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INVEST IGA TI ON OF INSID E LIG HT RE FLECTION PROBLE M ON THE

FLAT PLATE CANOPY (FPC) FOR MODEL 209 AH-IS HELICOPTER

INTRODUCTION

A study was done to investigate the problem of inside l ight reflections on the flat-plate
canopy (FPC) and to find a solution to the problem. The FPC was adopted for the Model 209
AH- IS helicopter for the purpose of reducing solar glint.

In night operations , fl y ing nap-of-t he-earth (NOE), the FPC creates mirror-type light
rellection s inside the cockpit at the pilot ’s eye. Reflected light causes specular glare in the visual
field that impairs the pilot ’s vision outside the cock pit and can cause problems associated with
pilot disorientation . The pilot is not able to discriminate between the light reflection and the
light source on the ground. This problem creates a hazard to the safety of flight and is likely to
have a serious impact on exter nal vision.

The FPC was desi gned for the AH- IQ helicopter and adopted for the Mode 209 AH- IS
helicopter in an effort to reduce solar glint , which in turn would reduce the susceptibility of
aircraft to visual detect ion. The FPC improved the solar-glint problem , whi le creating a problem
with insi de light reflection from light sources on the ground in night operations (7). Light
reflection ) on surfaces insi de the cockpit are a problem with use of night-v ision devices (1).

The US Army Human Engineering Laboratory (iJSAHEL) was requested by the Air
\1ohilil~ Research Development Laboratory (AMRDL) to do a study on the FPC light-reflection
problem and tr~ to find a solution. Time constraints limited the experimentation needed to
va lidate the anal ysis. Estimates were made based on analysis of light reflection inside the FPC.
K su Its indicat e a satisfactory solution to the inside light-reflection problem on the FPC may not
he pun,sible unless the side panels are modified from a flat surface to a curved surface. The FPC
must provide both the pilot and the copilot adequate vision t u perform NOE safel y and
elI ic ic r i t lv .

\1LTIIOD

rIs ) methods were used to identif y the light-reflection problems with FPC. The~ were
computer anal ysis and manual anal ysis of critical rays.

( .ompt i ter  Aii i lvsis

A computer program was developed to identify the primary l i ght reflectio ns inside the FPC
at the pilot ’s eye position. Anal ysis of the computer data was useful in considering various
approaches which could lead to a solution of the inside reflection problem with the FPC . 
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A three-dimensional ray-tracing program ssas writ ten to trace straight-line i .t~ fr om the
position (nominal) of the pilot ’s eye to reflecting points on the internal surfaces of the CJf l I i p ’, -

Each ray is traced between reflecting surface points until a non-transparent surface is rc5n t ie d
The reflectance and directional cosines of the external ray and reflected ray are computed . In
this way , a reflected ray is traced backwards from the p ilot s eye t i  al t possible e x i t ;  ui s0t~~ .

The program uses standard techniques of vector geometry and opt Ic s ( 1 , 4 ) .

The program is applicable to any canopy design , althoug h appl i ca t ion is limited t o the FPC
in this report. The canopy is specified as a covering net il flat surfaces , each described In the
coordinates in three-dimensional space of the vertices and the rotational order in w ii ich the~ .i ru
listed. The program computes the intersection point of a strai ght-line ra~ given its directional
cosines and ori gin point with a plane containing each surface segment in turn. The r e t i e c t u I

point is that interception point which is contained V thin the edges of the corresp onding
segment. Tile angle of incidence is computed for th is point along with the rcf lect a n~e s,i lnc and
the directiona l cosines for the transmitted and reflected rays. The reflected ra~ then becomes the f
incident ray for the next set of computations.

The program includes obstructing surfaces such as the pilot ’s control panel and s idc armor
panels and also the scat , side armor and gunner ’s sight for the cop ilot. These are specified in the
same manner as the canopy segments with , however , appropriate coding added. The comput ati fl

of a reflection point for a ray or such an obstructing surface renders the computation compl ete
since the ray is considered to be absorbed.

This computation process was repeate d for various pilot-viewing directions indexed over a
quarter sector bounded by vision directly to the front , to the side and top and bottom. In th Is
wa y , a table can be constructed listing all possible internal reflection points and the
corresponding external light orientations and surface entry positions. This approach ~en u ra1cd a
large amount of data (i .e ., approximatel y 60,000 lines for a 10 \ 10 viewing ang le increme nt
Consequentl y, a computer grap hics program was written to show the incident r,is c f l t r \  points
and corresponding primary reflection points as seen from side , top and front views of the FPC ,
and on also a perspective dr iss ing seen from the pilot ’s position. Standard computer gr aphi cs
techni ques were used (7) . The results of this analysis are shuns n by the FPC in Appendix \
containing hard-copy figures of the CRT grap hics disp lays.

The above-mentioned figures show the relationship between incident entr a nce poin ts  on ( i nC

canopy surface and the primary ref lection points on another surface as seen at the pi lu I s
position. These figures show possible relationshi ps between external  sources and nit - r n . ;
(primary) reflections. Tile dat a points could j u t as well have been separ a ted bs ex t e rn a l  light
incident ang les and internal ref le ct ions AlSo possible is a study based on e P i s t l e  scenario s it)
whic h reflections could be shown for external source positions rel~it se to  the a i r c  raft at suitable
values of fl Ight time. Time constr a int precluded these developments dur ing the research; hu iv c-cur
the ahove-ment i m e d  figures show the tota l ref lc~ t Ins possible for an ar ia s ml e x t e r n a l  ir~ht and ,
theref o re , the 11111 extent of the problem.

The p r l ~~t an) is develope d u s readil y applicable to conf igur . it I ris other than the F- Pt . SI u
approac h no. 5 in disc ussions i t  solutIons for an application to a simple curved canopy.)  Thu
program could Just as reac t  i l be applied to other curved conf iguration s simp le or c o mp l e x
Pr ograms were s ta r t ed  to also (1) compute and disp lay ‘ ‘ u~l i r i t ‘ ‘ f or various configura tions , and (2 )

optIma Il~ 
‘ design d l i i i  p’ c o n f i g u r a t i o n s  by numerical  methods . T h ese p i t  g r a m s  ar t -  available

for 
- 

hit ii ri . i s s i s t i nc V hs lIE L t o  other •tge ni es as needed. I nforma t i n  on pri igt .1 11111 ng us

ava Ilable i i  mm I I El. and st il l he relea sed in technical mem orancl ii  m t o r n .

2
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Manual Analysis

Critical light rays were traced manually on candidate canopy configurations to determine
the relative effects of sunlight glint for daytime operations and ground light glare inside the
coc kpit for night operations. The results of these glare and glint analysis are discussed below
under each approach considered. Analysis of the inside light-reflection problem indicated rays
from light sources on the ground caused primary reflections on all canopy side panels and
overhead panels depending on the light incident on the surface. Solar reflections ’ can also be a
problem in daytime at certain sun angles. Specular reflection from the sun interferes with outside
view ing and the pilot ’s ab ility to see targets is impaired by reflections in the visual field.

I
Glint/Glare Reduction Approaches

Var ious approaches were considered for a possible solution to the inside reflection problem
with the FPC. There was some merit in each of the various approaches , even though some may

. have appeared initiall y unacceptab le from the human factors aspect. In eac h approach an attempt
was made to identif y the problem associated with the pilot ’s visua l performance in reducing
inside light reflections.

Approach No. 1

Ref lection-reducing coating such as HEA (5) conforming to MIL-C-14806 (4) and
AMS-252 1 (4) deposited on the surface of cover glass for instruments has been widely used in the
aircra ft industry for both military and commercial aviation. Research is being done to develop a
method to deposit reflection-reducing coating on plastic transparent surfaces. To date ,
informat ion is not available on whether improvements were made to deposit reflection-reducing
coating on plastic transparent surface that can meet environmental requirements. In this
approac h, the assumption is that a suitable method of applying reflection-reducing coating on
plastics may be possible. Tests have shown reflection-reducing coating deposited on glass surfaces
reduce the amount of light reflecte d from a value of 5 percent or 10 percent to less than 1
percent with corresponding gain in light transmission (8). This is not to be confused with various
tinting processes used to reduce brightness from outside. Tinting a transparent surface is generally
associated with serious light-transmiss ion losses and does not help solve the light-reflection
prob lem. Reflection-reducing coating applied to canopy surfaces will improve visibility over
uncoated canopies and w ill reduce the amount of light reflected inside the cockpit. Even though
the light ref lection is not eliminated completely, it is reduced to a leve l that wil l  permit the pilot
to discriminate between the tight reflection and the actual light source on the ground.

Tests will need to be done to determine the exact improvements using the
ref lection-reducing coating deposited on canopies for aircraft. Reflection-reducing coating
applie d to canopy surfaces should enhance any design configuration.

:1
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Approach No. 2

Adjustable visors and curtains were considered as a possible solution to the inside
ref lection problem with the FPC. Different shapes and sizes of visors along with the use of
curtains w hich could be extended in night operations were considered for blocking the inside
light reflected at the pilot ’s eye posit ion. It was determined that to effectivel y block the primary
ref lections at the pilot ’s eye , the visual field would be so obstructed by these devices , pilots could
not f ly by visual reference outside. Adjustment on these devices , during flight , wou ld be nearly
impossib le while operating the controls. This approach was abandoned because it created more
prob lems than it would solve.

•1
Approach No. 3

Opaque louvers (vanes) or slats on inside surfaces of the FPC were considered along
with opaque fences mounted external to impr ove the inside light-ref lection problem. Devices
considered in Approach No. 2 were also considered for possible app! ication (Figure 1).

The main concern was reducing light reflection for the pilot. The pilot has primary
responsibil ity of fl ying the helicopter and should , therefore , be assigned a higher priority than the
copilot on the visual field. However , the copilot is responsible for the navigation task on the
mIssion and must have sufficient uninterrupted visual field to perform his duties as navi gator.
Using a mock-up cockpit of the Cobra with the FPC, observations in the front cockpit confirme d
light rays from a single light source on the ground produced as many as five separate light
reflections at the eye position. Some secondary light reflections were obse rved to be nearl y as
bright as the primary light reflection . The same light-reflection problem prevailed in the pilot ’s
position. The pilot sees some of the light reflecte d on the FPC surfaces in the copilot station. The
side panels cause the most serious light-reflection problem for both pilots. Some light reflections
causing a problem at the pi lot ’s eye are visib le on the sloping front panel. Louvers (vanes) may be
used on the p ilot ’s side panels to reduce the amount of ref lected l ight. However , some loss in the
visual field through the side panels will be experienced by the pilot viewing with louvers . The
extent of occlusion caused by the louvers can be minimized by aligning each louver (vane)
re lative to the pilot ’s eye position. The visual field may be reduced as much as 20 percent with
louvers. The thicknes s of louvers will be the largest contributor to the loss in visual field. Louvers
wi ll appear as bars to the pilot using binocular vision. However , by moving his head slightl y, the
pilot may look at a particular point between the louvers. The louvers should extend from the
forward edge of the pi lot side panels to a point back of the pilot ’s head. At a point approaching
t he 90° side-viewing angle , the louvers should not be angled directl y with the pilot ’s eye or else
external lights will reflect between louvers inside the FPC at the pilot ’s eye positi (un.

The use of the louvers (vanes) on the copilot ’s side panels would create a serious
viewing problem to the copilot and would reduce the pilot ’s visual field forward by 50 percent or
more. Louvers were not considered a satisfactory solution to the light-reflection problem on the
front side panels.
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However , opaque externa l fences (Figure 2) can be installed externally on the
windscreen and on the slop ing front overhead panel to effectivel y reduce light reflections at eac h
pilot ’s position. An adjustable visor located on the forward edge of the pilot ’s overhead pane l
may be used to block light reflection on the sloping front overhead panel. Some occ lusion to
both pilot and copilot wi ll occur in the visual field forward with the use of external fences.
However , occ lusio r. in the copilot ’s visual fie ld will only occur ssh e n v ievi ng through the
w indowscreen and loo kit i c ;I~ . !hr iu~~ F u the overhead panel .

The addition of a pull-type opaque curtain over the ~opIIu~~~s head on the slop ing t r u ni

overhead panel mounted approximatel y mid-distance from the forward edge , would be effective
in reducing 10 or 15 percent of the light reflection inside the f ront cockp it. The curtain will ,
however , create a loss in the visual field forward of about 20 percent for the pilot.

Light reflection in the pilot ’s position should he redui ’d ,ib, ij t  70 percent using the
[- -ne es , ‘, isor and louvers .i-~ d.’ sc r ht ’d in t his approaeh.  1 his does not u ’ uc hu d e a curtain on the
slop irn panel overhe ad 1’i~ ss a the pil ‘ ‘ 1  -~ usual i ‘ t i  j ssm 

~ u.iie d v uth this techni que is
e ’ t ’ m a ted  it JO or 15 perec ‘ 1 l o r ss , r ’ J and ,i h n t  20 t i  .30 per c ent  Ii) the s u J es 1 m m  the pilot s
design eye position.

Light reflection ill the cop il u t  ‘ s ~i s u  lion sh i ld hu reduced .uh u nit 10 or 15 percent .
L u~ S in th e copilot ’s ‘. isual uci d is es t imated at 5 pert  em I\5 ,iI d nd icr’ u to the sides. Tests
must he done 10 ident I t s  .1 fl . ; t c ’ u \  tile impr s ‘rn~~nt on lig ht ref lect ion inside the FPC by using
We pu u c c c l u i r e  out linc ’d in t i n  aap r 5 .u5h .

.‘\ pnroach No . 4

This approach c u I ; u s u $ei ’ e u !  i n co r po ra t i n g  curve surfaces inside the FPC to reduce light
reflections inside the c o c k  pit .

The possibility of .uiding a secondary curved transparent curtain inside the FPC sta s
cons idered. T n t. set lndar , transparent curtain could be thin enough to operate on wind-up
rollers and follow set s of t r ie  i.s with predetermined curves . Iru das light operation , the transparent
curtain s could he ~t .~stt 1 on the pull-up rollers. The transparent curtain could have
ue f l e c t i un ru ’Juus u i c ~ c u u it i n g  a n , ;’ uc ’d. When the transparent surface became unserviceable because
of c hris io n from usage , the s, i rtai n could readi ly be replaced at a re l a t iv e l y  low cost. The coating
would enhance s is i uai  per l imr m ince  through the secondary surface and reduce the amount of light
ref lected , Aft e r doing a ni l~ s is on light ref lections using the transparent curtain with curved
surfa c es , it was determined I i  he unsatisf ‘id t c rv . The light incident on the FPC from external
light source enters the e u ) c I ’ . put  nid is t c f l cc ted on inside surfac es i t  the FPC at about the same
poin ts is st itho it i  t h u  5Cc - u i d a r s  tr.insparcnl curtains. The refrac tions through the thin curve
transparent s u r l ace  is very small and the ang le of the light rays changes s-cry l i t t le. Light is also
reflected on the m o le  curved tr a nsp a rent surface at a different angle than on the FPC , creating
added li ght rehi ections of a t ow e r  magnitude. The transp. irent curtain , therefore , offers no
solution to the light ‘ i t  let l u  “ ‘  problem inside the FPC.
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Approach No. 5

It was decided to took at the possibility of designing curved surfaces for the side panels
on the FPC to be compatible with existing canopy frame structure. Both the solar glint problem
and the inside reflection problem had to be considered in designing the curved side panels.
Several test models of canopy sections were fabricated for evaluation. Figure 2 depicts the curved
side panels designed for consideration. The surface is a simple curve designed to reduce solar glint
and reduce inside reflections on a canopy configuration for the Model 209 AH-IS helicopter. Test
sect ions incorporating the curve design were observed under bright sunlight conditions from
morn ing to evening in order to look at the full range of sun angles. The curve configuration - ‘

per formed as well or better than a flat plate with vertical sides under solar light. When compared
with the FPC, performance was better with curve surface because the inwar d slope of the side
panels on the FPC caused glint at sun angles 15 degrees or more.

The inside light reflections were analyzed using computer data developed for the FPC,
but computer graphics have not been applied to the results. Inside light reflections from external 1’

- light sources were reduced by about 70 percent as compared to the FPC.

It was necessary to incorporate opaque fences on th e top of the canopy, Figure 2 , to
prevent a solar glint problem from the upper curve sections of the canopy. The fences also serve
to reduce ins ide light reflections from a bright sun and from lights of other aircraft such as in
formations f lying at night.

The canopy incorporating curved panels will increase the forward visual field by about
20 percent over the standard curved Cobra canopy. Also , the curved side panels provide better
vis ibility downward than the FPC or the standard curved canopy because of the outward bow
effect. The pilot is able to see about 5 degrees inward looking down from a vertical plane.

The curve surface on side panels will help to reduce flutter associate d with helicopter
sibrations expe rienced with the FPC.

The configuration incorporating the curved side panels should form a canopy shell that
can readi ly be fitted to the existing canopy frame structure of the Model 209 AH- lS helicopter.

A mode l of the improved canopy confi guration should be tested on a moc k-up coc kpit
before a flying model is fabricated for test.

CONC L US IONS

Based on the work done by HEL to look at various approaches for a possible solution to the
inside light-reflections problem on the FPC Model 209 AH- IS , it appears onl y one solution is
acceptable , considering t he human factors aspect of the problem. That is a redesi gn of the FPC
incorporating curved side panels describe d in Approach No. 5. This would produce a minimum
inside light ref lection in both day and night operations. This approach also produces less solar
glint.

In addition , if reflection-reducing coating is applied to transparent plastic surfaces such as
canop ies , it would enhance any canopy configurat ion used for helicopters.
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APPENDIX

ENTRY POINTS A ND PRIM ..\RY-R [FLECTION POINTS

Figure 1A shows all possible entry points whic h can genc ’ r .utc p m :mat ~ ref lect ions reaching
the pilot ’s position , Figure 2A shows all possible primary reflection points. Both figures are in
perspective as seen from the pilot ’s position of the canopy transparent sur faces. The fol lost ing
Figures 3A through 31A show a breakdown h~ surf aces ui e ntry points on one surface and
primary reflection points on another . The I ~u u rcs occur in pairs for eac h such surface relationshi p
ss uth the first figure being s ude , t i p  .in i in nt . icws and t he fo llo’t i ng e~u u r c a correspond np
;ie rspective for the p i to t ”~ n( u rnrn .m l e \ c ~ pos i t i  ti ,
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