AD=A097 756

UNCLASSIFIED

FEDERAL AVIATION ADMINISTRATION TECHNICAL CENTER ATL==ETC F/6 17/7
VISUAL CONFIRMATION OF VOICE TAKEOFF CLEARANCE (VICON) OPERATIO~=ETC (U}
FEB 81 J J MAURERy» B CASTLE, E DOWE, B HUGHES

FAA=CT=80=60-1 FAA=RD=80=114=1




s ol onis Sl (it S i Ry TRy
T v L Ll

No. FAA-RD-80-114-]
FAN-CT-80-60- &ﬁ/ @
1
VISUAL CONFIRMATION OF VOICE TAKEOFF CLEARANCE (VICON) i
OPERATIONAL EVALUATION: VOLUME | -
I O |
10 John J. Maurer et al. g
E oo
7 Do FEDERAL AVIATION ADMINISTRATION TECHNICAL CENTER
. D Atiantic City Airport, N.). 08405
< < OETRAN
I | 3 O
: ’ < ‘:\ - 0\(3%\
3, }R?‘\
_ FINAL REPORT
’ ! ,, FEBRUARY 1981
i ' ;:-; | fi‘ﬁf D Notiorn) Techorest Imtoration Servoe. -
E 6\:5;:’&06*@ Springfield, Virginia 22161,
gii;-'? Prepared for
SFed U. S. DEPARTMENT OF TRANSPORTATION

& -
' M FEDERAL AVIATION ADMINISTRATION
Systems Research & Development Service
Washington, D. C. 20590

/ ‘81'."5 4- 09 | 140

¥ .

PN i s ad




NOTICE

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of
information exchange. The United States Government
assumes no liability for the contents or use thereof.

The United States Government does not endorse products
or manufacturers. Trade or manufacturer's names appear
herein solely because they are considered essential to
the object of this report.




" i
. o Waﬁmv-&-:g

@ FAR-FD L b Led |

Technical Report Documentation Page

. Report No. 2. Government Accession No. 3. Rc:npvom'l Catalog No.
FAA-RD-80-114-1 ~ AL \‘\OC{']"IQ'CQ /L
{(&7‘0 and Subntle e A u'o Nate
yISUAL Q)NF[RHATION OF yOICE T}KEOFF }.LFARANCE (VICON)I FebWSl
,j OPERATIONAL EVALUATION. X'OLUMI‘ 1. — 6. Performing Orgonization Code

@— S—— .1 8. Performing Organization Report No.
4 7. Aythor'sl  John J. [Maurer, B. ;Castle, E{ Dowe L{
1B. /Hughew R./Nelson p ) IJ FAA-CT-B.Q--Gﬂ-i ,Z
)

4 -84 B aslorming-Gogenreenerr O ond Address 10 Werk-tmMTNE—{T
\ Federal Aviation Administration
Technical Center 11, Contract or Gront No
Atlantic City Airport, New Jersey 08405 143-152-400
] 13. Type of Report and Period Covered
[ 12. Sponsoring Agency Name and Address . A
U.S. Department of Transportation ) \q / Final V1?f°4- jl
Federal Aviation Administration T | Seprowbene®®77 — Oct choowls
Systems Research and Development Service 14. Sponsoring Agency Code

Washington, D.C. 20590

15. Supplementary Notes

ED RS

16. Abstioct

‘§% operational evaluation was conducted at Bradley International Airport, Windsor
Locks, Connecticut, to test an experimental visual (light) system which would
confirm the voice takeoff clearance issued by the controller. The effort was in
response to the tragic incident which occurred in March of 1977 on Tenerife Island
where two Boeing 747's collided because of an apparent misunderstanding of air
traffic control verbal instructions, This experimental system called Visual
Confirmation of Voice Takeoff Clearance (VICON) consisted of a cluster of three
PAR56 lamps with green lenses which were installed at all departure points on the *
airport with the activation of each cluster controlled by the air traffic

controller. ]

Results indicated that the VICON system equipment and components operated in a
highly reliable fashion during the entire evaluation period. Data collected and
¢ |analyzed by a contractor indicated that VICON was technically feasible; however,
VICON did not demonstrate that it enhanced safety.

. /N

137, Koy Werds 18. Distribution Stetement

Air Traffic Control (ATC) Document is available to the U.S. public
Airport Light Systems (Experimental) through the National Technical Information
Confirmation of Voice Takeoff Clearance Service, Springfield, Virginia 22161
VICON

|VICON System or Components

19. Secunty Clessii. (of this repert) 3. Security Classif. (of this page) 21. No. of Peges | 22, Price

Unclassified Unclassified

51
Form DOT F 1700.7 (8-7D) Repreduction of cempleted page euthorized /7/j l ?6 - .
~




i
|
i
1
{
{

-~ - - [ -
/
-l
30 £ %0 3 = = : . i
Qot 1] 09 [« ] o2 [+ 0z~ or— = —— £ ST LA b e, CS CSTTZS @D g Samsed Due Slubrag 0 Siun _
L f 1 .JPJ .1 LIJ 1 ﬂ. r .. - i v ] iﬁ .. T -. - { = = — € Top e LA TISHY SN BAS SE TR i Waw melo BLE S RIgALTS LRTEA deul’s oy T A IRE BGTT 2 wl g,
T +r t = =
au 09! o3l [+1 ] oy _. [+] ov- —= Hl _
® 986 3 3o == (ze i
de — = - - Bune1a0w i
© = - 2, LIS BYye) §/§ usyusiey 9, H
smmatwel (Z€ ppe N asmeiaduey = -
1. Meyuaey woy) 5/6 SS9 3. - = —
= = (1a8x3) JYNLYYIdWIL
(138xs) 34N1VYIJWIL a = = - o Siaon 2ian2 o Spas 2102 e
= = P S0BW 21qnd £0'0 1094 21IQND oM
- = = l sieu) ot suoi(e6 6
A spseA 2igno [ £10)0w 21gnd e —_—= = ! s 560 suenb »
N 199} 2192 3 $1910w iGN £ = 1 s1e( wo sind w
1e6 suoj 6 9’0 s v bl = i sy [24] sdn> >
) suenh 0L sa0m) \ = - - [ s ot SUN0 Prny) oy
w s1utd 1z S0} ' > = o w 0|1 1w [T sunodseiqn . dnq)
20 13 t80uno pinpy £0°0 SR W W = — Jw s [ suoodsesy o
e = —
JNNTOA _ = = INNTOA
e = = - a1 0002)
Su0l LOYS Vi (6% 0001} Sauuol v = — 1 sauuor 60 Su0) LIoYS
Q spunod e Swesbot By = = =— 4 suesboy i §v°0 spunod «
20 saouno §£0°0 Suies6 6 = = 8 swess 74 s92uno £
= = =—
—_— = =— Sram
LT _ s = - (1y81am) SSYW
tll||m = oy seumday ve sane
. —_ —= — M SIOJPWID| 1Y 1eNnbS 92 81w ssenbs P
sa10% m..N {,% 00001} S@7eIY ey s = - ™ $010W sends 80 SPIRA asends F e
2w so| 1w Jgnbs -.a $1010uWD| 1) Bienbs ~==_ m ml ™ S1910W yends 60°0 W} senbs ™
P4 Spaed aseabs T s1010w asenbs M e = I— QIO SRImunueD asends 59 SapPw amnbs ~
K Sayous asenbs 18] $1013WNUGD dsenbS 0 m - @
- —= = —————————
T z s = viav
3 = n|| ary SIBWO( 1Y 91 s ]
s sajtw 90 $3939W0} 1y wy = — w ssow 60 spih pA
pA spieA L PyrsTem w = - = - ~ wd SI01MUIUED ot e "
: 159y o ssot0w “ _ = — wd Sinwued 2. s ™
w sayu "o S1918umULd wd = —_—
W S3yYow »0°0 S0}t 1w usy M .|||||
. —= = HIIND
s = -
H19N3) = —_= .
» = —
—E — 1oqmig Py o) iy Gy mouy %0, voam wemig
{oquig oy 0 Ay oy Moy nop vogm loquiAg - —=
3 E ¥—
soinsee ane W0lj} SUDISISAUD] O } § = =
W e } SUCISISAUDY] Sjsuixosddy s —= = - SNSRI JINAN 8] SHOITINAUE) Newixsiddy

SH0LIV4 NOISHIANOD JIHLINW




PREFACE

This document is Volume I of the Visual Confirmation of Voice Takeoff Clearance
(VICON) Operational Evaluation. This document contains the background; data
collection and analysis; summary of the operational evaluation; results and

conclusions. It is expected that this volume will be the publication most
frequently consulted.

Volume II contains working drawings, schematic diagrams, and detailed maintenance
and operational procedures for the VICON system as installed at Bradley Inter-
national Airport. It is expected that Volume II will be consulted when considering
future implementation or design modifications of the VICON system.

This evaluation was conducted by the Air Traffic Control (ATC) Applications Branch,
ACT-210, of the Systems Simulation and Analysis Division, and the Visual Guidance
Branch, ACT-410, of the Airport Development Division, under Federal Aviation
Administration (FAA) Technical Center Program Document 07-213. It was conducted in
response to a letter from the Director of the Systems Research and Development
Service, ARD-1, to the Director of the FAA Technical Center, ACT-1, dated June 29,
1977, to support Agency 9550 Requirement No. ATF-77-2. The subprogram managers
from the Systems Research and Development Service (SRDS) were Messrs. George A.
Scott, ARD-441, and William Petruzel, ARD-110. The FAA Technical Center Program
Manager was Mr. Felix F. Hierbaum, Jr., ACT-210.

Appreciation is expressed to Mr. Donald G. Hepler, Chief, Bradley Air Traffic
Control Tower (ATCT); Mr. Fred Merrick, Deputy Chief, Bradley ATCT; Mr. George
Langdon, Operations Officer, Bradley ATCT; all the controllers of the Bradley ATCT;
Mr. Thomas Ewing, Chief, Bradley Communications Unit; and all the Technicians of
the Bradley Communications Unit who assisted in the evaluation of the VICON system
at the Bradley International Airport. Thanks are given for the courtesies,
assistance, and cooperation provided to the FAA Technical Center Visual Confirm-

ation of Voice Takeoff Clearance (VICON) team personnel while on site during the
evaluation. -
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INTRODUCTION

PURPOSE.

The overall purpose of this evaluation
was to determine if a visual signal
confirming a voice takeoff clearance is
feasible and if it will provide an
added measure of safety.

PROJECT OBJECTIVES,

This effort, because of its scope, was
accomplished under three separate
projects, each having their own specific
objectives. Projects were divided into
three categories: (1) hardware and
interface equipment related to specific
locations on the airport, (2) control
panels and associated interfaces located
in the control tower facility, and (3)
the operational evaluation of the VICON
system,

The specific objectives for these
projects were: (1) design, install, and
modify the VICON system at Rradley
International Airport as required for
operational testing and to maintain and
perform technical evaluation of the
VICON system during the operational
evaluation, (2) develop and test VICON
control display panels, provide tech-
nical assistance to Airway Facilities
Service, as required, to establish
specifications for air traffic control
tower (ATCT) equipment and to evaluate
the reliability of the VICON control
display panels used in the operational
evaluation, and (3) evaluate the feasi-
bility of utilizing a VICON system in arn
operational environment.

BACKGROUND.

In March 1977, one of the most tragic
airport accidents in the history of
aviation occurred on Tenerife Island
when more than 580 persons lost their
lives. The apparent probable cause of
the accident was a simple verbal mis-
understanding of air traffic control

(ATC) instructions between the pilot of
the departing aircraft and the airport
tower controller. Other accidents and
near-accidents occurred between 1972 and
1976, and analysis has indicated that
the probable causes involved controller
and pilot misjudgments of runway usage
in takeoff, landing, and runway crossing
operations, At present, runway uti-
lization generally involves a single
aural stimulus for the pilot receiving
ATC instructions: namely, hearing a
voice instructinon on the aircraft
radio.

In some of the occurrences mentioned
above, the probable cause statements
included a reference to '"the pilot not
clarifying ATC instructions." This
tends to indicate that present voice
(radio) confirmation of runway usage
instructions, when not clearly under-
stood by the pilot, can lead to
undesirable and unsafe operations. It
is questionable whether additional voice
confirmation of runway utilization
instructions would be as effective in
gaining the attention, and hopefully
eliminating misunderstanding between
controllers and pilots, as the use of a
second, independent sensory stimulus to
positively confirm the voice
instructions,

Regardless of the weather, day or night,
or traffic situation, the pilot is
expected to use sight as a verification
of the voice instruction to ascertain if
the runway is clear. Because of weather
or darkness, positive visual confirm-
ation to verify the ATC voice
instructions prior to proceeding down
the runway is not always possible in
today's ATC system.

In April 1977, the Systems Research and
Development Service (SRDS) initiated a
program to develop, test, and evaluate a
Visual Confirmation of Voice Takeoff
Clearance (VICON) system. In the
development of the VICON system, the
following factors were considered:




l. The confirmation system shall be
used as a standard procedure for all
takeoffs (at taxiway intersections as
well as end of runway) at airports where
there are operational control towers,
including single and multiple runway
airports.

2. The visual reference shall be
conspicuous to pilots of all types of
aircraft, other than helicopters, prior
to takeoff and shall have minimal impact
on pilots of landing aircraft.

3. The use of the confirmation system
should have minimal impact on pilot and
controller procedures and on airport
capacity.

4., For the controller, a means of
activating and verifying the activation
of the visual signal shall be collocated
with, but separate from, other lighting
controls and should be readily
accessible to the controller.

5. The visual signal shall be dis-
tinguishable by the pilot from other
visual aids in takeoff and displaced
threshold areas and shall meet current
airport siting criteria for runway
lighting systems.

6. If the takeoff visual confirmation
concept proves to be feasible and
beneficial, it may be used as a basis
for a similar visual confirmation system
for runway crossing.,

DISCUSSION

METHOD OF APPROACH.

A decision was made by the Associate
Administrator for Air Traffic and Airway
Facilities (ATF-1) that Bradley Inter-
national Airport (which serves the
Hart ford, Connecticut, and Springfield,
Massachusetts, arca) would be the

operational evaluation test site,

Bradley International was selected on
the basis that it was a relatively busy
airport (158,913 airport operations
between August 1978 and July 1979) and
yet not so busy that testing of this
system might infringe upon or interfere
with the normal control of air traffic
at the airport or in the vicinity of the
airport. The operational traffic mix at
Bradley International is approximately
half scheduled airline (air taxi and
commuter service included) and half
general aviation and military
operations,

Bradley International was also an
acceptable location for the operational
testing of the VICON system because of
its weather environment. It is situated
in an area where all types of weather
conditions can be expected. The testing
schedule was established to conduct the
evaluation during October 1979 to March
1980 when all types of weather vari-
ations might be expected to occur. The
VICON system was designed to be oper-
ational in any airport environment
likely to be found in the domestic
United States.

The in-service operational evaluation
was started on October 15, 1979, and was
completed on March 31, 1980.

VICON INSTALLATION AND DESCRIPTION.

The VICON system was installed between
May and October 1979, Trenching, laying
cables, and constructing cement pads for
the field equipment were accomplished by
a contractor engaged by the New England
Pegional Office of the Federal Aviation
Administration (FAA). All the VICON
equipment, including that used for data
collection, was designed or developed,
purchased or constructed as required,
and installed by FAA Technical Center
personnel with supplementary on-site
assistance from either electrical
contractors engaged by the New England
Region or from Bradley Airway Facilities
personnel.




The VICON system basically was a cluster
of three PAR56 lamps with green lenses
(figure 1) that were located along the
left side of the runways at all takeoff
locations. A system control panel
located in the air traffic control tower
cab provided the means to control each
VICON light cluster. These two compon-
ents are connected by either hardwire or
radio control links, A considerably
more complete and detailed technical
description of the VICON system and
equipment or components can be found in
Volume II of this report which is the
"VICON Operations and Maintenance
Manual."

Twenty-one VICON light clusters were
installed at all possible departure
locations {(figure 2). The light
clusters were 1installed at various
distances from the departure locations;
however, they were always positioned on
the left side of the runway. The
location of the clusters was described
to the users (pilots) as "located in the
front left quarter of the aircraft when
looking from the cockpit when in takeoff
position,”

In general, the light clusters at
taxiway intersections were placed
approximately 400 feet from the center
of the taxiway. The light clusters at
the runway end takeoffs were placed at
various distances. Clusters at the
runway ends were not placed at the same
distances because (1) equipment adjacent
to the runways (such as VASI's)
dictated another location; (2) the need
to test the use of a single cluster for
more than one departure location (such
as the light cluster for the end of
runway 33 which also served departures
on runway 33 from the intersection of
taxiway Lima); (3) wide body aircraft
utilized the departure points from the
runway ends, thereby creating the need
for the cluster to be beyond the
400-foot distances used at the inter-
section departure points; and (4) the
need to determine usable distances for
cluster placements during times when

weather conditions caused reduced
vigibility. The end-of-runway VICON
cluster locations were as follows:

End Runway 06: 650 feet from end of

runway.

End kunway 15: 575 feet from end of

runway.

End Runway 24: 710 feet from end of

runway.

End Runway 33: 1,000 feet from end of

runway.

End Runway Ol: 550 feet from inter-

section of center lines of Runway 33 and
Runway Ol.

End Runway 19: 400 feet from southeast

edge of Taxiway Charlie.

The VICON equipment can be classified
into three categories: (1) the equipment
located in the terminal building,
including the control display panel
located in the control tower cab and
the data collection and interface equip-
ment located in another room in the
terminal building, (2) the controlling
power equipment, timers, and relays
located in a building adjacent to the
ASR radar antenna on the airport, and
(3) the VICON light clusters, radio
equipment, and microwave aircraft
detectors located on or adjacent to the
runways at each departure location.

Due to the proximity of certain taxiways
to each other or a taxiway to a runway
end, a test was planned to see if it was
feasible for one light cluster to serve
more than one departure location. Four
such locations were established at
Bradley, as follows (refer to figure 2):

Clusters No. 1 and 2: Served Taxiway

Alpha and Taxiway Sierra, Runway 06/24,

Cluster No. 7: Served Departure Runway
19 from End Runway 19, Taxiway Golf and
Taxiway Charlie.
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FIGURE 2, BRADLEY INTERNATIONAL AIRPORT RUNWAY AND TAXIWAY DIAGRAM WITH VICON
LIGHT CLUSTER PLACEMENT
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Cluster No. 10: Served Departure
Runway 0l from End Runway Ol and from
Intersection Runway 0l and Taxiway Echo.

Cluster No. 21: Served Departure Runway
33 from End Runway 33 and from Inter-
section Runway 33 and Taxiway Lima.

TEST ASSUMPTIONS.

The operational test was based on the
following assumptions:

1. All field equipment and the VICON
control display panels were installed
and checked out to the satisfaction of
the program manager prior to the start
of the operational test.

2. The VICON system would be used on a
continuous 24-hour basis for all
departures (exceptions were touch-and-go
traffic, low approaches, and helicopter
operations).

3. Prior to the start of the field
test, arrangements were made to observe
and record operations in the tower cab
and to record voice and equipment oper-
ations by FAA and contractor personnel.

4. Failure of a system component
would receive immediate attention and
corrective action would be taken by
either local Airway Facilities personnel
or the FAA Technical Center engineering
group.

PRETEST ACTIVITIES AND TEST PROCEDURES.

The purpose of these activities was to
ensure that the total VICON system was,
in fact, ready for field testing.
Careful preparations were undertaken to
ensure system reliability and oper-
ational suitability to enhance the
chances of a successful test. A dis-
cussion of test preparations follows.

SYSTEM SHAKEDOWN. Prior to initiating

field testing of VICON at Bradley Inter-
national, there was a shakedown period.

The various equipment components,
control display panels, light clusters,
hardwire and radio links, microwave
aircraft detector system, and electrical
switching gear were carefully monitored
to determine if they were operating
satisfactorily, Descriptions and
photographs of the above equipment can
be found in Volume II of this report.

Equipment, whenever possible, was
tested prior to being installed. For
example, the control display panels were
tested at the Technical Center by using
a simulation device which was developed
and built by the electronic technicians
assigned to the VICON evaluation team.
This device consisted of a large back-
lighted display of the Bradley Inter-
national runway and taxiway layout.
This back-lighted display was hung on
the wall in the sustaining engineering
laboratory of the FAA Technical Center.
The display included small green lights
placed along the depicted runways in the
approximate location where the actual
VICON light clusters were placed at the
Bradley International Airport,

An interface, or simulation device, was
also constructed so that the VICON
control display panels and the actual
connecting cables could be attached; and
the control panels, when activated,
would illuminate the appropriate green
light on the airport display. This
provided the initial testing of the
control display panels as well as the
cables which were later installed and
used at Bradley to connect the display
panel and the interface equipment,.

During the pretest activity at the
Technical Center, the VICON control
display panels were also installed and
tested in the mockup of a Welton-Becket
control tower console which was also
located in the sustaining engineering
laboratory and provided a realistic
testing and training environment.




After installation of the VICON system
was completed, further testing was
accomplished by the Technical Center
VICON team. In order to ensure that the
VICON 1light clusters at each location
had the optimum possibility of being
seen by departing pilots, the lights
were visually checked by the use of
vehicles and, when available, various
types of aircraft such as the Technical
Center's Grumman Gulfstream and a rented
Piper Seneca. The elevation angles of
the VICON lights were set by using a
measuring device (PAR56 Aiming Device
AD-1).

Since all types of aircraft utilize
Bradley International, from large wide
body aircraft to the smallest of the
general aviation fleet, it was necessary
to ensure that the VICON lights could be
seen by pilots of all types of aircraft
from various positions on and off the
runway. To enhance this objective, each
bulb of the VICON light clusters was set
at a different angle to the horizontal.
The settings were as follows:

1. Bulbs facing 90° across che runway
were set at an angle of 12°,

2, Bulbs facing diagonally towards the
takeoff position were set at an angle
of 6°,

3. Bulbs facing parallel to the runway
edge were set at 0°,

These settings were tested at the
Technical Center by usins a High Ranger
(personnel hoisting device) to elevate
team personnel 30 feet abcve the runway
along the runway centerline (a distance
of approximately 75 feet from the light
cluster), which approximated the height
of a Boeing 747 cockpit above the
runway. Sightings were also made at
varying distances (further) from the
light clusters, which included sightings
from the runup pad adjacent to the end
of the runway.

Other tests conducted after installation
of the VICON system included a series
of live flights conducted by VICON team
personnel. These flights were conducted
at night to determine if there was a
possibility of the VICON lights causing
confusion or distraction to the crews of
aircraft during their final approach.
The VICON personnel aboard the test
aircraft had the VICON lights at the end
of the landing runways turned on during
their approach to observe the effect.

Tests were also made using vehicles
during both day and night to determine
whether the illuminated VICON light
clusters could be observed from
locations other than the one intended
for that designated takeoff position.

AIR TRAFFIC CONTROLLER TRAINING. The

first meeting between the operational
personnel of the Bradley ATCT and the
operational Air Traffic Control Special-
ist (ATCS) VICON team members occurred
on January 11, 1978. Team personnel
briefed both the facility personnel and
the Facility Air Traffic Technical
Advisory Committee (FATTAC) about the
VICON system and its purpose. They also
provided preliminary information con-
cerning the initial plans for the
installation at the Bradley Inter-
national Airport.

It was felt that the simplest and most
direct contact with the air traffic
controller would be through the FATTAC,
which is comprised of elected repre-
sentatives of the controllers within the
facility, A detailed briefing on the
VICON system was provided describing the
purpose and objectives of the evaluation
along with as much information con-
cerning the plans for installation as
was available at the time. A request
was made for participation on the part
of the controllers and for an unbiased
attitude throughout the evaluation. It
was also stressed that controller
opinions and comments concerning the




VICON system and the system components
were very important; however, it was
pointed out that in order to be valid
they should be documented in writing.
Also, they should be turned in so there
could be tangible documentation of their
reactions, opinions, comments, and
suggestions for improvements.

The FATTAC members were also shown
drawings and pictures of a VICON control
panel which had been used at the Tech-
nical Center for earlier testing. A
description of its operation was also
provided. Drawings and a mockup of an
advanced design were shown along with
the proposed operations and functions
for the panel. FATTAC was requested to
discuss the proposed control panel with
their fellow controllers, obtain com-
ments and suggestions regarding the
panel and its operation, and assist the
Technical Center team personnel in
designing the latest version control
panels which would be tested at Bradley
International.

Suggestions and comments were received
from the Bradley controllers which
assisted the Technical Center personnel
in developing the control display panels
that were ultimately built and tested
during the evaluation.

An operations document was produced by
the Technical Center VICON team which
provided instructions, 1illustrations,
and guidance for the use of the control
display panel and described the
responses of the panel during its use.
This guide was produced and sent to the
facility for distribution to the con-
troller personnel. 1In addition, a "Self
Study Unit and Test' (see Volume II) was
developed by the Bradley Evaluation and
Proficiency Development Specialist
(EPDS). The Self Study Unit and Test
was based upon the operations document.

During March and April of 1979, the
"Mimic" and "Matrix" control display
panels (figures 3 and 4) were fabricated
by the electronic technicians of the

Technical Center who were assigned to
the project team. As the panels were
completed, they were taken to the sus-
taining engineering laboratory where
they were installed in the mockup of a
Welton~Becket tower console. They were
also interfaced into the simulation
device (which has previously been des-
cribed) and underwent bench testing.
Each of the control display panels was
subjected to a regime of full testing
prior to delivery and installation at
Bradley International.

The third VICON control display panel,
which was developed and tested during
the evaluation, was the "Touch Sensi-
tive” control display panel (figure 5).
Because this panel was not completed
until December of 1979, full bench test-
ing as was done to the other panels was
not possible since the control cables
had already been installed in the Brad-
ley ATCT. Testing on the touch sensi-
tive control display panel was, there-
fore, somewhat limited before its
installation.

Each of the three VICON control display
panels was to be tested for a period
of 45 days. Upon completion of the
testing, the controllers were polled to
determine which of the three panels was
preferred. The preferred panel was then
installed in the console of the ATCT and
remained in place until the test was
concluded on March 31, 1980,

During the month of April 1979, a Tech-
nical Center aircraft (Convair 580) was
dispatched on three occasions to Windsor
Locks to transport Bradley ATCT and
maintenance personnel to the Technical
Center. During each of these trips, 14
to 18 persons were brought to the Tech-
nical Center for the purpose of
receiving a comprehensive briefing on
the VICON system and the control display
panels. After every briefing, the con-
trollers and maintenance personnel were
afforded the opportunity to have hands-
on training with the control panels
through the use of the simulation device.
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In addition to the briefing and hands-on
training, the controllers also received
additional briefings and training from
their own facility personnel. A VICON
control display panel was provided to
Bradley controllers for their familiari-
zation use. Further, the mimic control
display panel was installed in the ATCT
console during the month of July 1979,
and it remained available for training
the controller personnel, The control
panel provided a realistic opportunity
for training and familiarization,
however, modifications had been made to
the circuitry to prevent activation of
the light clusters from the control
panel.

The operational instruction guide which
was prepared by the Technical Center's
VICON team described, in detail, the
operation of the VICON control display
panels. It also described the pro-
cedures for use during the evaluation
period, procedures for testing the VICON
panels and system {with a suggested time
schedule for system checks), and pro-
cedures for maintenance notification.

This document was reproduced and sent to
the facility for individual distribution
to all controller personnel. These
operational guides were also to be used
as a quick reference in the event a
controller had questions concerning the
operation of the panels or the system.

The VICON Self Study Unit and Test,
developed by the Bradley EPDS, was used
in conjunction with the operational
instructions and description for the
VICON control panels provided by the
VICON team. This training was provided
by the Bradley training department along
with briefings to train the controller
personnel in use of the VICON system.
(Refer to Volume II for both the VICON
operational instructions and the Self
Study Guide and Test.)

During the first 5 weeks of the oper-
ational evaluation, a Technical Center

VICON team member (an ATCS) was on
station Monday through Friday from 0800
to 1630, During this period of time,
the team personnel offered additional
briefings to controllers as they signed
on duty at the local control position,
The VICON team members were also
available to answer questions, offer
advice, and provide suggestions during
this period of time.

AIRWAY FACILITY PERSONNEL TRAINING. The

12

Bradley Airway Facility personnel were
afforded the opportunity to travel to
the Technical Center along with the
Bradley controller personnel aboard the
FAA aircraft provided by the Center.
These Airway Facility personnel were
provided the same briefing and oppor-
tunity for hands-on operation of the
control panels as were the controllers.

Engineers and technicians of the Tech-
nical Center's Airport Development
Division's Visual Guidance Branch, and
technicians of the Systems Simulation
and Analysis Division's ATC Applications
Branch, developed a maintenance manual
which described the hardware in detail,
provided specific information to assist
in troubleshooting, and contained parts
lists along with diagrams and schematics
of the system and their various com-
ponents. This wmanual also included a
copy of the operational instructions
designed for the controller personnel,
so they too would have reference to the
operational aspects of the control
display panels and the VICON system.
This operations and maintenance manual
(Volume 1I) was provided to each member
of the Airway Facilities Service located
at Bradley International,

Installation of the VICON hardware
(except the electrical cabling and
cement pads for the VICON equipment) was
accomplished by Technical Center person-
nel assisted by New England Region
personnel, electrical contractors
provided by the New England Region, and
by the Airway Facilities personnel from




Bradley International. Training and
knowledge of the VICON system and its
components were acquired by the Airway
Facilities personnel during their
assistance in the installation of the
system; after installation they had the
respongibility for troubleshooting and
performance of minor maintenance as
required.

Engineers from the Technical Center were
on site at Brelley International during
the first 3 weeks of the evaluation
period to detect any installation or
equipment problems and rectify them.
During this period, they also provided
additional training to the Bradley Air-
way Facilities personnel., When not on
station, Technical Center engineers and
technicians were on 24-hour call, in the
event that any major problems arose
which could not be handled by the
Bradley Airway Facilities personnel.

Bradley ATCT maintenance personnel had
the responsibilicy for checking the
VICON equipment daily, recording the
switch counter readings, and changing
the voice recording tapes as required.
Details of this data collection equip-
ment and procedures are provided in
detail in Volume II.

PUBLICIZING VICON FOR PILOT INDOCTRI-
NATION. 1In order to attain the greatest
opportunity for success in the evalu-
ation of the VICON system, it was real-
ized early in the program that it would
be necessary to obtain the cooperation
and assistance of the airport users.
Not only would it be necessary for
pilots to utilize the system, but it
would be advantageous to obtain the
pilots’' cooperative participation in the
evaluation by obtaining their opinions,
comments, and suggestions along with
angwers to specific questions recarding
VICON. This section of the report will
address the efforts of the VICON team
members to publicize the VICON system,
to solicite user participation in the
evaluation, and to indoctrinate the user
on the system and its use,.

USER PARTICIPATION. A meeting was held

on October 18, 1978, to advise the
tenant organizations and users of
Bradley International about VICON, to
discuss the intended in-service evalu-
ation, and to request cooperation and
participation. Personnel from the
following organizations were invited:

1. Air Carriers (Those using Bradley
International as a regular scheduled
stop.)

2. Regional Airlines
3. Air Taxi or Commuters
4. All Cargo Carriers

5. Connecticut Air and Army National
Guard

6. The Local Fixed-Base Operator

7. Connecticut Department of Transpor-
tation, Bureau of Aviation

8., Bradley Flight Service Station

9. Profegsional Air Traffic Controllers
Organization

10. Pilot and Aircraft Owners Organi-
zations guch as Air Transport Associ-
ation (ATA), Airline Pilots Association
(ALPA), Aircraft Owners and Pilots
Association (AOPA), National Business
Aircraft Assoclation (NBAA)

In addition, representatives from FAA
Washington Headquarters, Systems
Research and Development Service (SRDS),
New England Region, and the Bradley ATCT
were invited to attend.

Along with an earnest entreaty for co-
operation and participation, a request
was made for assistance to distribute
VICON information and questionnaires to
pilots within each of the represented
organizations. Suggestions were
obtained to further distribute VICON
information.
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One of the primary data collection
devices was the anonymous, postage-paid
pilot questionnaire which asked specific
questions and allowed the pilots to make
comments and suggestions (figure 6).
These questionnaires were approved for
distribution and use by the Office of
Management and Budget. Tenant organi-
zations were requested to distribute
pilot questionnaires through their local
dispatch or operations officer.

This procedure was subsequently adopted
by most of the tenants. Some organi-
zations included a copy of the question-—
naire with other documents which were
given to the flight crews before
departure.

DISSEMINATION OF VICON INFORMATION TO

USERS. The following are approaches
which were utilized prior to and during
the evaluation of the VICON to acquaint
Bradley pilots/users with the system.

1. Video Tape — At the initial repre-
sentative meeting a recommendation was
made by one of the air carrier repre-
sentatives that a movie or video tape
be made about the VICON system and its
use. A copy of the movie and tape was
to be forwarded to each of the organi-
zations that utilize Bradley Inter-
national, and each organization could
then show this movie or tape to their
flight crews during their regular
training periods.

This recommendation was accepted and a
video tape was produced by the personnel
of the Technical Center's audio-visual
laboratory, with the assistance of the
VICON team. The video tape described
the VICON system, its purpose, and its
suggested use,. The tape also urged
participation of the users, requested
their inputs through the pilot question-
naires, and described where and how
these questionnaires could be obtained.
The video tapes were produced both in
color and black and white. Tapes were
sent to a previoualy designated contact
in each of Bradley International's user

organizations and to the pilot or air-
craft owners organizations. The tapes
were used by these organizations to dis-
seminate the information to their
personnel.

2. Briefings — For organizations
located on or near Bradley Inter-
national, visits were made by VICON team
personnel to provide the flight crews
with a detailed briefing on the VICON
system,

The Connecticut Air National Guard was
visited prior to the start of the evalu-
ation during their regular monthly
training weekend. The video tape was
shown, and questions raised by the
pilots were answered.

Contractor personnel from Input Output
Computer Services, Inc. (IOCS), visited
a number of general aviation organi-
zations' monthly meetings, discussed the
VICON system and requested their par-
ticipation filling out the pilot
questionnaires.

Fixed-base operators at 11 airports
(located in the states of Connecticut,
Massachusetts, and New York) were
visited by VICON team members, briefed
on the VICON system, and requested to
urge pilots of their organizations to
participate in the evaluation when
flying 1into Bradley International.
These fixed-base operators were provided
with posters, to be displayed where the
pilots would be most apt to see them,
and a supply of pilot questionnaires.

The Bradley Flight Service Station was
visited, and the personnel were briefed
on the VICON system. This was done so
the Flight Service Station Specialist
would be aware of the system tests and
would be capable of answering pilots
questions and providing related inform-
ation. Flight Service Station personnel
were requested to remind departing
pilots about the VYCON system and offer
pilot questionnaires to the pilots who
had filed flight plans in the facility.

14
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3. Posters — Posters were drawn up
and printed (figure 7) which described
the VICON system, the in-service
testing, and the dates of the evalu-
ation. Pilot participation was
requested by asking them to complete a
questionnaire and mail it back. These
posters were provided to the dispatch or
operations offices of all user organi-
zations at Bradley International. The
posters were to be placed where they
could be seen by flight crews prior to
boarding their aircraft or while they
were preparing or filing their flight
plans. Posters were also distributed to
the fixed-base operators at the various
airports visited by the VICON team
personnel.

4. News Releases — An informative
article was prepared for release to the
news media through the Technical
Center's Public Affairs Office. The
article described the VICON system and
its operation, the purpose of its evalu-
ation, and the location of the evalu-
ation. The news release requested par-
ticipation in the in-service -valuation
by those pilots who fly into Bradley
International, by obtaining a pilot
questionnaire, observing the system and
its use, completing the questionnaire,
and mailing it to the Technical Center's
project team. It pointed out the
postage-paid, preaddressed, and anonym-
ity features of the questionnuire. More
than 200 releases were distributed by
the Technical Center's Public Affairs
Office to aviation-oriented magazines,
journals, newspapers, and radio and
television stations.

5. Graphic Notices and Supplemental

Data — A notice of the operational
evaluation was prepared and submitted to
the FAA's National Flight Data Center
for entry into the Graphic Notices and
Supplemental Data publication and also
into the Notices to Airman (Class Two
NOTAMS). The notices provided inform-
ation on the evaluation of the VICON
system at Bradley International and pro-
vided a short description of the system
and its use.

The article

in the Graphic Notice and
Supplemental Data publication included a
runway diagram of Bradley International
displaying the approximate locations of
the VICON light clusters.

This information was printed in these
publications from July 1979 until the
completion of the evaluation at the end
of March 1980.

6. Notice to Airmen (NOTAM) — A NOTAM
was prepared by Bradley ATCT personnel
announcing the start of the operational
evaluation on October 15, 1979.

7. Automatic Terminal Information
Service (ATIS) — In order to alert and/
or remind departing pilots of the VICON
system and the evaluation which was in
progress, a short notice was placed on
and transmitted over the Bradley Inter-
national ATIS. Technical Center VICON
team personnel had suggested that the
ATIS information be broadcast for at
least the first 2 months of the evalu-—
ation. However, a decision was made by
the facility management that broadcast
of the VICON information after the
fourth week was no longer required.

OPERATING PROCEDURES.

One of the primary considerations for
the development of the VICON system was
that the system would to be simple to
use and that minimum added workload
would be placed upon the controller, the
pilot, and the flight crew.

A system was developed, subsequently,
that required a single task for the
controller; i.e., that he push a button
to activate the VICON signal. The
extinguishing of the VICON light cluster
was automatic (see appendix 2 of Volume
II for complete operating instructions).
The requirement for the pilot was that,
at the time of receipt of the takeoff
clearance, he look for the VICON signal
(on the left edge of the departure
runway) prior to departure.
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FEDERAL AVIATION ADMINISTRATION

NATIONAL AVIATION FACILITIES EXPERIMENTAL CENTER *
ATLANTIC CITY, NEW JERSEY

The FAA’s National Aviation Facilities Experimental
Center (NAFEC) would like to enlist the participation
of pilots in an evaluation of an experimental light

system referred to as VICON (Visual Confirmation
:‘ N of Voice Takeoff Clearance) at the Bradley

|
— S - International Airport designed to enhance safety.

The evaluation will be conducted at Bradiey
International Airport, Windsor Locks, Conn., during
the period of September 1979 through March 1980.

VICON consists of a cluster of three green lights installed at all departure locations on the airport.
They are located on the left side of the runway at each departure location in line with the runway
edge lights.

The intent of this system is not to control, but to “CONFIRM" the voice takeoff clearance by the
green light and will be turned on or activated by the control tower operator at the time takeoff
clearance is issued. The “VISUAL™ confirmation of voice takeoff (VICON) signal, will always be the
pulsating green light. ~ When the visual confirmation is observed, it is requested that an
acknowledgement be transmitted to the tower. It is also requested that a non-receipt of the
confirmation signal be questioned with the tower.

The confirmation lights are tumed off automatically by a timer or other electronic devices. The
lights may turn off prior to the start of the takeoff roll. The iight going out does not indicate
your takeoff clearance has been cancelled. Only the voice instruction from the control tower will
cancel the takeoff clearance.

Your assistance in this evaluation is requested by filling out a questionnaire available at the BDL
FSS, Weather Station Fixed Base Operators Office and Airline Flight Operations. Questionnaires are
also available by writing: VICON Project Office, ANA-210, FAR/NAFEC, Atlantic City, New Jersey 08405.

* Name changed to Federal Aviation Administraticn Technical Center

FIGURE 1. PUBLICITY POSTER
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The operating procedures for the con-
trollers for use of the VICON system
during the in-service operational
evaluation were as follows:

1. Clear the departure for takeoff
according to the instructions specified
in Air Traffic Control Handbook, FAA
Order 7110.65B.

2. Concurrently with, or immediately
after issuance of the voice takeoff
clearance to the departing aircraft,
depress the appropriate VICON light
cluster activation switch.

Pilot procedure was as follows:

1. Receive the voice takeoff clearance
from the control tower.

2. Look for the VICON light signal
(left side of the departure runway -—-
left front quadrant of the aircraft when
in departure position).

3. Acknowledge receipt of the departure
clearance and, also acknowledge seeing
the VICON 1light. This can be
accomplished concurrently.

4., If no VICON
the flight crew,
the departure
applying power.

light was observed by
request confirmation of
clearance prior to

DATA COLLECTION,

All data collected during the entire
evaluation period at Bradley Inter-
national were protected using various
measures to ensure complete confi-
dentiality of individuals (both FAA and
non~FAA) and aircraft.

included
the operational

There were four major factors
in planning for
evaluation.

First, there is no substitute for
testing VICON in an operatioral environ-
ment in a field facility. Exposure of
VICON to around-the-clock, 7 days a

week,

live operational use under vari-
able conditions of visibility, weather,
and traffic levels provided a realistic
test of the strengths and weaknesses of

VICON, and provided the opportunity to
examine the level of user acceptability
by ATCS and by pilots.

Second, the VICON testing at Bradley
International was structured so as not
to disturb the operation of the
facility. Tower observers performed
their functions unobtrusively, without
interfering with the operational
environment in the tower cab. Magnetic
tape data recording equipment and VICON
switchcounter recording devices were
installed in the fourth floor equipment
room to ensure that controllers need not
be disturbed.

Third, user inputs during the evalu-
ation were deemed to be important. To
realistically evaluate the feasibility
of VICON, it 1is essential that the
pilots and controllers who use the
system provide their first-hand
reactions to real, as well as imagined,
operational benefits and problems.
Furthermore, their opinions, sug-
gestions, and recommendations are valu-
able inputs.

Fourth, to assure that the appraisal
of the operational evaluation was
unbiaced, a technical :consultant, IO0CS,
was selected by the Technical Center.
This company is not an equipment manu-
facturer, designer, or sales distribu-
tor, and does not have a vested interest
in the outcome of the operational evalu-
ation. Furthermore, it is reasonable to
assume that pilots and controllers would
be more at ease and more candid in dis-
cussing their personal experiences with
VICON if they talked to non-FAA inter-
viewers. Finally, a pledge of anonymity
was provided to pilots and controllers
during all aspects of user data inputs,
including interviews, questionnaires,
reports, tower observer assessments,
data tapes, and switchcounter readings.
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The following nine data sources were
used to obtain the maximum range of
subjective and objective information
about the functioning of VICON and the
personal reactions, comments, and
suggestions of 1its users, both pilots
and controllers: Pilot Questionnaires,
Pilot Conference Sessions, Controller
Reports, Controller Interviews, Tower
Observers, Data Tapes, Switch Activation
Counters, Weather Reports and Traffic
Logs, and Maintenance Logs.

1. Pilot Questionnaires. The question-
naire was designed by the FAA to
encourage a wide population of pilots
departing from Bradley International to
convey their frank opinions of the VICON
system by providing checkoffs to seven
sets of scored answers relating to
display characteristics and utility
ratings. The bottom of the form offered
the pilots space to add their comments,
suggestions, or opinions about VICON,
The top of the form ussked a minimum
number of reference questions about
their departure to allow analytical
study of the scored answers and
comments.

2. Pilot Conference Sessions., Three
series of pilot interviews were con-
ducted by IOCS to provide the oppor-
tunity for individual pilots, and
representatives of specific pilot groups
to discuss three broad questions —
three different questions with scored
answers — and to offer comments,
suggestions, and opinions.

During the interview, the pilots were
given a copy of the pilot interview form
so that they could follow the line of
questioning that the IOCS interviewer
was developing.

The interview format sought responses as
to the greatest benefits (and short-
comings) of VICON; any unusual personal
experiences when using VICON; an
agssessment of personal difficulties or
annoyances; the value of VICON to the

National Airspace System; and any
comments, suggestions, or opinions.

3. Controller Reports. The controllers
report form was designed to provide a
convenient means for the controllers
using VICON to voluntarily and anony-
mously disclose their experiences,
provide a count of the number of times
each of six different situations may
have occurred during their shift, and
offer comments or suggestions for
improvement of the VICON system.

4. Controller Interviews. Three
interview sessions were conducted by
10CS staff members during controller
break intervals. The questions were
developed to obtain information about
the controllers' attitudes and experi-
ences with VICON and to generate
discussion about their personal experi-
ences with the system. Finally, the
opportunity was provided to solicit
their comments, suggestions, and
recommendations.

At every interview, the interviewer
explained the purpose of the session and
gave the controller a copy of the
controller interview form so that they
could follow the line of questioning
that the I0CS interviewer was
developing.

The interviewer sought information by
asking several broad questions as well
as question:s that required scored
answers, and attempted to bring forth
comments, opinions, and suggestions.

5. Observers. Observers were stationed
in the ATCT to achieve firsthand,
closeup observations of the operations
of the VICON system and its effect on
other ATC functions. The observers
worked in pairs under the direction of a
supervisor; all were IOCS staff members.

An observer's worksheet and report was
used to allow each observer to provide




scored

(completed
hour) of controller workload, additional

reports every half-~
workload caused by VICON, the contri-
bution to safety by VICON, and details
of specific VICON occurrences, as well
as comments, opinions, and recom-
mendations about the VICON system
operations. In addition, a departure
log form was used to supplement the
chserver's report form to record certain
time intervals during takeoffs.

Finally, at the end of each daily data
collection period, the tower observers
were interviewed by their supervisor to
obtain the benefit of their experiences,
reactions, and opinions. A tower
observer interview checklist form was
developed for this purpose.

A sampling plan was devised (see
appendix B) to determine the basis for
scheduling the observers. This was done
to ensure that adequate samples would be
obtained to allow the analysis of those
variables which might impact the VICON
operation. The important variables
included weather, traffic level, traffic
mix, aircraft type, runway use configur-
ation, and night versus day.

6. Data Tapes. The Technical Center
staff designed, fabricated, and
installed a data acquisition system to
record voice actuated data on a con-
tinuous, 24-hour-a-day, unattended basis
throughout the entire evaluation period.
High quality magnetic tapes recorded
local control, ground control, VICON
signal activation tone by location, and
continous digital time readout.

Time was recorded to the nearest second
in Greenwich Mean Time; the days of the
year were numbered consecutively. The
tape reels were replaced every 3 days,
on the average. An alarm system was
provided to alert maintenance in the
event that a malfunction had occurred in
the data acquisition system.

7. Switch Activation Counters. The
data acquisition system included an

array of switch activation counters
designed to provide a total count of the
number of VICON control panel individual
switch movements as well as the override
or cancel switch movements. On a daily
basis throughout the evaluation, counter
readings were recorded by maintenance
personnel on forms developed for this
specific purpose by Technical Center
personnel.

8. Weather Reports and Traffic Logs.
The standard National Weather Service
data reports were obtained as when
required for the tower observer data
collection intervals. The data used
included hourly observations of visi-
bility, ceiling, wind, and other related
meteorological information.

Facility traffic data that is regularly
compiled and reported on FAA Form
7230-12, were alsoc obtained on a daily
basis during the data collection periods
to provide a basis for comparison of

actual traffic levels with those
determined in the data sampling.
3. Maintenance Logs. The facility

maintenance logs (FAA Form 6030-1) were
used as a record of equipment failures,
system downtime, and times necessary to
restore failures.

DATA ANALYSIS.

The evaluation and analysis of the data
was performed by IOCS staff at their

offices in Waltham, Massachusetts. Data
forms, interview reports, question-
naires, and magnetic tapes were sent

every few days to Waltham. The Tech-
nical Center provided IOCS with a
functional duplicate of the appropriate
components of the Data Acquisition
System that was installed in the ATCT
Equipment Room to facilitate the readout
of the four separate channels of data
contained on the tapes.

Refer to appendix B for details as to
the specific analytical approach that
was used for treating each element of
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the data collection inputs.
general,
were common to all forms of data inputs.

However, in
certain ana'ytical approaches

For structured data (where responses are
scored from 1 to 5, for example, on
questionnaires) frequency distributions
were calculated and correlated with
weather conditions and traffic levels by
time period. Trends were identified by
comparing the results of succeeding time
periods.

The unstructured subjective statements,
on the other hand, were categorized and
quantified where possible, and response
patterns and distributions were pre-
pared. Correlations were determined for
weather, traffic level, and time
periods.

The statistical techniques used are
defined in appendix B.

EVALUATION OF IN-SERVICE TESTING

GENERAL.
Consultants, under contract to the
Technical Center, were utilized to

perform the data collection, reduction,
and analysis to assure impartiality in
the evaluation. Because of this, the
test data and the test results are
separated in this report. The main
texts of the consultants' reports are
located in the appendices. An evalu-
ation of tests conducted by the
Technical Center's VICON team personnel
and a summary of results are documented
within this text.

I0CS was the contractor designated to
accomplish the data collection and
analysis of the primary data during the
evaluation period. The report of IOCS's
efforts can be found as appendix B of
this report.

Vitro Laboratories Division of Auto-
mation Industries, Inc., was the

contractor designated to perform a
predictive reliability study of the
equipment and components of the VICON
system that were initially installed and
used during the evaluation period.

The Vitro reliability study can be found
as appendix C to this document.
Appendix A, "Availability Predictions
and Minimal Cut Sets" and appendix B,
"Fault Tree Diagrams" of the Vitro
report have not been reproduced for
inclusion in this report; however, they
will be held at the library of the Tech-
nical Center, and will be available for
examination by interested parties. A
copy of the diagrams and printouts will
also be made available for inclusion in

the final technical data package if a
determination to implement VICON is
made.

SUBJECTIVE EVALUATION.

The subjective evaluation was based upon
four factors: (1) information collected
by I0CS from the pilot questionnaires,
(2) feedback from the tower controllers,
(3) monitor tape recordings, and (4)
miscellaneous suggestions and inform-
ation gathered by the tower observers.
Certain technical problems were
encountered during the evaluation
process with regard to the system and
its components. Whenever these problems
could be corrected on location, they
were. However, there were instances of
reported problems of such a nature that
corrections were not feasible because of
cost, time, or disruption to the
facility.

PILOT FAMILIARIZATION, An extensive

publicity program was initiated to
familiarize user pilots with VICON and
its operation, This involved the
dissemination of information about the
VICON system — how it should be used,
evaluation at
International. However, it
found during the evaluation that
were still a great number of
who were unfamiliar with the

its purpose, and 1its
Bradley
was
there
pilots




VICON system or its use.
majority of the unfamiliar pilots was in

The greatest

the general aviation group. Though
articles about the VICON system and its
use were placed in aviation-orientated
magazines, in the newspapers in the
area, and on radio and television, many
pilots still had not heard about the
system. Others had heard about it but
indicated, through the quesionnaire,
that they forgot about it while taxiing
out. Even after a visit to fixed-base
operators at 1l airports in the vicinity
of Bradley International where
briefings, posters, and questionnaires
concerning the system were provided,
there was no increase in the partici-
pation of the general aviation popu-
lation between January 1980 (when the
airport was visited by the Technical
Center personnel) and March 1980, when
the evaluation ended.

It has also been stated by some of the
pilots that the intermittent use or
activation by the controllers of the
VICON system, especially during the
months of January, February, and March
of 1980, was the reason that some pilots
became disinterested in the evaluation,
since they were never sure if the light
would be turned on or not. This inter-
mittent use also caused some confusicn
and mistrust in the system among the
pilots.

SUNGLARE. The sun shining on the VICON
lights sometimes caused confusion. It
was difficult to determine whether the
lights were on or whether they were
reflecting the sun. Appendix A gives a
complete evaluation of the sunglare
problem, the tests that were conducted
to study the problem, and the light

modifications that were made in an
effort to correct the problem. Three
color photographs are included in the

appendix to demonstrate the effective-
ness of sunglare shields.

Q6 .6A/PAR56/3 HIGH INTENSITY SPOT LAMP,
During the testing period, efforts were
continually put forth to improve the

system in one way or another. The
ability to command the attention of the
pilot to see and take note of the lights
during the very busy period when he is
taking off is a formidable task. One
method tried was to increase the
intensity of the one light that should
be seen when the aircraft first pulls
onto the runway for takeoff. This high
intensity spot lamp was installed at the
spot for takeoff from runway 33, and the
intensity of the lamp was increased from
16,000 to 200,000 candela. It also
decreased the beam width from 50° to 12°
in the horizontal direction and from 20°
to 8° in the vertical direction. The
directional spot of this one lamp helped
the pilot on the ground to see it
while decreasing the possibility of dis-
tracting other persons not directly in
the beam width of the spotlight. This
light was installed during the last
month of testing and was considered to
be an improvement, when used as noted
above, over the normal 200-watt lamp.

MICROWAVE AIRCRAFT DETECTOR. As indi-
cated in the IOCS report (appendix B),
there were a number of occasions when
the microwave aircraft detector failed
to turn the VICON light cluster off
after a departure. The report indicates
that, in almost all cases, the microwave
aircraft detector failed to pick up a
small aircraft which apparently was able
to become airborne, attain altitude, and
pass above the detector beam.

In all cases, except for the detector
antenna on runway 15, the antennas were
located at a distance of 1,000 feet from
the approach end of the runway.

Though the monitor system was working
and the control display panel in the
ATCT was indicating that the VICON
light cluster was still on, this fact

1s not always detected by the con-
troller. In a number of cases, the fact
that the cluster was still on was
reported by later aircraft preparing for
departure. This occurrence 1is not
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operationally acceptable, since it would
be confusing to succeeding aircraft that
might be taxiing onto the active runway
with a clearance from the ATCT to taxti
into position and hold. The problem can
be solved by the relocation of the
microwave aircraft detector antennas to
a position closer to the VICON light
cluster or closer to the takeoff end of
the runway. Care must be taken to place
the antenna at a distance far enough
down the runway so that large aircraft,
when taxiing into position to hold,
would still be behind the antennas when
coming to a halt. Exact placement can-—
not be determined since the location of
other facilities or equipment (such as
the visual approach slope indicators
(VASI's)) might prohibit the use of a
standard location or placement.

Other than the placement problem just
described, the microwave aircraft
detector system tested was highly
reliable after minor early installation
problems had been solved.

USE OF VICON CLUSTER FOR MORE THAN ONE

DEPARTURE LOCATION. Due to the

locations of certain taxiways with
relation to others or to runway ends, an
attempt was made, as previously stated,
to utilize a single VICON cluster for
more than one departure location. These
clusters could have been controlled by
one activation switch on the control
display panel; however, for the purpose
of this evaluation, each departure
location was provided its own light
activation switch. Certain activation
switches on the control display panel,
therefore, activated the same VICON
light clusters.

The locations of the light clusters
which were intended for use of more than
one departure location are:

1. Taxiways Alpha and Sierra (Runways
06/24)

2. End Runway 33 and Taxiway Lima
(Runway 33)

3. End Runway 19, Taxiway Golf and
Taxiway Charlie (Runway 19)

4. End Runway 0l and Taxiway Echo
(Runway 01)

5. Intersection Runways 0l and 33, and
Taxiway Echo (Runway 33)

No datum was obtained during the evalu-
ation which could be used to answer the
question as to whether the use of a
single light cluster for more than one
departure was acceptable. In the
opinion of the VICON team members, how—
ever, it is felt that this procedure
should not be used, if at all possible.
Each departure location should have,
whenever possible, its own discrete
VICON 1light cluster as well as its
individual activation switch. It 1is
reasoned that this would reduce possi-
bilities of confusion on the part of the
controller and help keep the number of
erroneous activations to an absolute
minimum, It is also reasoned that
confusion on the part of the pilots
would be reduced by the fact that each
of the departure locations would have
its own light,

LIGHT CLUSTERS VISIBLE FROM MORE THAN

ONE DEPARTURE LOCATION, Comments

received on the questionnaires and com-—
ments made by the controllers indicated
that departure aircraft could see VICON
lights at various locations in addition
to the light for a particular departure.
This could present a problem, especially
at night, when pilots would not be able
to see the VICON light cluster housings
and could only see the light cluster
which was lit. They could not posi-
tiv2ly identify that light as the one
be’onging to a particular departure

location. Two aircraft could be pre-
paring for departure at two different
locations along the same runway. If

those locations were close, and if the
departure at the location further down
the runway was cleared for takeoff and
given the visual confirmation, it would
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be possible that the crew of the air-
craft behind (at the other departure
location) could see the VICON light and
think the departure clearance was for
him. Two aircraft could then be mis-
takenly on the runway at the same
moment .

The VICON system was designed to ensure
that the VICON lights could be seen from
all possible departure locations where
the pilot might be waiting to receive
the takeoff clearance from the ATCT.
This was accomplished so there would be
no need for an agency procedural change
for the controller to use the system;
the only requirement being for the air
traffic ATCS to push a switch to acti-
vate the VICON light.

In those cases where aircraft are taxied
into position to hold on the runway, the
aircraft's final position cannot be
exactly predicted because of the air-
craft's size, the taxiing speed,
maneuverability, etc. In other cases,
takeoff clearance is given while still
on the taxiway or runup area which
affords the crew the option to line up
on the runway, to stop and then to
takeoff, or to make a rolling takeoff.
Because of this variability, it is not
possible to really determine where an
aircraft would be positioned when it is
ready for takeoff. Further, it would
not be feasible to design a light signal
which would be directional to the point
of requiring aircraft to be positioned
at certain locations or positions in
order to see the VICON light. A pro-
cedure such as this would be detrimental
to maintaining present levels of oper-
aticns and would present additional
hardships to the controller.

PLACEMENT OF LIGHT CLUSTERS. Numerous
comments were received via the pilot
questionnaires, pilot conferences, and
reports from pilots through the ATCT via
radio, with respect to the placement of
the VICON light clusters.

The data from the pilot questionnaires
and as analyzed by I0CS (appendix B,
par. 8.3.2.2) indicated that the rating
for "location" of the light cluster
appeared to be much lower than the
ratings of other display characteristics
such as "distinctiveness, perceptability
and intensity." It should be pointed
out, however, that the number of pilots
who answered this question (54 percent)
indicated that the location of the
lights rated good or excellent, whereas
only 29 percent rated the location
marginal or worse. The remaining 17
percent either did not answer the
question or were ineligible to answer
because they indicated they did not see
the lights.

Although 25 percent more pilots
indicated the light locations were
satisfactory, it was obvious to the
evaluation team that some of the VICON
clusters were too far down the runway
from the runway end. Also, many of the
pilots who had rated the location as
marginal or worse indicated that they
felt the light clusters were too far
down the runway. This was especially
true for the cluster at the end of
runway 33 which was located 1,000 feet
from the approach end. More complaints
were received concerning the location of
the VICON at the end of runway 33 than
any other departure location. Of the
362 pilot comments received regarding
the location of the clusters, 126 rated
the location marginal or worse. Of
those, 39.6 percent depaited from the
end of runway 33.

The cluster at the end of runway 33 was
purposely placed at that distance since
it was being tested as a dual purpose
cluster and served departures from
taxiway Lima as well as those from the
end of runway 33, Ordinarily, two light
clusters would have been placed in
operation at these locations; con-
sequently, one would have been much
closer to the runway 33 end. A recom-
mendation provided in an earlier report
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for phase I suggested a distance of 600
feet. As stated earlier, other equip-
ment might prevent exact placement of
VICON lights for all takeoff locations
according to a set standard; however, it
is felt that placement should be as
close as possible to a distance selected
for general guidance.

Few adverse comments were received on
the placement of the VICON lights at
intersection departure locations. These
lights were generally placed at a dis-
tance of 400 feet from the centerline
of the taxiway serving that departure
location.

DISTINCTIVENESS AND PERCEPTABILITY.

Although these two display character-
istics were rated rather well by the
pilots on the pilot questionnaires
(appendix B, par. 8.3.2), some comments
were received which suggested the
clusters should be higher above the
ground and moved so they would not be in
line with the runway-edge lights.

The light cluster heights were
determined by applicable agency regu-
lations which specify allowable heights
of equipment with regard to their
relationship to the runway. Therefore,
unless a waiver 1is obtained, the VICON
light clusters could not be placed
higher nor could they be moved closer to
the runway.

Even though it was suggested, clusters
were not moved away from the runway
(during the evaluation period) because
of costs to relocate them. This woald
have required that a contractor pour aew
concrete bases for the clusters and
ad just the cabling. Also, comments were
received stating that some pilots con-
fused the VICON lights with the VASI
system, Moving the lights further away
from the runway and raising them would
have placed the clusters more in line
with the VASI lights, probably com-
pounding this problem between the two
systems. It is not understood why the
confusion between the VICON lights and

the VASI's took place, since the two
systems have completely different
colored lights. Other suggestions were
received regarding the location of the
lights, and they can be found in the
IOCS report located in appendix B,

PROBLEM OF UNAUTHORIZED DEPARTURES. The

I10CS final report provides data, in the
form of comments from personal inter
views with controllers and pilots and
from comments taken from the pilot
questionnaires, that some participants
of the evaluation doubt that the problem
of unauthorized takeoffs exists within
this country. Certain comments received
suggested the use of VICON only at air-
ports which regularly serve foreign air
carriers.

Current data indicate that the problem
of unauthorized takeoffs does exist in
this country in spite of comments
stating that there is no problem.

In the fall of 1978, the Transportation
Systems Center (TSC), which was also
involved in studies of the VICON system,
traveled to the various FAA regional
headquarters in the continental United
States. At each regional office, copies
of the Air Traffic Controller Interview
Questionnaires were left with a request
that they be distributed to each ATCT
within the region. These questionnaires
were returned to TSC, and the data were
analyzed.

The first questions on the guestionnaire
pertained to the number of times air-
craft departed without the local con-
trollers' permission, and in addition
the number of times they may have
witnessed such occurrences. These
answers were limited to the previous 3
years. The above information was
published by TSC in a final report
(reference 1).

The particular questions and the answers
TSC received from those facilit.les which
responded to the questiconnaire are as
follows:
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l. How many times, as a local control-
ler, have aircraft departed without your
permission? 2,040,

2. How many times have you witnessed
aircraft departing without a clearance?
2,058,

A response was not received from each
ATCT; however, the data obtained indi-
cate there was an average of approxi-
mately 680 wunauthorized domestic
departures each year between 1975 and
1978.

In addition to the data obtained by TSC,
data are also available from the
National Aeronautics and Space Adminis~
tration (NASA) Aviation Safety Reporting
System (reference 2). 1In NASA's Eighth
Quarterly Report (January 1 to March 31,
1978) there were 135 reported occur-
rences of aircraft moving without proper
clearance. Of these occurrences, the
highest was runway intrusion (or
crossings); the second highest was take-
off clearance. The lack of a takeoff
clearance amounted to 23 percent, or 31
out of the 135 occurrences. The NASA
report also indicated thart a pattern was
evident in the takeoffs without
clearance. The report states, "In 7 of
10 cases, an aircraft took off
immediately after a takeoff clearance
was delivered to another aircraft. One
case involved similar flight naumbers,
one involved an incomplete clearance,
after which two aircraft took off simul-
taneously on intersecting runways. In
the other cases, the reason for takeoff
was unknown in one, a probable language
problem in a second, a crew member's
misirterpretation of a question from the
other pilot in the third."

COMPARISON OF CONTROL DISPLAY PANELS.

It was intended that the three control
display panels would be installed and
tested for a period of 45 days each., At
the conclusion of the test of the third
panel, the controllers would be queried

for their preference, and the preferred
panel would then be placed in position
and used for the remainder of the test
period.

Testing of the Mimic and Matrix type
panels was completed on schedule. The
touch-sensitive panel, which was the
third to be tested, only remained in
position for a period of 18 days. It
was found that after installation of the
touch-sensitive panel, use of the system
by the controllers began decreasing.
Investigation by IOCS and facility
supervisors as to the reason for the
decrease 1n participation by ATCT
personnel revealed two primary faults of
the touch-sensitive panel: (1) There
was no feel to the touch-sensitive
switches; consequently, there was no
feedback concerning a possible con-
nection being made. (2) The lights in
the panel were not sunlight readable.

For these reasons the controllers had
difficulty in determining that a con-
nection actually had been made after
depressing a switch., At times it
required the controller to cup his hand
around the lights on the panel or to
move over to the panel and get directly
over 1t to observe the lights. These
faults were not present in the quick and
easy operationr of the other two panel
systems.

Results of the control panel tests, as
taken from the controller interviews by
I0CS, can be found in appendix B, par.
9.5. 1In brief, the controllers pre-
ferred the Mimic panel over the others
and stated that it was easiest to use
because of the map layout and the posi-
tive feel of the pushbutton switches.
The touch-sensitive panel, even with the
faults, was the second choice. The map
layout was well liked;, and it would
appear that this panel was liked because
of its aesthetic appearance rather than
for reasons relating to the operational
usage.
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RELIABILITY AND MAINTENANCE OF CONTROL

DISPLAY PANELS.

Vitro Laboratories —— Predicted VICON
System Reliability/Availability. The
predicted availability of the VICON
System as installed at Bradley Inter-
national is 99.94 percent, which means
that the Bradley VICON can be expected
to be capable of performing its defined
mission of data collection during 99.94
percent of the 5 1/2-month test period.

The reliability of the VICON system
has no bearing on its ability to perform
the defined data collection mission.
However, it can be noted that the
Bradley VICON installation has a minimum
reliability of 99.998 percent with
respect to the granting of any single
VICON configuration.

FAA Technical Center — Control Panels
and Interface Electronics.

1. Mimic Panel

a. Alternate action switches —
All of the runway activation switches
are alternate action types. Two of
these switches had to be replaced. The
first failure hinted of misuse, although
no concrete evidence of this exists. No
explanation could be given for the
second failure. Contact with the
manufacturer was made, and the following
reply was received: "After reviewing
the problem with our manager of manu-
facturing, the conclusion was that the
nroblem occurred from two possible
actions: (1) relamping the cap and
putting the cap back into the body in a
position which is not top to top. The
cap is marked top and keyed such that
this is the only way to get it into
position; (2) putting the cap in the
indicator body and pushing it like a
switch." Subsequent tc these failures,

tests were conducted at the FAA Tech-
nical Center with the Mimic panel
engineering model.

Twelve-hundred

activations of the alternate action type
switches on this panel were conducted
with no failures. After replacement of
the switches in the control panel (at
Bradley International) for a 90-day
period of testing, no other failure
occurred.

b. Momentary Action Switches —
All of the light cluster activation
and override switches are the momentary
action type., For a 90-day period of
testing, 17,734 total switch depressions
with an individual switch total of 4,651
were recorded with no failures.

¢. Switch Lamps — Each switch in
the panel contains four T-1 lamps per
panel. For the total test period, eight
lamp failures were recorded. It 1is
interesting to note that these failures
were observed by Technical Center
personnel and not recorded as a failure
by the user (controller). This occurred
because only one lamp per switch had
failed and, due to the unique optics
system of the switch, no "hot-spot" was
observed (i.e., legend maintained
uniform brightness). This design
affords less downtime per switch due to
lamp failure.

d. Panel Overlay Lamps — There is
a sum total of 18 lamps within this
overlay. For the total test period, no
failures were recorded.

2. Matrix Panel

a. Alternate Action Switches —
For a 47-day period of testing, no
failures of this type switch occurred.

b. Momentary Action Switches —-
For a 47-day period of testing with
8,197 total switch depressions, an
individual switch depression total of
2,868 was recorded with no failures.

c. Switch Lamps — No failures
recorded.
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d. Panel Overlay Lamps — No
failures recorded.

3. Touch-Sensitive Panel.

a. For an 18-day period of
testing, no failures of any nature were
recorded.

The total of switch activations equaled
5,424. Individual switch activation
total equaled 1,426. The low usage (18
days) of this panel was due to a
major wman-machine 1interface design
problem. The controllers disliked this
nonfeedback (nontactile) condition of
the switch and found poor to zero
visibility (washout) of the return
signal during daylight hours. This
panel design used the membrane type
switch with visual (illumination)
feedback; and 1if it could not be
seen, there was no verification of
switch activation., This was a major
problem, and it adversely affected user
attitude toward continued participation
in the test program.

4., Equipment Cabinet.

a. Time delay relays — For the
total period of 167 days, two failures
of this type relay were recorded.
Again, these failures were noted by
Technical Center personnel and not
recorded as outages by the user.
Examination showed that the relays would
"start-time;" however, they would not
"time-out"” (failure of a component
within the circuitry). Use of the
system was still available by de-
pression of the override switch which
would then reset the relay. No other
hardware in this cabinet failed.

TECHNICAL OPERATION OF HARDWARE. The
"Operations and Maintenance Manuval"
(volume TI of this report) and the
"VICON Test Plan for Hardware During
Phase 11" will provide complete documen-
tation of how the entire VICON system
operates and how it was tested. Both

before and during phase II, the system
was subjected to environmental tests at
the Technical Center, and a VICON
reliability analysis was performed
contractually by Vitro Laboratories.
During the 5 1/2 months of operation at
Bradley International, further oper-
ational and reliability data were
obtained. Actual operation proved that
the system was very reliable and capable
of operating with little maintenance for
long periods of time. Information, as
detailed below, was obtained from the
facility maintenance logs and from the
pilot questionnaires,

1. Control Lines.

The control lines, located between the
control tower and the VICON building,
and the power lines to each light
cluster were tested for proper operation
before the operational tests started,
and no failures were recorded during the
5 1/2 months of testing.

2. Relay Control System.

The entire relay control system located
in the VICON building (which included
the auxiliary pilot relay cabinet, the
timer relay cabinet, the power relay
cabinet, the power distribution cabinet,
the monitor relay cabinet, the pulser
assembly, and the photocell intensity
control system) operated without any
problems. The only exception was that
twice during the 5 1/2 months of testing
two of the monitor relays had to be
adjusted.

3. Radio System.

The radio system of controlling the
VICON runway end lights at 15, 33, 06,
and 24 was successfully tested at the
Technical Center for proper operation
before 1installation at Bradley Inter-
national in an environment of tempera-
tures between minus 10° C and plus 50° C
and with humidity up to 90 percent (in
accordance with specification FAA-G-
2100/1b). Once installed and debugged,
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the system worked without a failure., It
was found after some operating time
that, because of its design, the radio
system could miss a signal from the
override button if the button was acti-
vated for less than 75 milliseconds.
This problem was alleviated by instal-
ling a pulse stretcher in that circuit.

The associated relay system used with
the radio system also was successfully
environmentally tested, as described
above, at the Technical Center. It was
installed at Bradley International where
one failure occurred during the full
testing period: A fuse holder at the 06
end of runway 06/24 developed a loose
connection which had to be tightened,
and the problem was corrected.

4. Microwave Aircraft Detector System.

The microwave aircraft detector (MAD)
system installed with each radio system
was first tested at the Technical Center
under the same environmental tests as
noted above and, in addition, tested
against an in-pavement inductive loop
system for 80 days during March through
June 1978. After installation, three
problems occurred that required
attention: (1) The MAD systems that were
located close to the radio systems were
being triggered by the radio station.
Radio frequency 1interference (rfi)
shields had to be installed between the
radio equipment and the MAD systems
which alleviated the problem. (2) The
power supply for the MAD system at the
end of runway 33 developed a problem and
had to be replaced. (3) It was found
that small aircraft would quite often,
during takeoff, climb high enough to be
over the top of the 20-foot beam of the
MAD system and thereby not shut off the
light.

5. Lamps and Associated Hardware,

The 21 light clusters, consisting of
three PARS6 lamps per cluster and
associated hardware, were installed and
tested at Bradlev International. After

the initial connection problems, no
troubles were encountered with the hard-
ware during the 5 1/2 months of testing.
Two lamp clusters, however, were damaged
by trucks during snow removal operations
in February. The locations of these
light clusters and the visibility and/or
distinctiveness of the clusters was a
design problem that was frequently
mentioned by the pilots. It should be
mentioned that all runway edge lights
were routinely marked (by the operating
agency of the airport) with small red
flags which normally (with the exception
of very deep snow) would protrude
through the snow and mark the location
of the edge light. No such flags or
markers had been placed near the VICON
light clusters.

6. Data Acquisition System.

The data acquisition system used was
primarily a documentation system for the
VICON system operational tests and will
probably not be included in future
installations. A few minor problems
developed in this system, such as the
failure of a trigger to the tape alarm
system and the failure of some test
lights. This required replacing
some springs and lights during the
operational tests. Timely replacement
of the tapes seemed to be the major
problem with the data acquisition.

7. Solid-State Controller.

During the operational testing of VICON,
an effort was made to develop an
electronic controller system that was
even more reliable and simple to operate
than the one initially installed at
Bradley. The results of this effort
produced a solid-state controller
(Struthers-Dunn, Model 3001 Director)
that was tested to the FAA-G-2100/1b
specification for operation under high
and low temperatures and at humidities
up to 90 percent (appendix D) and then
installed during the last month of the
operational tests. This solid-state
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controller proved to be reliable, pro-
grammable, smaller and more cost
effective than the system initially
installed at Bradley International. Tt
can be programed to do anything that can
be accomplished with electromechanical
relay switches. The solid-state version
replaced all of the pilot relays, the
tntensity relays, all of the timer
relays, and the pulser circuit from the
monitor relay cabinet. If all of the
light clusters were being activated by
the hardwire system, it would (1) pre-
vent opposite ends of the runways from
being activated simultaneously; (2) pre-
vent more than three light clusters from
being turned on at the same time; and
(3) provide a count of the number of
times each light cluster was activated.
A contract was awarded to provide solid-
state high power output cards which will
eliminate all of the cabinets except a
portion of the power supply cabinet in
the VICON building. These output cards
can furnish direct high power outputs to
the light clusters, monitor the light
cluster filament current (yes or no),
provide individual current settings for
each light cluster, and require only one
variable autotransformer instead of the
presently required seven. This micro-
processor-based system utilized a light
erasable read-only memory (LEROM) that
requires programing by keyboard changes
to the program. The separate programer
unit suggests that one programer could
be located at a central point and, by
typing exclusive programs onto indi-
vidual LEROMS, could tailor the program
to fit every airport in the country.
The LEROM would then be mailed to that
particular airport for plug-in instal-
lation. If changes were needed, a
revised LEROM would be shipped to the
site and installed. The incorrect board
would be shipped back to the central
point, erased by ultraviolet light, and
filed away for future use. From
February 26 to March 31, 1980, the
solid-state director operated without a
single problem. An operations manual on
this director 1s included 1n volume 11
ot this report.

Reliability (Field Tests).

Vitro
Laboratories of Silver Springs,
Maryland, performed a predicted relia-
bility analysis of the system as instal-
led, and that report is included as
appendix C of this report. The report
concludes that the system is 99.94
percent reliable or '"available" under
the definitions of the analysis. It
suggests that certain 1items should have
redundancy. For example, where only one
item is provided that could shut down
the system (such as the critical power
supply), an auxillary supply should be
made available, Such conclusions are
valid. Five and one-half months of
operation have proved that the system
can operate for that length of time with
few problems. In addition to the relia-
bility report, most of the equipment was
required, prior to installation, to pass
tests for temperature and humidity
standards in accordance with specifi-
cation FAA-G-2100/1b, entitled
"Electronic Equipment, General Require-
ments." This specification generally
calls for proper operation of the
equipment during temperature ranges from
minus 10° C to plus 50° C and in
humidity up to 90 percent. A report
concerning the environmental tests
performed at the Technical Center on the
solid-state controller is included as
appendix D.

Design Considerations. The following
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design problems surfaced during the
VICON testing at Bradley International,
and they will require close studv and
further corrective action in order to
achieve an optimum system:

!. The problem of distinctiveness
of the lights on the field is by far the
most mentioned pilot user probiem and is
one that will be evident as long as the
lights are located on the field. With
familiarity of the svstem, a reduction
in pilot confusion would be expected.

2. The second most mentioned problem
involving the hardware concerns the
problem of not turning off the VICON




If extinction

light at the proper time.
is timed, it will be inappropriate some-
times; 1f the microwave detector 1is
used, it will also be incorrect some-
times. This specific problem might be

eliminated if the indicator were placed
in the cockpit and then controlled by a
timer; however, sucn a solution is
neither feasible nor cost effective,

3. Sun reflection from the light
clusters is only a problem before the
lights are turned on., Once the lights
are on, the difference in intensity
makes the fact obvious. Sun shields
were installed which appeared to solve
this problem, although the time neces-
sary to accomplish extensive testing was
not available,

LOGIC ANALYSIS OF SEQUENTIAL VICON
OPERATIONS.

Refer to figures 8 and 9 which depict
operational scenarios that can realist-~
cally be expected to occur with or
without VICON. VICON was created to
attempt to reduce the frequency of the
two types of unsafe/illegal takeoffs
that occur as shown in figure 8.

Because VICON is a confirmation signal
of the controller's verbal departure
clearance delivered to the pilot, VICON
provides no benefit (i.e., makes no dif-
ference) if the voice clearance is given
by the controller and is understood by
the pilot. Further, for this condition,
there exists the probability of the
inadvertent random introduction of
undesirable and unwanted events to dis-
turb this condition of complete under-
standing between the controller and the
pilot: (1) the controller inadvertently
activates the wrong light button on the
control panel, (2) an electromechanical
fault occurs in the VICON system, or
(3) another departure aircraft mis-
takenly assumes that VICON light is for
him. Finally, VICON might create two
sets of circumstances that could lead a
pilot to make an illegal takeoff (refer
to figure 9).

In condition I, the pilot does not
receive a verbal takeoff clearance (he
may think that he has for some
reason(s)) but sees a green light and
takes off, assuming that the green light
is his clearance.

In condition II, the pilot receives but

does not understand his verbal
clearance, sees the VICON light, and
takes off. This is potentially danger-

ous if the clearance contained addition-
al instructions; the controller assumes
the entire clearance is understood, but
the pilot has missed the added infor-
mation.

It should be pointed out that in the
real world operational environment, the
primary cause of unauthorized departures
is that pilots think that they heard and
understood a clearance intended for
them. So it can be argued that a visual
confirmation of the spoken clearance
(i.e., VICON) can provide a benefit
because it 1is designed to confirm the
departure clearance.

VICON PROJECT PILOT COMMENTS.

3l

The project pilot had the responsibility
to support, assist, recommend, and
report on his reactions to the VICON
concept. To accomplish this, the VICON
lights were viewed from the cockpit of a
Seneca II, G-159, CV-580, and a B-727 in
conditions of darkness, ordinary day-
light, and bright sunlight. Unfortu-
nately, the opportunity to view the
VICON lights in marginal visibility did
not occur. The following comments were
made by the project pilot:

1. The VICON lights did not
the cockpit workload in the
craft to any significant degree.
Workload, however, was slightly
increased when a delay occurred between
the controller's verbal takeoff
clearance and energizing the VICON
lights. This workload was additionally
increased when the aircrew had to
request the lights. Also, it was not a

increase
test air-
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hand- or foot-type (physical) workload
but, more importantly, a mental
detractor from a critical aspect of
flight — the <skeoff.

2. In the weather conditions mentioned
(night, day, bright sunlight) there was
little problem locating and recognizing
the VICON lights. Naturally, they were
more visible at night than in bright
sunlight; however, in the conditions
viewed, their message was readily
discernable.

3. The location of the VICON lights for
the test conducted at Bradley Inter-
national was adequate (other pilot users
differed here). The cockpit reaction
varied with the size of the aircraft.
For example, pilots of large aircraft
preferred a more distant location for
the VICON light fixture, and pilots of
small aircraft preferred the opposite.

4., VICON lights impacted safety. Most
pilots when cleared on the runway would
(or should) widely scan the approach
lane to the runway for landing aircraft.
This includes not only the tower con-
trolled aircraft, but also the uncon-~
trolled aircraft at towered airports
(i.e., no-radio aircraft, emergency air-
craft, aircraft lined up for landing
with the wrong runway, or aircraft
landing at one airport and talking to
the tower of another, etc.) Looking for
the VICON lights detracts from this
scan. A pilot cannot effectively scan
two areas 90° or more apart without some
degree of difficulty.

5. Flight testing was conducted on a
clear night utilizing a Piper Seneca II
to ascertain whether or not the VICON
light cluster at a runway end location,
when lit, would be distracting or
present a problem to the crew when the
aircraft was on a short final approach,
Three approaches were made to runway 06
and three to runway 33. The VICON
lights were called for when the aircraft
was within 1/2 mile from the runway.
In the opinion of the project pilot,

there was no distraction or problem
created by the VICON light., Though the
crew was thoroughly familiar with the
location of the VICON lights on those
two runways, they were difficult to
find, or see, until the aircraft was
over the runway and near the VICON light
cluster location.

SUMMARY OF RESULTS

1. The VICON System was technically
feasible, The equipment met the
requirements of the program, reliability
was excellent, and early problems were
resolved. For those problems which were
not resolved during the testing period,
solutions are available.

2. Controllers were encouraged to use
VICON, but its use was not mandatory.
As a result, controllers did not use the
system all the time. This intermittent
use caused some pilots to have doubts
about VICON.

3. Although the evaluation of the VICON
system was given wide, advance publicity
through aviation publications, news-
papers, television, Department of
Transportation publications, Automatic
Terminal Information Service (ATIS)
(first 6 weeks), and news and infor-
mation bulletins of air carrier and
pilot-oriented organizations, the
results indicated that many pilots were
unfamiliar with the VICON system, its

use, and the testing at Bradley Inter-
national., Many pilots ignored VICON
completely. The majority of the pilots

unfamiliar with VICON were those in
general aviation. Pilot interviews were
very poorly attended. Those representa-
tives who attended or provided comments
by phone or mail showed little enthusi-
asm for the VICON system.

4, Subjective controller opinions
indicated that VICON might have a
slightly negative effect on safety.
Their view was that VICON use increased
the probability of a hazardous situation
(due to distraction and added workload)
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more than
of a hazardous situation (due to
unauthorized takeoffs). Observers found
that the observable workload required by
the constrollers to operate VICON was
very low. Controllers also indicated
that VICON caused delays and was incapa-
ble of preventing runway intrusions,
Data collected by the observers and the
analysis of magnetic data tapes indi-
cated that there was no evidence of
delays attributable to the VICON system.

it decreased the probability

The most common controller comments
were that VICON does not achieve its
objectives; the system serves no useful
purpose; and the money could be better
spent on other equipment.

5. Pilot questionnaires asked
respondents to rate the utility of the
VICON system effect on cockpit workload,
on clarity and understanding of takeoff
clearance, and on expeditiousness of
departure. The effect on workload and
expeditiousness was rated "Made no dif-
ference." The effect on clarity and
understanding was rated midway between
"Made things easier" and 'Made no dif-
ference." (Some pilots commented that
the VICON system created a distraction
to the flight crew at the critical time
when they are not only preparing the
aircraft for takeoff, but also '"looking
out the windows" for noncontrolled air-
craft or vehicles crossing the runway.)
6. Pilot questionnaire analysis indi-
cated that of the four questions, with
regard to display characteristics,
location of the VICON lights rated the
lowest., However 54 percent of the re-
spondents rated the location good or
excellent, while only 29 percent rated
the location marginal or worse. Seven-
teen percent did not answer or were not
eligible to answer since they indicated
they did not see the lights. Of 126
pilot questionnaire ratings of light
cluster locations that were marked as
being marginal or worse, a majority
departed from the end of runway 33 where
the VICON light cluster was located

1,000 feet from the runway end. This
particular cluster was deemed to have
been installed too far from the runway
end and would be a candidate for
relocation. Night flight tests con-
ducted by the VICON project pilot
indicated that the VICON light clusters,
when 1lit, did not present a distraction
for flight crews on final approach.

7. Light aircraft departing from runway
ends occasionally were able to attain
sufficient altitude to pass over the
microwave beam causing the VICON cluster
at the location to remain lit, necessi-
tating the controller to have to over-
ride the system to turn the light off.
This is correctable by simply relocating
the microwave antennas.

8. Data tapes were analyzed on a
sampled basis to measure VICON usage,
channel loading, and unusual occurrence
information. One-hour data samples
representing various conditions were
selected over a 6-month period yielding
132 sample hours. Analysis of the 132
hours disclosed that VICON was used by
the controllers for 60 percent of the
departures (983 of 1,626), but the
light was acknowledged by the pilots for
only 6 percent of the departures (62 of
983) when VICON was activated. The
average VICON contribution tc total
channel loading for the 132 hours ana-
lyzed was 0.1 percent. The total chan-
nel use was 13.8 percent.

9. A reliability study of the VICON
system was performed. It predicted an
overall level of reliability of 99.94
percent and a minimum reliability of
99.998 percent for any individual VICON
activation. The reliability of the
VICON system (including its components)
was very high throughout the evaluation
period.

10, Primary considerations during
design of the VICON system were to
determine an optimum method of (1) acti-
vating the system, (2) verifying its
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activation,
bility to the controllers. These three
design criteria (embodied in the
placement and design of the control
panels) were successfully demonstrated
as having been achieved during the
evaluation. The control display panels
developed and tested were simple to use.
Normal operation of the VICON system
required the controller only to depress
the proper activation switch at the time
of (or immediately after) the issuance
of a takeoff clearance. The lights were
automatically turned off electronically.
The controllers preferred the Mimic
panel of the three different types of
control panels that were installed. The
Touch-Sensitive control display panel
was the second choice of the control-
lers, but it was removed from service
because its lights were not sunlight
readable and switch activation did not
provide "feel" feedback. The Matrix
control display panel was the least
liked by the controllers. The control-
lers did not use the remote control unit
after the first few weeks of the
evaluation,

and (3) providing accessi-

11. A sunglare problem that caused the
VICON lights to appear to be lit was
eliminated by the installation of sun

shields.
12. The solid-state Model 3001
Struthers-Dunn Director functioned

reliably and without outages during the
5 weeks that it was operational. This
microprocessor-based director replaced
nearly all of the electromechanical
relays in the system.

CONCLUSIONS

Based upon the results of this evalu-
ation, it is concluded that:

1. Visual Confirmation of Voice Takeoff
Clearance (VICON) was technically
feasible.

2. All components of the VICON system
installed at Bradley International Air-
port functioned in a highly reliable
manner.,

3. Most VICON design problems which
could not be corrected during the
evaluation have proposed resolutions and
can be corrected.

4. VICON did not demonstrate that it
enhanced safety.
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APPENDIX A

SUNGLARE

General.

After several weeks of evaluation, it
became apparent from controller comments
as well as pilot reactions, questions,
and suggestions that on clear days the
sun was causing some of the VICON lights
to appear to be lit when in fact, they
were not. Efforts to rectify this
problem were immediately started at the
Technical Center. The following text
delineates the various design modifi-
cations developed, the tests conducted
at Atlantic City Airport, the equipment
installed at Bradley International, and
the results obtained.

This sunglare effect was reported
predominantly on runways 33 and 06 at
Bradley. Because of its alignment,
runway 0l should have been affected
also; however, there were no reports of
this specific problem from departures on
this runway. Technical Center personnel
evaluated the reported problem and
agreed with those making the comments
that the sunglare was, in fact, causing
the lights on the VICON clusters to
appear to be 1lit. During the morning
hours, the problem with the sunglare
started on runway 33, and as the day
progressed, it moved to runway 0l and
then to runway 06.

Visual testing conducted by Technical
Center personnel showed that, even
though sunglare made the lights appear
to be lit, when the VICON lights were
actually turned on there was sufficient
brightness (together with the occulting
feature) that there was no doubt about
being able to distinguish the
difference. Although the lights could
be distinguished when actually lit, it
was felt that the glare and appearance
of the lights being 1it (even though

steady and not occulting) was, in fact,
a serious problem in that pilots could

be confugsed and, therefore, could
misinterpret the glare as the light
being on.,

Technical Center personnel developed two
sun shields (figures A-1 and A-2) in an
attempt to eliminate the glare problem.
These shields were louvered with hori-
zontal rather than vertical louvers.
The horizontal louvers retained the
light beam width and prevented the
lights from becoming highly directional
(as was the case with shields having
vertical louvers, which wene tested
earlier at the Technical Center during
the phase I testing). The primary
difference between the two shields was
the size of the visor; one visor was 10
inches in length, and the other was 5
inches in length. Both sizes of visors
were eventually installed and tested at
Bradley International.

The first sun shield that was fabricated
was installed on the light cluster at
the end of runway 33 along with a
different type of bulb. The bulb and
sun shield were installed on the light,
which was aligned parallel to the runway
and towards the runup area. When the
other five sun shields had been com-
pleted, they were installed on the
remaining lights at the end of the
runway 33 cluster and on the light
cluster at the end of runway 06,

Testing was also conducted at the
Technical Center to examine the effect
of a visor on the sun shield and the
possibility of the visor restricting the
view of crews in aircraft with extremely
high cockpits (such as the Boeing 747)
and preventing them from seeing the
lights. A "High Ranger" (personnel
hoisting device) was utilized to place
observers at various distances from the
VICON light cluster and also at various
heights above the ground.

For the first test, the High Ranger
bucket was set at a distance of 75 feet
from the light cluster, simulating an
aircraft with the cockpit centered on




the centerline of a 150-foot-wide

runway. At a height of 30 feet (the
approximate height of the cockpit of a
Boeing 747), the VICON lights with the
5- and 10-inch visors were visible
with no restriction from either the
shield or the louvers (figure A-3).

For the second test, the bucke: of the
High Ranger was positioned at a distance
of 50 feet from the light cluster at a
height of 30 feet. At this point, there
was a slight restriction in visibility
of the light, more so to the shield with
the 10-inch visor (figure A-4, left
light) than that of the shield with the
5-inch visor (figure A~4, center light);
however, thz: observer indicated that the
amount of light and the v sibility of
the VICON signal was still more than
adequate. The observer in the bucket
during these tests was an Air Traffic
Control Specialist (ATCS) and a member
of the VICON evaluation team.

At the 50-foot distance, observations
were made at various heights above 30
feet (figure A-5). The observer
reported that the presentation of the
light from the lens with the 10-inch
visor became unacceptable to him at a
height of 36 feet and the lens with the

5-inch visor became unacceptable at a
height of 38 feet. These tests were
conducted on a clear day in bright
sunlight. Not only ATCS's, but also
electrical engineers and technicians,
were present.

A check of the pilot questionnaires,
which were received after installation
of the sun shields, indicated only one
adverse comment regarding sunglare on
the VICON lights. Unfortunately, the
pilot did not provide his departure
point; therefore, it could not be
determined if he had used a departure
location where the sun shields were
being utilized or one of the departure

points which had no sun shield. These
tests indicated that both sunglare
shields successfully eliminated the

glare problem, and both were visible
from all types of aircraft unless the
aircraft cockpit was 36 feet or higher
above the ground and 50 fee