Operation of the Laser CenterlineLocalizer onthe USS Constellation and CivilianAirports

A .A. Vetter and D.M. Shemwel

Laser Guidance, 1815 Business Center Drive, Duarte, CA 91010

ABSTRACT

The Laser CenterlineLocalizer (LCL) usesaseries
of low power, but highly visible laser beams to illuminate
approach corridors to provide a pilot on final approach to
landing with precise centerline guidance. The first opera-
tional deployment of the LCL onthe U.S.S. Constellationis
discussed along with the results and conclusions from the
flight operations to date. Civil applications of the LCL are
described.

INTRODUCTION

TheLaser CenterlineLocalizer isan extremely pre-
cise long range visual landing aid which was developed by
Humbug M ountain Research L aboratories (HMRL) with the
initial application for aircraft carriers. HMRL hastaken La-
ser-based Visual Landing Aids (LVLA) from the conceptual
phase through the devel opment phaseto the prototype phase.
The two principles who initiated the LVLA in 1986 formed
Laser Guidance in November 1993 to manufacture and sell
theseimproved landing aids. Demonstrationsof the LVLA to
various Navy organizations and the FAA have been con-
ducted with outstanding results. Pilot acceptance of these
systems has been unanimously favorable. Field tests have
shown that with the LCL pil ots can consistently obtain proper
line up at long range, starting from their very first approach.

IN1993, HMRL provided demongrationsof theLVLA
tofleet pilotsat training fields acrossthe country. Asaresult
the LCL was chosen as the most important safety item de-
sired by the Landing Safety Officers (and thusthe fleet). In
1994, L aser Guidance supported training of Air Wing CVW-2
andinstallation of theLCL onboard theaircraft carrier U.S.S.
Congtdllation (CV-64). ThisLCL wasamaodified commercia
unit, adual-use application. The most difficult task in all of
aviation islanding on the deck of an aircraft carrier at night
while at sea. The first application of the LVLA technology
solved one aspect of this problem.

During an approach to landing, a modern aircraft
carrier presents the pilot with awide variety of visual cues.
These include, but are not limited to, the apparent size and
perspective of the carrier itself, the centerline and marginal
lines which outline the landing area, and the Fresnel Lens

Optical Landing System. Dueto high approach speeds, high
momentum, and relatively slow control response of jet air-
craftinthelanding configuration, asmall initial drift fromthe
centerline can become a serious and potentially dangerous
misalignment to the arresting cables and landing area. This
problem is accentuated at night when many of the normal
visual cuesare absent or impaired. TheLCL hasbeen devel-
oped to augment the present visible landing system to en-
hance the visual cues available to the pilot. The LCL pro-
vides a precise definition of the centerline and provides in-
formation as to the degree of right or left deviation from the
centerline. To be of real use to the pilot such additional
information must be easy to interpret as well as precise; the
LCL satisfiesboth of these criteria.

The use of laser-based visual landing aids has sig-
nificant advantages. The primary advantage lies in the use
of lasersfor theilluminating source. These advantagescome
from two properties of the laser: spatial coherence and color
purity. The coherent nature of the laser causes the light to
appear to come from a single point source rather than the
distributed source common to incandescent florescent, or
arclights. Thus, itispossibleto definethe edge of aparticu-
lar corridor assharply asthelimitsof diffractionwill alow. In
practice, the ‘fuzziness' of the corridor edgeis only about 1
inch in width at the range of one mile. From the pilots per-
spective, thismeansthat the transition from corridor to corri-
dor will be abrupt and clean. Thismakestransitionsbetween
corridorsreadily apparent and reducesrecognitiontime. Simi-
larly, the color purity keeps the color of the corridors well
defined, even in the presence of atmosphere haze, once again
reducing recognition time.

PRINCIPLESOF OPERATION

The LCL uses three fan shaped laser beams, red,
yellow (amber), and greenin color, asillustrated in Figure 1.
Theyelow Laser beamilluminatesthe central corridor, which
linesup with the centerline of the runway and forms an exten-
sionof it. Thered beamilluminatesthe sideto pilot’sleft, and
the green laser illuminates the corridors to the other side.
Due to the high degree of collimation possible with Lasers,
the corridors are extremely well defined and can be easily
tailored for optimal shape. The pilot approaching the runway

Copyright © 1996 by Laser Guidance. Published by the American Institute of Aeronautics and Astronautics with permission



STEADY

SLOWLY FLASHING
QUICKLY FLASHING

RED
CORRIDORS

AMBER QUICKLY FLASHING
/ SLOWLY FLASHING
GREEN STEADY
CORRIDORS

Figure 1: Schematic of an aircraft carrier flight deck and the corridorsilluminated by the L aser Centerline Localizer. A pilot
flying down the central corridor will see asteady amber (yellow) light. When left (towards the port side) of the centerline
the pilot will see red signals only, either steady or flashing depending upon how far the aircraft is off course. When right
(towards starboard) of the centerline similar green signalswill bevisible.

would seeayellow (amber) light when on course, ared light
when left of the centerline, and a green light when to the
right. To provide the pilot with the degree of deviation, the
off course signal is modulated in intensity with a frequency
that varies depending on how far the pilot is off course. If
dightly to theright or left of the well defined on course cor-
ridor, the pilot will seeonly asteady green or steady red light,
respectively. If the pilotisin aregion further to theright or
left of the centerlinethered or green light will flash at aslow
rate, and a further drift from the proper course will yield a
signal which flashes at a higher rate. In this way, the pilot
knows not only if he is on course or not but also to what
degree and direction heis off course, so that proper correc-
tion can be made. The outer LCL corridors serve as turn
indicators, an advantage not feasiblewith the currently imple-
mented visual landing aids. On the base leg before the turn
to fina approach, the pilot initiates a turn when the rapidly
flashing corridor issighted. The boundary between therapid
and slowly flashing corridors provides an indication of ap-
proaching centerline and the pilot adjusts the rate of turn
accordingly. The steady corridor alerts the pilot that the
intercept is nearly complete, and the appearance of the yel-
low light shows that the intercept is compl ete.

Traditional visual landing aid presentations, such
asthe VASI and PAPI, require that the pilot perceive one or
more lights in relation to other lights. Such perception re-
quires spatial resolution of the presentation by thepilot. This
means that the information being presented degrades with
range and adverse weather. The main advantage of the LCL
isthat the pilot does not need to resolve a pictorial presenta-
tion in order to interpret his position with respect to the
centerline; only perception of color and temporal frequency
are required. Since the information presented by the LCL
does not require optical resolution by the pilot the LCL sig-
nalswould be functional in marginal weather so long as the
color of the corridor light may be distinguished. Unlike con-
ventional lighting, the color of laser light is monochromatic
and does not change with fog or haze. Atmospheric scatter-
ing preferentially removes the blue part of the spectrum of

conventional lighting so that its color changeswith distance.
This leads to increased difficulty of perception of the con-
ventional displays.

Onanaircraft carrier, the Laser Centerline Localizer
isplaced below theramp at the stem of thecarrier. Theunitis
stabilized to project corridors to form an extension of the
deck centerline. Inthisposition, the LCL isnot obscured by
men and machines on the flight deck and approaching air-
craft will not normally obscure the beamsfrom other aircraft
following inthe pattern. TheL CL beamsare baffled to disap-
pear from the pilot’sview at arange of 1/2 mileto eliminate
any distraction from the normal visual cues.

TheLCL corridors can be used to provide atactical
advantage not feasiblewith the currently implemented visual
landingaids. TheLCL providessignalsfor anight EMCON
(noradio, no radar) approach. The pilot proceedsfrom mar-
shal along agiven vector which interceptsthe extended deck
centerline at an angle of 60 to 90. The pilot initiates aturn
when the rapidly flashing corridor issighted. The boundary
between the rapid and slowly flashing corridors provides an
indication of approaching centerline and the pil ot adjuststhe
rate of turn accordingly. The steady corridor aertsthe pilot
that the intercept is nearly complete, and the appearance of
the yellow light shows that the intercept is complete.

INSTALLATION ON USSCONSTELLATION

OnDec 22, 1993, Laser Guidance and itsteammate,
the Raytheon Co., were given approval to train Carrier Air
Wing Two (CVW-2) inthe use of the Laser Centerline Local-
izer (LCL) andinstall the LCL aboard theaircraft carrier USS
Congtellation, CV-64. Thiscompany funded effort represents
the finite use of along range precision visua line-up system
inan operationa carrier environment. The effort wasdivided
into three phases, one of which is ongoing. These phases
aretraining, installation, and deployment. Thetraining and
installation phases are complete and ran concurrently.

The training phase began on Feb 1, 1994 at NAS
Whidby Idand. The primary purpose of atotal of threenights



of flyingwasto provideinitial trainingto VAQ-131, the CVW-
2 Prowler squadron. Each pilot was required to attend a
lecture on the layout, principle of operation and proper use
of the system. In addition, the pilots were to fly the system
during two sessions before flying it at the boat. Laser Guid-
ancerepresentative Dr. David Shemwell delivered therequired
lecture and provided set-up and technical support for the
flight portion. Following the Whidby session, the LCL was
transportedto NAS Lemoore. At Lemoore CVW-2'sF/A-18
pilotsreceived trained intheuse of the LCL. VFA-137, VFA-
151, and VMFA-323 were the squadrons involved. The
L emoore squadron received their briefingsin person, the El
Toro squadron were shown avideo tape of the Whidby brief-
ing. Theflying sessions occurred on the nights of Feb 7-10,
1994. Following Lemoorethe LCL was transported to San
Clementeldand to train the remaining squadrons (VS-38, V-
2, VAW-118) during the evenings of Feb 14-18,1994. These
squadrons all received their lectures in person during two
sessions, oneat NAS Miramar, and oneat NAS North Island.

Concurrent with the training sessions was the in-
stallation of the L CL system aboard CV-64. Starting on Dec.
2, 1993 L aser Guidance personnel began their interface with
CV-64 withasitevisit. Numerousother sitevisitsfollowedin
order to select a mounting spot, determine cable runs, and
design themechanical interfaces. During thisphasethe EMR
Division and in particular the staff which maintainsthe SPN-
41/SPN-46 radar were our primary points of contact and an
immense help. Based onthephysical parameters, Laser Guid-
ance designed and built awelded steel platform which allows
the LCL to be supported in a cantilevered fashion from the
small weather deck on the 01 level. This platform was de-
signed to allow the LCL to be placed as close to the center-
line as possible without modification to thedropline. Inthis
positionthe LCL isapproximately 3 feet off the centerline. It
was determined that this offset would not be significant. The
platformisbolted to padsthat were welded to thedock and is
also supported by a separate foot under the cantilevered
section.

OnFeb 17, 1994 thisplatform was hoi sted into posi-
tion aboard CV-64, and bolted to the deck. The LCL stabiliza-
tion platform was hoisted to the 01 level onthe same day, but
it was left at dock level to await the integration of the LCL
optical head functional checks of the control panel and final
wiring. At about the sametimeacablewasrun fromtheL CL
tothe LSO platform by shipspersonnel. On Feb 18, 1994 the
L CL optical head wasintegrated and functional checkswere
successfully performed. On Feb 21, 1994 the LCL waslifted
into position on the platform and preliminary alignment was
performed. Alignment was effected by using an alignment
Laser to provide a displaced extension of the landing area
centerline. Thisextended centerlinewastransferred to asepa
rate alignment Laser which was mounted atop the SPN-41
dome. From this vantage point the second alignment laser
could be used to extend the centerline down at an angle.
Thisdownwardly angled centerline extension was then used
todigntheLCL. OnFeb 22,1994 CV-64 st sall.

During the first day at sea there were no flight op-

erations. Thistime was used to perform verification of the
basic function of stabilization and control. All functional
checks were nominal. Following this were several days of
CQ (carrier qualification for the pilots) during which, by pre-
vious agreement, the system was secured. On Feb 25 and 26
alignment checkswere performed using helicoptersfromHS-
2, the indigenous helicopter squadron. In this evolution the
pilotswereinstructed to call the corridor transition, and these
callswere noted on the PLAT cameradisplay. Asaresult of
these two nights minor alignment changes were made and on
Feb 27, 1994 the system was used operationally for the first
time.

The LCL was used on all subsequent flying nights
for this at sea period (TSTA-1). During thistime there was
essentially no moon (it rose after the last recovery). The
wesather varied from clear to aminimum of about 800 broken,
with 1200-1500 broken to overcast as typical. After each
evening'sflying Laser Guidance representativestalked to as
many pilotsaspractical. Inaddition Laser Guidance person-
nel (either Dr. Shemwell or Dr. Vetter) continueintheir train-
ing role by discussing proper techniques to maximize the
effectiveness of the system. The system was used over the
course of the next two weeks. A questionnairewascirculated
toall flight crew membersto befilled out at the end of thisat
seaperiod. Herewewill summarized theinformation we ob-
tained via pilot interviews, as aresult of observing the night
recoveries, and from the survey.

Pilots adapted to the system fairly quickly, though
it varied from pilot to pilot and was somewhat aircraft related.
It took the average pilot about 2 approaches to get the hang
of it. Initially there were some concerns expressed about the
width of the central corridor, but this concern essentially
disappeared after the first round of approaches. By the end
of the at seaperiod the L SO’sand most pilotsfelt that enlarg-
ing the central corridor would beamistake. Oncepilotslearn
to use the increased sensitivity they come to prefer it.

During thisat seaperiod, the LCL was stabilized in
pitch and roll, but intentionally not in yaw. The weather and
sea conditions were able to provide a moderate amount of
deck motion. This motion did not seem to cause any real
problems. Indeed thereisamajor benefit to not having yaw
compensation. The first advantage is that the LCL always
tells the pilot the orientation of the deck; it can never be
wrong and therefore has a high value of “truth” (as opposed
to stabilized which can malfunction, and even when working
properly can get itself into a condition where it does not
agreewiththedeck). Inaddition, the LCL reactsimmediately
toturnsand alowsaproperly trained pilot to anticipate move-
ment of the instruments.

Intheareaof pilot acceptance, theinitial resultsare
excellent. Pilotswere ableto usethe system effectively and
many developed avery high degree of trust inthe systemin
ashort period of time. Thisacceptancewaspossibly acceler-
ated by the frequency of faults in the radar based system
which frequently left pilots with only the LCL for guidance
(other than surveillanceradar). The LCL wasoften (accord-
ing to pilot interviews) able to significantly improve pilots



spatial awareness and reduce uncertainty.

In summary, theinitial deployment of the LCL has
been extremely successful. It hasconclusively demonstrated
that the LCL can be effectively integrated into aircraft carrier
flight operations quickly and with aminimum of fuss. During
thisfirst at seaperiod tactical cyclic flight operationswhere
conducted from the very first day of LCL use.

RESULTSFROM THEUSSCONSTELLATION

During May and June 1994, CV-64 and CVW-2 de-
ployed for atwo month at sea period which was a combina-
tion of Comtuex and RimPac mini-cruise. Thisperiod wasthe
first extended deployment of the LCL and the first true blue
water operational experiencefor the system. Therewere no
changesin equipment configuration for thisdeployment. At
the end of the deployment CVW-2 pilots where asked to fill
out asurvey formwhichwassimilar tothefull survey. Inthis
case we were primarily interested in seeing the effect of the
learning curve. We received 110 responses representing ev-
ery squadron and nearly every pilot on the ship.

“How was the sensitivity of the system?’ By the
end of RimPac the pilots were much more experienced with
the system and this greater familiarity was reflected in the
results of thisquestion. The answersare graded from1to 9
with 5 being “about right”, 1 being “too sensitive’, and 9
being ;" not sensitiveenough”. Inthissurvey 68% responded
that the system was about right and 22% chose the most
minor of the too sensitive category (response4). Thiscom-
pares with 43% about right 31% a little too sensitive (re-
sponse 4), and 23% response 3, number after TSTA-1. In
other words more than two thirds of the pilots currently feel
the sensitivity iscorrect vslessthan half after TSTA-1. Fur-
thermore 90% of all current responses arein category 5or 4
verses 74% after TSTA-1. Inaddition many of the pilotswho
feel it isabout right express astrong desire to not reduce the
sensitivity at all.

“Were you able to adjust your scan to usethe LCL
or did you tend to fixate?” Once again the teaming curve
shows positive improvement in this category. It is not as
pronounced as in the previous question since most pilot felt
it had no effect on their scan even after TSTA-1. Attheend
of RunPac there is a noticeabl e reduction in the percentage
of pilots who felt their scan was adversely affected, with a
corresponding increasein the number of pilotswho felt their
scan was positively affected.

“How easy was it to distinguish the flashing corri-
dors from the other aircraft beacons?’ Once again experi-
ence has lead to modest improvements in this category. At
the end of RimPac no pil otsare checking the extremely diffi-
cult category while nearly 50% are checking the“ very appar-
ent” category.

“How much did ship motion and heading changes
affect your use of the LCL?" This question is particular
interesting since for thisinstallation the LCL isfixed to the
landing area centerline (i.e. no yaw stabilization has been
implemented). Very few pilotsfound this condition detrimen-

tal (only 12% in categories 2,3 and 4), and 35% felt ship’s
motion had no effect. More than half of the pilots found it
helpful to varying degrees.

The deployment of the Laser Centerline Localizer
aboard CV-64 has yielded a great deal of valuable informa-
tion. Thefollowing have been demonstrated:

* An operational airwing can be trained to use the

LCL intheFCLP(field carrier landing practice) envi-

ronment relatively quickly (i.e. abriefing and oneor

two flight periods);

* An operational airwing can be trained to use the

LCL intheFCLP(field carrier landing practice) envi-

ronment relatively quickly (i.e. abriefing and oneor

two flight periods);

* TheLCL can beeasily integrated into the normal

CV night operations;

* The LCL has demonstrated effective precision

centerline guidance at ranges beyond 10 nautical

mileswith reports of use beyond 15 nautical miles;

*  Sguadron and Airwing LSOs report noticeably

improved flight performancefor pilotsusingthe LCL ;

and

TheLCL hasexcellent pilot acceptance.

Other Observations:

* Thereisno need for extensive intensity control;

four postionswere sufficient. During theentiretime

to date the system has never been adjusted in in-
tensity;

* The cut-off range of 1/2 mile was found to be at

the right range by the vast mgjority of pilots and

acceptableto al; and

* Yaw stabilization is not necessary. A short first

constant yaw stabilization system would probably

improve performancein heavy seas, but if not done
right it will hurt the system. Indeed even if ayaw
stabilization system isimplemented it might be best

to cageit (turn it off) when the seas are not heavy.
CIVILIANUSES

The primary benefit of the Laser Centerline Local-
izer to the user is improved safety on the most dangerous
part of flight, the approach to landing. Pilots have vastly
improved approach performance; their approaches are stabi-
lized much farther out and the heads up nature of the LCL
facilitates transition to normal cues. Avoided mishaps and
lives saved are difficult to quantify. Therefore, the prime
benefit to the civilian sector isimproved capability at night
and in marginal weather. It isimportant to note that the air-
craft needs no special equipment of itsown to usethe LCL.
Virtually any aircraft can use the system successfully.

Approach lighting systemswhich are currently used
at airports are composed of avery large number of highin-
tensity incandescent lightswhich extend out to asfar as 3000
ft. from the approach end of the runway, often well beyond
the physical boundaries of the airport. The cost of installa-
tion of one of these systems is very high and uses a large



amount of land. The LCL can be installed instead of one of
the approach lighting systems for much reduced costs. In
addition, the LCL, which usesonly 140 W, hasvery low oper-
ating costs compared to the approach lighting systems, while
providing significantly improved long range visual guidance.
Maintenance costs are extremely high for other approach
lighting systems dueto vandalism of lightsand standswhich
are located beyond the airport boundary or are visible tar-
gets. Incomparisonsthe LCL hasno exposureto vandalism
asitiscontained inasingle box whichis shielded from view
from outside the airport property. Because of the very low
power consumption and very small amount of light projected
into the approach corridor, the LCL is both environmentally
friendly and a very good neighbor.

When located at the approach end of arunway, the
LCL not only provides precision long range line-up guid-
ance, but also serves as an approach indicator due to the
geometrical relationship with the runway lights. One main
advantage of the LCL is that the pilot does not need to re-
solveapictoria presentationinorder tointerpret theaircraft's
position with respect to the centerling; only perception of
color and temporal frequency are required. Sincetheinfor-
mation provided by the LCL does not require optical resolu-
tion by the pilot the signals would be functional in marginal
weather so long as the color of the corridor light may be
distinguished. Inthiscase, the highly directional laserswill
not cause glare and wash-out of the other lights.

The LCL can provideasignificant improvement in
safety at airports where the terrain does not allow straight in
approaches, such as at Juneau, Alaska. At such airportsthe
LCL can be used to delineate the proper approach to the
airport. The pilot would have a positive visual indication
during the approach to the airport, improving pilot confi-
dence and vastly reducing the chance that the aircraft will
stray into dangerous areas. When used in conjunction with
nondirectional beacons (NDB) or Localizer DirectionsAids
(LDA), theLCL will vastly improvethetransition frominstru-
mentsto the visual environment with concomitant improve-
ment in saf ety.

The LCL can be used to improve positive separa-
tion of aircraft using parallel runways. If the runways have
LCL'sfor approach lighting then the pilot will be certain of
being on the proper extension of the assigned runway by
maintaining an amber centerline signal at that runway. The
paralel runways would show either a red or green signal
depending on being right or left of the runway to which the
pilotislined up. Thiswould beextremely valuableat airports
such as LosAngeles International (LAX) where there are 4
parallel runways or Seattle-TacomaAirport (SEA) wherethe
parallel runway isnot served by anILS. TheLCL wouldgoa
long ways towards solving the problem of aircraft incursions
into other aircraft’ s assigned space during parallel approaches.

Under marginal conditions, the LCL can beutilized
to recover VFR (visual flight rules) pilots. Thisisa poten-
tially dangerous situation when an aircraft without instru-
ments or a pilot without instruments training gets caught
flying when theweather turnsmarginal. Theaircraft needsto

be brought down inthe safest mode possible. Withthe LCL,
the pilot is able to acquire guidance to line-up with the run-
way, before being able to see the runway, or other visual
cues. By followingthe LCL signals, thepilot isensured to be
lined-up when positive visual contact is made with the land-
ing zone.

Because of the small size and weight and very low
power requirement, the LCL ispart of aportablelanding field
system for emergency use at airports or on roadways. The
dual-use LCL which is on CV-64 weighs 132 |bs, operates
fromasingle 12 VDC battery, and can be set up on arunway
or roadway in under 10 minutes. A much smaller and lighter
LCL has been developed as part of a portable landing field.
Thisunitisentirely self-contained, requiring no outside power,
makingitideal for civil disaster relief operations. Thebattery
can be solar charged during the daytimefor extended remote
operations.

Therearemany other potentia civilian applications
such as shipping lanes and harbor navigation, helicopter
landing pads (particularly on ol drilling platforms), and dock-
ing. Because of itssmall sizeand light weight the LCL canbe
placed on arotating platform, similar to that used for stabili-
zation on CV-64, and aimed downwind so that helicopters
can always approach in an upwind direction.

CONCLUSIONS

The Laser Centerline Localizer (LCL) has demon-
strated to be a highly valuable landing aid for carrier flight
operations. The LCL provides direct visual signals to the
pilot that indicate a positive on centerline signa as well as
the direction and degree of deviation from the proper ap-
proach. By using this system, the pilot has precision visual
guidance at extended distances.

A LCL hasbeen successfully installed and deployed
on the aircraft carrier USS Constellation. An operational
airwing can betrained to use the LCL in the FCLP environ-
ment with abriefing and one or two flight periods. TheLCL
can beeasily integrated into the normal CV night operations.
The LCL has demonstrated effective precision centerline
guidance at ranges beyond 10 nautical miles with reports of
use beyond 15 nautical miles. Squadron and Airwing LSO
report noticeably improved flight performance for pilots us-
ingtheLCL. LCL hasexcellent pilot acceptance. Thereisno
need for extensive intensity control. There is no need to
change the cut-off rangefrom 1/2 mile. Yaw stabilizationis
not necessary or desirable.

TheLCL isextremely useful for civil applications.
TheL CL providesdefinitivetraffic separation for parallel run-
ways. TheLCL isextremely beneficial and safety enhancing
at airports that have no good visual access at night due to
terrain. Helicopter landing pads, particularly on il platforms,
greatly benefit fromthe LCL. Because of itssmall size, port-
ahility, and low power consumption, the LCL isided for civil
disaster relief operations.



