTpex 20xbsp BATI SBIYI  HWSET FR4
S suo safey jutod ay3 adeoasaul LADEALNT X dSET 3Ad 3dsozajur QLY T
]
QETY
0BTH oz9z 3ybte suo Butpeay 3zeT uany 08T-=+ kS 081 butpeay 3397 uani oo jus
—g puesnoyl
OETY @9IJ 2D UTEPIUTEW pPUe O3 QUITD OET ++ O0D0ET upeguTEm
08ZH oxez 3yBTS om3 BuTpesy urelured 087 SAH % pue o3 quIT) 087 BuTPRaH UTEIUTER boin 4 o1
—-—
_— LOWLNOD
——H aJe3uoD IEpEY yVa¥d I0|IACO ILPRY oL 3
U BT INALT TIVOTH NASOA (OINWS) (02T1M) JN4HI QD EIeTH ATV 0N
Yl IREL HOvssa HO DLV & TR

h-4



osgY =g
olcta g ands
anEs ‘ogz 6= v ===t ‘oEE OmM ITY DI¥ EZ
) ) notaq hoToq pue asoge Yjoous
oszY pue aa0qe yjoows QUE T4 ybnoyl 00E LI DAY 062 14 IDULTNGIT
"TTTIBL ML 06Z 14 sousngany ITE IESTD ITEe IVSTD " XESIAGY XM O3S T8L ¥O  ANYEWO0D zZ
---3
felta's pezY s3nox ueid Hd43 s3nox uetd
---H IYBTTI TYNHAY 399ITP DBad0ld  HAV JOHQ X YBT3 @AY 3I08ITP pIssoad oI¥ 1z
oszy  ——-§
05z 1aaaT IUBTII 06Ty OI9T IDUTU OMY TBABT 06T T3A3T
UTEIUTEW pUR O3 QWD == JYBTTI uTEaUTEA PUBR O3 qUTTD 06Z++ X IYbTT3 utejuTEm pUR O3 qUTTD oz oz
-8
06bY 0352 ABUTU INOF T9AST 06l TaAaT
-—=H YBT3 uTEjUTEM puw O3 qUTID 06b++  FTTENN 3BT uTejuUTEW puT O3 qUTTD o 6T
o~ 1
DETY LOVLHOD
srreetl JIEIUCS IEPEY HYavs 3oe3UC) IEpEY 239 8T
-—8
0ETY
. Juaspl ymenbs INIaT juapy ymenbg 2 LT
===
QETV BATI XIS Juted S9°ZET )
] oM BBIYG SUOC ISJURD PURTHRO  HIND HWO X §9*ZET IFIUSD WO QI k-3¢
WO HOME INRE3aIU 41)  TINDER MASOA (OLWHS) (OITIM) EO4dNI 000 (HUINTHA) AIVARCD TON
SIWSETH ML SV

TXIL GONSST

HO DIV = TS



0EZY OEEY JOHINGD .
-—-f jowijue) Tepey uvavE 30R3U0) AEDTE o s 0f
-—5
QEFY QEEY
--=H 3uepr ymenbg IN=aT auapr ymenbs e 62
——=5
OEZ¥ OEEY 8AT3 3YbET® Jurod INO3 S8 PET
—==H 85Iyl suo xajus) sarsbuy SoT  WIND KWI X SPET IIIUD XVI foins 8z
(peT3TRPOW
osTe andur NOD) OEZ¥
630 0SZ T3 9oulaT aNas LZL8 062 )
-NOIng 2IRITSPON TELMI 0BT TIHENLACKHT S Id SDUSTNAING IIRIIPOH TEL ¥N  ANWEHOD -
(paTITPOW
Arbutpuodsaiios
NASOA DUE MODUTH
aT1) Q£Z TRAST —g
JYBTTF uFel  DETW OEEN OIFZT THIYL IBAYY TOAST OEE TRAST
~uTEW pUE 03 pus0SaQ ——f IyBIT3 UTEIUTEN pUT OF QWD 0EEs 4 JUBTTF uTEIUTEW DUR O3 QUTTD oA 4 Lz
-5
0sz¥ 062V LIRINOD
—H I093U0D ARPpRH Yoy ADBJUOT IEpEy POl 4 9z
-z
0524 e .
——g Juepr ¥menbs INFAI JuapI ymenbg A gz
—-z
oszY oezy uases jured L°82T
===H 3JybTe OM3 DU IWIUS) DUSTHRO  HIND YO X L*8ET I53USD YO
TIVDHS HASOA {(OreWs) (027T°M) INaRI nad (HHINTED)
541

G ADVEENN

A-6



0sZs

oLo¥
8FTH UBPT HMENDS INIAT JuapT yMenbs 237 ac
0szZs
0LO¥ aATy Jutod 5 pZT
grTH anoy om3 suo yoeoxddy sersbuy soT ad¥ ¥vI X g bz uowozddy XVl aIv s
0gZs
0LO¥ aybre g1 DaH
-=-H aNO3 BUC HUTPESY IAOWTTTS 3Ixedaq WId dda X 8¥1 BurpesH TMOWTTIId 3Ixedeg oL 9E
0sZs
0L0% 3933 puesnoyl .
~~-f UBASS UTEIUTEW DUR O3 pUIDSEQ 0LO+4 bt D0OL uUTE3UTEW pue O3 pusdsag oI¥ St
oszs (Z5 °"oN sbesssw o3 priEA FEEssow
oTTY T 2din) €0 TTIE '93 Z6Z LU Tiv
*ECCIBL ML ol SUOTIS/UUCD 90 23vD URTd I8L WO ANWJWOD -
0sZs
oTTY 0sZ .
! S30UY 0I9T BJATI Oma paads az=ds b3 osz peads o vE
Il.m
OTTY QI92 0I9E 00°0€E
el ©ISZT IDVIUI FIJ0WIITY SITRBUY SOT  WILTY X¥1 X 00°0E =IBWTITV XWI polir § £E
=g
oTTY .
il Suo o9z usaas oml ymenbs  10LZ ¥OS T0LZ ¥menbs o ¢E
-5
01Ty q@s1 puesnouz
—H USADTE UTBIUTEW pue 03 puscsa( OTTH+ x QOO0TT uUTEjUTEW pu®R O3 Pusasag 2IW 1€
(¥ WOM3Z IN3H333Iq 41) TIYOS RASOA (OIWWS) (0oTim) (FHaNINE) AMVaNDY e
SOVSSEH ML AT i

A¥IL BOESSTA

uO QaV

="

A-7



ooTs

050%
[ora4} 0182 oMl oMl BUTPEAY JUBTI uang 022+ X 0ZZ butpesy 3ybia uang feh g j:14
00Es
0s0¥ )
O%TH oasz anoj suo buypeay Jybix uang OF T+e be ObT burpesy aybra uang o st
00es
052¥ 3391 2413 ISZ A yoeoadde
— oM3 APMUna STII 03 SA0309A IRpPEY STI HIOA X 152 AEMUNI 57T X0F SI0393A IEPRY A b
00Zs
0so¥ 3ybTe uaass oisz Burpeay 8.0 49a 8LO but
---H 3asdag ROTUOW BIURS JDBATP PIIDOX4  OWS IoM¥A X -peay jxedap QMS 3281Tp PRes0ad folin:4 £
00zs s30uy
osov paapuny om3j o3 poeds sonpmy pues 002 dds 00z o3 psads sonpsy
L -NoYy3 SATI UTEIUTEN pUR 03 puaasag 0S0++ X 0O0S UTEZUTEW pue O3 pusdsag ol 4 FA 4
0szs
oLov Terpex a8xbsp  WTIT OKS
—H 192 EoTUON BiUes IASDAIJUT JIOHELNI X HT9Z OWS 3deoIazur 24 184
0ses
OLO¥
OTIH 019z IU0 U0 BUTPR3Y 33IBT uang OTT++ % OTT Butpesy 3387 uang 0% op
0SES
oLo¥ LIWLNOD .
8YTH I9BIUCY ARPEY avavd 3oejuo) IepEN BE

TINOT NASOA (DIWHS) (00TiM)  INANI naD (HaLIEa)
sw INZL ROVASHW Yo v o Tan

A-B



-y Iybre 3uted auc omiy B°TET
-——H Juo uo punoxb seTabuy soT IoR3U0] aNs ¥y 4 8°127 punozb XviI oI £5
——
srerll 39T TIGT AMd
——=H BATF OM3 ABMUNI pUPT O3 PRIERTI  ANYI ¥ID % 1397 6z Aemuna puei o3 peaeald fohnd zs
S
—=Y ST I¥ )
S BATI DUD 3B 0192 JUBTS OM3F PUTM 082 ARIM ¥ ST 32 08C PUTM o 1s
-8
—— asutu jured 6°811
- JYBTE IuO SUO IIMOT SITIbUY SOT HMI XY X 6°8TT A3MOL XVT LY 0s
--=5
— ZEyIew I8N0 33 HO'1 ZayIem I8N0 BT
---H 3O 35Ea S8ITW INOI ST uor3Tsced anox g b Ned * 30 3ses sa[Tw p ST uoT3Tsed amox ol s (14
-5
iy usecadde 3FeT 15T EMH yoroxdde
e | SAT3 Oom3 Aemuna gII A0 pIIESTD SI1 J¥ao w 3381 6Z Armunx §II 20F PBARITD DI¥ 0s
ooZs
oS0y I3ZTTRO0T 207 ISE
Fanl 3397 SATI onl Aemunx 3daoaezur LdDHELNT X 122TTes0Y 3387 62 Aemuni jdacaslul DIN Ly
ST 4Iv anas (gp “ON I333®
BATI BUOC I 0232 JUBTO OM3 PUTM  OSZ ONIM X MDD aQNIM prTREA T BdAL) ST 3® 0BZ PUTM OL¥ =
% TIVIH HASCA {OIWAS) (0D711M)  LNanI nas (LN H) ANVIROD o
VR XL ADVSEN HO QN g3



*uot3TSOd
saeuTxoIdde ITIYF YSTIQRISs 03 ATuo umoys azxe Aayy “OTILUSDS U UTYITM
sroymfue IMo20 upd A3yl SOUTS pRISquUNU JoU IIw sabessau T adil

(paty
~tpow Apbutpucdsazios
anduT Qao) 10T TeNd anas .
UL ———-l0 I~ (ps3xasur) T°IT 18nd
XYl DPIATIIY T8L ML ———={EATHEY mm—=li] —=—-UO0 ¥¥T PIATIIY (8L WO ANYAWOD -
(55 "o I333e
90 2329 18L ML aNgs’a1eo PTTeA T =d41) 9a 239 IBL ¥N  ANWAWHOD -
-—-5
—-——Y
===H a3eb 03 TXRL EINO WID X =326 O3 T¥eL LY -
3T} 'TIvoEM NASOA (OIMWS) (0D17M) INdNI nOD (EHININA) ARNAMDD DR
svit o

J R, TIOVSSEW ¥O 20V « "0

A-10



-3

—= AoNd anas
e HSNd 970 h.d ‘948 HSNA WoBH USnd O3 PIIESID 1Y £
ASOTAST
anas S¥SSd §°ZZ DWW £76FT MDDIX
(ebesssw sTU3 °32120) ! ISATHNYH T LT MIZT 6T9L OV LZLE ZEF ¥N ANMEWOD
—_—— .
—y aybre juted 81zt
—==H 3u0 QM3 BUC PURCAD AITD sESURH aND 1D .4 8°TZ1 punoag IDW A 4
*axnizedsp UC DUC IVIYI XTS oMl ymenbg ‘sangaedap
7108wy za33e Hurpesy AmMuni uTERIUTE)R uo [E9Z {menbs -3zzosey ze3ze
{GITITA0H -ganjIedop Io3Je S93NUTW U] OIBZ BAIYZ burpesy Aemunz trejuley sanzzedsp
KTONIGNOSETMEO0D 5I seayl TeasT MBTTI 30adxg ‘puesnous I233e sajnurw QT QEE 124ST
DYSSAW NASOA) (0x92 IauTu USASTS UTRIUTEN '9IFH,0 O3 TeTPRI 3aT3 FYBTTI 30adxd ‘QOOTT UTBIUTEW
om3 Teasl 34bTIF 308dxe $9IY3 OM3 SITH,0 '0PII0N PICIDPRIE XTS 2IBH,0 O3 TPIPEE SEI 2I®H,0
3daoxe a93jutxg sbessay se ~-AjusmMl 390 TRTPRI Om3 2AT3 oIsz 431D 22330/ DICIDEIF 97 3L Tefpex
suwes) "o38 ®TA JIXOEITY ——F SPSUEY JYL O3 SAOIDIA JePRI ETA Zs0 A31o sesuey 8yl o3 SI03TEA
TRUOTITUIIIUL DITH,0 Y3 —--y320daTY TRUCTIBUISIUL 23ITH,0 Y3 O3 FONWETD anas IRpRI BTA 3I0ITY [RUOTIRUISIUL
o3 paiesld ST ZELML ---H PpoIwsTd ST om3 A38UTU INO3 PIITUR L4 33s X fEONVTD 21BH,0 9Y3 O3 PIIESTD ST Zeb €N 2% 1
suo Aemuni saaniyIedag
fouo KAemuni asn ul seyoeoadde
JUBWOIISUT 'ITIUTU IJUTU ISUTU 1 Asmunx saangxyedsqg ‘T
oMy I9ISWTITY IYUBT2 32 X9z Inog Aesmunz ssn ur ssgoroxdds JusUMIZSUT
oxez PUTHM ‘om3 XTS5 JuTedmag ybIs 6667 I938WT3ITY 8 3I® OO PUTM ‘29
¥1s sanjexadwsy ‘a1zzTIp IBTIT Axsa jutodmsg g9 sInjezaduwsy ‘3722TIAP
up seTTE XI5 AJTTTIISTA 3sSedI2A0 aybT £3x9A uyr seTIW 9 AJTTTATISTA
PURSTIOY] OM3 USHOIG peIpuny autu FSEDIBAC QOO USYHOIG 006
peansesw BUTTIS2 30Ijx0I UOTY 51N poansesw BUTTT®D 30I3%04 UOT3
-BPIICZUT TERUOTIRUIBIFUT A3ITD SESUME 414 d4S % aNES ‘SIIV -BWIOJUT TRUOTIRUIRJUT A3TD Ssesuwy hAd
W OHGHD ANTHASIID 41)  CTINOE HASOA (DI¥WS) [02Tim) IDGENI nad (HaLR ) RO Con
AP SYH ENAL ANUSSTR HO DAY W Din

-3xe3s Y3 o3 Jorad IGD (KW49) O008T 03 3@sex 8q 03 say2lwa JOTTA/SH00T2 31dyo0o searnbex OopIRUSIS STUL EION

OOVOTHD OL XLID SUSHWA

II COIYVNEDS

A~-11



———G

0TI LOVINOD
0T0H 3oejuo) IepEY HYawd 3I0VJUOD TRPEH o - 0T
—
oTTY .
OTOH Juspl ymenbs hiiclens JUapT ¥Menbs oIv 6
-5
0TIV sAT3 FouTu Jutod S8IY3 $6°€2T
OTOH on3 suo sinyzedag A3Td sesuey dda 10K x §6°£Z1 sanjxedsq IOW ShA's 8
—5
oTTY T AMY
OTOH suo AeMuni 3Joaye3 I0F LOIEITD 40ML ¥TD x T Aemunx 33ooyel 203 PITIID 1w L
]
——— oxez 0T &%
S SUO 3P OIBZT OIDT IATI OIDT PUTM QS0 aHIM b 0T 32 050 putM fohir 4 g
0T av X anaEs (5T "ou sbessaw ©3 PITRA
09z SUO ¥ OIDT DATI OIIZT PUTM 050 aNIM D aNIM T ®di1) OT 3% 050 PUTM ehin-g =
-5
-——¥ aAT3-UDAIS Juyod gLzl
g SATF OM3 BU0 IIMOL AJTD SesuRy dMI IOW % GL*SZT =MoL IOH T [+
(sbesssw pe3aasuT) T TZ Tang
---- 3® IDW pa3aedaqd Zek ¥n
(1 =diL)
(sbeesau STyl 23STHA) ONZS ‘@IEvagg  PeATS983 jzodez aaniaedsd zey wn AEAWROD -
——al
—Y T Mg
-—=H suo Asmuni o3 TIMEL IXYL 4 IS INYL ¢ Remunz o3 T¥ElL uha g v
AZI0 AT)  WIEDM NASON (DI¥KS) (OILM)  &NENY ad [ERFES ] ANVAHDD
nE L3 H

JRAL A2vEsau

B0 NN -

A-12



—s

OTTY 2ATI om3 Jured SZ°5ZT
=it BATI OM3 BUC IIjURD AATD sesuey  HIND OMW X SZCZT ISIUBD IMMW a2 9T
i
o1Td )
080H o¥33833 3O IBBTD 241 ¥ID b ST33eay 3O IBID DIM ST
(peratpon ATButpuod
-s81300 abesssm INGUT
aaa) set 18ng ----330 (ebessaw
~——=IN0 IDW IFC TEY ML P3NIBSUT) ——== J¥ IDW FIO 2Z&P WO
DSATSORT
3zoday 330 Z6F ML anEs’a3o (1 2dAL) pearssax jxedex 330 Zeb YA ANVAROD =
---5
0TTY TeTIpEX OM3 SAT3 HEZSO DN —_—
OBOH oxez A3ty sesuey ay3 3dedI9jul JAIDHIINT X TeTPRx Z60 431D sesuwy 3jdsoIajul o1
~—5
otV 0I82
0B0E 3juybte casz burpesy IybTa uang 080+ -4 peo Butpesy 3Jybra uang ey €1
—g
OTTY  MOTS pUNOGIS3M 3837 pu=snoyy xTs S M 090 MOTS pUnCO3ISaM Q009 2PMITITY
0T0H SSTTW SATI }D0TD,0 3UO DT3IVI ¢ T o3z EI8WND SaTTW § ¥OO0TI,0 T 9T3FRiL i 8 (4
--=5
o1y XTS 0192 a0°0¢€
OTOH  ©asz 88yl Ie3awiiTV A3TD sesuy WITY IDH X 90"0f ISAPWIJTY IOW
410 A1) e NASOA (oxvmws) (D2ITM)  LOdINI 03D [ERETTEE]]
HOML svn

MXAL TOVEEAN

A-13



M0 A324 DTF3RI} 03 Inp ARIIP SIINUTH

“ettZEY ML ST-0T 399dxg ‘AXOSTAPY QMO Z6¢ VN  ANVAHOD -
===5
06zY DEEY LOWINOD
=—-f 3o'3UC) AEpEY yYawy 3oejuc) IEpEY oL¥ 44
-—z
062¥ (114
g Juspy ymenbs LNAAT Juspl ymenbsg o hiA’] 1z
-=-z
0624 OEEY *x1s 3utod 972t
-—=H oM3 S9IY3 BUO IBJUSD AITD SESUTH HIND MR X Q*ZET aSIUsD IMM 2I¥ oz
(smoTT03 =2b5essau
SOTOA WIOI-S2II ®) P TET uo
cevezep ML SOUBUSUTRH GHO I0B3UCD ZEF ¥N  ANWAWOD =
062¥ (PeT3TPOU
ArButpucdsaszios
shbessau NASOA PUR -5 )
MOPUTM 9T) 06Z T=A3T QEEW oz8z 23yl s8Iyl Qge 13A3T
UTEIUTEW PUR qUTTD -—=H 13497 IYBTTI UTFIUTEW PU® OF CqUITD OEE4+ X IYBTTI urejUTEW pu¥ o3 quUTITD oT¥ 61
—-5
oTY IOVINGD
e 3083U0) IepEN aYave JoR3uC] IEpEY QLW 8T
Juapl smenbs INaar JuepI ymMenbg fohir 4 LT
NASOA (OIwWs) (021IM) JOdNL DD (gINTHa) AIVARDD  COM

JOELL AOVEEEN

(e et AT

A-14



=S

0BOY
— Juapr menbs INIOT Juepl ymenbsg fohin{ 1€
=-—s
080 uanas Juted L°SZT
—"1 aAT3 om3 auc yoeoadde obeoTud 4d¥ (MO X L7521 yoroaddy qHO john4 0€
———F
oBOY o33z BUD 0T 0t
. 1 0392 29aU3 IIRSUTITY ©HEITUD  WIIY @HO b 4 0T 0f as3ewT3ITV QHO fokA 4 6T
]
oBOM
iR XIS om3 XTS om3 ymenbs  9Z9Z HOS % 9792 Huenbs fekn 4 8T
-3
OBOY
el xTs om3 XTs 3ubTe ¥mwenbs ozgs ¥OS  EIEWHA 9798 smenbs o Lz
g
o80Y PURSTONF .
-y 3ybre utejuUTEW PUE O} pusIsaq 08044 X Q0Og UTE3UTEW pue &3 puUIDSaQ oA 9z
]

s]-744 BEEY LIWLNOD
—f Joe3luc)y aeped dvavd 3Ioejuo) Iepeyd ol A-4 =14
==y

[el-TA OEE¥
R Juepr ymenbs IN3ax AUSPT HMenbs A ¥z
-—-5

06eY OEEY XIS 9°GET
——-H aurtod SATZ $8IUI SUC ISJUSD CBEDTUD  WIND THD X g*gET asjusd obeatyd I €2

TIVDE NASOA (DI¥HWS) (0211M) JINaNI nao (LM INd) ANVENOD R

SY¥H

TXAL anussTw

HO 24Y x70US

A-15



01es

ogoy yoeozdde 3ubri Inoj auo HPT AME yseoadde
-——H Aemunz S§II 303 SI0J08A JIepmy S1I HIDA X IYBTE FT STI I0F SI03094 AEpRY LY LE
o1zs
o9o¥ pues
-—H -NOY3 XTS UTRIUTEL pue o7 pusssag 0904+ X 00092 UTEIUTEW pue 03 puadsag JL¥ o€
(6% "on abessaw 03 PrIEA
aNEs ‘EIND T odAz) 1F s3ep URTE Zeb WA ANWAWOD -
01Zs )
oLOY puzsnoya
] UDABS UTR3IUTEll pue o3 puansag QLo+ x pOOL UTEjUTEW puw o3 pusssag oY (13
(abessau
pPo3I9sul) --—-— ¥WI3 PISTA®H Zeb ¥N
aNas (1 ®d&y) paataon
——=ZEF ML ! ———0LF/ Y13 -21 33cdex ¥Id POSTASY Zeb ¥N  ANWAKOD -
otes
oBoY ote
p— SI0UN 039z aue oml peads qg34as X 01z paads oA 173
OM3 PUD DIFT OISZ JE SOUBIARITD
yoroadde 3nedxa ‘Teipex @=2absp SAT3 2100 3% souexeals yoeoadde
-——F 29IY3 Om3 BITH,0 S U0 ISIMYINOS Joadxs ‘TeTpRI GE£Z Sa°H,0 IYI
DE0Y PIOH uUDIloaszajut fA9TTea 232Ul o3 FONGETD UQ ISBMUINCES PIOH UOIJTISIIJUT )
-—=Z&b ML ——H paxeaTd ST om3 AJSUTU InoF Pe3ITUN ¥ig 23S X ABTTRA 3Yy3 O3 PRAR3T2 e ¥N fohiA-4 €E
stwieog
080Y LIWLNOD
-—H IDEeJIUCD ITeDEY ouavyd ISWIR0D IWPEY el 4 ZE
(V0 HOES JNHSHISI0 3T)  TINOEH NASOA (OI¥WS) (C2IIM) IN4WI Ndd (QEINIHE) ANVEHOD  ton

S¥H

SHAL FOVESIN

bis e L ALY o

2-16



La¥ anas
uaaas 3I® oxez JUETH DUC PUTM 08T ONIM X HD OHIM L 3 08T PUTM OLY -
-—-¥ yoroxdde IybT arT AME yoeoadde
— ano3 suc femunl TI X0 POILSTD  STI d¥dD b BT $T Ammuna §TI 30T pRIRSTD o a4
091s
orov
OTTH oxez 3u0 2uo Buppesy IYBTX uwANL OT T X 011 Buppeay 3IYBTI uIng ouY £y
091s
ovoY o8t
GECH S30u¥ ©I9Z XTS5 auo paads aadds X 09T peads o 4 4
otes
ovoY
OEOH Sr3zeal yo IesD 241 8710 X DIIFWAT 30 AWITD poan 4 it
o1es )
ovoY puesnoyl Inoy
0E0H ufejuUTEW pPUE O3 pudOssg o} T ¥ 000F UTBjUTEW puR O3 PUSDSET o0 ot
o1Zs HOTS
090% punogisem 389y puesnoyl anol  § M OF0 AOTS PUnOCIsSay 983z
OE0H SaTTW Om3 O0T2,0 SATAM3 DTIFRAL T 2T 241 % 000y safTw g ¥20723,0 ET OTIFeaL oh A4 6E
01Zs
020¥ o8z 991yl 03T SuTpRIY 0EQ SGH
DECH uotjossasjuy Asyyea axedsg EIdA d3d 2.4 pE0 Butpesy zaTIYA 3xedsq oL BE
(Ure s & 1300 JL) TV NASOA {OawWWs) (GIIIM) INNI [ad (T ) AT UL TON
SWSETH M svi IXAL IDUSET WO BV =S

A~17



spexsqunit f7reriusnbas jou Sxe sebessow T oddy ‘sioqunu dousnbas sary Sebessaw 7o adAy ATuo &

01T T8na (sbessou
EEEs I SRR T angs pElIssuI) 10T ToNd uy
0 PBATIIV L6V ML fQEATIHY -——UC HD POATIIY Z6F WM ANVIHOD -
(6 *ou abesssw I23j® PTIIEA
T3 2389 TV ML ONES ‘dIvD sbessew 1 adAL) Z@ 932D Zeb ¥WN  ANVAWOD -
!!1“ .
——Y ABRMIXPRY I83INO Y3 BTA ¥IINO A8 AemTXE] I29N0 BYJ BTA
-—=H UOTTTITARd OYDF ©F TX23 O3 pRIesd 2 IXYL 4 UOTTITABS 5 O3 TXE®3l 03 PIILsTD 2I¥ &b
-3
—y IsuTy 6°121
—_— jutod auoc om3 auo punozb obeEoTud ane Qo b4 6°1Z1 punoab @E0 2oy -1
Lt ]
——r IybTa HPT AMH
——H oz sUo AeMuna puel ©3 pIaE3D aNYT 910 X IUBTY 1 Aemuni pue o3 pPaIE3D oI L
Loa¥ e OGS (S "on sousnbes i1s3ije
usARS I 08z IYBTS SUC pUTM 08T ANIM % #D anIsM PITRA T 2dAL) £ 3@ 08T putm oI¥ -
-——g
- usaes juted L*0ZT
—H OISZ OM3 SUO IIMOT IITH,0 HML €O X L*0ZT Iamol QHO oLy o
——
—— oBwod JO IsaM OTWoE oswoy JO
-—H —Ujaou sSsTIW I2AYZ ST ucritsod ANOz MM £ NSA b4 JsemylIou S3TTW £ ST uorlrsod anox oIW of
(W KUNg INASHAIIO 31)  rIvoEM NIS0A (DIWWS) (O21xM) JINANI NaD (HINTYD) ANVARGCD “on

UJUVSSIN ML SUH

SNOL gOUsSsiM

(o A R e

h-18



-—-5

===y ST AMd
==-H 31387 2ATF Om3 ABMUTI ©3 TX®L INVL b4 angs * INva 3781 §g Aemuni o3 TXEL oY 14
——f
-—Y Hove QNES
-—H yoeq ysnd o3 paxeald  HSAd ¥ID X ‘38 HSOd yoeq ysnd o3 paxeaTd el 4 €
-5
—¥ Iybta 8" 121
-—H 3utod Suc oMl SUC PUNOID SITRBUY SOT aND XY X 8°TZT PuUnOID XV'I oI z
axnjaedap U0 JUO OIADT UIABS IANOT
smenbs ‘oxez Jybre omy TanaT IULTII
uTEJUTER ODSTOURLS uURS IATI-A3uam] sanyzedap uo TOLY yMeEnbs ‘08T
Z030TA JPTSPOCH TETPRX SUO INOT TaAST FIYBTTS UTEIUTEN ODSTOURIJ ues
(parzypow Arburpuod PUD IPTSPOOH UOTISBSIBIUT Z0AD €7 1032TA SPISPOOM "HIFT SPISPOOM
-saxi00 sbesseuw NASOA) viuRs IYbTO-A3UbTE IB8L UOTITSURIY UQT3IOBSISJUI ZNID BIUES 8B 30
"OIATVZ KIS OMI TIAIT —_——5 SPUTTES Sanjiedag OM] Panjusp UOTITSURL] SBUTTES 2an3jaedsp oMI
JybTT3 uTEjuTEw 3dsoxs — eTa 3x0daTY ODSTOURII URS IUI HONVE'ID aNas BANIUSA BTA JA0dITY OOSTOUEII
*93% PeATVATY ST 9VT ML --=} O3 paIes[d ST XIS-A3203 oMl pIATUR Hid 3IS X * ZDNWE'IO ues Syl O3 PRARSTD ST 9vT WA 2% T
IYETI BATT
omy pue 3IFT 2aT3 oml sdemunz ssanjredsg
JybTI Inoj om3 pue 3IFST ANOF oM3 SAemuni JubTI Sz puw 3397 SZ sAemunz ssanjaedag
sayoeoadde §1I ©I9T IJUO OIAT BIIYZF IIJSWTITY ybTI HZ pue IAFST P sAemima
4IND3 SUO J¢ OIDT UDASS OM3 PUTM 'INOZ BATT sayoeoadde SII OT°0f I2IBWTITY ¥1 3I®
jutodmeg ‘ouo xT5 aumjeladus] ‘ejows 0LZ DUTM #S 3utcdwsg T9 @anjezaduag,
pue 82EY UT SITTW 22aud AITTTATISTA ayows puw azey ul SITTW £ AITTTAISTA
pelTWITUN BUTTYSD NTNZ UCTIBUIOIUT SIIV pajTwTIun BUT{TED NINZ UOTITWIOIUT
3x0dIT¥ TEUOTITUISIUT SSTIBUY SOT  UId 23S X aNEs’sIIVY  3r0diTY [RUCTITUIIIUL SITIBUY SOT oY -
(Vn WluE JNeEad3Ig 31) TIOW NAS0A [OIWWS] (0077M) &04NI 0G0 (HHINTHA) ANVAHOY  CON

JONESEN ML

SEH

LMEL 30VSSEH

ODSIONYES NYS OL SETIONY SO

III OTH¥NIOS

HO 23 04

R-19



(abessau STYUY ©32T9A)

(sbessaw aTYl 233120)

-5
——¥
-4

-5

———

==g

===H

-y
---H

—
sy
—==H

Joe3U0) IEpPy

Iuapy ¥menbs

om3 jured
aAT3 OM] U0 Banjyedag salabuy SOT

XIS @UO IR PATF USARS OMI DUTM

3381 eaTIl
oM} Aemuna 330a¥El IO pRILITD

asutu Juted
DTS BUD BUD XIMOL SOTIBUY SOT

LOWINGD )
et 3joejue) Ivpey
INEax Juspl 3menbs
A4
430 XWT X 27621 aanjxedsyg ¥W1
9T ¥ andEs (g7 *ou =bessaw
SLZ GHIM ® ‘D ANIM TTIUN PITRA T 2dAL) 9T 3I® SLT PUTM
ST AMd
J0NL ¥ID X 3397 ST Aemunz 3joexel 103 pIIRAT)
. B°8TT
HMIL XV X 6°8TT I8MaL XWI

(ebessaw pe3IesSuI) 0°0Z 120
——— 3 XY pajaedaq 9pg W0

aNds
TODT - (1 =2d4L)
¥ QIIEYaIq paarassx 3xodax sanaaedaa 9pz ¥
A¥OT
an=s J8T SUOSd F°ZZ DWW 1°9FT MOOLY
‘LSEIINVH TULET MIAZ 6T9L ¥ LZLE 9FZ WO

LY 3
21N g
oIy L
UH-‘ -
DI% 9
2% s
ANYIHOD -
ANYEHOD -

1410 A1)
W

WL

TIvoa
s

NASQA

{oLvns) (OIIM)  INANI NG TN THAY

N IOVESRIN

ARNEANOD “on

HO DL o T00ES

A=20



020%

aian JuspI ymenbs INFar Iuspr Hmenbs o3A 4 LT

=g

090¥ o2z Jurod 07SZT

---H BATI OM3 BUO A33uBD SITABUY SOT  HUIND X¥I ® 0°EZT a=3Ul] XVI A ot

)

o9cy

=== ITFFEII JO IRSLD 241 ¥T0 X 2133%33 3o IWIID LY €1

p—— s8I punoq

ooy —yjnog 3297 PUBSNOUI XTS IPNITITY 4 s 0£0 3ISRI PUNOAUIANOS I3

=-——=H S87TW INOI HI0TD,0 JBIYI ITIIRIL 1¢&€ 33% TIGEND 0009 SBTTW b ¥20T2,0 £ ITIIVAL fel A4 1

—=5

090Y

===H BANJUDH IDIITP PSVJ0IF ALA LIEA B NIn 3IBBITP peIdoad oLy £T

=g MOTS punog 3seayinos

al=Ts 14 3997 puesnoyl o4l BpnITI(Y g 45 00 MOTS PUNOG ISBIYINOS 233

0GZH  S9TTW J2ay3 ¥S07D,0 UsAsST® oTIIBAL € TT 04L X 000v SITTW £ ¥20T13,0 11 SITFFRIAL AR (49

-l

090w

0GZE  PUPSTOY3 XIS UTEIUTEW pue OF qurid 0904+ X 0009 UTEJUTEN PUR OF qUTTD Pl 1T

a3

—— BAN3USA I0F SIOIIPA QLA HIDA nIn Xe3

0SEH 0I9Z 3ATI oMl BuipEsy urEluTEW 0St 9aH X S20308 JIepEY (ST BUTPRaY UTEIUTEW oL¥ o1
(¥ WOH. INA¥IA3I0 41 TR HASOA {2IWWS) (OIJIEN) ILNQNI NUD (HININg) Anledbiog o

HOVESOW ML s9i

EXAL TAOVSSER

O TNV L 7UHS

A-21



UOT3ONIIBUCS UCTTITTA®Rd O3 Snp 3Isnayl

3TPT U3Tm ¥aed o3 BTqeUn 3JT UT-403

seetghE ML SIUBTTI ML/YN ‘AXOSTAPY O3S 9T ¥O ANWAHOD -
-==5
092y 08E¥ IOWLNOD
-—H 3ejucs Iepey HYave 30B3UCD TEPEY ot (24
-—5
09EY 08T¥
" Juspl ymenbs pAticlang auapr ymenbg oIY 1z
-—F
09ZY 082V UBASS L8ET
——-H 3utod JyBT® OoM3 BUD IJIUSD PUBTHERO  UIND HYO X L"BEZT HIND NWO ot 4 oz
——f
Q9gv ogey 09z JaUTU 06T N¥HL 06T
- suc T2asT 3UBTTZ ybnoayn I3Tpedxd FLIASAXE p4 TaasT 3ubTTI ybnoays a3Tpedxl oz 6T
(obwssam pajxasul)
09zZ¥ —== 3® XV¥'I 330 oFZ ¥N
(patzTpom osTe Anduy -
ngo) &LT TeNd--—330 aNgs*~—- ) ) {1 adix)
—===IN0 X¥I 330 SPE ML X¥1 340 paaTsDex Jxoddy 330 9FZ YN ANWEWOD -
09z¥
(peT3TROW
Aiburpucdsszron sabesssu
MODUTM 9T PU® NEXSOA) ——8
*Qez 18asT FUBTIA fei:Fa 4 ozaz Jybie oMl TOAST IYBTTI OBZ+4 08T T@A®T JUBTIF urel
03 qUTTD 3IOR3UC) I2pEeY ~--H UTEjUTEW DUE O3 qUTTD IVEJUOD IepEd  JDND ¥ X -UTEll PUR 03 QWTTD IFEIUCD Tepey foyn'd 81
(v WOM3 INTE333I0 4I)  TIVOEH NASOA (OTTET (007im)  Inani ndo (S3INTUd) AN¥AHOD  TON
JOUSSTH ML S\YH

IXIL dovssad

HO M 4035

A-22



-—3

oLoY dAT3 3YBTS 3JuTed SBTEZT
-——-H 23143 M3 suo yoeoaddy ocostouexy ues day¥ 04s X §8°£Z1 yoeoaddy o3s oY 14
———y
oLeY 02STOURIZ Q4§ LDEd
-—H ueg 3I08ITp DUERTYEQ I02ITP peedeld YD Loda X 045 A98BATP WO I08ATP PS04 fon § 82
—=
oLOv BATF BUO o232 5T*0€
——=H 333Ul A333UTITY ODSTOURIZ UBS  WITY Q048 X ST*0Ef FIPISWTIATY Q&S Jad LT
i
0L0¥ LIIWINOD
e 3Ioejuo) Iwpey qyave joelue) IEpRy oy 2z
——=5
oLO¥
-—H Juspl menbs INEaI Juspr ymenbs o -4
~mng
0LO¥ 3ubTa 87921
=—=H Jutod XIS OM3 SU0 IIUBD PURTHRO  HIND NWO X B*OZT ABIULD HWO =it ¥z
=g
oLow 3293 pues
——=H =NoU3 USASS UTEIUTEW pUR O3 pualsag L0044 x 000L UTR3UTRW PUR 03 puUsasag oL £C
"I00 gIng SuUo SEY
uosesq Butielox asmol ‘Izcdsa UCTI
aNgs ‘dDI0A -Tpuo) aueTdITY (S0TOA WIOF-33XJ) ANWWOD =
(V0 WA WIMALAEG d1)  TINOHm NASOA (ozvws) (ODIIM) I0ENI NAD {MAIN [T} ANVGWOD “ON
AUNSSAN M, LoyTiH IXAL HOVSSHW HO OTW W tOHS

A-23



0EZS

otoY
OTEH oxez SuU0 s8Iyl BUTpEay 33T UINL OTE-++ 0TE butpesy 3387 uang eh i) LE
DEZS
DEOY 198y PUESTIOUI
ShEH S33Y3 UTEIUTEW pue O3 PUSDSRQ 0EDt+ X DO0E UTRIUTEW puUe O3 puadsaq ¥ 9t
(€ *ou shesssw o3 PITEA
TTrtapz ML aNIEs‘* L¥D 1T 9diz) 90 @3eb ueld OVZ ¥N ANVAWOD -
DEZS
0LOY
ShEl 2AT3 anoz ssxyl Butpesy 3ybrx uang ChEes » cpg Butpesy ybIx uany a SE
DEES
oLow saty (ssned Buoy)
5-£H sazyy Burpesy aubra uang G4  FTEYND G»f Surpesy JubTI uINg shAg ¥E
ogzs )
0LOY yseoxdde 3397 Iybre 182 AMd yovozdde 3331
-—H am3 Kemuns ST 203 S3o3d8a Ieped  SII HIDA X 8z Aemunix §II 103 SIOI0TA ARPEY febA g £€
QEES
OLOW 0£T o
===H syouy oasz 29Iyl oma paads QaEas X 0£Z PRatS a8 [
-——5
oLOW LOWINGD .
— JOBIUCD ILPEE yYavs 3IoEJUCY IEpPRY ohA 4 113
-
OLO¥
——-H Juspl dmenbs LNFax JUSPI HMEnbS fa} A 2 0t
WAL AX) TN NASOA (azams) (ODIIM)  InNdNI Aad (HEINTHa) AUVSRDS “UR
HOUSSH ML SYH IXAL FOVSSTH U0 IV «"0AS

h=24



|

J— aaT3 3ybre Iutod s8°£Zl
-=-=H 33IY3 OM3 U0 yYowoxddy OOSTIURII URS dd¥ 04ds b4 58° €21 yoeoadde O3S oz W
—5
— AME NO
——if Aemunz o JyeIsity DOTOESTQ OV SYSICA X Aesuna uo 3IJeIITY PATAESTA poi £t
-—-5
—y aNnouy
iy punoay o9 09 b 4 BUMOIY 0D AR A
aa13 jurtod $T0LT
-——H 02 OM3 BUD IBMOL 0I51ouUBRR3 Ueg ML 03s X ST0ZT I8MOL QIS oA v
el ¥ anis (T *ou sHhessem I833e
oM3 BUO 3P BATJ XTS OM3 DUTM  €9Z ANIM X 3D QHIM prTea 1 2dAL) ET 3% S9T PUTIM oIN %
---5
- 193803 ¥aLs04 a3s0F
———H IO 3SeayRnOS 98iy3 ST UCTITSOd INox IS £ NSd b4 30 3sesygnog g ST uoryTsed anox oy or
Illm )
— yovozdde 33e1 187 AMM yoeoxdde
- JuBTa om3 Aemunx SII I0F poxesld  SII d¥ED b4 3397 gz A=wunt §TI I0I pIIRSID o5 8¢
oEZs
0EOY 3391 IYBTE omg 182 207 33¥1 82
OTEH fewunz 03 39ZTTR00T 3AeSIBIUT  LADHEINI X Lemunz o3 I9ZTTROOT 3d89I83UL B 8t
¥N NOEA ANSRHS4IA 1) TINDHY NASOA (orwws) (O2TIM) INANI na2> (duINTda) AIRDD o
FOVSETN ML SYl LHIL ADUSSTH O DB «tUNS

A-25



—y 2381 18T Amd
——H 3ybTe om3 Apmuni puey O3 pPaIvaTd  ANYVI WID b4 391 82 Aemimz puel o3 pexesld oIv z5
aatz 3ured s*0e1

—— OIPE OM3 BUC ISMOL ODSTOURII URS HML 0dS X SU0ZT IA9MOL 04S johvn-4 15

———s

e 33503 ¥aLs0d I=3soi I0 .

——" IO 3SPSU3INOS BU0 ST uoT3iIsod Inoj 35 1 NS4 b aseey@nos T ST uoIlTsed anoj i 4 0s

“wml

— yseoadde 339t T8Z AMM yoeoadde 3337 8T )

] Jybte om3 A=auna I 03 PRaAER(D SII 4¥dD X Lemuny SII 203 PRIRITO oo (-]

0STs

OpPOY  S30UY OXSZT DATI SUC 03 pIeds Sonpay 0sT ads 05T ©3 peads

OIEH oxez Buc 29Iyl Burpesy 3IFIT UANL OTE++ X sonpey QT buppesy 3381 uing ehn4 -1

=<5

ov0Y

OTOH ozez auc ©x2z BUuTpERay 3F8T UINY 0T0++ b4 010 Butpeay 338 uang o Ly

———s

ovov

00TH o192 0392 suo burpTay IS WANT 00T+ p 14 007 Burpesy 3331 uIng po A 3 ot

= jaBy pues

ovoY —-noy3 INCI UTEIUTER pUR O3 qUTTD o0+ 000 UTe3UTEW pUR O3 qUTTD

08TH ‘o3z JybTY 2uo burpeay IFST wang 08T+ X 08T buvpesy 3727 UINL PN 4 sr
(V] WOHA LAWEIIIa 31)  TIVOm HASOA (orwws) (02IIM)  INENI Nad {4aINTIEA) RHNIHOD oM

JOUSSFW ML SUH INAL F9USSAN HO DIV «"0as

R=26



(pat3
-Tpow OsTE InduT NAaD)

*peIDqUNU SIT

sobessem g sdAy Terjusnbes ATuQ “peXoqunu jou 3Iw ssbesseu T 8dAL &

anas (pa3aesuI)
S0T Tand uT T —— — 1T Tong ur
U0 QIS POATIAY 9HZ ML 03s O3ATHEEY ——— U0 045 PRATIIY 9PE WO ANWIWOD =
(g5 *ou sbesssu 12370
92 @320 9FE ML aN=s‘ 21V priea T odAL) 9D 339 9pZ €A ANWIWOD =
———g
g 2 SSHOMD
——H D 9SINOJU0S 03 IXBL IXYL ¥ D ISINCIUOYH ©F TABL hoin's vs
=y
— jubte jutod B TZI
—H IUO aml BUC puncib OISTOURII UBS anNe ods b4 8*121 punean 04s JL¥ £S5
(¥l WOHd INHNE43IG AI) 1I¥03H RAS0N (DITYHS) (0DTI#4) I0dNI nac (M3INTES) ANVAWOD "G

HOYSSIH ML

SVH

LX3L AoVssan ¥0 21V «"03s

A=27



*3ybTa usass Aemuna uo sazinjaedsq

*3ybTa usa®s Aemunz asn uT soyoeoxdde SIT *3IYLTS ©I9Z OIIZ ISAYI
I23B/WTITY “0A9DZ 2UC B OJDZ SUC SUO PUTM °*XTS SATT Jutodmsq
991yl XTs aanjersdws *U243S AJTTTQISTA 3ISPOIDAC PaIpuny

SATI PURSTOY] INCOJ USNOIQ PSIPUNY SATI PUESNOY] OMI paInsesu
BUTTTS) BIXSTS UCTIBWIAOIUT PTSTA TISUSITH [RISUSD SIJNEMTTH

*aaTy om3 Kemunza saaniaedsqg
°9sn UT 9AT3 oMl Aemuna xogz sayoeoadde I “SUC SUC 0192 DAY
I938WTITY °OI9Z JUO 3B OASZ USASS OM3 DPUTM "0I9Z XTs jurtodmsqg

Jubte XTs sanjeaadwdl "0X8Z BUC AJTTTAISTA USIOIq UTY] PUEBS
-NoY3 SATF om3 ASMSTUM UOTIEWIOFUT 3710diTyY TRUOTIRUIIIUI OTIBIUQ

“3IST

ox8z 93ay3 Aemuna saanjixedsg *3JST 0OISZ I9IY3 Aemuna SIT SSD UT
yoeoxddy *3ybT® ISUTU I2UTU OM3 ISJSWIFTY °OM3 SUO e OISZ SUC OMT
PUTM "UaASS 8ATI jurodmag 23ay3l XTIs sanjerddwsr “3ubte AITTTIQ
-TSTA }SEOISAC PUESNOU] SATJ POINSESW HBUTTTSD0 pPoislIIBOS paipuny

9ATZ puesnoyl oml eydiy uoTjeurour 3xodity TedIOTUNW 2SO0 UeS

3397 Inoy suo Lemuni ssinjredsq *3UbTI INO3Z

suo femunz SII 9sn UT yYoseoaddy °SATI OA9Z OI2Z I9IY} I932WTITY
"SATJ SUO0 3B 019Z IYbT® su0 purM "ox9z XTS urodmeg ‘sSATI XTS =2an3
—exadway, *oows pue SzeY UT SSTTW INoF AITTTAISTA ‘usiolq psipuny
uSA®T® BUITTISD °*OTTY UOTIPWAOIUI ~3x0dITy TRUOTIRUISIUI SICH,0

STIY
dlLd FIS

SILVY
¥ld d3S

SILY
YLd HES

SIIY
qLd HES

gy Aemuni uo saanjaedsqg

g, Kemunz osn ut seyoeoxdde STII 80°0¢
I938WTITY 0T F® OTT PUTM °9§ IuTtodmaq

£9 @anjeradumy */ A3ITTTQISTA 3ISEOISAO

00Sh USYOIg 00SZ peinsesuw BUTTTID BIISTS
UOTIPUIOIUT PTSTI TTSUYRITW TeISUSH 93NeMTTH

gz Aemunz saanjaedsqg °3sSn UT GZ Kemuna
203 seyorozdde gII  “TI°0E I93™/UWTITY 0T
Je QLZ PUTM "09 3Futodmeq g9 @anjeisdusy
“0T A3ITTTAISTA USYOIq UTY3 Q00GT AS{STUM
UOTIBWIOIUT JXOAITY TPUOTIPUISIUI OTIAPIUQ

°I0€

seanjzedaqg *7I10¢ Aemunz gII esn utr yoeoxaddy
“86°6C ISISWTITY °CT 3I® OIT PUTM ~°LS
qurodmeg €9 oanjexadwmsl g AITTIQISTA 3S®O
—-I9A0 (QQ0S PoINSESW BUTTTIIO Paad3IILRIS QQST
eydTy uoTjewrogjuT 3xodaTy TedroTuny Ssop ues

*339T $T Aemuna ssanzaedag “3ybTx

$T KAemunz §IT 9sn uT yoeoxddy “G0°0E
I932WTITY ST I® 08T PUTM °09 IuTodmad ‘69
aanjexsdus], *SMows pue 9ZeY UT SSTTU §
AQTTTAISTA ‘usyoiq QOTT BUTTTeD “oTTX
uoTieWAOFUT “3x0dITY TRUOTIRUASIUI SIPH,O

SILY
SIYMEMTTIH

SILY
oTaRlUQ

A-28

SILY 9SOof UBg

SIIY obesTyd

NASOA

(OLYHS)

SILV TYINIWITJANS

SLd0dIY YHHLVIM ANV SILV TVINHIWHTddOS

(93INTES) IXIL IOYSSIW



*34bTe ASUTU IDUTU OM3 ISISTIIIV
omM3 PUD 3T OIFT SUC OMI DUTM "USASS BATI 3uTtcdmag 333Ul XIS

*86°67 FEIBWIITY
*Z1 3I® OTZ PUTM "46 Jurcdmag £9 3an3

sanjexaduar ~3UbTe AITTTATSTA "ISEDISA0 13 BATI pPaa HIHIYEM -exadwsy g AITTTATSTA ISEIID40 (00S Paansesu
BUTTT®) "DBISIAEDS Paapuny SATI DURSNOYI OML ‘ISYIeay SSOp uesg Hig @3S BUTTTI?) *PpPa9slIRDS Q0SZ ADYIEEH 3oL uesg I3yarap I0S
*IATJ OIIT OIBZT PWAYT IIIBWTITY TG0TOE AVIVWTITY ST IT
*DATI SUO J¢ 0i02 JYBTE SUC PUTH *OXBT XTS JuTodmed TSATI XIS 08T DUTM  "09 JuTcdmag -gg sanjezadual
sanjeradusl “eNows pue azey UT SITTW Anol AITTIQISTA “usoiaq HIHIYEAM *ByoUs pur azey uT SATTW b AITTIOISTA
pazpurty 2Uo puesSNoYl o BUTTTSD “ISujesy sxey,0 obeITYD dld 3ES uSNOZAQ Q0TI BUTITaD :APUIEay 2IeH,0 OBROTYD asylesy HO
sISUTU ISUTU ISUTU OM3 I338wWTI[Y  *Jubrae e 66"6Z IVJAWTITY 8 3I¢ OO0 PUTM "9 b
ocx9z AnOF 0I9F puTM oMy xI1s jupodmsg  t3ybte xTs sanjessdusy Jutodmaq g9 sanjvladwsy C"STZETAP JUBTT Azaa -
*3izzTap IYBTT 472 uT SBTTW XIS ATTIQISTA “ISESISAC puesnoyl HIEHIYEM ut SBTTW 9 AITTTIAISTA "35E2Ian0 QQOZ ‘uadoiq
oM3 USYolq pPRIpPUNY BUTU paansesw SUTITED  CasUIEIM A3TD sesuey Hid EES 006 peansevaw SUTTTaD :ieujzeay A3TD SESUEN ISYITSM TOW
*oTtoL
“ox8% SUC ©ITE IVIYF ISISWTITY *Inoz Juo 3@ oI8z I9qUTITY  “pT I8 OLZ PUTM °*FS IuTodMsg
USADS OM3 PUTM "~aN03 JATI IUTOdMBg ‘SU0 XTS sinjeiadwag *oYjous HEHIYAM 19 aaANIEISCUA] ‘eyoms puUe SZRY UT SSTTH £
pue 2zEY UT STTW 59yl AITIFATSIA ~IEITD -Isyjesy saTabuy Sof HId 4ES ATTIGISTA 'Xes[D :32y3eay *soTabuN SOT ISUIEIM XWT
“Inoy oxsz *FOT0E AJIBUWTITY ‘2T 3%
0I9Z SoIYl IDTSWIITY ‘OMI SUC T OIST USAIS OMI PUTM 933Ul IATF 0LZ PUTM “£5 3utcdmeg ‘g5 aanjeasdwsg
autcdmag 28Iy} 2ATI Banjeasdwsy 50T UT STIW SuU0 AITTTAISIA HIAHLYEM ‘boz ut 27Tu T AITTTYTISTA 73Se2I5A0 QQE
f31sE0zaN0 POAPUNY SBAY3 PRANSESW BUTTTID “ABYIESM OISTOUEII UES ¥1d d3S paansesw BuTTIs) :aIsyzesy “oodsToURI] Ues Iayaeam 0dS
NASOA {oa¥Ws) (2IINIHG) IXEL ZOVSSEW

SIHOdEd YIHIVEM



*3JUBTHS QIBZT OIBT 2BIYT I2JJWTITY  “0OAIT U0
3¥ 0192 JUO JUO PUTM XIS AT Jutodmag S8yl XTs sanjeiadueg

"BO°0f IFFBWIITY  *0OT 3=
OTT PUTM *9¢ 3juTodmaq £9 aanjeasdusl

A=30

*usa@s AITTITATSTA °ISE0ISAC PRIPUNY BATI DUBSNOYZ INOJ *UsHOAQ EIHIYEM *L FATTTIQISTA 35203840 Q0SP "UIMOQ
POADUNY SATI PUBSNOU] Om3 painseaw BUTTISD *ISYIW3M SSHNBMTTH ¥ld FIS 00582 peansesw HUTTTaD 1aDYIESM SSUNEMTTIH IsyjesM =MW

*TT1°0E

"EUC PUC OIAZ FJAYIF ISIFWIITY ~OAST SUOQ I° OIT I2Q3WTITY  "O0T 3® OLZ DUTM (09 Jurodmeg

usASS oM PUTM TOxaz XIS Jurodmag Iybre xrts aanjeaadwme) “oI9z HENIYEM g9 =anjeasdigsl  "OT AITTIQISTA
auo ATTTATSTA "USHOXQ UTYY PUBSNOYI BATI OMI  "3SYIESH OTIBIUD ¥Id 3335 TUSOIG UTYI QOQSE  FIBUIESH OTIEIUQD ISYIEBY, LNO

HNESOA (oxvws) (HEINTEE) LXIL FOVSSEW

*P3UOD SIMOJIE YIAHLYAM



APPENDIX B

FLIGHT CREW INFORMATION

EVALUATION OF DATA LINK
INPUT/OUTPUT DEVICES USING
AIRLINE FLIGHT SIMULATORS

FLIGHT TESTING PHASE NOVEMBER 1974 - JNAUARY 1975



B.1 GENERAL INFORMATION

B.1.1 Nature of the Effort

You have been selected to participate in an evaluation program for
various data-link Input/Output devices. What devices are we talking
about? Digitally driven instruments for displaying present-day Air
Traffic Control and company-oriented communications. Devices similar
to these could eventually be used in the cockpit of the aircraft you

fly.
The objectives of this series of tests are:

(1) To evaluate candidate Input/Output (I/0) devices for air-
ground-air data-link application in the more sophisticated
and realistic environment of commercial airline flight simu-
lators.

(2) To expose a significant number of air-carrier pilots to the
data-link concept by participation in the airline simulator
experiments and to obtain their opinions and suggestions
regarding data-link hardware, location, and procedures

within the cockpit.

We plan to accomplish the first objective by collecting a large
quantity of data from our computer equipment and from the answers to
questionnaires you will be asked to fill out at the completion of the
tests. For the results of the second objective, we rely heavily on
your subjective opinions--Do you like it or do you not? If not,
what can be done to improve it? If you think we are on the wrong track,

what is the right one?

B.1.2 Brief History of the Program

This evaluation program, which has been going on for several
years now, is sponsored by the Systems Research and Development Service
of the Federal Aviation Administration. In turn, they have funded the
DOT/Transportation System Center (TSC) to carry on the cockpit environ-
ment, ground environment, and radio-~link development efforts. TSC has
contracted with ARINC Research, along with its subcontractors, United
Air Lines and Trans World Airlines, to plan, organize, conduct, and

evaluate the experiments involving airline simulators.

B-2



This effort is the culmination of the simulator tests. Previous
tests with these same devices have been conducted at the FAA's National
Aviation Facilities Experimental Center (NAFEC) using the GAT-II simu-
lator flown by general aviation, NAFEC, and volunteer airline pilots.
Previous efforts involving some devices that have now been eliminated
in favor of the current devices have been flown also in the GAT-II and in

TSC's GAT-I test laboratory in Cambridge, Massachusetts.

B.1.3 Experimental Devices

Digitally driven instruments supplied by the Transportation Systems
Center will be used in these trials. With the increasing level of
automation and computer assistance now being employed in the enroute
centers, the approach control facilities, and company dispatch centers,
there are many instances in which digitally transmitted and displayed

information could benefit both the system and the pilot.

These devices can be broken into various classes:

Visual versus Aural: We will expose you to devices using

digital voice synthesis as well as those using visual
digital display.

Hardcopy versus Softcopy: We will use devices with

perishable displays as well as permanent-copy devices.

Uplink versus Downlink: We will provide devices capable

of transmitting a wide variety of responses/requests to the

ground in addition to devices that receive only.
These devices include the following:

R 16-character short-message ATC display (SMATC)
. Voice Synthesizer (VOSYN)
. Printer

. Control and Downlink Unit (CDU)



In addition, data-link equipment will include control yoke or
pendant-mounted WILCO switches for message acknowledgement and an

aural alert to advise you of an impending message.

These devices will be driven by a small computer that we have
located immediately outside the simulator area. This computer will
also be used to collect the data (mainly times) on your responses and

use of the equipment.
B.2 TEST PROCEDURE

You will be asked to complete three flights, each lasting about
one hour and ten minutes. On each of these three flights you will use
a different complement or mixture of I/O devices. At the conclusion of
this briefing, you will be given a sheet describing the filed clearance
route of the three flights in the order you will fly them. The devices
available on each of these flights will be listed.

Some of these will be daytime, some will be nighttime. Some
flights may be completely smooth, while turbulence may be introduced

for portions of others.

There are no in-flight emergencies (unless you create one)--only

normal occurrences such as inclement weather, traffic delays, etc.

Please visualize this as a normal flight and not a data-gathering
exercise. We have tried to make the flights realistic and hope that
you will inject yourself into the scenario. The Observer will offer
comment if you have questions about a particular aspect of opera-
tion. If you have a question, do not hesitate to ask the Observer.

He may ask you to transmit certain messages dquring the course of the

flight. These might be company messages or ATC-type messages.

Prior to the beginning of the first flight, you will be given an
opportunity to familiarize yourself with the operation of the devices.
The crew-familiarization run will be conducted under the direction of
the Observer. There will be approximately a l0-minute break in each
flight while the tapes for the next flight are loaded. During this period

you will be asked to answer questions relating to the devices you just flew with.
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B.3 TEST DEBRIEFING

At the completion of the three tests, you will be asked to complete
a questionnaire. This will relate to the devices and the procedures
used during the test. You will also be asked to discuss some of your

more significant impressions with the Observer during a brief interview.
Thank you for your participation.
B.4 DEVICE DESCRIPTIONS

B.4.1 SMATC Display

The Short Message ATC (SMATC) display is shown in Figure B-1.
The SMATC (Short Message ATC) display consists of sixteen alphanumeric
characters arranged in two lines of eight characters each. The characters
are red-dot-matrix LEDs, and a dimming control is provided. Each new
message sent to the SMATC will be accompanied by an audible alert (three
separate tones in sequence). As explained under the "Full CDU" section,
the latest heading, altitude, and speed messages may be recalled onto

the SMATC, with appropriate labels, at the pilot's discretion.

Figure B~1. SMATC Display
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The following abbreviations will be used with the SMATC display:

ALT = MAINTAIN ALTITUDE < = TURN LEFT

ALTM = ALTIMETER -+ = TURN RIGHT

APP = APPROACH NORM = NORMAL

CFAP = CLEARED FOR APPROACH LOM = OUTER MARKER

CLR = CLEAR OR CLEARED PSN = POSITION

CTR = CENTER PTR = PRINTER

DEP = DEPART (URE) (ED) RWY = RUNWAY

FPR = FLIGHT PLAN ROUTE SHRT = SHORT

DRCT = DIRECT SQK = SQUAWK

GND = GROUND TFC = TRAFFIC

HDG = HEADING TKOF = TAKEOFF

LND = LAND TWR = TOWER

LOC = LOCALIZER VCTR = VECTORS

NAV = NAVIGATION 44 = CLIMB TO AND MAINTAIN
¥+ = DESCEND TO AND MAINTAIN

The meaning of messages containing these abbreviations should be
self-explanatory, with the possible exception of traffic advisories.
Here, a standard format will be used for: all such advisories as follows:

Clock Position Distance (in miles)

TFC 02 3
050 NE F

Altf//‘ Hgg.\\\

Speed (F = Fast, S = Slow)

B.4.2 Control and Downlink Unit (CDU)

Figure 2 is a picture of the CDU keyboard. No attempt will be
made to explain every button or function since many of them are self-
evident from the name. Rather, we will attempt to acquaint you with
the capabilities of the CDU and urge you to use it as much as possible

during your three flights.

Every uplink ATC message transmitted from the ground must be
responded to. Exceptions to this are replies to IDENT or RADAR CONTACT
messages., This response may consist of WILCO, UNABLE, or STANDBY. If
STANDBY is pushed, it must be followed with either WILCO or UNABLE

before another message can be displayed. If UNABLE is depressed for



Py
VOSYN
REPEAT
LINK
ON
CLR REQ|ENGINES|PUSH BK
B SRS, T ABC|DEF
ATIS |WEATHER|ALTIMTR| |o—e—— ] (I So——
1 2 3
TAXI |ALT REQ[HDG REQ
e — — — g GHI|JKL|MNDO
MANIFST|ETA/ETO |DEPARTD | | — — | — — —]— — — ]
4 5 6
ALTNATE|FPC REQ| WIND cE
e S e e A PRS|TUV|WXY
cate #| o ® |ammved| [0 T 2| T T
7 8 9
CLRANCE|  pro# FAIL ALPHA | Q Z / | DELETE
~==1vorce =" ="t -
ADVISRY TEST # 0 ENTRY
LEFT | CENTER| RIGHT
WILCO/
UNABLE [STANDBY|
0S| wse | wsc 1/0 -
SPD STORE | RECALL | BLANK
~~—+
5 3/4"
¥MODIFICATIONS BEING ACCOMPLISHED
Figure B-2. CDU Keyboard Modified for Airline Tests
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anything other than a traffic advisory, the air traffic controller
(simulated) will contact the crew on voice to determine the reason for
the UNABLE. The WILCO buttons on the control yoke (DC-9) or the WILCO
pendant switches (B-727) may be pushed in place of the WILCO or the CDU.

The pre-text function buttons in the upper left of the CDU are
self-explanatory. Depressing the CLRANCE/ADVISRY button causes the
top and bottom halves of these function buttons to be alternately

lighted.

For example, if you want to receive your clearance, you would just
make sure the CLR REQ button was lighted. If it was not, you would first
depress CLRANCE/ADVISRY and then depress CLR REQ. If next you wanted
to request weather, you would depress CLRANCE/ADVISRY again so as to
light the lower halves of the function buttons. You would then depress
WEATHER. Whenever one of the function buttons is depressed, it must be
followed by the SEND button on the lower right. Certain buttons may
be followed by either numbers or letters prior to depressing SEND in

order to complete the request. These are:

ATIS - Followed by 3-~letter station identifier

WEATHER - Followed by 3~letter station identifier

ALT REQ - May be followed by 3 numbers (e.g., 060 for 6000)
HDQ REQ - May be followed by 3 numbers (e.g., 345 degrees)
ETA/ETO - Followed by 4-digit Zulu time

DEPARTD
OFF - These are company functions that may be followed
ARRIVED by times, stations, and full weights depending on

Observer instructions for the particular flight.

The alphanumeric buttons on the right-hand side are also alternate
action depending on whether ALPHA or # is selected. If the numbers are
lighted, then the letters can be selected by depressing ALPHA/#; conversely,
if the letter keys are lighted, the depressing of ALPHA/# will cause the



numbers to become lighted. Because there are three letters on each
key, any push of the letter key must be followed by depressing Left,
Center, or Right.

Some examples may be helpful. For instance, the current Philadelphia

weather would be requested by the following sequence of keystrokes:

CDU ACTION
CLRANCE/ADVISRY - Only if the Advisory portions of these keys are not
lighted.
WEATHER - NOTE: The two-letter code WE will appear on the scratch
pad. All functlon buttons have associated two-letter codes.
ALPHA/# - Only if the letter halves of these keys are not
lighted.
PRS
Left } =
GHI
- H
Center }
JKL L
Right .

The request entered in the 8-window scratchpad display would
then read WEPHL. Depressing the SEND button would cause this informa-
tion to be transmitted downlink. The last letter, number, or function
button depressed could be erased by depressing "DELETE ENTRY". Multiple
errors could be erased anytime before the SEND button is depressed by

successive depressions of the "DELETE ENTRY" key.

One further example is a request for altitude change to flight
level 290:

CDU ACTION

CLRANCE/ADVISRY - Only if the top halves of the function buttons are
not lighted.

ALT REQ

ALPHA/# - Only if the lower halves of the letter/number keys
are not lighted.
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The 8-window scratchpad entry would read "LT29@" if the message
was correctly entered. The SEND button would be pushed to transmit

the entry downlink.
The functions of the remaining buttons on the CDU are as follows:

VOSYN REPEAT

Repeats the last VOSYN (Voice Synthesizer) message.
VOSYN VOLUME

Adjusts the VOSYN volume,

HDG ALT SPD Recalls the latest heading, altitude, and speed

on the VOSYN or SMATC,

MSG STORE - Causes the currently displayed message to be stored.
MSG RECALL - Recalls the stored message.
I/0 BLANK - Successive depressions of this button clear the

SMATC display and return the message to view.

TEST/FAIL - Causes internal tests on the CDU to be made.
Test light will return if the unit is operating
properly. Also causes following test message on
all devices: "SQUAWK @123 ROMEO".

REQ VOICE - Depressing this button will cause the company radio
operator to make voice contact with the crew.

B.4.3 The Vosyn

The voice synthesizer being used during this series of simulated flights

represents some compromise between cost and voice quality using present-day technology.
While machines with better diction are available at much higher cost,

we believe that with only a slight amount of practice you will be able

to understand the output of the present machine readily. We will be

interested in your assessment of this.

Within the cockpit, you will have control of VOSYN volume on the
CDU. At the VOSYN itself, there is an additional control that adjusts

the rate of speech,

All VOSYN messages delivered to your aircraft will start with an audio

alert and be followed by your call sign.

B.4.4 The Printer

This is a standard item, and no instructions as to its use should

be required. Figure 3 is a picture of the printer which will be used.



Figure B-3. ANADEX Model DP-751 Printer

You may tear off individual messages or accumulate a group of messages,
as you prefer. Each message will be preceded by the time of day, and
plain text will be used (i.e., no symbols or unusual abbreviations will
occur). Where a message appears on the printer as well as the VOSYN
and/or SMATC, the printer message will not contain any additional

information.

Company messadges will appear on the printer only and will be printed

in red ink. ATC messages will be printed in black ink.

B.4.5 Alphanumeric Terminal for Company Communications

The B-727 simulator will contain an additional downlink device.
This is an alphanumeric terminal with a full keyboard. It also contains
a scratchpad display that can be used to verify downlink messages before
they are transmitted downlink. This terminal will be used to send
company communications downlink. These messages will include standard
flight time (OOOI) reports in addition to other company messages.
Varying degrees of data-link automation will be assumed for each of your

three flights. In some cases the company reports are almost completely
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automated, requiring at most one key depression plus the SEND or TRANSMIT
button. In other cases, only the flight numbers are automated, requir-

ing keystroke entries for station identifiers, fuel weights, and times.

The observer will instruct you at the beginning of the flight as to

the degree of automation to be employed in each scenario.

NOTE: The training scenario presented on the following pages was conducted
by the cockpit observer and lasted about 20 minutes. It is included here for
information only; it was not furnished to the crew.
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APPENDIX C

FLIGHT CREW QUESTIONNAIRES

A questionnaire was distributed to each pilot after he completed his
three data-link trials. The questions were divided into six groups:

* SMATC

* VOSYN

* SMATC and VOSYN

= Printer

e CDU

* General considerations .

In this appendix th. questions are repeated exactly as they appeared
on the original questionnaires. Although the DC-9 pilots were mistakenly
given a longer, unabridged version of the questionnaire, only the questions

that coincided with the abridged B-727 version are included here so that
we can effectively compare the responses.

The answers and comments are displayed separately (i.e., with paragraph
spacing between) for each pilot. Multiple responses to a question by the
same pilot are grouped into one paragraph. Infrequently, minor editorial
changes have been made to improve readability.

SMATC DISPLAY QUESTIONS
l. Did you find the display readable in its present location?

All "Yes" answers
18 DC-9 Pilots
19 B-727 Pilots
37 (100%)




If not, where do you recommend it be located?
Answers

In a small cockpit such as the DC-9, one centrally located display
would suffice.

Readable in present location, but I would prefer having it further
from the basic flight instruments, possibly inside console.

Current location 0.K.

Do you feel that a larger or smaller number of characters is needed
on the SMATC?

DC=-9 B-727
Response Pilots Pilots Total Percent
Larger 1 1 2 5
Smaller 0 0 0 0
As is 15 15 30 81
Unsure 2 3 5 14
Comment

It should remain the same if the SMATC continues to do only the job
it is currently doing.

If so, how many?
Answers
Possibly three lines; smaller characters would be O.K.

Unsure; however, present arrangement did not seem to present any
difficulties.

Enough for any planned texts.

Enough to display a complete ATC clearance (using appropriate symbols

and abbreviations).

The number of characters was sufficient so long as printer is available.



51

6.

7.

What character size do you prefer?

DC-9 B-727
Response Pilots Pilots Total Percent
Larger 0 0 0 0
Smaller 0 2
As is 18 17 35 95

What method of alerting to a new message on the SMATC do you prefer?

DC-9 B-727
Response Pilots Pilots Total Percent
Audio
alert 8-1/6* 10-1/2 18-2/3 56
Flashing
SMATC 6-1/6 3-1/2 9-2/3 29
Flashing
WILCO 1-2/3 4-1/2 6-1/6 15

*Fractional numbers result from pilots' circling more
than one response.

Were there any confusing abbreviations used on the SMATC?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 5 6 11 30
No 13 13 26 70
Comments

No particular objections. I just need to let the learning sink in.
Schooling on abbreviations required.

Not on the limited number of displays that I observed.

0SI (VOR) was illuminated, and I confused it with 051 (as in radial).

I misinterpreted OSI as 051, although on steady examination the
characters were readable.

CFAP, but it will probably be O0.K. with familiarity; PTR should be
PRNTR; PSN should be POS; use phrases such as ATIS and CLNC on Printer.



W should be WB; CFAP should be CLRD APCH; PTR should be PRNTR; TFC
should be TRFC; TKOF should be TKOFF.

Airborne traffic advisory was confusing but it would be 0.K. after
seeing it displayed a few times; no suggestion for improvement.

CFAP ILS RYW14R should be CLAP ILS 14R.
PSN should be POS.

DRCT SMO DEP 050R was confusing and 050 could be interpreted as an
altitude command. The message should say "DRCT SMO then DEP 0O50R."

CFAP should be CLAP,
DRCT should be DIR.

Do you feel the SMATC display dominated or distracted your attention
from any of the other flight or navigation instruments?

DC-9 B~727
Response Pilots Pilots Total Percent
Yes 2 0 2 5
No 12 13-1/2 25-1/2 69
To a
degree 4 5-1/2 9-1/2 26
Comments

Familiarity tended to limit distraction.

Only as a new instrument on panel, but not when accustomed to it.

If so, from what instrument and during what phase of the flight?
Answers

If the SMATC display flashed to gain attention, it would be distracting
during critical flight phases.

From the course-deviation indicator and gyro-horizon.
Only caused a momentary interruption on instrument cross-check.

During all phases lost some normally applied scan time because often
returns to SMATC when not really necessary.

When the message changes or appears, I am momentarily distracted. I
could get used to this.
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10.

11.

From the general scan.

From any instrument and during any phase of the flight because of
the reaction to red light. Lighting for immediate-action items.

From the altimeter and airspeed indicator during climb and descent.
From the horizontal direction indicator during approach.

Distracts during climb and descent.

Initial and secondary climb and final approach.

From any instrument at any time due to instinctive reaction generated
at any time by the appearance of a red light.

Do you feel the SMATC display could cause distraction problems during
an instrument or visual approach including the landing transition?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 9 3 12 32
No 7 11 18 49
Marginally 2 5 7 19
Comment

No, because it would of necessity be ignored at this time.
If so, under what conditions?
Answers
During final phase of approach and landing (i.e., 500 feet to landing).
If there is a need for a clarification.
Again the same answer I gave for Question 9, ("From any instrument
and during any phase of the flight because of the reaction to red

light. Lighting for immediate-action items.")

At certain times such as flare the audio going off could cause
distraction.

All hand-flown instrument maneuvering in terminal area.

During low approaches with high crosswinds when high-level
concentration is necessary.



During approach. I think that after you were familiar with the
SMATC it would not bother you. You would put it in your scan
with everything else.

From approximately 500 feet down to minimum could distract, especially
under CAT ITI conditions. Should leave go-around decision to pilot.

On one occasion crew received go-around at 200 feet (minimum). Too
late, in my opinion.

I would rather not have additional lights on the panel during final
phases of approach.

It could be greatly distracting during takeoff and landing when
weather is less than VFR.

When transitioning to visual on an instrument approach.

May cause pilot to momentarily lose his concentration during final
phase of approach.

If it is already on, no distraction; but if it comes on with aural
signal, it could be a marginal distration.

I would prefer the instruments remain blank from landing clearance
to touchdown.

If flashing on final.
Best display yet.

A built-in delay of several seconds after the WILCO or UNABLE switches
were activated in the cockpit might be useful. This would allow the
crew to respond to a message should an error have been made (wrong
button pushed) and the SMATC been cleared. This would preclude
lengthy and time-consuming actions in order to correct mistakes.

I think that only direct voice contact should be used between pilot
and controller during critical phases of flight operations. SMATC,
VOSYN, and Printer should never be used for takeoff and landing
clearances or instructions to abandon an approach. SMATC should
never be used inside the OM on a landing approach regardless of WX
conditions and SMATC should never be used when parallel approaches
are in progress once an aircraft has reached the initial approach
altitude or positioned on an intercept heading and been cleared for
approach....SMATC is handy to display wind information on final
approach but must achieve the capability to display gust information.

Rather than being a distraction the display was more or less lost
during certain phases of flight, particularly the go-around message
at minimum altitude. At this point, the pilot's attention is
centered on the flight instruments; and the SMATC display seemed to
be out of the scan pattern.



Aural signal was a pleasant surprise. I am generally opposed to
any more aural warnings in cockpit, but this was distinctive without
being annoying or distracting.

SMATC presentation should auto-erase ten seconds following WILCO,
but should have recall ability. Distracted me when I was the first
officer.

Alert should be more attention-getting, especially in an emergency
situation.

By accident and not obvious to pilots, a go-around was transmitted
on the SMATC. There was no aural on the VOSYN. The first officer's
comment was "I just happened to see it." I feel consideration should
be given to identify an emergency transmission and to attract the
pilot's eyes especially during CAT II/III approaches.

Would like to see three rows of eight characters on SMATC since
longer messages (i.e., clearances with abbreviations) could be shown
there with less dependence on the Printer, At least first half or

a significant portion of long messages would be more easily handled.

During instrument approach, I would not look at SMATC and depend on
my first officer for advisories; therefore, SMATC would not distract
me.

The SMATC display is the most acceptable component of the data-link
system. However, green color characters should be less distracting
while removing the sense of urgency psychologically associated with
the red characters.

VOSYN QUESTIONS

1.

How would you rate the intelligibility of the VOSYN?

DC-9 B-727
Response Pilots Pilots Total Percent
Good 8-1/2 0 8-1/2 20
Marginal 8-1/2 21 29-1/2 69
Unaccept-
able 1 4 4 11
Comment

Good, but marginal under some conditions.



Did you find that intelligibility improved with practice?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 9 10 19 44
No 5 2 7 16
Only
slightly 4 13 17 40

Apart from intelligibility, did you find the mechanical quality of
the speech to be annoying?

DC-9 B-727
Response Pilots Pilots Total Percent
No 9 9 18 42
Moder-
ately 7 14 21 49
Very 1 2 3 7
Undecided 1 0 1 2

Would you like the use of the VOSYN to be limited to certain types
of messages?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes, short
messages 9-1/2 15 24-1/2 61
Yes, long
messages 0 1 1 2
No, all
messages 4 3 7 18
Other 4-1/2 3 7=1/2 19

Comments

...cockpit on~-off switch so it was available but could be turned off.
To alert items, traffic, etc.

Yes, at pilot's decision.

ATC only.

No messages at all!



For long messages, such as clearances, I had to refer to printout.
Don't believe this to be a factor so long as voice is intelligible.

None at all; reserve this type of signal for isolated emergencies
of the first priority like ground proximity warning.

(1) Suggest VOSYN only for semi-emergency type (i.e., radar targets,
missed approach). (2) Suggest a longer pause after each sentence on
the VOSYN.

Long messages should be punctuated. Oral punctuation such as pauses
between logical phrases would be helpful in understanding long messages,
such as clearances, ATIS, etc.

SMATC should be used for short messages and the VOSYN-Printer combina-
tion used for long messages.

VOSYN can be distracting but probably not any more than current
voice procedures. Short messages 0.K., but should include ATIS and
initial airways clearance.

Do not use VOSYN for longer messages such as clearance when the
message is also printed out.

When receiving a clearance, the tendency was to fall behind in
receiving the message while trying to understand a word.

Long messages are distracting. Should be limited to short messages
such as clearance.

The words are very difficult to understand. It sounds foreign

There is no spacebetweenthe words which makes it difficult to follow.
Tt is difficult to determine when the sentence ends. Some very short
messages may be acceptable. The fact that there is no way to shut
the VOSYN off, and we are forced to listen to this irritating sound
when we know what it is saying is annoying. (Guess I just plain
don't like it.)

Possibly a pause between words would make them more distinctive. Since
there are no tonal inflections, each word needs to be separated to
prevent a running-together sound.

Numbers hard to understand on occasions.

I do not particularly like VOSYN because of its mechanical tone and
its susceptibility for misinterpretation of what was said. Continued
reference to the Printer had to be made. Some messages, maybe
emergency types, would alert the pilot especially if the cockpit
communications (oral) are at a minimum. I found it quite difficult
to understand what was said when other persons in cockpit were
speaking. Also, what have I gained by replacing one voice with
another?



For some reason, if anyone else was speaking in the cockpit during
VOSYN transmissions, it became almost completely unreadable to me.
Also, it seemed that the first few words were unreadable on all
transmissions.

The VOSYN detracts from some of the operational advantages of the
data-link; namely, that two people can communicate without devoting
full attention to each other at the same time. The VOSYN tends to
demand attention because it blocks other conversations and to
understand VOSYN requires full attention.

It was impossible to understand the clearance the first time it was
given when you had no idea what it might be.

The VOSYN is unnecessary and is distracting and annoying during an
approach and a landing maneuver. Frankly it adds nothing to safe
execution of the flight and is contrary to the concept of data link.

With improved intellibility, the mechanical quality of the speech
will be less annoying upon increased familiarity. However, in-
cockpit control of pitch and rate of speech would deter familiariza-
tion if not preclude it.

VOSYN AND SMATC QUESTIONS

1. Would you like the use of synthetic;épeech limited to periods when
the pilot's eyes are busiest, such as takeoff and landing, with a
visual display the remainder of the time?

DC-9 B=-727
Response Pilots Pilots Total Percent
Yes 4 H 10 27
No 11 12 23 62
No
opinion 3 1 4 11
Comments

Don't need it.

VOSYN and SMATC should never...be used from time aircraft is "number
one" awaiting takeoff on the runway until cleared to departure
frequency, or next to be cleared for a landing approach until
cleared to GND control frequency.

Short messages presented on VOSYN at all times.



I think all communications except emergency should be eliminated
between cleared-to-takeoff and 1500 AGL, and between cleared-to-
land and turnoff from runway.

Limited during takeoff and landing.

Did some of the device complements provide too much redundant
information?

DC-9 B-727
Responsé Pilots Pilots Total Percent
Yes 4 10 14 37
No 14 9 23 60
No
opinion 0] 1 1 3
Comments

Perhaps a switch could be provided so that the pilot could turn

the synthetic voice on or off.

Yes, VOSYN.

Yes, during héading, altitude, and speed requests.
Yes, company readback and acknowledgment of messages.
Yes, VOSYN and most Printer messages.

Yes, I prefer no audio.

Yes, VOSYN.

VOSYN not necessary on short messages.

Use of VOSYN when using CDU to call up HDG/ALT/SPD information is
distracting.

Message recall could be displayed on only SMATC,; voice display was
not a necessity.

HAS would appear on SMATC; VOSYN would then repeat HAS while SMATC
was returning to original message.

VOSYN when the information was available on the SMATC.

VOSYN on many occasions. (IDENT-Radar for most short clearances.)



3.

Was it confusing to you to have the same ATC messages presented on
both the SMATC and VOSYN at the same time?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 2 0 2 5
No 15 16 31 82
To some
extent 1 4 5 13
Comments

Not confusing, irritating.
It was unnecessary. SMATC was sufficient.
Not confusing, but unnecessary.

Was the duplication in this complement (SMATC and VOSYN) desirable
or unnecessary?

DC-9 B-727
Response Pilots Pilots Total Percent
Desirable 10 0 10 26
Unnecessary 5 9 14 37
Neither 3 11 14 37
Comments

For a command such as go-around, VOSYN would be mighty desirable
because the pilot is certainly not watching the SMATC, and all
his attention is on the F/D.

The VOSYN may have some value in the duplication of a few high-
priority messages (i.e., go-around, cleared for landing).

Which device (SMATC or VOSYN) could be most readily eliminated?

DC-9 B-727
Response Pilots Pilots Total Percent
SMATC 2 0 2 5
VOSYN 14 18 32 84
Neither 2 2 4 11




Comments

I found myself responding to the SMATC directions before the VOSYN
was complete.

VOSYN messages should be limited to only those displayed on the
SMATC with the exception of on-the-ground pre-taxi ATC clearance

and advisory.

VOSYN is hard to understand and the tempo is too fast. VOSYN could
be reduced to about 20% of calls.

SMATC seemed adequate for short messages, including departures.

VOSYN was desirable during initial use of SMATC; however, with
familiarity the VOSYN could be mostly eliminated.

The duplication seems generally desirable. In my opinion, this is
the best arrangement. If necessary to sacrifice one, I would prefer
to eliminate the VOSYN.

VOSYN (pure voice would be better) is absolutely essential during
final-approach and initial-takeoff.

Prefer use of both SMATC and VOSYN but with improved VOSYN.

PRINTER QUESTIONS

1.

Should the use of the Printer be restricted to long messages?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes, long
messages
only 3 1-1/2 4-1/2 12
No, all
messages 12 15 27 75
No
opinion 0 0 0 0
Other 1 3-1/2 4-1/2 13




Comments
Initial ATC clearances and company messages.

Why not? Paper is cheap.

All clearances should be printed but some information could be deleted

(traffic information, clear of traffic, etc.).
Essential on all messages but ALT, HDG, and airspeed.

Initial ATC clearances (perhaps all ATC clearances), ATIS, and
company messages should be recorded.

Messages that require documentation, later reference, etc.

Would you like to see some abbreviations and/or symbols used on the
Printer so as to shorten the messages?

DC-9 B-727
Response Pilots Pilots Total Percent
Abbreviations 0] 7 7 20
Symbols 0 1 1 3
Both 1 6 7 20
No opinion 1 0 1 3
None 14 5 19 54
Comments

The communications should be as short as possible; logical abbrevi-
ations and symbols should be used. But, it is impossible to say
that I will agree with some symbols and abbreviations that you may
use.

Only if done very carefully so that a smudge, for instance, would
not mislead the crew.

Present abbreviations satisfactory; however, this doesn't preclude
eliminating the Printer entirely.

Not necessarily.
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3.

Was the time tag on messages of any value?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 6 5 11 31
No 7 7 14 40
No
opinion 3 7 10 29
Comments

For this test, the time tag was not utilized. The only value would
be legal in the event of mishap.

Yes, but only for a later record, not on flight.

Do you think there is a need for a visual or audible alert for
company messages on the Printer?

DC-9 B-727
Response Pilots Pilots Total Percent
Audible 2 9 11 34
Visual 8 3 11 34
Both 3 2 5 16
Neither 2 2 4 13
Either 1 0 1 3
Comments

A small light on the Captain's or first officer’s instrument panel.
At least one.

Company messages could be disregarded under high-density departure
and arrival workloads.

No, we have enough aural already.
INOP on flights.
Not as far as PIC and SIC are concerned.

Yes, I was not aware a message had been received.
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Do you feel that all communications, company and ATC, should be
recorded on the Printer?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 12 19 31 74
No 3 6 9 21
Undecided 1 1 2 5
Comments

Only long messages and clearances - heading, altitude, speed,
frequency.

Printer is distracting for second officer; interrupts his crew
duties. He should be able to get WI manifest and gate information
with his equipment. Suitable location for second officer's station
equipment. Printer hard to read in minimal light conditions; some
numbers not very clear in good light.

Do you feel that red ink versus black ink provides a sufficient
distinction for company versus ATC messages?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 13 9 22 71
No 3 6 9 29
Comments

Some color other than red would be easier to read under night-
lighting conditions.

Red ink is invisible at night in any red-lighted cockpit.

Some distinction, but not necessarily red and black.

Poor. Red print is unacceptable.

It's a good idea, but not altogether necessary.

Did not notice difference.

Pre-taxi ATC clearances, ATIS, and enroute weather were torn off
individually, and other messages were accumulated....Visual alert
of impending company message could be accomplished by SMATC

instruction to see the Printer for company message....Automatic
line feed was used as indication that message was completed, and



possibly this could be combined with a soft bell-chime sequenced
with the multiple line feed....Printer should be accessible to
either crew member on two-pilot crew complement aircraft.

CDU QUESTIONS

1z Was the requirement for left-handed keying on the co-pilot side a
source of difficulty?
DC-9 B-727
Response Pilots Pilots Total Percent
No 15 15 30 88
Marginal 2 2 4 12
Yes 0 0 0 0
Comments

I used my right hand anyway.

The location in this case made it difficult for both sides.
Pedestal location would be better.

No, but cockpit controls interfere in present location.

2. Are you left-handed?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 0 bl 1 3
No 17 16 33 97

3. Do you feel the procedure for acquiring an ATC voice channel is
adequate?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 12 9 21 60
No 6 8 14 40

Comments

REQ voice button on CDU is redundant.

When unable to comply with message. [This was taken verbatim from the
questionnaire.]



I would like to see voice backup automatically available at all times,
so pilot could talk to controller at all times.

At this time, no. It seemed to take too long to get a response. It
could be acceptable if I was sure that he was going to answer me.

Did not have enough exposure to its use to make a reasonable judgment.
Should be able to key controller at any time in emergency. [This
comment is repeated almost verbatim in the additional comments
section of this appendix. ]
If not, what procedure would you suggest?

Answers
I would like to use the mike without having to depress any other
request button. This is particularly important on tower frequency
and approach control frequency.
Voice should always be available without having to ask for a frequency.
The pilot should have voice communication available by merely picking

up the mike.

Constant and immediate voice contact should be available (hot mike
and receiving speaker).

Separate buttons.

Ability to communicate with ground facility via conventional method
at any time by simply keying microphone.

UNABLE is useful because it transmits a reply that requires controller
action. STANDBY could be changed to ATC VOICE so that you can have

a channel to converse with controller about traffic, weather, turbulence,

etc.

Re-label the button. If you push UNABLE you want to talk to ATC so
why not label the button REQ ATC VOICE.

If you are being vectored for an approach and you are vectored through
the LOC course, as an example, it is time-consuming to have to use
the CDU prior to being able to use voice communications.

UNABLE, STANDBY, and WILCO should be completely independent of SEND

and other functions. On occasion a partially prepared message for
sending on the CDU was interrupted by an uplink message on the SMATC.
Acknowledgment of the uplink message through WILCO erased the partially
prepared downlink message. The system should have the capability for
acknowledging SMATC messages while retaining partially prepared CDU
messages.



Entering letters on the CDU by the left-center-right method is
tedious.

If the CDU is lined up with two INS CDUs, confusion could exist. I
wonder about the possibility of combining this CDU with an INS/CDU.

There should be a button for takeoff request.
With numbers and dedicated function buttons, 95 percent of all

messages can be handled. Use voice direct for those that would
reguire alpha keys.

GENERAL CONSIDERATIONS

1.

Do you feel the automatic tuning feature of the AUTOTUNE is desirable?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 17 23 40 98
No 0 1 1 2
Comment

Yes, if it works. Changing frequencies constitute a large percentage
of cockpit workload.

Should this automatic tuning capability of data link be extended to
any other ratio or navigation equipment?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 2 3 5 13
No 15 20 35 87
Other 0 0 0 0
Comments
Transponder.

NAV receiver as is now done in R-NAV systems.
No, like authority as to what I like to tune in.

Transponder.



Company guard frequencies.
Not to navigation equipment as pilot should have full control over
NAVAID selected, and he may not want to change over at time AUTOTUNE

indicated.

I would like to see VOR navigation set or waypoints set in the case of
RNAV, but I think we must step softly in this direction.

Yes, NAV radios when area navigation is used.

What about a similar capability to automatically set the altitude
alert, and heading and speed bugs?

DC-9 B=-727
Response Pilots Pilots Total Percent
Yes 5 2-5/6 7-5/6 22
No 4 9-2/3 13-2/3 37
Worth
trying 9 4-1/2 13-1/2 36
No
opinion 0 2 2 5

Comments

It should be selectable by pilot.

No ground-based device should ever be used to physically reposition
any switch or control in an airborne cockpit. To do so removes the
pilot from the command circuit and invites disaster.

Should have capability to monitor altitude alert, heading and speed
bug settings so that controller could use system to check that
clearance was understood corxrectly.

Does not appear feasible. These must be retained as cockpit
functions.

Was the audio alert prior to each message helpful, unnecessary, dis-
tracting, and/or confusing?

DC-9 B-727
Response Pilots Pilots Total Percent
Helpful 13-1/2 25 38-1/2 90
Unnecessary 0 0 0 0
Distracting 3-1/2 0 3-1/2 8
Confusing 1/2 0] 1/2 1




Comments
Could be confusing during approach phase.
Too loud.
For SMATC, audio alert is needed, but this was awful.
Lasted too long.
Necessary.

5. Did you feel the HDG, ALT, and SPD information was useful even though
you may have set heading and speed bugs?

DC-9 B=727
Response Pilots Pilots Total Percent
Yes 17 23 40 93
No 1 0 1 2
No
opinion 0 2 2 5
Comment

You would only set the airspeed bug for V2 (takeoff) and Vref

(landing).
6. As long as HDG, ALT, and SPD can be retained in some manner, is it
really necessary to be able to store other messages?
DC-9 B-727
Response Pilots Pilots Total Percent
Yes 12 15 27 60
No 6 8 14 31
No
opinion 0 4 4 9
Comments

Probably not, at least not if clearances are printed.
Via Printer only.
Yes, the last en route clearance received should be stored.

Yes, people forget this information when they are tired.



7%

last message prior to HDG, ALT, and SPD would be nice to have.

Some clearances.

Do you feel that the STANDBY button serves a useful purpose?

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 8 7 15 38
No 4 3 7 17
No
opinion 5 13 18 45
Comments

Not in this particular test.
Never used nor did I seem to require it.
Did not use in these tests.

Which method of retaining heading, altitude, and speed (HAS)
information did you prefer?

DC-9 B-727
Response Pilots Pilots Total Percent
Recall with
SMATC 13 21 34 81
Recall with
VOSYN 0 1 1 2
Small display
dedicated
only to HAS 4 1 5 12
This
capability
not required 1 1 2 5

Did you find that in a data-link environment, the lack of capability
to monitor communications with other aircraft over the voice link
resulted in your losing information which you consider valuable
(e.g., traffic flow, weather deviations, etc.)?



DC-9 B-727
Response Pilots Pilots Total Percent
Much infor-
mation lost 3) 8 14 45
Little
information
lost 12 4 16 52
No infor-
mation lost 0 1 1 3

Comments

With total data-link communications one gets the feeling of being
encapsulated in space, isolated by ATC from contact with others in
the same environment. The importance of such contact cannot be
underestimated as a factor in the equation that results in an air-
man's command abilities to achieve safe flight.

Much more was gained by not being distracted than was lost.
No, I felt we could obtain such information from ground station.

Yes, essential information was lost, but anticipated necessary
information could be provided in uplink messages.

Were any of the scenarios unfair to any of the device complements
tested? In other words, were any of the scenarios difficult with
the device complement available, but might have been usable on a
different scenario?

11.

DC-9 B-727
Response Pilots Pilots Total Percent
Yes 3 0 8 7
No 13 14 27 6l
No
opinion 2 12 14 32

Which ones?
Answers

Lack of familiarity with routes involved and simulator instrumentation.

SFO-LAX due to lack of procedures, experience, and familiarity with

TWA instrumentation in simulator and route of flight.




12.

wWhat do you think will be the effect of data link on crew workload?

DC-9 B-727
Response Pilots Pilots Total Percent
Increase 1-1/2 4 5-1/2 12
Decrease 9-1/2 15-1/2 25 57
About the
same 7 4-1/2 11-1/2 26
Unsure 0 2 2 5

Comments

Based on what we're doing today, there is an increase. Eventually
we may be able to refine to the point where there is less workload.

After some use and experience with equipment.
With familiarity.

Increase at first but will probably be about the same as efficiency
improved.
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ADDITIONAL COMMENTS

(1) During test, delays and problems were encountered regarding altitude
changes, speed changes, and weather detours on all three flight segments,
(2) any mechanical difficulties affecting remainder of flight should be
handled on a direct pilot-controlled basis (conventional voice method),
(3) after outer marker passage, all clearances issued by controller and
acknowledge by flight crew should be by direct voice contact. This
includes (a) clearance to land, (b) execute missed approach. Some
reasons for this feeling: (a) inadvertant action by controller for
"clearance to land” could be sent as "execute missed approach" or vice
versa, the reason being heavy traffic and habit of continuous repetition,
(b) same inadvertant action on part of crew. Note: Button-pushing can
become automatic, and an error during this phase of flight might go
undetected on the part of crew or controller. But seldom might one say
into a mike something contradictory to what he meant to say.

The data-link system undoubtedly has great potential and a vast range of
possibilities. Component location will be important. I found the equip-
ment tended to distract me from primary second officer's duties until I
became more familiar with its use and purpose.

Would prefer regular voice communications from 5000 feet to touchdown.
Traffic watch could be impaired with too many messages close to ground -
more on approach than departure. VOSYN and SMATC is very desirable
combination except as mentioned above.

Would like to see availability to call controller in any emergency
conditions and for traffic if necessary.

The use of the Printer is mandatory with the devices tested. Without it,
the VOSYN would have been disastrous. The SMATC is not a complete system
in itself. It requires the Printer for data recovery. Handling these
messages is awkward and a method must be developed for good cockpit -.
management.

The lack of constant "talk" format over communications radios allowed
crew to perform checklists and other command-type duties.

Too much automation could breed complacency.

In this experiment, it is worthwhile to operate as a pilot as well as a
copilot because one's tasks and concentration are different, and ones
awareness of messages is different; at least for me the SMATC was much
easier to absorb while performing a demanding task.

Momentary contact switch for a light-on Printer readout. Backup with hard
printout appears to be a necessity. If Printer is muted (as I think it
should be), suggest audible signal for company messages. If your canned
message format was covered with acetate then second officer could enter
times in grease pencil as a reminder aid.



During the approach phase, I would like to hear messages to other aircraft
to have a feel for the terminal conditions. Also data link is too slow for
updated advisory requests and traffic requests during the approach phase.

I feel that at least the last ten miles before touchdown should be con-
trolled by voice with data link as a backup only. Requested information
on the CDU diverts at least one pilot's attention from traffic watch and
other cockpit duties.

Main complaint: Inadequate warning that system is malfunctioning. Captain
should WILCO clearance items for proper follow-through (even if the first
officer is communicating on that flight leg). Printer location
unsatisfactory.

Not yet having any knowledge of the type of equipment and operation on and
from the ground station, I am not sure that I can be confident of the
accuracy of the sending of each message to its destination.

I thought VOSYN readability was quite good. When hand flying in high
workload area, I disregarded SMATC and took messages by VOSYN. This was
an automatic reaction and not intentional. Where only SMATC was used,

I found I missed information when copilot WILCOs a message. VOSYN appears
preferable to SMATC although the latter may be acceptable. Visual display
is better than VOSYN for HAS scratchpad. Audible warning for VOSYN
terrible (and unnecessary). All eight segments on numbers for communica-
tions panel missing. Buttons on CDU should be lighted; no problem with
VOSYN.

(1) Buzzer stays on too long when requesting clearance; (2) need Printer
where both can reach it; and (3) would be desirable to receive ATIS far
out.

Give ATIS on weather button. Have some way of giving notice of message
from Company other than just on Printer. Need Printer where both can get
to it.

Continuous tone during uplink and downlink messages was extremely
annoying, particularly during approach and landing.

Ground contacts should be made as at present due to various taxiways and
other circumstances. Clearances should be taped, but voice contacts
used on ground. Sometimes the presentation detracts from one's looking
out windshield. There is room for error in computer information, and

no way to verify proper insertion of information. On the whole, data
link can be helpful, but only after tested during all conditions.
Interesting!

Since the system was presented strictly from the viewpoint of its
operation without formal training in both airborne and ground-based
component systems, a crew member would be buying a pig in a poke to
express any degree of confidence at this time. Theoretically accepting



the system as infallible and without limitations, I am apprehensive of
human error on the part of the ground controller. Possibly this is
largely due to lack of knowledge of procedures to be followed in operating
ground-based equipment. The present voice communications permit the
pilot to visualize his aircraft's relation to the ATC environment in his
sector. This ability has enabled me to correct an ATC error on three
occasions. The decision to accept an ATC clearance on many occasions

is affected by knowledge of the proximity of other aircraft. I therefore
consider the lack of capability to monitor communications with other
aircraft as a major liability inherent in the isolated environment of
data link.
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APPENDIX D

SUPPLEMENTAL QUESTIONNAIRE

An additional questionnaire was distributed on 31 March 1975 to the
same pilots who completed the three data-link trials. The questions and
answers are treated the same as in Appendix C.

1. In considering the three scenarios which you flew, which method of
ground-to-air ATC message delivery would you prefer? Please rank them
for each phase of flight from most desirable (1) to least desirable (3).

DC~-9 Pilots

VOSYN SMATC Voice

Phase of Flight Rank Rank Rank
(1) | (2) | (3)y ] ) | (2) | (3) | (1) [ (2) | (3)
Ground control 1 6 7 8 4 2 5 4 5
Local control 8 6 4 6 4 10 4
Departure 3 5 6 3 7 4 8 2 4
Low en route 1 7 6 7 4 3 6 3 5
High en route 2 7 5 8 4 2 4 3 7
Arrival 1 7 6 4 5 5 9 2 3




B-727 Pilots

VOSYN SMATC Voice

Phase of Flight Rank Rank Rank
(L) | (2) | 3) | ) [ (2 | 3) | (D) (2) | (3)
Ground control 1 2 17 9 11 10 7 3
Local control 3 17 9 9 2 11 8 1
Departure 5 15 13 5 2 7 10 3
Low en route 4 16 18 2 2 14 4
High en route 4 16 19 1 1 15 4
Arrival 3 17 12 7 1 8 10 2

If the quality of the synthetic voice (VOSYN) had been comparable to
that of conventional voice, would you have answered the above question
differently?

DC-9 B~727
Response Pilots Pilots
Yes 6 10
No 8 10
Unanswered 2 2

Comments to "Yes" Responses
VOSYN would have been on a par or possibly ranked above SMATC for ground
control, local control, and arrival and departure. (Those operational
phases where it is extremely important to scan outside the cockpit.)
Could accept good VOSYN for ground-control and pre-clearance information.

Replace the number 2 into VOSYN column in each instance.

Voice quality should be the best available.
and voice.

I would prefer both visual

Would have selected VOSYN as first choice for both low- and high~en route
instead of number 2.

With better quality thus less chance for misunderstanding, VOSYN would
be acceptable for en route messages.



Same as conventional voice.
Ratings for VOSYN would then become same as conventional voice.

Familiarity with a program message would enable one to understand a
message that was not clearly received.

Main problem with VOSYN was understanding what it was saying because
of the poor quality. I also am assuming that VOSYN has the capability
of delivering any message that is normally received during each of the
phases of flight.

Optimum VOSYN would be an improvement over voice, i.e., absolute clarity,
invariable metre, elimination of accents.

I would have ranked VOSYN second during ground control, local control,
and arrival phases.

Low altitude en route and high altitude en route would be 0.K. on
VOSYN if quality of voice were improved.

I would have rated them equal.

This would be 0.K. for clearance delivery but not for ground control on
approach.

VOSYN would then be acceptable in most situations as a substitute for
conventional voice.
Comments to "No" Responses

It is my feeling that VOSYN has no place in the system. I would rather
have a printout or visual display.

The quality could be improved; however, I found that I "learned" to under-
stand all but long clearances.

Tt is not possible for me to guess at what is comparable. I would have
to experience the improved synthetic voice.

In any call, I would like to have a SMATC backup for any garbled voice
message, conventional or VOSYN.

Comments to "Maybe" Responses
I would have to evaluate again.

Maybe. I would have to hear it first to give a reasonable answer.



3a.

3b.

One of our previous questions related to the amount of information lost

in a data-link environment due to one's inability to monitor voice
communications with the limited number of aircraft on the same fre-
quency. Please indicate below whether you feel that the information
lost was essential either to flight safety or to flight comfort or
convenlence.

DC-9 Pilots

Flight Comfort

BTG hENSSTEEEY or Convenience

Type of Information

Yes No Yes No
Weather Advisory 6 8 8 6
Relative Position of Other 11 4 5 8
Aircraft on Same Frequency
Terminal Area Routing 8 6 8 6
Information

B-727 Pilots

Flight Comfort

Bl ERsateisy or Convenience

Type of Information

Yes No Yes No
Weather Advisory 8 11 16 4
Relative Position of Other 15 5 8 10
Aircraft on Same Freguency
Terminal Area Routing 10 11 10 7
Information

What would be required to replace the lost information (i.e., improve-
ments in the ATC system)?

Answers

One would need an input, which could be conventional voice, during
departure and arrival (particularly arrival) which would allow pilot
to plan his arrival and departure speeds and ascent/descent rates to
maximize safety, comfort, and fuel economy. The only way this can be
accomplished smoothly is for pilot to have advance knowledge of
weather and turbulence, arrival/departure routing, altitude and speed
restrictions, and operational latitudes in relation to aircraft pre-
ceding and following.



An interrogation system allowing crew to request information and receive
information in reasonable period of time.

A current and accurate display of weather in the sectors you are approach-
ing (i.e., ice, turbulence, etc.). Traffic situation display in cockpit
to monitor any ATC separation error.

Weather information would be more beneficial if: (a) Aircraft encounter-
ing turbulence could downlink position and 'G' loads derived from INS

(or equivalent navigational system). This could be recorded on board.
This information could then be retransmitted to all aircraft on the
routes. (b) All weather-related problems such as traffic routing

changes or other slowdowns should be transmitted in near-real time.

SMATC could offer greatest improvement. Some items such as aircraft
proximity may require voice.

Aircraft properly briefed on weather, would not normally require advisory.
If indeed a change occurred, then normal voice would still be available.
Hopefully, better computer talk through data link will be available and
will thus standardize STARS and SIDS for all airports. Rarely does the
other aircraft's position mean too much; maybe CAS is the answer.

Designate certain classes of messages as priority and send them by
voice.

It is essential to be able to talk to other pilots about the weather
they have encountered, avoidance routes, and altitudes. What I feel
would be affected is curtailment of the pilots ability to anticipate
flight conditions concerning weather, traffic, and routing. This
affects both safety and passengers' comfort.

I found that I "missed" such information; however, it is probably
habitual rather than essential.

A means of identifying aircraft in immediate area as to their relative
position. I believe it technically feasible to portray an aircraft's
transponder blip on a pictorial progress screen in the cockpit. To
identify another aircraft in your immediate vicinity and within 1000
to 2000 feet above or below is most desirable.

Traffic advisories other than collision avoidance (i.e., you're third
in line for approach, following a 727 at your 2 o'clock position).

Knowledge of other aircraft at my altitude or assigned altitude. 1In
particular, knowledge of the progress of preceding aircraft approaches.
Some immediate alert and contact frequency in the case of equipment
failure.

Use SMATC in addition to present-day listening watch.

Be able to option relative traffic information and/or routing.
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I can think of no replacement in terminal areas, especially during
heavy thunderstorm activity, etc.

Weather advisory could be given to a flight when it is switched to a
new frequency. This message could cover any significant weather along
route of flight within this sector of control, and severe weather in
the next sector.

The main concern here is with conflicting traffic, weather advisory
playing a secondary role. A moving map display which would show other
traffic would be one answer.

More up-to-date ATIS: Runway in use, type of approach, vector delays,
etc. Including traffic in area. En route, possibly a periodic route
report on turbulence, clouds, etc.

SAE S~7 committee has stated other aircraft need not be heard if
weather, traffic, and routing anticipatory messages are provided in

the data-link transmissions (see S-7 Scenario).

I feel that right now we need direct voice contact during approach and
landing portions of flight.

More weather information should be given by controllers as to upcoming
turbulence or other unforeseen conditions.

Need alternate voice communication for necessary requested pilot
clarification.

I cannot conceive of any improvements for ATC that would be as versatile
as or preferable to human voice communications.

There is no way that I know, as yet, to replace this lost information.
Terminal routing should always be handled with conventional voice com-
munications. An excellent backup source of this information would be
SMATC.

Nothing more required.

Cannot remember any lost information.

I can't imagine what might replace this "feel" for your environment.

Traffic, weather, and ATIS information on SMATC surface; with wind
condition on final on SMATC.

Pilot reports (PIREPS) or other weather information should be relayed
immediately to all aircraft in affected area. I would prefer to hear
all communications between controllers and aircraft in my area, par-
ticularly in holding, arrival, and departure areas.



We have ATIS and can ask for any other information. I'm not aware of
all this "other information" supposedly being heard today.

Presuming that Computer-Conflict-Prediction Backup for the controllers
existed (i.e., an ATC system free from human error), would your answer
to the above questions be different? If so, how?

DC-9 B-727
Response Pilots Pilots Total
Yes 2 5 7
No 11 14 25

Comments to "Yes" Responses

Yes, would accept proven error-free separation system that could
properly cope with deviation (WX) requests. Most still have current
level of environmental information.

Possibly, It is pretty difficult to accept that any system will be
free of human error; however, confidence could be gained in time.
The human voice is still very comforting at times.

Yes, put 3a in the convenience category (i.e., routing information
not essential to flight safety).

I would feel much more comfortable to know about another aircraft in
my close proximity.

Yes. Again there is today a need to be aware of other traffic loca-
tions in case of human error on the part of the controller. If we
can assume there will be no mistakes on their part, the need for this
information would not exist.

If computer was also free of error, we would not need voice contact
most of the time.

Yes. I believe a small amount of safety information is lost without
voice communications with all aircraft. But, being free from human
error would help some.

Only in the category of other aircraft position would that information
not be essential to the safety of flight.



Comments to "No" Responses

Not materially different because safe separation from traffic is only
one consideration in the safe, comfortable, and efficient operation
of air carrier airplanes. ATC's record for keeping us operating com-
fortably and efficiently is not good (i.e., fuel economy). They will,
in fact, exclaim "That's not our function."

I find it very difficult to visualize a system free from human error
(such as human entry into computer). But, my answer to above question
would have been "no" in all cases.

My response was predicated on an ATC system free of human error. With
human element, I'm afraid a loss of flight safety may occur as a result
of losing the present awareness that occurs by listening to the other
alrcraft separations.

Probably not, because my understanding of the present plan is that the
controller will be giving each aircraft the same attention it presently
gets, and will advise verbally if a conflict appears.

I don't exactly understand your term, but I think it has been proven
that Murphy's Law is immutable. Men and machines are not error-free.

No, because at this time computers must have human input.

Not entirely; pilots like to know who's around and where they fit into
the picture.

No. Computer makes errors. Also, someone has to "feed" the computer
all of its information and I cannot see such a system.

I don't know; even knowing you were controlled by a foolproof system,
you would have to fly in that environment for some time before you
could be reasonably comfortable.



Please rank the following prospective features of data-link from most
desirable (1) to least desirable (5).

Feature fank B ToE
W | @ | 3 | (@ | (5) | CareITY
Printed pre-departure clearances 8 2 3 5 0 B-727
4 3 2 3 2 DC-9
Ability to acquire destination 0 1 5 7 5 B-727

ATIS and weather while en route

at high altitude 1 4 5 3 1 DC-9

Automation of company arrival 0 1 4 4 9 B-727
and departure reports 3 1 0 3 7 DE=9

Data-link presentation of non- 1 10 5 1 1 B-727
navigational ATC commands
(e.g., communications frequency
changes, transponder code
changes, etc.)

3 2 5 3 1 DC-9

Data-link presentation of all 9 4 1 1 3 B-727
other ATC commands (i.e., vec—
tors, traffic, en route
clearances)

3 4 2 2 3 DC-9

Other Features Named as Desirable
Pilot report from aircraft to ground.
The AUTOTUNE was a desirable feature.
Engine start, push back.
Clarity of communications through elimination of interference from
weather, ionosphere, distance; and solution of language and accent

problems.

Ability to contact ATC at any time without waiting for someone else to
stop talking.

Automatic recording and transmission of aircraft maintenance reliability
data and other company required reports (such as position, in range,
etc.) utilized primarily as a telemetric system and secondly as an
advisory communication system.

Eliminate excessive, irritating, contradictory and, at times, inane
voice communications.

Takeoff and landing clearances as well.
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GENERAIL COMMENTS

Automatic switching of NAVAID radios, heading bugs, or any tie-in with
autopilot. (This is an area where data-link has no business at all.)

When a system is developed, a Collision Avoidance System presentation

should fit into data-link to avoid cockpit panel congestion. As I see
it, if data-link is prime link, then pilots will use it with the same

priority as they do a flight director, and I feel strongly that data-

link should include CAS.

I feel that data-link certainly has a place in the ATC picture, espe-
cially in frequency congested areas such as ORD, LGA, and ATL. A hard-
copy departure clearance would eliminate a lot of radio traffic. I
fail to see why something such as this could not be picked up by the
pilot in his company flight operations when he gets his weather. The
variations from stored flight plans are rare, and if one is desired, it
could be arranged by conventional voice. Where on feels the need most
for data-link is when you are turned over to arrival in ORD and then
spend the next five minutes trying to get your "hat in the ring."
Blocked transmissions, lack of acknowledgments, and missed clearances
are reasons enough for a modified system.

It is difficult to evaluate the data-link without considering the
environment (i.e., data-link on ground control at a busy field [ORD]
would probably be hazardous, whereas at cruise, the congestion does
not appear). A big plus is the definite reduction in cockpit workload,
noise, etc., and the hard-copy backup. It seems like a look at the
future.

It is difficult to provide meaningful answers to the questions at this
late date. Too many other programs are more currently in my mind. I
would suggest that this type of questionnaire be made available imme-
diately after the flight.

In view of the fact it has been over 4 months since participating in
the program, the answers to this questionnaire may not be valid.

I'm very impressed with data-link and it could improve safety and effi-
ciency of operation. However, it must be developed with the ground
controller's workload, and equipment requirements must be taken into
full consideration. Also would like your people to look at the S-7
data-link CDU.
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APPENDIX E

REPORT OF INVENTIONS

It has been determined by a diligent review of the work performed
under this contract that no innovation, discovery, improvement, or in-
vention was made.
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