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ABSTRACT

A study has been made of the ctabilization of the Pilot
Landing Aid Television System devised for monitoring carrier
aircraft landings, and cof the statllization of a proposed,
centerline=located Optical laading System waoich might relieve
rllots of looking to the side during a critical phase of the
approach. Stabilization of tl= PLAT system is only partial,
and the quantitative consequer~e 15 deterxined. The centerline-
located OLS 18 chowk to have lost its provision for simple
accormodation of vario:s H/E values and to be incapable of line-
stabilization. However, point-stahilization, vhich is pussible,
is probably adequate.



TWTRODUCTIUN

A Pilot Landing Aid Television System (PLAT) has been found
to be a valuable aid in monitcring carrier landings. In PLAT an
unmanned television camera is mounted essentinlly flush with the
runway and on the runwvay cexnterlinc. To provide for keeping the
camera pointed along the glide path as the carrier rolls and
pitches the camera is merely tilted just as the lens box of the
Optical lending System (CLS) 1s tilted. liovwever, the beam
of the OIS is fanshaprl nnd alvays contains the stabilized point,
vhereas the beam of the camera 1s a pencil beam. Some form of
"train" Is needed to keep the camera looking at the stabilized
point. An analvsic .s made {n this report of the PLAT stabilizatica
scheme,

The offset location of the mirror or lens of the OLS from
the runway centerline (70 ft in t:e case of the CVA-63 installation)
is thought to be disadvaztageous +o the pilot in the final portion
of the approach because of requiring the pilot to look to oxze side.
A proposal has evidently been made t0 locate, in effect, the QL3
light source at the surfaze of the runway and on the centerline.
The light source would produz=2 a fareshaped beam just as for tae
OLS. A minor variation of this system provides for a surface
source on each side of the runway ceaterline. An analysis has
been made of the stabilizaiion fcatures of such an OLS. Because
of the similarity in loczation of +he camera in PLAT and of the
light source iz the propos~di OLS, bo*h enalyses have beea included
in this same report.
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PLAT STABILIZATICN

The PIAT camera oa a level ship looks niong the flight glide
path. On a pitciuing and rolling chip it is desired to keep the
comera continuously looking along the fixed glide path. However,
the only "freedom" of motio= reiative to the deck provided for
the camera is tilt motion in s plane perperdicular to the deck
through the rurway centerlize, and t%e corntrol of this $1lt motion
is obtained from the poiat-stabillzed OIS. IV is understood from
reference (a) t1at the 4215 or elevation of the pencil bear of ihe
centerline camera is at all %imes equad to tic tilt of the light
beam from the offset QI3

Tv.e analysis is cimilar ¢5 tnat employed in references (b)
and (¢). The locatica of the ceaterline cameras 16 shown in
Figurc 1. One is referred t5 as "regular" and one as "back up"
in reference (a). Which is whichk is not stated. An iuctasiation
has been made on the CVA-64, wiich is similar to the CVA-63 studied
in conneciion with the QL5. T2 Almensions already fam!liar for
the CVA-64 installatinm are a= fcllows (refer to Figure 1):
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For the centerlins inz%allation of cameras:

[AY = (i=1) cm a jenza - v 1 D

(A~ (Fon) con o Junn o g

with corresponding relationships for A", D", and B". The rosulting
additional parametsrs bacome:
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It i8 of interest to note vhetker, from the equations developed,
the camera beam does actually point along the glide path when tlre
cemera has the same tilt as tke OLS lens box. This can be most
readily noted when the ship is level ( Y =@ = 0) from

Vo (X" = D') tan 3 + (2" = H) cos A =0

Wy, =(Y"-B')tan @ + (2" - l) sinqx =0

o~
\N
.~

(X" = D'") elisd -~ (Y - B') cosA = O

o)

The typical tilt arngle 8 ronsidered in reference (b) i« 7 7,
The point stabilized in that reference, 2500 ft aft of the lens,
had the coordinates (=2447, ~439.8, 222.5). From equations (5)
the coordinates of a point oa the camers besm axis 2447 £ aft
of the origin 0" are (-2447, -439.8, 219.1) for the camers 13,
and (e24l7, -439.8, 223.1) tor Ly. IS can be seen that the
forward camera, L., does look approximately along the desired
glide path, &t least when ihs naple ¥ (for hook-toeeye adjustme:sd)
is set equal to zeru, This could have been expected, since the
distance A" (marked B in referense (a)) is approximately equal

to distance A in referenze (). However, the aft camera
looks below than the deslired plids path with Y = o. The differenae
is small.

For small pitzh and roll. of the shin, uvsefuld approximations
to the deviation of the camara tvam axis from a stendy plide pabh
can boe obtained from A ALff priiial aralyele.

av/apd(3+ BV/gudW 1 oV V@Y e Av st e 0

SW/apdP + BW/5, 09 + BW/55dd + BW/gyndY" + QW /570d2" = 0




The differentiual coefficli«iiz (..oukf:

-av/aw = (X" singy « 2" 225 ¢ ) tan B

+ (=2" sin @ 295 & & %" con Y cos R) cos

3V/30 = [~z 295 y =tr 5.X"

3V 5y
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%%/38
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3¥/39

GW/arqa
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The mean values of pitech P sai <91l @ are zero, so that
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The deviation ¢of the cam=ra bram axis from the glide path 1s then
givea by (from equations (5), (€}, (9), (10)):

a”

-z tenday - (20 - (a-H)] (La)

az" = Y' de - (X" - S" tans ceca Ay

(X" - D) et cen @ 143, (1)
where the ti1% daviatis: 215 f£oue "Saxic™ angle 1 the same 43 fonna
for the OLS in refercra2 (1) (zince 14 is taken from the OLS); namely,

af = -0.95% 2 01725 A9 (23)

To illustrate the anslyzie ol ascuracy of stabilization of the

PIAT system, the dzviatliun, varti:ally and laterally, of she cemera
bean axis from the stzady glile path will be d.etermined av the polirt
2500 % aft of the 2:na o7 -~ - CY.,. for the forward camera, siace
this camera was fourd +o }.\ok me 2t searly along the glide slops. &3
in refereace (b) 4he largs st ro‘_ .‘..,’l 39 believed reeconable rour
flight operations was 4sken oo 47, and the largest pitch angle 4y
as aboat 29, The deviatl-ne are Lhen:

Ve

deviation, for vertizal (4z") rrrizostal (dal")
+40 roz +3.15 % -14.6 %
+20 pitch +3,10 1% - 1.6 £

The horizgntal deviation here due 45 rsll will be quite notinenhle,
However, as the aircraft aprrcaches tne ramp (2" = Y6.9 £t) the
horizontal deviatior dAY" for +4° roll is -5.7 £t. Angular deviation
as seen by tho camera 1o nol greatly dAifferent at the two distances,
but the absvlubte Quviablon 1e pastbarly lese anticeahle relative t9
the larger appearing airerais.




CEXTERLIIE OIS

~ The proposed OLS instalied on the riway certerline,
approximately flu:sh with the runway, wvoild employ a fan-
shaped light tecam just as does the offset OLS. It s
understood that the presconiaiion would be essentially a
parallax presentatior. Hwever, besause the optical glide
path is not offset f£rom the axias of Lhe light beam, as in
the present OLS, wvariatiuas in H/E Alrtanze can nod be
slrrly accommodaied by "rolling” tve fap-shaped beam (making
Y a sultatle value)., Rasi~er, % 13 nob feasible to line-
stabilize a cente~zlirne -~ Lousite’ NLS, This can be seen quite
readily from refererce (c), wrers eguation (13) showe that
for C=0 the fare~cloied light Yeam wuild theoretically be rolled

into a vertical rlans as the stip =ulls from level (or ntd W ),

However, the propused QIS can be pointestatilized, and the
analysis of reference (%) is applicsble when the appropriate
values of B and D are ioseried,

__—From reference (n)
given by (for small §):

4@ = D S TR (23)
(X" = D') nosu+ (Y - B') sina

where the cocrdinaten of a po.it F(X",Y',2") on the glide slope
are related by equations (7). Hefereace (b) found some preferchcu
for cholce of the stakilized poirt about 1000 ft aft of the lighv
gource, To 1llustrate the dntermi-ation of the required pit-sh

and roll correction facturs for a centerline OLS, the previously
found camera posifinas Iy (6.8, 52.0, 51) and Lp (72.1, 65.1, 51)
will be ured for Ligtt sourre locatione., The stabilized point
1000 £t aft of eanh Ligci =orirze will *ave the respective positions
Pl ('99302, "l"*lecl", ll_')o'*) and By ("9:;_'(09, »135.3, llsou)' he

caloulated "correction factara® are ke

"correction Uoctor” pittan roll
af't 1Lpnt source (LX) ~0a 0k NI RIV (Y
forwnr! 1ipht sourre (I} - )12 o3l




A suggested variation of the centerline OLS would employ two
light sources astride the ruiaway centerline. It will be
supposed that each source is spaced a distance s from the runway
centerlire and that toth are a distance A' forwvard of the ramp,
It is the source oz the port side of the rummy and I, that on
the starboard side:

D2' D.v + 25 elan
o (1)
= B’ - 75 cus A
1

when these expreesionts are inserted {2 the expressions for the
pitch and roll correctlion faztors 1t 15 found that the ls+4-.
are identical for both of the atreast light sources. Thus the
tvo fan-shaped beams from i-e %4vwo sgurces should at all times
partially overlap., Each s~urze prabuces i4s separate identical
parallax presentation.
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CONCLUSIORS

An analysis has been mai: of gtabilization of the PLAT
systen and of a proposed "cazterli-e" located OLS, based on
previous studies cf =tatilizatiur. of the OLS. The major
conclusions reached are ac fellovs:

—— (1) Tre PLAT system using o-ly the tilt signal from the
OLS, is only partially s*atilized. As the ship rolls the

camera beam axis swings fr ride 40 side across the intended
glide path, The amcot of the Literal displacement of the camera
beam crosshaira froz an approac-ing ajrcraft on the intended
glide path 1s exprzied 4o %e distinctly perceptible at mavimm
swing. Actual trial= chould d=termine if the perceptible
displaccment is operaticnally troutlesome.

(2) 1hc proposed, cericrline-located OLS cen be poirte
stabilized basically =imilarly 4o the existing, offset-located
OLS. The "pitch ard =251 .nrzszeblon factors' have differczt
values for the ALff2rent rystems,

(3) T™e prorosed, canserline-located OLS can not provide
for easy adjustmest of Lovk=to-cye (H/E) listance by means of
"rolling" the fanechaped beat.
gt

(4) T™e proposed, ceatarline-located OLS can not be linge
stabilized. Hovever, poizi- Larilization has appeared to he
adequate.,

10w




(a)

R=Se03=2,L

NAEL{SI) Report ENG~FO3Z 4:d 15 Oct 1962 on "Installation
riteria f2r Shipbear? FIAL {P21ct Landing A1d ‘cleviczion)
System",

NavWeps Repnrt N,. ReZ=42<39, 2td Oct 1962 on "Analysis of
Statilizatiox of Orti<al landing System Agairet Ship R
and Pitch",

NavWaps Repurs Ko, o-5-¢4 1.2, 3+d Jan 1963 on "Analysis of
Sta%ilzzaticn of Ori--at ila-"ing System Against Ship Roll
azd Pitch - Line Stakilisnzt Verzioz',
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A=5=63=2/2

P(x,y,2) -

L(D', R, H)

o~
“"p‘\/ Y
e
({Q;\\\\
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Flgure 2

. Rugway aund (Jdi-dz pnib
Relative to thip

P = point on glide puth
L = OLS light sourco, or
PIAT canwcra
- 0 = origin, on ship roll
) axle, Airccils over
pli-h wxds
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