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11 6. A b.t ract
This report describes the work accomp lished in reducing reflections on the facep lates
of the Plan View Disp lays (PVDs ) while increasing the level of ambient li ghting , at
Test Area D of the Boston ARTCC control room . This was intended , respectivel y, to
improve the observation of PVD fli ght data by the air traffic controllers , and to
facilitate reading and walking in the immediate aisle area . Raytheon li~ hting cxp rt -

identified glare and reflection sources and li ghting deficiencies , measured their
various intensities with photometric test equi pment , and provided practical sugges-
tions to rectif y the li ghting problems. Their technical investi gation , supp lemented
by extensive treatises on the optical definition and a literature review of the
subject lighting reflection dilemma , was consolidated in a separate Raytheon Report
and is attached to this FAA report. NAFEC engineered the li ghting and equipmen t
modifications advised by Raytheon. NAFEC human factors personnel surveyed the
controller ’s opinions of the changes in the control room . Their work and findings
arc briefl y described in this report. Details can be obtained in NAFEC Report No. F4-
RD-77-50.

The results of this project were the significant reduction of the PVD reflections and
glare , and an increase in the ambient illumination , at the test location in Area 0.
It was concluded that: (1) the glare and reflections could be significantly reduced , 

V

but not eliminated , by minor equi pment modifications; (2) the ambient li ght level
could be increased to provide adequate visibility in the work aisle , but an exception-

V ally brig ht level could not be tolerated.
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PREFACE ub. - -

Th e physical properties of light and reflections are natural phenomena
that cannot be changed. Therefore , any undesirable effects caused by
light sources must be minimized by compromises and clever adaptation.
Light that is incident to the front of a phy sical sur f a c e  w i l l  a lway s
produce some reflec tions. This simp le effect often creates objectionable
problems particular to the observation of an object through the front
surface of any optical medium.

Since the in t rodu ction of radar , the phenomeno n of li gh t r e f l e c t ions
has disturbed operators. The need to monitor disp lay s has conf ined V

ther-t to dark control rooms devoid of the offending li ght that would
otherw ise obscure the scopes wi th r e f l e c tions and glare. Many d i f fe ren t
solutions have been proposed and imp lemented in the past to reduce
light reflections , but none have yet served as an absolute cure .
The problems associated with increasing ambient li gh ting wh i le simul taneousl y
attenuating reflections are compounded by the complexity of the optical
environment created by the numerous l ight paths in the control room.

Sincere appreciation is conveyed to Dr. Richard M. Carr and Mr. ..harles M.
Hal l  of Ray theon Company for their systematic and exhaustive work on the
Ligh ting Stud y at the Boston Air Route Traffic Control Center (ARTCC)
man i fe sted by the text of this fina l report. Their unrelenting devo tion
to this effort has resulted in significant improvements to the control
room l ighting environment.

Much credi t  for hav ing fa ith f u l l y cooperated with the FAA/Raytheon
Lighting Study team is given to the personnel of the Boston ARTCC.
Special  gratitude is extended to Mr. Theo Layton of Airways Facilities
for  h is assistance in coordina t ing the sequence and loca ti on of the
lighting modifications in the control room, and equal l y so, to Mr. Ed

Walsh of Air T r a f f i c fo r his represen ta tive fu nc tion in f aci l i ta ting
the important information exchange between the air traffic controllers
and the L ighting Stud y team.

For their outstanding work in fabricating the various modifications
which have improved the control room light ing, the technicians and
craftsmen of the National Aviation Facilities Experimental Cencer
are highly commended. Also , a special acknowledgement is expressed
to Mr. Morris Georgian, cartographer of the Boston Center , for having
produced the black negative maps.
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EXECUTIVE SUMMARY

The Bo s ton ART CC Lighting Study was a technical program intended to
improve the l i g h t i n g  s i t u a t i o n  encounte red  by ai r t r a f f i c  con t ro l l e r s  in
the control room. It had two purposes: to reduce the reflections
that interfered in observing flight data on the Plan View Disp lay (PVD)
faceplates , and to increase the level of room li ghting to adequately
illuminate the center aisles for walking and reading.

In the stud y at the Boston A.RTCC, Raytheon lighting experts determined
the sources of glare and reflections , and suggested methods and material
that would minimize this light. They documented this work for SRDS
in a report entitled “Air Route Traffic Control Center Lighting Study.”
The Raytheon report is attached to this FAA final report and includes
an extensive technical definition of glare and reflections , and a review
o f l i t era t u r e an d fo rmer st u dies  on these optical phenomena.

NAFEC directed the project engineering of the lighting and equipment
modifications proposed by Raytheon. Human factors personnel from
NAFEC surveyed the controllers ’ opinions on the changes. Details of
their work, briefly summarized in this report , can be obtained by
referring to NAFEC Final Report No FAA-RD-77-50.

It is concluded from the Boston ARTCC Lighting Stud y that glare and
reflections on the present PVDs can be significantl y reduced , but not
eliminated , by only minor modifications to the control room equipment
and physical  surroundings .  Also concluded was that the level of control
room li ght ing can be raised to permit bet ter  v i s i b i l i t y  in the cen te r
aisles. However , an exceptionally bright control room cannot be
tolerated.

The following modifications to the equipment and lighting of the
ARTCC control room are recommended by SRDS for field implementation :

1. Sheets of li ght control material should be placed between
the sector maps and windows of the overhead console mapboards.
This would establish a specific viewing angle for the contrc4ler
of the map that would inhibit li ght transmitted to the PVD’s
across the aisle.

2. The present louver assembly attached to the fli ght stri p lamp
fixture should be rep laced by one with longer , three-inch
dirc-ctive fins. This would more effectivel y shield li ght
away from the adjacent PVD.

3. Special fluorescent dimme r controls should be installed for
the p lenum li ghts. These controls would permit a subdued
room li ghting level that would not be seen as reflections on
the PVD~.

ix
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4. F o r m - f i t t i n g  p ieces o f green f i l t e r  p l a s t i c  should be
attached to the indicators and paper shield of the fli ght
strip printer. These otherwise intense glare sources will
be greatl y attenuated by this type of filter material.

5. The area supervisor ’s desk should be equipped wi th a highly
directiona l work lamp and a one-foot high light baffle along
its three edges. This arrangement will prevent the desk
light from illuminating adjacent PVD facep lates.

6. The present  covers on the PVD keycaps should be rep l aced
w i t h  ones made from photonegative film. These “negative ”
keycaps emi l much less glare-producing ligh t.

Due to the comp l e x i t i e s  imposed by the nume rous li ght  pa ths  inside
the control room , it is practicall y impossible to full y attenuate all
light reflection sources by modify ing the physical surroundings of the
room. However , these modifications have significantly improved the
ambient lighting situation and have attenuatec many sources of light
incident to the Plan View Disp lays. V

x
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INTRO DU C T I ON

P11 RP0 - 1- -

The object ives of the Boston Air Rout V~~~~~~~~f f i  Con t ro l  Cen te r  (ARTCC )
Li ghting Stud y we- re to increa s t h e  l e v i l  of ambient lighting in the
ARTCC control room and to reduc e the amount of g l a re and r e f l e c t i o n s
on the Plan V i w  Disp lay (PVD) facep la tes in order to provide the
capab i l i ty for air traffic controll ers to observe unobscured PVD
fli gh t data in an ade quatel y illuminated environment. These objectives
originated from judgements by the en route controllers that the li ght
reflections and glare were annoy ing and i nt er f e r e d  wi th th e i r
moni to r i n~ of di sp layed flight data , and tha t th c con trol room
li ghting was insufficient for reading memoranda and for walking in
the center aisles.

ORGANIZATION.

The Li ghting S tud y .a~ conduc ted in Area D of the  Bo ston  ARTCC
c o n t r o l  room and was a coopera tive e f f o r t be twe en th e FAA and th e
Ra\ theon Company. Raythe on performed their work under Contract
No. DOT-FA~~MA-373~ for Sys tems Research & Development Service (SRDS)
and docu mented it in a report for SRDS entitled “Air Rou te Traffic
Contro l Center Li ghting Stud y. ’ The Raytheon report is attached
to this FAA final report , No. FAA-RD- 7b-203 .

Th e Raytheon report defined the optical p henomena associated
w i t h  t h 1i~~h Ling problems and described their work in t h e  L ig h t i n g
S tud y. Their a ctivi th- ~ consisted of measuring thc intensities
of the various light sour~- es with photometric test apparatu s ,
conp i l i n . ~ and  analyzing this l i gh t ing data , and , f r o m  t h i s  a n a l y s i s ,
p r o v i d i n g  i- c n . d i a l  m o d i f i c a t i o n s  to thc  c o n t r o l  room equi pment
and [i . - h t i n . A l s o  c o n t a i n e d  in the  R ay t h e o n  r e p o r t  is a l i t e r a t u r e
r( v i c s  m d  b i b !  i o gr a p h y on the  s u b j e c t  I ~~h t i n g  p r o b lem s .

I’ d r - o a f l (  1 cm-i t h e  National Aviation Facilities Experimental
(~ n t ~ r ( N A t - Id ; )  e n J n e er e d  the lighting modifications advi-m d hy
R a v t  I - c  on and -- u r v  y e  ci t he  c o n t r o l l e r s  op i n i o n s  of t h e  cliaii ..a
T h e i r  work and f i n d i n g s  a re  b r i e f l y  d e s c r i be d  i n  t h e  D i s c u s s i o n
s( c t i o n .  D el  - l i  I s  of the NAFEC e n g i n e e  r i n g  m urk and h u m a n  f a c t o r s
s t u d \  m. i l l  he doc mm n ta. d in F i n a l  R e p o r t  No . FAA—R U — 77 .

_ _ _  ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ‘
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DISCUSSION

GENE RAL.

The s i g n i f i c a n t  improvemen t s  a c h i e v e d  in t ime Bos ton  ARTCC Li g h t i n g
S tud y m~e r ~ in t i i c  f o r m  of e l e c t r i c a l  and m e c h a n i c a l  m o d i f i c a t io n s
to the  c o n t r o l  room e q u i pment  and f a c i l i t i e s . The t y p e s  t h a t  were
experimentally m o d i f i e d  we re the overhead  rnap boards , the f l i ght
s t r i p p r i n t e r, f l i ght  s t r i p l i gh t i n g , the  PVD conso l e s , the ’ are- a
s u p e r v i s o r ’ s de sk , and the a m b i e nt  l i g h t i n g .  These m o d i f i c a t i o n s  i n vo l v e d
a t t e n u a t i n g  v a r i o u s  sou rce s  of annoy ing r e f l e c t i o n s, w h i l e  c o n s t r a i n e d
w i t h  i n c r e a s i ng  the  l eve l  of room i l l u m i n a ti o n .  The r e t r o f i t s  were
bas ic  in n a t u r e , and t he i r  i n s t a l l a t i o n  d id  not  c o n s i d e r a b ly interfere-
w i t h  a i r  t r a f f i c  c o n t r o l  (AIC) o p e r a t ion s .

MAP BOARDS.

Two m e t h o d s  were  t r i e d  In order  to e l i m i n a t e  the  PVD r e f l e c t i o n s
o r i g i n a t i n g  f rom the  br i ght  map boards  above the c o n s o l es :  3M Brand
Li gh t  C o n t r o l  M a t e r i a l  and b l ack  n e g a t i v e  maps .

Li gh t  C o n t r o l  M a t e r i a l  is made by the  3M Company , V i s u a l  P r o d u c t s
D i v i s i o n .  I t  is a shee t  of p l a s t i c  hav ing  an o p t i c a l  s t r u c t u r e
composed of many sma l l  “v e n e t i a n  b l i n d ”  type louve r s  t h a t  d i r e c t
l i g h t  w i t h i n  a sp e c i f i c  v iewing  angle .  An i l l u m i n a t e d  obj c t

V beh ind  th i s  m a t e r i a l  can onl y be seen when an observer  i s  s i t u a t e d
V w i t h i n  t h i s  v i e w i n g  ang l e .  O u t s i d e  of i t , the  e n t i r e  shee t  appea r s

-
‘ b l a c k  and opaque .  T h i s  is so , because the louve r s  b l o c k  the  l i g h t

i n c i d e n t  to an observer  o u t s i d e  of the ang le .

Lig ht  C o n t r o l  M a t e r i a l  was p laced  between the f r o n t  window of t h e
map board and i t s  i l l u m i n a t e d  IFR a i r  c ha r t .  W i t h  t h i s  m o d i f i c a t i o n ,
the cha r t  was v i s i b l e  to the c o n t r o l l e r  below i t , and y e t , i t s
image was i n h i b i t e d  f rom being formed on the PVD f a c ep l a t e  d i r e c t l y
across the  a i s l e .

The b l ack  n e g a t i v e  maps are  p h o t o n e g a t i v e  r e p r o d u c t i o n s  of the
standard mapboard charts and are made from DuPont croluxR film.
On the  b l ack  map , the al p hanumer ic s and the  vec to r  l ines are
t r a n s p a r e n t  and s u r r o u n d e d  by an opaque  b lack  back g r o u n d .  When
i l l u m i n a t e d , t h i s  “w h i t e  on b lack”  n e g a t i v e  map i n h i b i t s  much more
l i gh t  t h a n  the  s t a n d a r d  “ b l a c k  on w h i t e ” t y p e .

I)
When ins talled in p lace of the standard IFR chart , the black m ap
appeared  as its negative and was discernible to t h e  c o n t r o l l e r
f rom any d i r e c t i o n .  I t s  s t rong  p o i n t  was i t s  b l o c k i n g  of cxce - --s
map board  l i g h t  f rom the PVD s i t u a t e d  ac ro s s  the - a i s l e .

2
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Th e 3M Li ght Control Material was judge d superior to t he black
maps in reducin : map hoard  l i g ht  i n c i d e n t  to t h e  op p o s i t e  PVD f a c e .
A l t h o u g h the b l a c k  map r educed  much e x t r a n e o u s  l i g h t , it cou ld
still be no ticed as a reflection on the opposite PVD fic e , w h i c h
became progre ssively noticeable with tb -i usm. of black maps showin ,.,
increasing ly more transparent information. The 3M material not
onl y si gnifi cantly reduced the map board reflection on t h e  opposi te
PVD , but , by its louvered structure , dir e ct e d light onto the aisl e
f l o o r , aiding tim ambient li ghting. Also , th e b lack  maps  me r m
rela tive l y eXp e n~ l y e  to produc e- and would need rep lacement wh oev e r
the need would aris to add , delete , or c h a n g e  any i n f o r m a t i o n  on
the b l o c k ’-.ia ps .

It should be noted t h a t  the -  3M m a t e r i a l , as  well as the black maps ,
c o u l d  p r e s e n t  somc r e s o l u t i o n  d e f i c i e n c i e s  when used  to d i s p lay
finel y de ta i l e d  VFR aeronautical charts. These cnarts , al tho ugh
i n f r e q u en t l y u se-d by the controllers , are somatimes needed during
certain instane- es of ATC work. A pos sible remed y for this
incompa t i b i l i ty is to contain charts of this type into a connion
‘ w indow shade” that is mounted above the fli ght stri p bay under the
mapboard. To access the chart (s) the shade is pulled down over the
top part of the fli ght stri p bay ,  thus permittin g close access
t e then ) by the  c o n t r o l le r s .

FLIGHT STRIP LIGHTiNG.

The fli ght stri p l i gh t in 5 a t the M l console  “D” po si t ion s were
investigated during the Li gh t ing S tud y because  of l i gh t sp ill age
from the fli ght strit’ lamp onto the PVD face. Several
me thod s were s tu d i e d , bu t the best solution to this particular

-

- 
p r o b l e m  was t h e  attachment of ii longer set of three-inch louvers to
the f l i g h t  s t r i p l amp fixture. It was made similar to the ori gina l
equ ip ment. louver attachmen t , wit h r e spec t to mechan ic a l f i t , and
was covered m,-i tii a clear p l ast ic s l e e v i n g  fo r  pro te c t i on f r om t he
f i n  edges of the louvers. These deep louvers were extremely effici ent
i n  p r e v e n t i ng l i g h t  sp i l l a g e  on to  the PVP f a c e  by directioning li ght
only to the- flight stri ps be low and a w ay  f r o m  t h e  a d j a c e n t  PVD f a c e .

ANBIENT LIGHTING.

The problem of in sufficient amble-nt lightin g involved cop i n g w i t h
a dark environment in the control roo:n in order to minimi .e .mnnoving
PVD r e f l e c t i o n s  t h a t  w o u l d  have h e e  n dras t ica ll~ i n c r e a s e d  by the
introduction of a b r i g h t e r  l e v e l  of I i ;h t  i n g .  To improve  t h i s
s i t u a t i o n , w h i c h  h i n d e r e d  r e a d i n g  and walking in ihe c e nt e r a isl e s ,
a new l i g h t i n g  c o n t r o l  s y s t e m  was i n s t a l l e d  i n  Aia 0. I t  u t i l i z e d

-n ~JL~~~~ 
- ‘~~m-i - - - r.- -~~~~~~~~



-- --V — —-- , —V -- ~~~~~~~~~~ ~~~~~~~~~~~~~ -— —-.--- --V—V 

I
cIt -tron i c dimmer controls specially suited for fluore scent li g iitin.
ajm p l i e a t  i o n s .  T h i s  s y s t e m  p r o v i d e d  c o n t i n u o u s  a dj u s t m e n t s  fo r
b a l a n c i n g  the  two rows of p lenum lights on top of the Ml comsoles.
The R a y t h e o n  l i gh t i n g  personne l e xp e r i m e n t e d  w i t h  t h i s  s y s t e m  V

and d e t e r m i n e d  op t ima l con t ro l s e t t i n g s.  This  e s t a b l i s h e d  a
s u b d u e d  IeVCV l of ambient illumination without seriousl y affectin g
the P lan  View Disp l a y s  w i t h  r e f l e c t i o n s .

The new dimmer sys t em increased the  ambient  l i g h t i n g  in the cont ro l
room , i n d i r e c tl y ,  by having permitted low lig ht leve l s e t t i n g s  t h a t
we re o b v i o u s l y b e t t e r  than  hav ing  had no l i ght  at a l l , the l a t t e r  b e i n g
t h e  onl y p r a c t i c a l  mode of ope ra t ion  fo r  the o ld  s y s t e m .  L o g i c a l ly,
when t h e  p lenum li ghting was raised above the prescribed amount it
proportionall y increased the reflections on the PVD faces and thus
manifested a contradiction of the two main objectives of reducing
reflections and increasing the room lighting .

It should he noted that other , more familiar types of light dimmers
(e.g. autotransformers; “SCR ” type units) were not tested because
of their incompatibilities at low light levels for controlling tluorescent
lighting .

Another approach intended to improve the contro l room ambient lighting
was the exper imenta l  i n s t a l l a t i o n  of Luxor  Brand “Vita -Lite ” fluorescent
bulbs  in to  the p lenum f i x t u r e s  of Test  Area D . The bu lb s  have a s o f t
lig ht emission that resembles natural outdoor li ght, with respect to
the visual frequency spectrum. They were tested to evaluate their
potential in providing more efficient illumination to allow the
reading of memoranda and to ensure the avoidance of unseen obstacles
in the aisle area. The introduction of Luxor lamp s for the p lenum
lighting was only a slight improvement and did not invite further
testing, al though very little negative criticism of them was conveyed V

by the controllers. The Luxor lamp s were also tried in the flight
strip fixtures , but did not significantl y improve the legibility of the
pr inting on the flight stri ps , and did not contribute towards solving
the contrast and light distribution problems relative to the PVD and
the adjacent fli ght stri ps.

The application of 3M Light Control Material on the rnap boards , as
previously described (See MAPBOARDS section), contributed signifi-
c a n t l y in inc reas ing  the  amb i e n t  l i g h t i n g .

Fli ght Strip Printer.

Two disturbing glare sources were the br i ght~~ illuminat e d paper ~~ i e

emer g ing from the flight stri p printer and its “Rea dy ” and “First Line ”
indicators. To attenuate the paper light source , various ti l t e r material
were cut in the form of the orig inal clear paper shield , substitut ed ,
t e s t e d , and e va I u a t e d .  U s i n g  the 5,-mci mat e r i m i  , f i i  Ler  e v e  rs ms re mad

4

- ~~~~~~~~~~~ --~~~ -- -~~~~~~~~~-~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~ V - - V-



_ .~ .n,(Z T~ ‘ - -.———.—~~ . 
. ‘ . ‘ ‘  — -

~~—.--.-—-—- ~~~~~~~~~~~~~~~~

and app lied to the indicators. Filters made from a green transparent
plastic proved superior in r e d u c i n g  t h e  g l a r e . These  p r a c t i c a l ,
low—cost modifications were very easy to install , S~~flCC the new
green paper shield was fabricated as a direct replacement for the
origina l one , and the green plastic covers for the indicators
were simp ly app lied with a small drop of adhesive .

Area Supervisor ’s Desk.

Th e superv isor ’ s desk was a ma in  source of l i g h t  t ha t  cause  r e f l ec -
tions on nearby PVD faceplates . To remedy this , a li ght baffl e and
a h ighly directional work lamp for the desk s u r f a c e  were  i n s t a l l e d
and t e s t e d .

Five different desk lamps were evaluated , all having deep shades
for directing li ght flow only to the desk surface- . The lamps were
used by the s u p e r v i s o rs of Areas  “A” t h r o u gh “D” of the  c o n t r o l
room at their respective desks . The ones preferred , jud ged by li ght
directioning capability , were the Tensor Model 6500 and the Luxo
“Student Crownlight” model desk lamps . The Raytheon li ghting
personnel anal yzed both , and chose the Luxo l amp . It was chosen
because it used a readily available incandescent bulb , rather than
the 12 volt “auto ” type bulb in the Tensor mode l , and because it
had a longer, more versatile arm for better lamp positionin g over
the desk .

The twelve inch high baffle was composed of three wooden boards ,
painted black , and connected together widthwise , and was attached
to the three ed ges of the desk surface opposite that of the  s u p e r v i s o r .
This modification inhibited li ght reflections from the desk glass
surface. Both modificati ons prevented desk light from disturbing
controllers at nearby sector consoles.

Plan View Display.

The many keycap s of the Plan View Display were disturbing glare
sources to the controllers and were correctively modified b apply ing
photonegative inserts. The new keycap inserts were - made - from a
photographic film and appeared as the inverse of th i- original
“positive”keycaps, having a black background with t r a n s p a ren t
lettering . The light emitted by the internal lamp passed through
only the alpha-numeric legend and thus much excessive li ght gtar~-
was significant ly reduced and Lhc’ keycap  appeared more - le’ g i bft .
This m o d i f i c a t i o n  was i n e x p e n s i v e , s imp l e to install , and  i l s o
inc luded new nomenc l a tu r e  p r i n t e d  on the  i n s e r t s  for  b e ’ t t e - r  im- p r e --
s e n t a t i o n  of the  f u n c t i o n  name s they symbolized.

Not f u l l y covered by the  Raytheon R epor t  we r e -  two mod ! f i c . m t  ions
to  the Plan View D i s p l a y  : thc t i l t  dev ice  and I ht ’ woven sc r~ e 1 i g.
These items , althoug h initiall y very p r e m m i s i n - . -. iii concept , m~- a ~

unsuccessful , when imp lemenLeel , In sit I si v i  nt ; t h e  Li ght i r i g  St  ii Iy
goals.

5
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The tilt device was a mechanical retrofit to the PVD that provided
an adjustment of inclination angle , with reference to the
horizontal, from 6 degrees to 68 degrees. Its purpose was to
provide a viewing angle of the radar screen to the controller
tha t would cause a minimum of front-surface reflections on it.
When tested , the reflections were not significantl y reduced ,
regardless of ang le , and the modified PVD was difficult to
maneuver whenever the need would arise , as , for instance , a repair.

The second modification involved the placing of a woven screening
material on the PVD viewing surface. This was intended to disperse
reflec tions from light incident to it. The material was a black
polyester mesh cloth , named PeC ap , and manufactured by Tetko , Inc .
Although it decreased reflections without apparently degrading
resolut ion, the woven screening had a very low value of li ght
transmissivity (Light passage characteristic) and therefore’
required the CRT intensity to be set at an excessively high level.
This would ser iously shorten the CRT life. Another disadvantage
is the restrictive angle in viewing the ATC data caused by the
op tical geometry of the woven screening . Also , most controllers
remarked that the modified display had an appearance of l o o k i n g
in to  “a long, dark, hole . ” The woven sc reen ing m o d i f i c a t i o n  was
therefore rejected by the Light ing Stud y.

6
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Human Factors Study.

The NAFEC Human Factors Study involved preparing , administering ,
and eva luating questionnaires , in order to measure the general
levels of acceptance or rejection by the controllers of each of
the lighting modifications . Each questionnaire contained mostly
“yes or no” type questions and others required answers weighted
according to a five-point scale. Also , written comments and
suggestions pertaining to the individual modifications and the
overall lighting problems were invited .

The majority of controllers accepted the following modifications:

3M Light Con trol Map boards
Extended Louvers for the Fli ght Str ip Lighting

• Fluorescent Dimmer for the Plenum Ambient Lighting
Green Filters for the Flight Strip Printer

• Light Baffle and Directional Lamp for the Supervisor ’s Desk
Photonegative keycaps for the Plan View Display
Luxor Fluorescent Bulbs

Not accepted were the following modifications:

. Black Nega t ive Maps
Timer-Switch For Mapboard Light ing (For descri ption , refer to
Raythe on Report , section 5.2.2)
Under- the-Console Lamps (For description , refer to Raytheon V

Report , sec tion 5.2.1)
PVD Tilt Device
Woven Screening

The results of the surveys indicated that the glare sources in
the control room and the reflections on the PVDs had been attenuated
by the total effort of the Boston ARTCC Lighting Study program.
This improved the situation by an order of magnitude when compared
to the previous lighting conditions.

For details of the Human Factors Study, including facsimiles of
the questionnaires with tallies of the resultant data , refer to
NAFEC Final Report No. FAA-RD-77-50.

7
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CONCLUSIONS

The Bos ton ARTCC Lighting Stud y has identified the glare and the
ref lect ion sources in Test Area D of the control room , and ha s p rodu ced
various equipment modifications to attenuate these problems . Concurrentl y,
the Lighting S tud y has allowed an increase in the ambient light level.
Howev er , bo th of these accompl ishments have no t, and could not have been
opt im ized , because of the fact tha t a substantial increase in the
ambient li ghting to match tha t of , for  examp le , a typ ical office room ,
would caus e a commensura te and very undes irable amount of reflec tions
of this li ght on th e f aces of nearby PVDs. This conflict of objectives
clearl y indicates the crux of the lighting dilemma : the mirror-like
front surface of the PVD visual faceplate. Ideally, a disp lay with no
opticall y reflective viewing surface , such as would be found in an image
proj ection system , would obviate this conflict. Unfortunatel y, bo th the
physical requirements of computer-generated ATC data , and the present
state-of-the-art in disp lays technology presentl y prevent  th is concep t
from materializing .

It is therefore concluded that:

1. Glare sources in the control room and reflections on the
presen t PVD fac es can be significantl y reduced , but canno t
be comp le tely eliminated by performing minor modifications
to facility li ghting and ATC equi pment.

2. The level of ambient li ghting in the contro l room can be
imp roved , to a moderate extent , that now p e rm its v i s i b i l i t y
of the work aisle in Test Area D. However , under th - pr esent
conditions , an excep ti on a l l y bri ght contro l room canno t b&
tolerated.

9
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RECOMMENDATIONS

The recommendations proposed herein constitute the official rep ly
from Systems Research and Development Service (SRDS), ARD-100, to Air
Traff ic Service (ATS), AAT-l0O , based on the R ,D&E Request No. 9550-
AAT-IOO-34. Those ideas and suggestions directl y or indirectl y
exp res sed by the Raytheon Company in this report do not necessaril y
represent the official recommendations of SRDS, and are to be regarded for

informational purposes onl y.

It is recommended that:

1. The foll owing ARTCC control room modifications should be
imp l emented in the field:

MODIFICATION L N I i  ARTCC ARTCC
U N I T  EQUIPMENT COST QUANT I T Y~e COST*

1. 3M Li ght  Con t ro l  M apbo ards  $50 105 $5250
M a t e r i a l  (3  Un It s per

sector)

2. Extended Louvers Fli ght Stri p $30 35 (1 unit $1050
Lighting per sector)

3. Dimmer Control Plenum Li ghting $70 ~‘ ( 2  u n i t s  $ 560
pc-r a r e m )

4. Green Filters Fli ght Stri p $25 35 (1 unit $ 875
Printer per sc-ctor)

5. Lamp and B a f f l e  Arc -a  S u p e r v i s o r ’ s $40 4 ( 1  u n i t  $ I h O
Desk per  a r e a )

6. Negative Keycaps PVD C o n s o l e  $5 35 (1  u n i t  $ 175
pe r  PVD c o n s o l e )

Tot I Estima ted Cost I’ e r ARTCC: ~

Cost and quantity ot modific ation units was b ase d on a projected
mean value of 35 sector consoles p e r each ARTCC. (Source- : AAT- lO0 ,
Projected Number of D o r r u - s t i c  S c t o r i - . , l 1/ 2 / 7 t i :  1q 7 7  e s t i i ~ - i t e )

2. Major emp hasis and h i gh priority should l)e p laced on tIfl.
developm en t of ii new cathode-ray tube with an anti-re f l e c t i m e

viewing surfac e- . Work is pr -- ~ent l y h i ng  eondue :te d by ~— Rl g-- and

NAFEC t owards t h i s  goa l in conjoin t i m - . f u l f i l  I n c  n t  o t  t I r e
subject R ,l)A E ~55o R equest No.  A A T - l 0 O -~~~.

11
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The followi ng pages describe and illus trate the above modifica tions
recommended by SRDS to ATS that would improve the ARTCC control room
li ghting situation. They provide genera l gu id el i nes regard ing the
s p e c i f i c a tion , fabrica tion, and installation of the subjec t retrofits.

I
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MODIFICATION UNIT #1

3M LIGHT CONTROL MATERIAL ON MAP BOARD S

Desc rl p tion :Two 10-3/8” x 33” pieces  of the 3M L ight Control
M aterial are taped togethe r , along th e i r  longer s id e s , to form one
comp lete unit to fit in the mapboard. The unit is then taped , along
its perime ter , to the rear of the cl ear p lastic cover located over
the a ir  map. A v a i l a b i l i t y  Source: 3M Company , St. Paul , Minn. 55101.

Specifications: Louver Material-Opaque Black
Surface-Glossy
Fil ter Color-Clear
Aspec t Ratio-3 .5:1
Louve r Ang le-1 8° V

All othe r specifications are standard.

Rear View of Map board As semb ly

Top Side

I - 
~~~1 

3 3I ~

10—3/8 ”  

- i i
- i i

10—3 /8 ” V

~~~~~~~~~ Ti~~~~~~~~~~~J

Bottom Side Li ght Contro l Material

1’ kide Clear Tape

Mapboa rd FrameTheory: Top
I:’ -r ron L ~ t~ear a

Louver Ang le
—f

Viewing Ang le 
~ ,v~~~22 4—- Louvers---4 b Aspect 

— a / b
(48°) ~V :— ] Ratio —

Bottom
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MODIFICATION #2

E X I E N L ’ E D  LOUVERS FOR FL IGH ’I ’ STRI P LIGHT

Descri ption: This assemb ly of deep metal louvers is
a direct phy sical replacemen t fo r the presen t V

standard set of louvers that direc t ligh t to the
flight strips. It is fitted , on the l ight-emitting
side , with a clear plastic shield. Availability
Source: Local fabrication at NAFEC .

Fronta l View of Louver Assemb ly

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Cl ear pl ast ic Shield -

1 ’’
5/~~” 3 / s ”

1 
~~~5/~~~~ V~ 2” 2 - 5/-s” 
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______ /-:,_ [

3~/s ” 

~~~~

- - - V I E W  A - A ----  - - -—______

1- 4

- - - - V -*~~~~- - V - ’ - V — -~~~ ~~~~~~~~~~~~~~~~~~~~~ — - - - -  - -  
_ , TT~~~~~



the L’VL)s.

— --V  - - -~~~~~

MODIFICAT ION UNIT #3

DIMMER CONTROL FOR PLENUM LIGHTS

Descri ption: The fluorescent lamp dimme r , Luxtrol type ,
mode l no.  LFD- 1OA , made by Superior Electric Co., installs
in a standard 2½” deep sing le swi tch box and can be used
with any standard switchplate . An interna l switch opens the
i n p u t  to the sys tem when the knob is tu rned  to the “O f f ”
position. A low intensity adjustment is located on the fron t
of the unit and is covered by the switch p late when installed.
Source : The S u p e r i o r  E l e c t r i c  C o . , B r i s t o l , Co n n e c t i c ut  06010.

Dimmer Control

low leve l
adjustment

Suggested Installation Diagram
blackE~~ ~~~‘ibrown I

Branch C i r c u i t  D i s c o n n e c t  And l r j e / w h  B 1O2 4R

O v e r c ur r e n t  P r ot e c t i o n  To Mee t  b l u  
b a l l a s t  ~~ d 

“
“a

N . q  r~~~~~

jI LFD-10A 
— — 

F~ 0 W T I 2 / R S _ i~~~ IL~~Luxtrol I

LINE F4OWT 12 /

120 VOLT ~.jhite

60 HERTZ I
NEUT~~L~~~~~~ —

Load Limit s :2 ballasts m m .
10 lamps max . To Add it io n al l arnp/halla St

Combinations
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MODIFICA’l ION UNIT eL~

GRt :EN F i l l  ER S FOR F I 101fF STR 11’ PR I NTF ; R

Descri pt ion : The filter cove r for the paper illumin a tor is
f a b r i c a t e d  f r o m  c l e a r  g r e e n  f i l t e r  p l a s t i c .  I t  is c u t  to the
d i m e n s i o n s  of tile orig inaL clear paper cover to fit i n t o  i t s
retaining slots on top of the printer. The same type of green
fi lter p lastic is cut to fit each surface of the “Read y ” and
“First Line ” indicators. A small drop of g lue app lied to each
corne r of the inner surface of the indicator filters ensures
sufficient adhesion to the indicator surface-s . Availability
Source : Rehr -Hairs Co ., Philade l ph ia , PA; Green P l e x i g l ass ,
Sha de - Number 2~;92.

Green Clear  ______

P1~~st ic F i l t e r  

~~~~~~~~ 
~ 

____

FIRST Green Clear
LINE ~~ Plastic Covers

For Indicators
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MODIFICATION UNIT #5

LAMP AND THREE-SIDED BAFFLE FOR AISLE SUPERVISOR ’S DESK

Descri ption :The baffle is composed of three nieces
of one-foot wide , quarter-inch thick pl ywood ,
painted black, and mounted along the adjacent
three sides of the desk surface. The lamp is
the Luxo Crownh i ght s t u d e n t  desk lamp and has
an elongated shade with a recessed incandescent
li ght bulb . Availability Source: Baffle made
at NAFEC. Lamp from Luxo Lamp Corp , Port Chester , NY 10573

1 ft.
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MOhil-ICATION PSI I ~ i
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contain new and impr ov e d ft .c tot , a~id ar I ta I I c  d in a
sane nov as the ori g inal i t t s e  rts . A v c i l a b i t i t v  Source : Local
fabricat ion at NA FEC.
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1 .0 INTRODUCTION

1.1 Background

The introduction of the Plan V iew Display ( PVD ) in the vert ical posi-

t ion  at Air Route Traff ic Contro l Centers (A RTCCs ) has resulted in  the

specular reflections from opposing display surfaces , walls and ceiling on

the face of the display . Prior to the introduction of digita l narrowband

radar , the PVD presented only broadband radar and was positioned at 6° from

horizontal. When in this position , the specular reflection problem did not

exist.

Since the PVDs have been set at 68° from the horizontal position ,

complaints have been raised by controllers about the specular reflections.

The first attempt to solve the problem consisted of turning off both the

direct overhead lights~and the indirect lights loca ted in the plenums behind

the consoles. This succeeded in eliminating the specular refl ections emanat-

ing from the walls and ceiling , but caused four other , more serious problems .

First , the extinguishing of the overhead lighting failed to eliminate the

the specular reflections on the other side of the aisle , e.g., map board9,

flight strips , etc. Second , since the control room was darkened considerably,

it became difficult to walk down the aisle and to read or write at any posi-

tion but the “A or D” controller positions. Third , the difference in illumi-

nation l evel between the relatively dark PVD and the bright flight strips has

led to complaints of eye strain since the radar controllers must visually scan

back and forth between the PVD and the flight strips . Fourth , the decreased
V 

illumination revealed a new problem of distractin g glare sources from the

supervisor ’s desk , speaker bezels , printers , and flight strips .
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Preliminary investigations of this problem were undertaken at the

National Aviation Facility Experimental Center (NAFEC ) and potential im-

provements were i dentified. These investigations could not be carried

further at NAFEC because of differences between NAFEC and the standard

ARTCC environment due to l ower ceiling height , non-carpeted floors, etc .

Therefore, the evaluation of potential improvements was conducted at the

Boston ARTCC.

The goal of this study is to reconinend a working environment simila r

to that which existed prior to placing the PVDs in the vertical position ,

i.e., a well il~uminated control room similar to the standard office work-

ing environment while eliminating glare on working surfaces and reflections

on PVD faces. Combining implosion shields and anti-glare coatings with

etching for large cathode ray tubes is also being considered but since this possi-

ble solution is only in the early stages of development , this study will Con-

centrate on eliminating specular reflection and glare wherever possible by

determining the maximum ambient illumination which can be allowed with

minimum specular reflection from the existing PVD screen surface .

1 .2 Purpose and Scope V

This program was initiated in response to an R/D Test and Evaluation

request by AAT-100 to Systems Research and Development Service (SRDS) as a

result of the submittal of Form 9550-AAT-lOO-34 , ARTCC Control Room Lighting.

The purpose of this program was: 1) to identify and measure the sources of

specular reflections in the control room; 2) to review the literature for

possible solutions to the problem; 3) to provide near-term , l ow-cost recom-

______________________
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mendations for eliminating these ref lections; 4) to evaluate efficacy of

these recomendations in an operational sett ing at the Boston ARTCC and ,

5) to provide l ong-term solutions to obviate the specular reflection problem

in its entirety and to raise the general ambient light to a comfortable level .

This study was performed at the Boston ARTCC under SRDS management with

support from NAFEC , the FAA New England Regional Office and Raytheon Company .

NAFEC was responsible for the engineering of modifi cations , implementation and

evaluation . The New England Regional Office provided the manpower for pro-

gram coordination and hardware installation. Raytheon Company performed the

lighting study , identified and measured reflection and glare sources , recomend-

ed possible sol utions and assisted in the evaluation .

The ARTCC Lighting Study identified objectionable specular reflection

sources and made recommendations for their elimination in the following

areas:

1. Ambient Illumination - Including the specular reflections
of the walls and ceiling caused by the direct illumination
from the ceiling lights and/or indi rect illumination from
the plenum lights . The reflections on the PVD emanating
from the direct illumination of the supervisor ’s desk is
also covered in this area .

2. PVD Surround Reflections - Including the specular re-
flection on the opposing PVD , the glare on the adjacent
PVD from flight strips or, the M-l console , the glare from
the pushbuttons and indicators on the PVD console , the
specular reflection and glare from the flight strip printer
and printer indicators , and the specular reflection of the
map board associated with the opposing PVD .

3 
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2.0 SOURCES OF SPECULAR REFLECTION AND GLARE

2.1 Definition of the Ref lection Problem

The refl ection problem on the PVD is common to all ARTCCs . Four

distinct bands of reflection , shown schema ti cally in Figure 2.1 , and as

seen by the controller in Figure 2 .2 , are encoun tered on the PVD: 1) A

dark band corres pond ing to the refl ection of the unders id e of the cano py

is seen at the top quarter of the PVD. 2) A second light band caused by

the reflection of the wall or the ceiling (depending upon whether the

PVD is located along the center aisle or along the wall) is seen in the

upper middle quarter of the PVD. 3) A bright band caused by the refl ection

of the opposing map boards is seen in the l ower mid4le quarter of the PVD.

4) The lower quarter oi the PVD reflects the lights from the opposing

console and flight stri ps .

1. CANOPY

2. WALL OR CEILING

3. MAP BOARD

4. CONSOLE AND
FLIGHT STRIP S

FIGURE 2.1 - PVD REFLECTIONS

The dark band reflecting the underside of the canopy does not dis-

tract the controller , but rather enhances the target to background image on

the face of the CR1 . In the second reflection of the wall or ceiling , the
specular reflection from the overhead light s and the plenum lights is one of

4
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the principal sources of reflection on the PVD . The overa ll problem is

complicated by the non-uniform ambient illumination at the various ARTCCs

as shown in Figure 2.3, 2.4, and 2.5 and by individual differences among

controllers as to what they consider to be a serious reflection problem .

The map boards are the single greatest source of specular reflection

in the face of the PVD . They are mounted above the PVDs and M-l Consoles

at 30° from the vertical and are rear illumina ted by a standard 40 watt fl uo-

rescent l amp . A diffusing filter is placed between the lamp and the trans-

l ucent map. The angle of the map boards is such that they are reflected in

the face of opposing PVDs as shown in Figure 2.2.

The console l amps and flight strips reflected in the l ower portion

of the PVD are normally blocked out by the body of the controTler and cause

minimum controller distraction.

2.2 Definition of Glare Problem V

There are four principal sources of glare in the ARTCC: 1) the push-

buttons and indicators that surround the PVD and the illuminated keys of the

keyboard mounted below the PVD ; 2) the flight strip fluorescent lamp and the

speaker bezel ; 3) the printer face and the printer indicators ; and 4) the

supervisor ’s desk illumination. In all these cases , the illuminating sources

are too bright and the extreme change in illumination between them

and the PVD apparently causes eye fatigue as the R—cont roller looks from these

sources to the PVO face.

The pushbuttons and indicators that surround the PVD presently have

a single rheostat controlling both sides of the PVD. Since the sides are not

6
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equa lly ba lanced , when the darker side is bright enough to be legible , the

lighter side becomes a glare source . Figure 2.6 shows this difference in

brightness as well as the difference between the PVD face and flight strips .

The most difficult problem to resolve is that of satisfactori ly illumi-

nating the flight stri ps so the light level is compatible wi th the PVD . The

1/2” mechanical louvers presently located under the flight strip l amp do not

adequately deflect the stray light from the face of the PVC (as s hown in 
-

V

Fi gure 2.6); therefore, the radar controller has two major complaints: 1) the

strong light on the edge of the PVD face is distracting, and 2) he is forced

to accomodate his eyes as he scans back and forth between the PVD and the

flight strips. The difference in contrast leads to complaints of ey -  s t ra in.

If the intensity of the flight strip il lumination is lowered to the point

where the stray light on the PVD is eliminated , it is almost impossible to

read the flight strips. Additional complicating factors are that the most

important region of the flight strip area is that which is closest to the

PVD , and that the fl uorescent lamp has a 2:1 ratio in il lumination intensity

from the center to the edge , w hich causes the area closest to the PVD to have

the least amount of illumination . Also , the polished aluminum bezel of the

speaker acts as a reflected glare source . The high intensity illumination of

the printer and printer indicators shown in Figure 2.7 are also glare sources .

The general ambient illumination has been reduced but the supervisor

must have adequate illumination for the performance of his tasks; therefore ,

supplementa l illumination is required at his position . In those ARTCCs where

the supervisor ’ s desk is located in the center of the a is le , f l uo re scen t  l amps

have been located on the desk. These l amps emit either direct or reflected stray

light off of the surface of the desk. This is distracting to the controllers .

10
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3.0 FIELD INVESTIGATIONS

3.1 Purpose

The At lanta , Cleveland and Washington ARTCCs were visited in an attempt

to identify all the sources of reflections on the PVC to determine if ARTCCs

were exper iencing comon problems , to identify possible differences in contro l

roon~ arrangements , to make comparative measurements of the lighting conditions

at each of the ARTCCs and to obtain suggestions from Center personnel in solv-

ing the problem .

The prima ry sources of glare and ref lection onto the face of the PVD

were due to the ambient illumination , the map board and the flight strips. The

specific details of each are covered in the following paragraphs .

3.2 Ambient Illumination

The ambient illumination in the ARTCCs consists of five principa l com-

ponents: the overhead lights which are seldom used and are , therefore , not a signi-

ficant factor; the indirect lighting emanating from the four rows of plenums ; stray

light from the map boards; reflected light from the flight strip charts; and V

stray light from the supervisor ’s position . The differences in the overall

ambient illumination of the three Centers visited , as well as the Boston ARTCC ,

were due to variations in illumination of map boards and flight strips rather

than the plenums . Extinguishing the indirect lighting emanating from the plenums

l ocated along the walls did not significantly reduce the ambient room illum ina-
I

tion , but did remove the wall reflection from the PVDs l ocated in the center of

the room . Increasing the output of the lights in the center plenum provided a

13

. . -- 



50% increase in ambient room illumination in Atlanta , Cleveland , and Boston

wi thout significantly i ncreasing the ceiling reflection seen in the PVDs

along the walls. Comparative mean illumination readings for the four Centers

is provided in Table 3.1 to show the variations from center to center. Of

those visited , only the Atlanta Center appeared to have adequate control over

the plenum lights . In no case, were the illumination sources balanced so

that equal ambient illumination could be provided. In addition , in all cases

a number of plenum lights were not operable. If adequate ambient illumination

wi th minima l reflection is to be provided , all lamps must be operable and

balanced.

In both Atl anta and Cleveland , the supervisors ’ positions are located

too close to the controllers ’ positions. The lamps on the supervisors ’ desks

cast considerable stray and direct light on the controllers ’ positions at the

front of the room . The supervisors ’ positions should be moved back and desk

lamps with deeper shades provided to prevent direct illumination from reach-

ing the controllers . Five possible lamps to be used on the supervisors ’ desks

were identi fied for evaluation at the Boston Center.

3.3 Map Board Illumination

The 3M Light Control Film sample was tried on the map boards . it appears

that the 18° angle film with a 3.5 to 1 aspect ratio will provide both the

V Controller and Supervisor from their positions in the contro l room with visua l

acces s to the map board and , at the same t ime , elim inate the reflection of the

map board on the PVC across the a isle. The 300 angle film allows only the con-

troller to view the map board .

The light control film is a thin plastic sheet incorporating black

microlouvers which work like venetian blinds to control light and viewing angle.

14 
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TABLE 3.1

COMPAR AT I V E  MEAN ILLUMINATION READ INGS AT ARTC CENTERS

BOSTON WA SHINGTON ATLANTA CLEVELAND

1. Ambient Illumination in Aisle 0.13 ft—c 0.13 ft-c 0.38 ft-c 0.38 ft-c 1

2. Flight Strip Illumination 10.0 ft-c 10.0 ft-c 8.0 ft-c 10.4 ft-L

3. Flight Strip Surface 19.1 ft-L 5.1 ft-L 9.8 ft-L 5.4 ft-L

4. Plenum Illumination 0.50 ft-c 0.90 ft-c 2.1 ft-c 2 0.32 ft-c

5. Canopy Indicator Lamps 7 .2 ft-L 11.0 ft-L 7.2 ft-L 7.2 ft- L

V 6. Supervisor ’ s Desk Surface 27.6 ft-L 25.2 ft- L 14.5 f t- L 28.9 f ’ -L

7. Printer Paper Illumination 79.0 ft -L 81.8 ft-I 40.9 ft - L 50.3 ~ t - L

I
8. Printer Indicator Lamps 50.5 ft -L 25.2 ft-L 28. 9 ft-L .1 f t  -

9. PVD Indicators 0.60 ft-I 0.32 ft-L 6.3 ft-L 1.3 ft - L

10. Typewri ter Lamps 2.2 ft-I 2.0 ft-L 0.64 ft-L 2.2 f t - L

11 . Map Board Illumination 7.2 ft-I 6.4 ft-L 6.0 ft-L 5.4 f t - L

1 lncreased Ambient Levels to .75 ft-c.

2lncreased Illumination to 2.6 ft-L .

3Glass Cover Not Used On Supervisor ’s Desk

4lncreased Illumination to 1.3 ft-c.

15 
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When placed in front of a lighted display , it directs light into a controlled

viewing pattern and blocks out light from external ambient sources. The louver

angle directs the angle of light transmitted through the film while the view

angle is determined by the spacing between the louvers . This is shown in

Figure 3.1.

0 Light Source

Observer 
_ _

I 

Straight Louver

View in
~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

An gle Louver

Aspect Ratio

FIGURE 3. 1 - 3M LIGHT CONTROL FILM OPERATION
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In a subsequent meeting with 3M Company at the Minneapolis ARICC ,

larger oieces of the 3M Light Control Film were tried. This investi ga t ion

demonstrated that the i deal choice is the 18° opaque black louver wi th a

3.5 to 1 aspect ratio. In order to cover the map board , two pieces , 10-3/8 x 33 in.

are required. These pieces are taped directly behind the clea r plastic map

board cover . Use of this speci fic light control film p rovides an unl imited

v i ew of the map board to the controller , a black non-refl ecting surface to

the controller at the opposing PVC and an unobstructed view of the upper 4/5 of

the map board to the supervisor. In order to view the l ower 1/5 of the map

board , the supervisor must bend forward slightly. Since the light control film

focuses the light from the map board to the center of the aisle , this should

increase the ambient illumination of the ARTCC .

3.4 Flight Strip Illumi nation

There is a wide variation in the illumination setting of the flight

stri ps between controllers. This was observed at all Centers . When the illumi -

nation is high , three problems exist. First , the reflec ti on i n the PVC on

the opposite side of the room is distracting. Second , the Ra dar controller

sh ifting his attention back and forth from the relatively dark PVD to the

bright flight strip chart may suffer eye muscle fatigue . Third , the light from

the flight strip lamp spi l ls over onto the PVD. When the f l ight str ip lighting

is l owered to a degree which minimi zes these problems , the st rip s can no longer

be easily read.

17
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3.5 Sumary

All of the v isited Centers agreed that the reflection problem exists ,

but none had any suggestions describing how to allev iate the problem . There were

a few isolate d coninents from controllers concerning eye strain and headaches.

The general consensus among controllers volunteering opinions was that the re-

flections on the PVD is a problem , but they have learne d to live w i th it .

Utilization of the light control film was demonstrated at all Centers , and

there was general agreement that it appeared to solve the map board reflection

problem . The ambient illumination and flight strip problems required a more

extensive investigation and these subjects are covered in the following sections

of this study.

18 
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4.0 SUMMARY OF LITERATURE RESEARCH —

A separate report synopsiz i n g  the available literature in the areas of

glare and reflection as related to the ARTCC environment was completed and

is in Appendix C of this Final Report . Although some 150 reports were found

dealing with glare and reflection , only 32 applied either directly or indirectly

to the ARTCC lighting problem . The majori ty of the literature was found to

address the problems of veiling rather than specular reflection . The follow-

ing paragraphs sumarize the more pertinent results of the literature search.

4 .1 Circular Polarizers

Circular polarizers effectively reduce specular reflections from the

face of a CRT screen . However, they cause several secondary problems : (1) they

are useful only for limited ranges of the light spectrum ; (2) they reduce

the transmittance of the light from the screen to the observer; (3) specular

refl ections appear on the face of the circular polarizer i tsel f and , (4) they

are very expensive . Colma n et.al . (1958) attempted to design an invisible

glass shield to be place d over the ciruclar polarizer in order to eliminate

these specular reflections . This seems to complicate the problem rather than

solve i t because it does not eliminate the problem of limited spectrum range

of polarizers , and the glass introduces problem s of parallax.

4.2 Wire Mesh Filters

Wire mesh techniques effectively eliminate specular reflection problems

but , under the low ambient conditions found in the ARTCC control centers , wire

mesh fi l ters lower the transmittance of light to unacceptable levels.

19
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4 .3 Color /Neutra l F i lters

Color /neutral f i lters effec tively increase the contrast between the

characters and the screen background. However , by themselves they do nothing

to el i mi nate s pecular reflec ti on problems .

4.4 Etches

Etches tend to eliminate specular reflections , but unless the etching

is carefully controlled , it may cause unacceptable losses in character reso-

lut i on , thereby leading to eye fatigue due to the loss in display legibility .

4.5 ~p~ical Coa ting

Opt ical coatings probably p rov ide the bes t method of reduc i ng specular

reflections. Hampton and Carr (1967) determined that glass coated on both

sides by an Optical Coating Laboratory HEA coating provides the most efficient

coating available. But inherent problems with coatings still exist: (1) they

do not reduce non-specular reflections; (2) they are susceptible to loss of

resolution by oily films and fingerprints ; (3) they are not resistant to

abrasion; (4) they are viewing -angle sensitive

4 .6 Etch i ng and Optical Coat i ng

The process developed by Spanier et al (1972) combining etching and

optical coatings is a first step to answering this problem of reflections on

the PVC face. This process apparently eliminates all the objections to etch-

ing . it also eliminates most of the problems associated with optical coatings

with the exception of applicability to non—glass surfaces. If the non-glass

implosion shield can successfully be placed between the face of the CRT and

the face p la te , the p rocess w i ll show consi dera b le merit .

20

L V——- — -—-  -- -— - —--  ----—V.___ -—- V. - - —-
~~~~~~~~~~~~~~~~



—
~

-- -~~- -~~ 
-- -- -

- 
‘
~~~~

- - - - - -— - — - - ----— 
~~~

- -—--‘.———
~~~~~~~~~ 

- -

4.7 Ambient lighting

In addition to the specular reflection problem there is also a

problem of the ambient lighting in the environment. The recommendations

of the Parsons ’ Report (1970) for control room li ghting have not been

followed in their entirety. Also , the Parsons ’ Report does not deal ade-

quately with the entire PVC reflection problem . The ambient room lighting

must be balanced to eliminate the li ght/dark contrasts found on the walls

and cei ling. The present general lighting installations are incapable of

bein g balanced effectively and persist in causing specular reflections on

the PVD face.
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5.0 EVALUATION PROCEDURE

5.1 Description of Test Facility

Area C of the Boston ARTCC was designated by the FAA as the test

facility for this l ighting study . This area is l ocated at the rear of the

ri ght side of the control room and consists of 12 display positions , 6 on

each side of the room. The 6 positions are numbered 15 through 20 at the

center of the room and 1 through 6 along the right wall. Table 5.1 presents

the potential improvements for each of the problem areas and Figure 5.1 is

a schematic diagram of the experimental area showin g the location of the

improvements to be evaluated in this study . Each of these improvements is

discussed in Section 5.2.

5.2 Descri ption of Potential Improvements

5.2.1 Ambient Illumination

A new set of dimer controls was installed to control the plenum lights

in Area D. At the same time , the fl uorescent bulbs and ballasts were checked

to insure proper operation . One Superior Electric , Model No . LFD-lOA dimmer

controls the ei ght fixtures on each side of Area D. This provided a continuous

control over the ambient illumination . The indirect ambient was set at 1.3 foot-

lamberts (ftL) as measured off the ceilin g of the contro l room . Th i s bri ghtness

was the maximum setting that could be obtained without havin g distracting wall

and ceiling reflections on the PVD .

In order to increase the illumination on the floor in the aisle , under-

the-desk lights were installed . These consisted of four-foot fluorescent fix-

tures with single 30 watt Vita-Lite lamps under each of the M-l Consoles at

positions 1 , 2, 15 and 16.
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5.2.2 Map Board Reflection

In order to elimi nate the map board reflections on the PVC , the

followin g improvements were installed for evaluation: The location of each

is shown in Figure 5.1.

1 . An AMF Model No. CHB-38-700l3 variable timer was installed

in the li ghting circuit of the map boards over positions 17

and 18. This is designated as I1.
~
. on Figure 5.1. The vari-

able timer could be set to illuminate the map board at an

interva l from 1 to 80 seconds after the controller activated

a switch. The rationale for the timer was that the reflec-

tion of the map board would be eliminated at all times when

the controller was not using the map board .

2. A second possible improvement in the map board illumin ation

was the use of photo-negative “black” maps , shown in Figure 2,

similar to those installed at the Los Angeles ARTCC . In its

simp lest form, these are white lines on a black background .

The “black” maps were installed in positions 5, 6, 19 and 20.

The rationale for the “black” maps was that since the majority 
V

of its area was black and opaque, the reflection on the opposing

PVD would be minimized while still retaining map legibil ity .

3. The third potential improvement was the installation of 3M

Company Light Control Film. After preliminary tests, the

optimal type to be employed consisted of two pieces of

10-3/8 x 33 in., 18° black louver with a 3.5:1 aspect ratio,

clear , glossy and taped to the rear of the plastic cover
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located over the map. This is shown in Fi gure 5.3. The

rationale for use of the light control film was that the

controller and supervisor would be able to view the map,

but the black louvers imbedded in the film would eliminate

the majority of the light which is normally reflected onto

the face of the opposing PVC. Six map boards in positions

1 , 2, and 16 were selected for the evaluation of the light

control film .

4. The remaining map boards contained the standa rd maps for

baseline data and comparison in eva l uating the above im-

p rovements .

5.2.3 Flight Strip Illumination

In order to relieve both the glare and reflection problems associated

with the M-l Fli ght Strip Console , the following improvements were chosen for

evaluation .

1. The fl ight stri ps marked “F” on Figure 5.1 were designated

as controls for this eva l uation . They contained only the

fluorescen t lam ps .

2. The fl ig ht str ip s desi gnated “FL” con tained the standard

1/2-inch ,in-depth , black egg—crate metal louvers .

3. The flight strips marked “F x” contained both the b lack

louver cited above and a 3-1/4” x 36 ” p i ece of vert i call y

louvered light con trol fi lm w i th 30° b lack , clear , glossy

louvers with a 2.75:1 aspect ratio mounted between the

27

- ~~_ V-V.--- V -.~~~: 1 9 ~ I~~ -~~~ - 



- --- --V. - — — - - V  -- - - --
~~~~~~

--- --

~~~~~~

- - -—
~~~~~~~~~~~~~~~~~

-—-- - V.

~~~~~~~~~~

I

‘
-VI

~1~

1~I—’

c-I

(1

I .

‘V.-

- - V  - - - V. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V .-- - -- 



- V. — 
V. -

~~
- - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

fl uorescent bulb and the louver. Early in the evaluation ,

i t was found that the 36-inch piece of light control film

caused too great a reduction in illumination of the flight

strip. Therefore, the last 12 inches farthest from the

PVC were removed . Removing this piece succeeded in increas-

ing the illumination of the fl ight strips to an acceptable

level , and the 3-1/4 x 24 inch piece of light control f i lm

was used in the evaluation.

5.2.4 PVC Console Pushbuttons and Indicators

In order to reduce the glare being emitted by the pushbuttons and

ind icators on the PVC console , the standard keycaps located on the PVDs lo-

cated at positions 2, 5, 6, and 16 through 20 were replaced with photo-negative

legends. The photo-negative legends consist of a black background with clear

letters; therefore , the lamp behind the keycaps illuminates the legend only.

Measurements of the difference in intensity between the standard keycap l egends

and the negative keycap legends were made .

5. 2.5 Printer Illumination

The printer provides two separate and distinct sources of glare :

1) the top of the printer where the printed flight strips are illuminated

and 2) the READY and FIRST LINE in dicators on the front of the printer.

To find an adequate solution to the glare emanating from the top of

the printer , the following potential improvements were eva l uated :

1. The pr inters labeled PC located at position 19 , as

shown in Figure 5.1 , were used as controls with no

added improvements .
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2. Printers at positions 1 , 16 , 18 were fitted with a gray

filter , ~CE , between the lamp and the printed flight

strip to reduce the glare .

3. Printers located at positions 2, 5, 6, 15 , 17 , and 20

were fitted with a green fi l ter , ~AB between the lamp

and the flight stri p.

In order to reduce the glare from the printer indicators , the follow i ng

potential improvements were eva l uated:

1. Those printers labeled P~ located at positions 2, 6, and

15 served as controls .

2. Printers located at positions 16, and 18 were fitted with a

gray filter , 
~GY’ 

over the indica tors.

3. A green filter , 
~GN’ 

was placed over the printer indicators

located at posItion 17 .

4. Three l ayers of self adhes ive 3 mil Light Diffusing Fi lm , made

by the 3M Company , were placed on printer indicators located

at positions 5, 19, and 20.

5.2.6 SuEervisor’s Desk

To eliminate the glare emi tted at the supervisor ’s desk , the followinq

improvements were evaluated:

1 . A black wooden baffle 10 inches in height was placed

around three sides of the supervisor ’ s desk in Area C.

30
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2. Five different types of lamps were purchased for

evaluation on the supervisor ’ s desks . Althou gh the

lamps were different i n illum i nat i ng source , sha pe

and construction , each had a shade deep enough to

prevent direct illumination from reaching the con-

trollers . In the control room , one of the lamps was

p laced on each of the four su perv i sors ’ desks and the

fifth on a desk in the rear. The la mp at Area A was

an Electrix Petite Lamp with a high intensity bulb.

Area B had an Electri x Classic wi th a conventional 40 watt

bulb. Area C had a Luxo-Crownlight Student Lamp with a

conventional 40 watt bulb. Area D had a Tensor Model 6500

Lamp with a high intensi ty bulb. The rema in ing lam p was

a Tensor Model 450 Lamp with a high intensity bulb.
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5.3 Evaluation Criteria

A set of four criteria was develo ped for the evaluat i on of the

proposed ARTCC lighting improvements .

1. Lighting measurements - At least a 40% reduction in

brightness shall be achieved for the map boards , flight

strip glare , printers and supervisors desk . At least a

40% increase shall be achieved in the overall ARTCC ambi-

ent illumination .

2 . Recommendations of experts - The ex pert recomendations

of Human Factors , Environmen tal and Medical personn . l , are

based upon the photometric measurements , their evaluat ion

of the li ghting improvements and interviews with the

Controllers .

3. Acceptability of the improvements in lighting as seen by

ARTCC supervisory personnel in response to the question-

na ire.

4 . Acce ptabili ty of the various improvements as seen by the

Controllers in response to the questionnaire .

5.4 Photometric Measuremen ts

5.4.1 Photometric Test Equipment

All measurements of reflected l ight taken at the Boston ARTCC were made

usin g a Gamma Scientific Model 2000 Telephotometer using a 20 minute aperture .

T he Tele photometer was cali bra ted pri or to takin g the measurements usin g the

internal cal ib rator . Direct measurements of the intensity of the ambient

illumination were made with a Gossen Lunasix li ght meter using the diffuser lens

an d the measurement was converted to foot-candles. Measurements made with the tele-
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photometer have an accuracy of 1~ and those made w ith the Lunasix have

an accuracy of approximately 10.. due primarily to errors inherent in the

lo grithm ic conversion process of the readings to foot-candles.

5.4.2 Descript ion of Measurements

The types of photometric measurements are summari zed in Table 5.2

and the points at which the measurements were taken are presented in Fig-

ures 5.4 through 5.8. The specific values for each of these measurements

are presented in Appendix A.

Measurements of the ambient illumination are shown in Figure 5.4.

The “x ’s” denote the point of measurement and the circled numbers define

the type of measurement taken . Measurements 1 through 6 were all taken

one foot from the floor in the center of the aisle. Measuremen ts 7 through

9 were taken five feet from the floor at the center of the aisle. Measure-

ment 10 is the measurement of the light reflected off the ceiling by the

balance d p lenum lig hts . Measurements 11 and 12 are the intens ity of the

under-desk fixtures .

The pos i tion of the measurements of all map boar d improvements evalu-

ated is shown in Figure 5.5. The flight strip measurements are shown in

Figure 5.6. The measurements taken on the PVC console are presented in

Fi gure 5.7 and the printer measurements in Figure 5.8.

The following refl ection measurements were taken off of the PVC safety

glass: the map board , the fligh t strips , the ceilin g or wall , the printer ,

the speaker bezel and a piece of wh i te cardboard held 18” from the PVC face .

Values were recorded of the present conditions and the proposed improvements .
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TABLE 5.2

SUMMARY OF PHOTOMETRIC MEASUREMENTS

A. Ambient Illumination

1. Normal ambient (control condition )
2. Ambient wi th under-desk lights
3. Ambient with light control film on map boards
4. Ambient with balanced plenum illumination
5. Intensity of under—desk lamps

B. Map Boards

1 . Standard Map Board (control condition)
2. Photo-negative map (“black map ”)
3. Light control film over map board

C. Flight Strips

1. No louver in fixture (control condition)
2. Louver in
3. Louver and light control film

C. PVC Console

1 . Standard keycap l egends (control condition)
2. Photo-negative keycap legend

E.  Printer

1 . Standard printer illumi nation (control condition)
2 . Green filter
3. Gray fi lter
4. Standard printer indicators (control condition)
5 . Green filter over indicators
6. Gray fi l ter over indicators
7. Light diffusing material under indicators

F. Reflection on PVD

1. No reflection on PVD (control condition)
2. Map Board
3. Flight Strips
4. Ceiling or Wall
5. Operator
6. Speaker Bezel
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5.5 Subjective Eva l uation Procedure

The evaluation questionnaire presented in Appendix B was developed

by NAFEC to obtain a subjective evaluation of the changes implemented in Area D.

The questionnaire was distribute d to a group of 31 controllers , area super-

visors working on any of the three da ily shifts , and superv i sory personnel

familiar wi th the purpose of this study. Additionally, 10 of the controllers

were randomly selected for a post-questionnaire interview . The questionnaire

contained 17 questions. Questions 1-6 required a choice of two alternatives

and dealt with general attitudes concerning the reflection problem and the

evaluation of the under-desk lamps . Questions 7-13 dealt with the evaluation

of specific potential improvements. A five point rating scale was employed

in this case . Question 14 was not answered since it was not possible to

implement the nylon mesh cover on the CRT . Questions 15-17 consisted of short

essay response concerning further suggestions for improvement , a reaction to V

the im p l emente d chan ges and an overall  evalua ti on of the poten ti al improve-

ments and eva l uation procedure .
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6.0 RESULTS

6 .1 Photome tric Measurements

All of the photometric measurements made in this study are presented

in A ppendix A. This section summarizes these measurements and describes the

degree of improvement obtained by each of the potential improvements at the

Boston ARTCC .

6.1.1. Amb i ent Illumination

At the onset of the evaluation , the ambient illumination at the center

of the aisle measured 0.13 ft-c at a height of one-foot from the floor. This

level of illumination made it quite difficult to avoid any obstacles close to

the floor when walkin g down the aisle and made it impossible to read any written

material . Balancing the pl enum illumi nation by use of the new dimmer controls

to L3 ft-L on the ceiling made it possible to increase the ambient illumination

to 0.32 ft-c at the same one-foot height from the floor while maintaining

acceptable limits to the wall and ceiling refl ections. The effective use of

these dimer controls increased the aisle illumination by a factor of approxi-

mately 2.5.

The addition of the light control film over the map boards focuses

the light from the map boards towards the center of the aisle. The illumi-

na tion in the center of the aisle was thereby increased to 0.75 ft-c. This

represents a factor of 5.75 over the original measurement of 0.13 ft-c.

The under—desk fixtures , when illum inated to maximum intensity (97.0 ft-c),

provided 1.5 ft-c to the center of the aisle , but were di strac ting sources

of glare to the controllers. When the intensity was reduced (16 ft—c ), they

provided only 0.75 ft—c . Since this value is equivalent to that provided by

41
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the map boards, the under-desk lamps appear to be unnecessary . Also , as

installed , they are a potential safety hazard since there is nothing to

prevent the controller from accidently kicki ng the fixture and breaking the

bulb.

The use of Luxor Vita-Lite fluorescents rather than Cool White in

the plenums, map boards, and flight strip fixtures is recomended. The Vita-Lite

bulb more closely simulates natural outdoor light while the Cool White casts

a highly discernible yel l ow color .

6.1.2 Map Boards

A total of fifteen measurements were taken across the face of a map

board . The mean brightness measured across the standard map board presently

in use was 30.5 ft-L. The mean brightnessof the photo-negative map was 5.1 ft-I

taking into account both black and white areas. Therefore, photo-negative

maps provide a six-fold decrease in illumination . When the light control

film was placed over the maps , a mean brightness at the controller ’s position

was 17.6 ft—L and only 0.4 ft-I at the opposing console on the other side of

the aisle. The light control film provides more than adequate illumination

of the map at the controller ’s position and effectively removes the reflection

of the map board on the opposing PVD.

6.1.3 Flight Strips

Six measurements were taken on the PVC console. The mean amount of

stray light falling on the PVD from the flight strips without louvers was

6.1 ft-L . Nine measurements were taken on the flight strip area and a mean

brightness of 34.9 ft-L was obtained . The addition of the standard 1/2 inch

42
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louver lowered the stray illumination on the PVD console to 1.4 ft-I and to

19.1 ft—L on the flight strips. Inclusion of the light control film reduced

the stray light on the PVC console to 0.27 ft-I but , at the same time, also

reduced the illumination of the flight strip area to 2.7 ft-I which is just

adequate for legibility of the flight strips . The substitution of the Vita-

Lite fluorescent lamp for the Cool White lamp appeared to increase legibility

of the flight strips. However, this substitution was made after the formal

evaluation and no photometri c measurements were made . The aluminum bezel on

the speaker located on the flight strip area is a glare source, (89.0 ft-I)

and should be painted a matte black.

6.1.4 PVD Console

There is approximately a two order-of-magnitude difference in the

illumination of the PVD pushbuttons from one side of the console to the other.

The positive keys (clear background w ith black letters) had a mean brightness

of 33 ft-L on one side and 0.5 ft-L on the other. The negative keys (black

background with clear letters) had a mean brightness of 0.2 ft-L on either

side . The negative pushbutton legends provide an adequate illumination for

the controller in terms of both visual comfort and visibility .

Photometric measurements were made of the reflections directly on the

PVD. Where no reflections existed on the PVD , the background brightness mea- V

sured O .7 ft-L. The standard map board provided a reflection brightness of

0.64 f-L while the map board covered with the light control film measured

0.18 ft-L , which is negligibly different from the background. The uncovered

I’
. flight strip measured 1.60 ft-L which was reduced to 0.42 ft-L when the lou-

vers and light contro l film were added . The addition of the louvers and light

control film appears to provide a significant reduction in the reflection
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brightness. When the plenum lights were set at a brightness level of 1.3 ft-L

at the ceiling, the ceiling reflection measured 0.25 ft-L which is well wi thin

the controller ’s tolerance limits for reflection. The operator himself casts

a reflection measur ing 0.20 ft-I on the face of the PVC . The aluminum speaker

bezel provided the greatest reflection on the PVD measuring 2.1 ft—L.

6.1 .5 Pr inter  I l l u m i n a t ion

Measurements of the illumination of the printer paper were made using

the standard clear plexiglass , a green plexiglass filter , and a gray p lexi g lass

filter. The values were 77.0 ft-L , 8.1 ft—L , and 23.0 ft—L , respectively.

These measurements demonstrate that the green filter is most effective and

in the testing provided approximately a ten-fold reduction in printer illumi-

nation while retaining adequate legibility of the flight strip printing.

The printer indicators were measured with no filter , a green filter ,

a gray filter , and 9 mils of 3M light diffusing material . T he av era ge measure-

ments of bri ghtness for the two indicators were 50.5 ft-I , 9.5 ft-L , 21.5 ft-L ,

and 19.0 ft-I respectively. The green filter provided the maximum brightness

reduction .

6.2 Subjective Evaluation

The evaluation questionnaire is presented in Appendix B. A total of 31

supervisors and controllers responded to the questionnaire . Since all respondees

did not answer all questions , a l l  d i chotomous ques ti ons are summ ar i ze d i n

percentages of agreement. Where the respondee was presented with five choices .

the responses were scaled on the fo l low i n g f i ve po int scale an d avera ged to
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obtain a mean ranking .

Excel len t  5
Good 4
Fair  3
Poor 2

Bad 1

The las t three questions called for controller comments . These are

summari zed and discussed in Section 7.0. The results of the evaluation ques-

tionnaire by i tem are as follows :

1 . Needed improvements

a. Reflections on PVD 97%
b. Glare sources 83%

c . Stray l i g h t  from f l i ght stri ps 76%
d . Overall aisle lighting 93%

2. Effectiveness of improvements

a . Reflection on PVD 77%

b. Glare sources 68% 
V

c . Stray l i ght 73%
d . Overall aisle lighting 59%

3. Satisfaction with improvements

a. General a i s le  l i g h t i n g 57%

b. Flight strip illumination 46%

c . Map board l i g h t i n g 88-

d. PVD indicators  74%
e . Pr i nter 91%
f .  Shelf area of PVC 81%
g . General working area for D men 37~ V

h . General working area for A men 58%
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4. Importance of high level of ambient lighting

a . Ambient should be l ower 29%

b. Ambient should be where it is 29%

c. Ambient should be increased 42%

5. Relationship between controller task and ambient light level

a. Radar controllers need a dimly
li ghted control room 50%

b. Manual controllers need a low
l ig ht level also 18%

c . Assistant controllers prefer
more l ig ht 78%

d. Floor supervisors prefer more
l ight than R-men 81%

e. Managers prefer a control room
wi th more l i ght 67%

6. Evaluation of under-desk “knee ligh ts ” to reduce reflection

a. With knee lights and less wall
light , refl ections are down 61%

7. Evaluation of map board modifications

a . Preferred ir thod

t im i ng sw i tch 7%
l i ght control f i l m  79%
“ b lack ma ps ” 14%

b. Ranking
timing switch 2.2
l ig ht control f i lm 3.7
“black ma ps ” 2.6

8. Eva l uation of flight strips

a. Preferred met hod
no louvers 8%
louvers  40%
louvers wi th l i gh t control 52%
f i lm

b. Rank ing
no louvers 2 .7
louvers  3.3
louvers and lig ht control 3.1
film
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9. Evaluation of printer indicators

a. Preferred method
Li ght dif fusing film 8%
Gray filter 31%
Green f i lter 61%

b. Rank i ng
Light d iffus ion film 3.3
Gray filter 3.4
Green filter 3 .6

10. Evaluation of general printer illumination

a. Preferred method
without added baffle
Gray baffle 36%
Green baffle 55%

b.  Rankin g

without added baffle 3.1
Gray baffle 3.6
Green baffle 3.7

11. Eva l uation of modifications to supervisor ’s desk

a. Ranking of three sided shield 3.7

b. Rating of preferred desk l amp by supervisors
A. Electrix Classic 5%
B . Electrix Petite 5%
C. Luxo Crownlight 16%
0. Tensor Model 6500 74%

c. Rating of preferred desk l amp by controllers V.

A . Electrix Classic 14%
B. Electrix Petite 7%
C. Luxo Crownli ght 0%
C. Tensor Model 6500 79%

12. Evaluat ion of PVC Indicators

a . Preferred indicators

black letter on wh i te background l9~
white letter on black background 81%

b. Ran ki ng of visual comfort
black letter on white background 2.9
wh ite letter on black background 4.1

c. Ranking of legibility

black letter on white backgroun d 3.5
white letter on black background 4.2
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13. Importance of balancing plenum lights

a. Ranking of importance 3.9

14. Omitted . (Nylon mesh material)

15. Summary of general reaction to lighting changes V.

Glare on PVC reduced
Reflections reduced

Li ght control film on map boards is good

PVC g lare st i ll ex i sts
High contrast between bright fli ght str ip s

and dark PVC still ex i sts

16. Suggestions for other lighting improvements

Controlla ble background on PVC -

Change slo pe of PVC
Turn on overhead di rect lig hts

17 . Evaluation of testing methods

Changes not always known
Need more tests and improvements
More eye stra in with a dark control room

Prefe r a wel l- l i ghted env i ronment
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7.0 DISCUSSIONS OF RESULTS

The results obtained from the photometric measurements and the con-

troller subjective evaluations are substantially the same . There is genera l

agreement that the study has identified the principa l sources of reflection

and glare and that the modifications have , in fact, reduced the detrimental

effects of the sources . According to the subjective evaluation , the areas

still requirin g additional study are: 1) general aisle lighting, 2) flight

strip illumination and 3) the general working areas of the A and C con-

troller . The third area could be considered one component of the flight

strip illumi nation problem . There is also agreement between the conclusions

of the study and the controllers that the overall illumination of the ARTCC

should be increased . Each of the specific areas of improvement are discussed

in the followin g paragraphs .

7.1 Ambient Illumination

The results of both the photometric measurement an d the controller

evaluation segments of the study indicate that the present ambient illumination

l evel in the ARTCC is too low and that a balancing of the indirect plenum

l ights is desirable. Increasing the plenum illumination to 1.3 ft-L (as measured

off of the ceiling), in conjunction with the ligh t directed into the aisle by

the light control film over the map boards , would provide an adequate 0.75 ft-c

of illumi nation in the aisle . Such an increase in the plenum illun ’ination level

would provide a 47% increase in the wall/ceiling reflections on the PVC , which

still seems to be well within the tolerance limits of the controller. This is

shown in Figure 7.1. Although the controllers showed a preference for the

under-desk lights , they found that they were too brigh t and consequently a dis-
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traction in the present installation. In addition , the under-desk li ghts

provided no more illumination to the center of the aisle than the map

boards mod ified with light control film under identical ambient illumination

conditions .

The principa l problem with the ambient illumination of the ARTCC is

best seen in the answers to questions 4-5. Under the present conditions ,

two distinct levels of illuminat ion are required simultaneously in approxi-

matel y the same area : The R-man requires a low light level (<0.5 ft-I) to

operate the PVC while the A and C controllers and the supervisor require

higher intensity (5.0 ft-I) in order to perform their respective tasks . This V

problem is easily solved for the supervisor ’s position by placing a baffl e

aroun d three sides of the desk and by employing a desk l amp with a shade long

enough to prevent direct glare from the bulb from reaching the controller as

shown in Fi gure 7.2. The more difficult problem of providing adequate illumi-

nation to the A and D controllers and , at the same time minimizin g illuminatio n
1

to the R-controller at the adjacent position , is further compounded by the

fact that the R-controller must also view the flight strips. Since any con-

trast ratio between the flight strips and the PVD greater than 7:1 (Adler 1953)

will result in eye fatigue , and the minimum contrast required is in the order

of 10:1 , either a compromise in the requirements must be made or a new technique

for presenting flight stri p information found. Since the use of a CRT to pre-

sent fli ght strip data is beyond the scope of the modifications employed in

b1 5 study , a comp rom i se in the i ntens i ty of the flight str ip illuminat ion i s

~jgested in Paragraph 7.3.
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7.2 Map Boards

The results of the photometric measurements and the controller evalu-

ations were in agreement that the light control film over the map board does

eliminate the map board reflections on the PVC . The readability of the map

board wi th light control film at the controller position is seen in Figure 7.3.

For the most part the controllers did not like the timer modification because

it required an extra operation to turn it on , the light would go off before

they could find the information they wanted , and the intermittent reflection

on the opposing PVC was more distracting than the steady-state reflection.

The photo-negative or “black” map was also rejected by the controllers since

the reflection was still seen in the opposing PVC , as shown in Figure 7.4.

7.3 Flight Stri p

The most difficult problem to resolve is that of satisfactorily light-

ing the flight strips. The mechanical louvers loca ted above the flight strips 
V

do not adequately deflect stray lig ht from the PVC , as shown in Fi gure 7.5,

and the radar controller has two major complaints : 1) the light on the face

of the PVD is distracting and , 2) he is forced to visually accommodate his

eyes as he scans back and forth between the PVC and the flight strips. The

minimum of 20:1 difference in contrast causes eye fatigue . Thus , there are

two conflictin g problems : 1) reducing the illumination or spill of light

onto the PVC ; and 2) providing adequate light on the flight strips , compli-

cated by the fact that when the flight strips are adequately illuminated , the

resulting glare on the PVC on the opposite side of the room is unacceptable.

Util ization of the louvers and the light control film causes an immedi-

ate 50% reduction in the overall illumination of the fli ght strip area . In

53
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addition , the fl uorescent lamp has a 2:1 ratio in illumination intensity

from the center to the edge , thereby causing the area closest to the PVD ,

which is of prime concern , to have the least amount of illumination . When V

stray light from the fli ght strips is cancelled on the PVD by the light

control film , the “A” controllers complain that illumination with the louvers

and light control film is too low for them to adequately read the flight strip.

In order to increase the intensity of the flight strip illumina tion , the last

12 inches of light control film under the louver farthest from the PVC was

removed. The 24 inches of light control film remaining under the louver

succeeded in cancelling the stray light on the PVC as shown in Figure 7.6. At

the same time , the overall intensity of illumination on the flight strips

was increased to 2.6 ft-L at the lower area closest to the PVD. After the

evaluation was completed , the Luxor Vita -Lite fl uorescent bulbs were substi-

tuted for the Cool White bulbs. Although it was not possible to make photo-

metric measurements at that time , the new bulbs did remove the yellow com-

ponent from the illumination , and the brig htness and contrast of the fi rs t

row of fli ght strips seemed to have been increased. Both the 1/2 inch louver

alone and no louver caused unacce ptable amounts of stray light to appear on

the surface of the PVC . If further evaluation is to take place , it is suggested

that photometric measurements be taken of the light control film/louver/Vita-

Lite combination and that a 1-inch mechanical louver with a 300 ang le away

from the PVC also be evaluated.

7 .4 PVC Console

The resul ts of both the photometric measurements and the subjective eva lua-

tion by the controller showed that the photo—negative legends on the PVC console

were superior to the standard legends in terms of both glare reduction and

legibility.
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At the same time , the controllers and their supervisors suggested changes

to the legends as shown in Figure 7.7 in order to increase legibility .

After the lighting study evaluation was completed , a PVC with varia ble

CRT background brightness was demonstrated at the Boston ARTCC. A cursory

evalua tion led to the following conclusions:

1 . Increasing the background brightness tends to obscure the

reflections in the PVC ; however , the controller

would then be required to make a choice between a

potential loss of acuity in low target-to-background

si tuations or the blurring of PVC reflections.

2. There is less diffe rence in the brightness contrast

between the PVC and the fli ght strips with in the

maximum allowable 7:1 limits. 
V.

3. As presently demonstrated , the design is inadequate

since the brightening lines are highly visible and

the dis p lay is truncated at the edges .

4. Bri ghtening requires approximately 3 milliseconds of

the availa ble 18 milliseconds available for data . If

the data rate is high , the brightening will be in-

hibited.

5. Implementa ti on requires three new pri nte d ci rcui t

boards , chan ges to the main wirin g, a new focus

module i n each PVC , and appears to be a costly modi-

fication with a minimal positive effect upon the

PVC reflec ti on prob lem .
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7 .5 Printer Illumi nation

Both the photometric measurements and the controller evaluations showed

that the green filter was best in eliminating the glare from the printer.

Sim ilar results were obtained for elimination of the glare from the printer

indicators . One of the problems in obtaining a true evaluation of the indica-

tors was the fact that during the evaluation period some printers were removed

from the area for re pa i r , and the controller found it difficult to distin guish

which printers had the gray filter and which had the light diffusing film.

Since the principal desire is simply the dimming of the indicator to remove

the glare source , it would be more economical to use 2 l ayers of the 3M self

adhesive light diffusin g material rather than have to go through the ex pense

of des igning and installing p lastic f i lters in the i ndicators . This shoul d

be teste d if fur ther investi gati ons are to take p lace .

7 .6 General React ions of the Controllers to the Modifi ca ti ons

The resul ts of the subjective evaluation showed that the controllers

believe that the specular reflections on the PVC and glare sources have been

reduced by the mod ifications . They feel that the light con trol film over

the map boar ds solves the specular reflection on the PVC . However , the prob lem

of the cont rast between the flight stri ps and the PVC as sta ted i n Para gra ph 7 .3

still exists.

7.7 Controller Suggestions for Other Lighting Improvements

In rea d ing the 31 questionnaires , three poten tial imp rovements were

sugges ted. Ea ch is l iste d below w it h the author ’s comments:

1. Prov id e a Controlla b le Bac kg round on the PVD

This was attempted after the evaluation was completed by

providing a PVC wi th digita l brightening. The brightening suc-
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ceeded in dullin g the specular reflections; however ,

as implemented , dig ital brigtening had several draw-

backs: 1) The 100 brightenin g lines were readily

apparent on the face of the PVC and the four sides of

the display were truncated . 2) In order to provide

bri ghtening, 3 of the 18 m illiseconds available for

data must be utilized; therefore , if the data rate is

high , brightening is not provided. 3) Implementation

of the design will be costly, requiring three new

printed circuit boards , changes to the baseplate wiring ,

and a new focus module.

2. Change the Slope of the PVC —

It was suggested that the slope of the PVC be changed

from the present 68° from the horizontal to the same 45° of

the flight strip M-l Console. On the surface, this appeared

to be a good idea in that at 45° the PVC would be shielded

from specular reflection by the underside of the canopy . Upon

closer investigation , it was found that the construction of

the plenum housing and air cooling ducts were such that in order

to place the PVD in the 450 position the console would have to

be moved forward approximately 12 inches. When the PVC console

is moved forward by this amount , the canopy no longer acts as a

reflection shield an d map board and ceiling or wall reflections 
V

are again present.
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3. Turn On Overhead Direct Lights

1 :  It  was suggested that the overhead direct lights be

turned on and a baffle be placed in front of them to pre-

vent the direct reflection of the illuminate d fixtures.

Since there is no provision to control the intensity of

the overhead li ghts , the increased illumination would

cause the face of the PVC to act as a mirror , intensifying

all reflections .

7.8 Controller Evaluation of Testing Methods

By sumarizing the comments of the controllers and supervisors , i t was

found that the evaluation attepted to provide too many different types of

modifications in each of the defined problem areas at one time . Therefore ,

the controllers often found it difficult to keep track of them and , at t imes ,

to differentiate one change from another . This was especiall y true in the

printer area , where the printers in the test area were removed for repair and

the new printers were not modified.

The general consensus of opinion of the controllers seems to be that

they would like to have more illuminat ion in the ARTCC with greater glare

and reflection reduction , therefore , more tests appear to be required .
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PHASE TWO PHOTOMETRIC MEASUREMENTS

TABLE A-i

AMBI ENT ILLUMINATION

PHASE PHASE
ONE TWO

MEASURE* POSITION READING READING

1. Ambient Illumination 1’ From Floor (Control) 0.13 ft-c 0.13
2. Under-De sk Light at Maximum Intensity 1’

From Floor 1.50 ft-c -

3. Light Control Film (LCF) on Map Board 0.75 ft-c 0.75
4. Under-Desk Lights (Taped) plus LCF on Map Board 0.75 ft-c -

5. Amb ient Lights p lus LCF on Map Boards 1’ From
Floor 0.75 ft-c 0.75

6. Amb ient Lights with Map Board Off 0.32 ft-c 0.32
7. Ambient Illumination 5’ From Floor (Control) 0.26 ft-c 0.26
8. Ambien t plus Maximum Intensity Under-Desk Lights 0.50 ft-c -

9. Ambien t plus LCF on Map Boards 0.50 ft-c 0.50
10. Ambient Lights Balanced for Maximum Intensity 1.3 ft-L 1.6
11. Maximum Intensity of Under-Desk Lights 6” From

Floor 97.0 ft-c -

12. Under-Desk Lights Dimmed with Black Tape 16.0 ft-c -

13. Aluminum Bezel on Speaker 89.0 ft-L -

* Refer to Figure 5.4 in the text for illustration of measurement points.
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TABLE A- 3

FLIGHT STRIP

Phase One Phase Two

No Louv er s Louvers  Exten ded
Louvers Light Louvers

Control and Plastic
Film Guard

MEASURE ** POSITION F’t-L Ft-L Ft-L Ft-L

I. Top Right PVD 1.6 0.2 0.2 0.2
2. Center Right PVD 3.3 0.6 0.3 0.3
3. Bottom Right PVD 2.3 0.3 0.2 0.2
4. Top Right Console 18.0 4.3 0.5 0.2
5. Center Right Console 5.9 1.5 0.2 0.4
6. Bottom Right Console 4.8 1.2 0.2 0.5
7. Top Lef t Flight Strip 44.0 26.0 2.2 13.5
8. Top Center Flight Strip 64.0 40.0 5.1 20.0
9. Top Right Flight Strip 23.0 11.0 2.6 7.5
10. Center Left Flight

7 Strip 41.0 23.0 2.0 9.5
11. Center Fli ght Strip 63.0 36.0 5.1 16.5
12. Center Righ t F l i g h t

Str ip 7~4* 4.0* 1.3* 2.5
13. Bottom Left Flight

S trip 23.0 8.0 1.1 5.0
14. Bottom Center Flight

Strip 26.0 14.0 2.0 9.5
15. Bottom Ri ght Flight

Strip 23.0 10.0 3.0 9.5

Mean On PVD 6.1 1.4 .27 .30
Mean on Flight Strip 34.9 19.1 2.7 10.4

*CRD Disp lay

** Re fer to Fi gure 5.6 in the text for i I 1 u s t r ~~tion of
measurement points.
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TABLE A-4

PUSHBUTTONS

Phase One Measurements

MEASURE * POSITION POSITIVE CAPS NEGATIVE CAPS
Ft-L Ft -L

1. INBND Lis t  34.0 0 .2
2. MAP 3 16.0 0 .1
3. ASGNED ALT 59.0 0.2
4. CO 0.4 0.2
5. QUICK LOOK 0.6 0.2

Mean Brightness 11.2 0.2

Phase Two Measurements

NEGATIVE CAPS
MEASURE~: POSITION DEPRESSED NOT DEPRESSED

1. INBND 3.0 0.2
2. MAP 3 13.0 0.2
3. ASGNED ALT 4.0 0 .2
4. CO 2 .6  0 .3
5. QUICK LOOK 4.5 0.2 •1

Mean Brightness 5.4 0.2

* Re fer to Fi gure 5.7 in the text for illu stration of measurement points.

I’)

A -4

_-

~

-
. _ r- ’-_p.’.n.,_._&__. ’._.,-- ___•_,_ —_-_ —‘- — ——— —----—-—-— _ p- __ __-_ — -‘~ ~~~~~~~~ 

—-.—- —S.-- _. _,~__ S S_”~~~~ -~~S.’ -- - — - ‘~ ‘~~“= ‘ “  iI••n•••111114



— _~~~~~v ! ‘  — —‘ .‘., , ‘_ ‘~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘ ‘

~ ‘11~~~

TABLE A - S

REFLECTIONS ON PVD

Phase One Phase Two
Read~~~~ Reading

MEAS?RE REFLECTION DESCRIPTION Ft-L Ft-L

1. No reflec tion on PVD 0.17 0.05
2. Positive Map Board (Control 0.64 1.10
3. Positive Map Board (Light Control Film) 0.18 0.11
4. Flight Strip (No Louvers or L.C. Film) 1.60 -

5. Flight Strip (Louvers and L.C. Film) 0.42 -

6. White Paper 18” from PVD 0.24 0.15
7. Operator at PVD 0.20 0.12
8. Ceil ing 0.25 0.14
9. Speaker bezel (no louvers or L.C. Film) 2.10 -

10. Speaker bezel (louvers and L.C. Film) 1.40 -

11. Flight strip ex tended louvers - 0.45

L 
_ _ _ _ _  _ _ _ _ _ _ _ _  - _ _ _ _



P.— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-. .-—-- --- ‘— ----- -. — -. —.-——---—- -

— ~
.-.-,-—-— -,—-—-

TABLE A-6

PRINTER

Phase One Measurements

Light Lig ht
Control Control

Green Cray Film Fi lm
No Filter Filter Filter 3 Layers 2 Layers

MEASURE** POSITION Ft-L Ft-L Ft-L Ft-L Ft-L

1.. At Paper 79.0 8.1 23.0

2. Ready Light 70.0 9.0 23.0 20.0 25.0

3. First Line
Light 41.0 10.0 20.0 18.0 22.0

Phase Two Measurements

Green Light
Filter Diffusing
Ft—L (8 mils)

MEASURE** Ft-L

1. At Paper 10.5 -

2. Ready Light - 24.0

3. First Line Light - *

*Light diffusing material was not inserted behind Key Cap.

**Refer to Figure 5.8 in the text for illustration of measurement points.
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APPENDIX B

QUESTIONN AIRE

CONTROL ROOM LIGHTING I 10VE?~~NTS

INSTRUCTION S

This questionn aire is intended primarily for qualified ralar and
manu al controllers who have worked at the Boston ARTC C for at, least
one year. Please re al and answer the questionnaire after makir~ a
thorough examination of the lighting changes in Area D and after
sitting in the several control positions in this area arid in another
area with conventional lighting. If feasible , fill in your answers
while still in the control room so that you m~~r look back aid see
the sever al position s referred to in the questions.

Years experience at this Center
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D ATE__________________________ Usual ,~itE A assignv~ent
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~.TC Qualification: RAD M , MA~\9JAL , PSST

If a supervisor , check here

8-1
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INTRODUCTION

The goal in control room lighting improveren t is to enhance
the comfort and seeing efficiency of all personnel . Three factors
can reduce seeing comfort ar-id effectiveness: glare, stray light,
arid reflections.

Glare results from light sources that are too bright and are
in your field of view because they are near things you need to look
at. If forced to look toward bright light sources while working
with dim displays, the pupil of your eye must contract. This makes
for fatigue, end it mikes it harde~ to see din targets and char acters .

Stray light is light that falls on things that need riot be
illuminated, for example the con troller ’s white shirt. Surfaces
lighted by stray light may in turn become sources of reflections.

Re flections are unwanted images resulting from miscellaneous
light sources arid appe aring on the surface of the PVD and other glas s
or polished surfaces. Since reflections are distracting and m ake it
harder to see the important information, the main aim of the prer n~.
lighting improvements is to control glare arid stray light so as tc
lessen the sources of reflections.

PRESENT IM?R0VE~€NT S

The changes that you are evaluating have beer. de04igned to lower
the sources of general room lighting (to reduce stray light), also t~
reduce the thtensity of glare sources (such as the priste r lamp s),
and to further reduce annoying reflections by screening flight strip
lights and map board lights to cut out scattered li:ht.

NEXT STEPS

Please answer the following questions to in licate the de~ ree
to which you approve of the lighting changes- ~-~d ~.o give ~~vice
on any alded improvements that you can recoaner.d. Eased on y~ ur
answers and the results of light level measur -”- -e r 4 ts  th it. f ir e b~ ir~
male , changes in control room lightir.g ray 1e recorr.o-er.ded io r
national imolementation.

B-2
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1. Check (X) aspects of control room lighting that you think have needed
improvement before the current change s to make the job of the radar
controller more comfortable and efficient .

Have Been Needed
Satisfactory Improvement

a. Reflect ions in PVD _______________ _________

b. Glare Sources (such as printer lamps) _________

c. Stray light (as from flight strips) 
___________ __________

d . Overall aisle lighting _______________ __________

2. Indicate whether you feel that the changes in the test area have
broug ht about worthwhile improvement.

Have Been No Significant
Improved Improvement

a. Reflections in PVD ______________ _____________

b. Glare Sources

c. Stray light ______________ _____________

d . Overall Aisle lighting _______________ ______________

_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



3. Rate your general satisfaction with the lighting as modified in the test area.
Enter an X in the column appropriate for each item.

Suitable Unsuitable

a. General aisle light 
_____ ______

b. Flight Strip illumination 
_____

c. Map board lighting (consider the
version you prefer as best) 

_____ _______

d. PVD Keys and CUE 
_____

e. Flight Strip Printer 
______

(best alternative)

f. Shelf area of PVD _____—

g. General working area for D man 
______ ______

h . Genera l work ing area for  A man ______ _______

~~~
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~. Recognising that the brighter the general control room lighting, the
more reflections will be produced, how important i~ it to have a high
level of room light ? (check one)

a. General room light should be lower than usual

b. General room light should be about where it usually is 
_________

c. General room light should be increased 
________

~. Do you think that different control room jobs can be better performed
under particular light levels ? (Note your agreement or dif fe rence with
each of the following statements.)

Agree Di sagree

a. Ralar controllers need a dimly lighted control room 
— ______

b. Manual controllers need a low light level also 
______ ______

c. Assistant controller s prefer more light 
______ ______

c~. Floor supervisors pre fer more light than R-men

e. Managers prefer a control room with more light 
______ ______

B -
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6. Since the under the counter “knee lights” allow turning off or reducing
the light on control room walls, do you find using them reduces refJe etions ?

Agree Disagree
a. With ~mee ii ghts and less wall light, reflections are down

7. Map Board lighting has been modified three different ways. Which do you
prefer and how do you evaluate each method?

a. The method that improves the visual situation at the PVD the most is:

The timing switch 
______ 

Light control film 
______ Black maps

b. Using the timing switch
map-board lighting is: Excellent Good Fair Poor Bal

Using the light control
film map-board lt g is Excellent Good Fair Poor Bed

Using black maps

~ap—board Lighting is Excellent Good Fair Poor Bed

6-6
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6. Flight strip bay lights h ave been demonstrate d with louvers added to
reduce the spread of light, with added light control plasti c r-.aterial
inserted under the louvers, and with rio louvers. Please ir.dicate your
choice of the best of these lights and rate each one.

a. The method of lighting flight strips that is best in my opinion is:

No louvers_____ With louvers______ With louvers over the plastic______

b. With no louvers, flight strip
lighting is: Excellent Good Fai r Foor Bad

With added louvers, flight
strip lighting is: Excellent Good Fair Poor ~ad

With lou~ers over the
plastic, f l ight  st rip
lighting is: Excellent_ Good Fair Poor_ Bad

9. Printe r lamps have been screened with light control plastic material ~nd
al so with gray plastic and with green plastic. Please indic.ite your choice
as to the best of these methods of reducing excess lightS arid rate each one.

a. The best method of reducing printer larm intensity i~~:

Light control material Gray filter Green fi~ tor

o. TJ~ ing -.:ie light control
na~er ial , l a”ip intensity
re~iu~ tion is: Excellent good H-j r

Jsin~ gr ay f i l~ er~ la-T~9
intensity rn rttro l is: Excellent. GDod F~d,r ~-~- )r

J~ in~ green filte -, lamp
ir.tensity control, is: Exceller 1

~ o~d ~air

6 - 7
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10. Printer general illumination was demonstrated with a gray and also with
a green baffle added to reduce light output. Please indicate your choice
of the best method to use and rate each one.

a. The best printer general illumination condition is:

Without an aided b affle Gray baffle Green baffle

b. Without a baffle, printer
general illunination is: Excellent Good Fair_ Poor

With ~~~
- aided gray baffle,

printer illumination is: Excellent Good F,ir Poor

With an aided green baffle,
prin~ ~r ili~minatiori is: Excellent Good Fair Poo r Bad

11. Evaluate the changes made at the supervisor’.~ desk as follows :

a. The three—zided desk shield intended to help the floor controllers
by blocking off a glare source is:

Excellent Good______ Fair Poor Bad

o. Of the several new desk lamps domonstrated , the best from the view of
the floor controllers is:

Lamp A Lamp B Lamp C Lamp 0 Lamp E Lamp F

c. As a controller , which of the lamps on the floor supervisor ’s desk emitted
the least stray light at your position :

Lamp A Lamp B______ Lamp C_____ Lamp D 
— 

Lamp E Lamp F_

- _______  ~~~~~~~~~~~
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12. Evaluate the two types of key caps demonstrated at the PVD :

a. The best. key cap is: Black letter on white_

White letter on black

b. For visual comfort, the black letter on white background caps are:

Excellent Good Fair Poor Bad

For visual comfort, the white letter on black background caps are:

Excellent Good Fair Poor Ba!

c. For legibility, the black letter on white background caps are:

Excellent Good Fair Poor Bad

For legibility, the white letter on black background caps are:

Excellent Good Fair Poor Bad

13. In the test area, the plenum lights have been controlled to provide an
improved balance of illumination. Evaluate the importance of keepin g
these lights balanced :

Essential I~ sirable No difference .‘t distraction Bad_____

il . s one attempt to improve vision at the ?VD, a nylon mesh was placed over
the CRD. Evaluate the utility of this mesh for the controller:

The nylon mesh is: Essential Good Fair Poor Fad

- -  ________ -~~~~ - ~~ ~~~~~~~~~~~~~~~~~~
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~~. Summarize in your own words your general reaction to the lighting changes

in the test area:

a. The controller ’s visual situation is better in the test area in these

ways 
______________________________________________________________

b. The controller ’s visual situation is worse in the test area in these

ways 
________________________________________________________

16. Other or differorit lighting changes or improvements that should be tested
ar~ as follows:

6-10
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17. Please aid any comments that you may care to make about the control room
lighting test. For example, do you think the test was long enough?
--;a~ the method of illustrating the changes adequate? Were too many
lighting changes demonstrated all at once , or could you sort out the
different effects when answering the questionnaire? etc.

4
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1.0 STATEMENT OF PROBLEM AND BACKGROUND

The air traffic controllers at the various Air Route Traffic Control Centers

(ARTCC) throughout the United States experience glare and reflection

problems while using the Plan View Display (PVD) equipment. The problem is

caused by extraneous reflections on the CR1 face at the PVD units and other

glaring light sources present in the inrnediate work areas. The reflections and

glare provide a questionable working environment which may, at times , lead to

controller eyestrain and fatigue.

The purpose of this report is to synopsize the availabl e literature on

the subjects of glare and reflection as it pertains to tasks and environments

similar to those found at the ARTCC ’s. A great deal of research has been con-

ducted in this field. Some 150 reports were found dealing with glare and re-

flection. Unfortunately, of these, only 32 of them applied either directly or

indirectly to these glare and reflection problems encountered in the ARTCC . The

specific problems to be addressed include specular reflections on the PVD

screen , inadequate and/or imbalanced dmbient room lighting, and extraneous light

from keyboards and printers , causing unnecessary and harsh glare on the eyes

of the controller. The majority o~ the available literature addresses problems

faced in determining proper room lighting or glare and reflection problems faced

on a printed (or handwritten ) page. These investigations deal predominantly

with probl ems of “veiling reflection ” rather than the primary problem to be

considered here of “specular reflection ” and glare .

— l  —
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One of the first problems encountered while conducting the literature

search for this project was the ambiguity found in the employment of the terms

“gl are” and “reflection. ’ Quite often they are considered by the authors to

be Interchangeable. “Refl ected glare ” is one of those terms comon to many of

the articles ; many times it is employed as a synonym for “veiling reflection.”

In this report , the definitions of these terms are taken from the Illuminating

Engineering Society (IES) Handbook (1972): “reflected glare ” is “glare

resulting from specular reflections of high l uminances in polished or glossy

surfaces in the field of view ” ; and “veilin g reflections ” are “regular (specular)

reflections superimposed upon diffuse reflections from an object that partially

or totally obscure the details to be seen , by reducing the contrast.” That is ,

the tern “reflected glare ” will be reserved for the disabling effects of specular

reflections on glassy surfaces (the PVD face) and “veiling reflection ” will

refer to losses of contrast between task and background caused by diffuse and

specular reflections (on, for example , a newspaper page).

The actual PVD reflection problem as perceived by the Radar Controller is

shown in Figure 1. 1 below. There are four separate sources of specular reflections :

(1) the overhead canopy , (2) the wall and ceilin g (3) the mapboards and (4) the

Ml console and flight strips of both the position in question and its opposite

across the room.
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In addition to the specular reflection problem , “hotspots” are also

present from the mapboards , flight strlps and printer. These high sources of

ambient light not only cause reflections in opposite PYD faces, but also may

cause discomfort due to the high brightness of the reflection area as compared

to that of the area imediately surrounding the PVD screen. In addition ,

there is a spillover of light from the flight strip area onto the PVD face,

providin g yet another source of specular reflection .

I
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2.0 DEFINITION OF TERMS: GLARE AND REFLECTION

2.1 Glare

Glare can be defined in general terms as luminance within one ’s visual

field which appears to the eye as excessively brighter than that to which the

eye has become adapted , thereby causing annoyance , discomfort , or disability .

There are different types of glare classifications ; for example , discomfort

glare , disability glare , direct glare , or blindin g glare .

The term “discomfort glare ” is applicable in situations where the viewer

does not consciously notice any interference with the performance of his task ,

but definite signs of eye strain and fatigue are observable. That is , the

task/background ratio mi ght be poor enough to cause eyestrain but not so bad

as to noticeably affect performance. Discomfort glare is often the result of

a phenomenon known as “veiling brightness ” -- a condition where the contrast

ratio of background (surround) brightness to the task brightness is excessively

low.

“Disability glare ” , on the other hand , occurs wherever the contrast ratio

between the background and the task becomes so low as to actually and noticeably

Interfere with the viewer ’s ability to see the task. In this case , the glare

caused by the light “sp illing over ” from the flight strip area acts as a

disabling glare source because it brightens the surround ing area to such an

extent that the PVD screen images become more difficult to see.

This report is concerned with those glare sources which cause discomfort

and/or disability with regard to particular work tasks of the controller. Of 
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particular concern to us are those sources of light that cause a “vei l i ng”

effect on the task ; that Is, those sources which cause a low task/background

ratio to occur.

2.2 Reflection

Basically there are two main categories into which to separate reflection:

“specular ” and “diffuse. ” Specular reflection is also called “regular ” reflec-

tion by some authors . The IES Handbook defines it as “the process by which

incident flux is redirected at the specular angle ” (the angle between the normal

to the surface and the reflected ray). That is , the angle of incidence is

the same as the angle of reflection.

Diffuse reflection on the other hand is defined as “the process by which

the -Incident flux is redirected over a range of angles. ” That is , the incident

light ray(s) is scattered by the reflecting surface in a multitude of directions.

Specular reflection causes mirror images- of the original object while

diffuse reflection produces shapes and outl i ne, providing a generalized form

but not a replica of the original. With the specular phenomenon it is possible

to predict the path of the reflected light rays , but because of the dispersing

nature of the diffusion phenomenon , prediction of the reflected rays’ path is

a difficult , if not an impossibl e, matter. Therefore, avoiding specular

reflections becomes a theoretically easy task , since conceivably all one must

do Is move one ’s line of sight out of the specular angle. However , avoiding

diffuse reflections is not possible in this way.

— 5 —
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In most real-life situations perfect cases or either of the two reflection

cases does not occur. “Veiling ” reflection results when specular reflections

are superl~nposed upon diffuse reflections, thereby causing task/background

contrast losses. For the purposes of this study, the PVD face (and any other

highly reflecting material) wil l be considered as a perfectly smooth surface

caus ing “perfect” specular reflection . That is , the study will be concerned

primarily with specular reflection problems and the resulting reflected glare

problems and with any direct potential disability and discomfort glare found in

the controllers ’ env i ronment.

2.3 Photometric Terminology

Various l uminance (brightness) units regularly appear in the literature

in this field. Table 2.1, taken from Baker and Grether (1963) provides the most

comon luminance conversion factors. Table 2.2 extracted from the IES Handbook

(1972) provides a complete tabl e of conversion factors for all photometric

measurements.

I
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3.0 LITERATURE

3.1 DIscussion

Whenever a relatively bright luminant source or its reflected image appears

in the visual field of an observer , glare is produced , and as a result this

glare Induces visual distraction , discomfort , decreased visibility , and decreased

target-detection ability. One of the prime reasons for-this reduced ability

of target detection Is the psychological phenomenon of the operator tending to

focus on the first clearly defined object in his visual field . Because glare

tends to obscure visual information , and since reflection of either the bright

ambient source or the well-Illuminated operator himself becomes the operator ’s

primary focal point of attention on the CR1 screen, the operator of the unit

is distracted from his primary task.

When a light ray strikes a plane surface such as a highly polished metal ,

that ray of light is reflected at the same angle at which it hit. That is , in

Figure 3.1 we have a ray of light AB hitting a surface at an angle e to the

normal (n) to the surface. The ray BC is reflected from the surface at an angle

x. By the law of specular reflection , e=x.

‘p4

~ ~~~p1’, ,”fl’ ~~~’? ~~~~~ ~~~~~~~~~~~~~~~~~~ ~4 ~I-~&~

F~GU~~~E. ~~~~~ ~~~~~~~~~~~~~~~



The probl em is made slightly more complex by the fact that the reflecting

medium is glass and not metal . Some of the incident light rays striking a glass

surface are transmitted through the glass as wel l as reflected from its surface

(see Fig. 3.2.).

IM
FIeu~ L 3. a V~e~~~- ~~ u m ~~~~ i o~
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BD -Is the transmitted portion of the incident ray. Since O=x, the relationship

between a and r can be derived , and by Snell’ s Law: = n, where n is known

as the refractive Index of the transmitting surface. Every medium has a value of

n: air is 1, glass i s — 1.5.

Furthermore, in the case of a partiall y transmitting medium such as glass ,

portions of the transmitted ray are also reflected within the medium. Just

as the incident ray is split into reflected and refracted portions , so too is

the transmitted ray within the glass. Therefore, some of the internally reflected

rays will emerge as extraneous light on the same side of the glass as which they

entered initiall y (see Fig. 3.3). Therefore, it is not always possibl e to solve

the problem of specular reflections by positioning the eyes to avoid the initial

specular angle of reflection.

S4 F~~~~ ’~~~~”Is
~a~ “4 ~~~~~~~~~
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The importance of this phenomenon to this study is that the problem of the

various specular reflections on the PVD screen cannot be solved simply by

repositioning the controllers (and thence their viewing angle) since extraneous

reflections will occur at angles other than the primary specular angle. There-

fore, any solution to the reflection probl em must eliminate the multitudinous

specular reflections by either eliminating their incident sources or by devising

some means to mask their presence on the PVD screen.

Specular reflection , of course , is not always an undesirable phenomenon.

Many times it is employed to heighten the contrast of an object against a back-

ground. (One implicitly employs the theory of the specularity of reflected light

by searching for the specular angle at which the light might be reflected from

the object into his visual field).

For the most part , good design reduces specular reflections within a visual

task. According to Luckiesh (1944), specular reflections “reduce visibility and

ease of seeing by being glaring and by reducing brightness contrast of critical

details and their backgrounds. Their brightnesses can be reduced in proportion

to the reduction of the brightness of the source or area whose Image is being

reflected. Whenever possible , glossy or polished surfaces should be eliminated .

For moderately specularly reflecting surfaces, a sufficient increase in the

level of illumination without increasing the brightness of the sources of light

will completely submerge the reflected image. This can be achieved by properly

directed localized light. ”

- 12 -
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Luckiesh (1944) performed a study on illumination levels based on black

ink on glossy paper:

“If one orients these samples near a bright source of light , he may

find a position at which the ink is brighter than the paper.’ This is

due to the fact that the Specular Reflection Factor, (SRF) of the

ink is sufficiently greater than that of the paper to overcome the

brightness of the paper due to diffuse and specular reflection.

Such an ink is very undesirable even though it is generally somewhat

“bl acker” than non-glossy inks. Obviously, such specular reflection

can reduce the brightness -contrast ratio between the printed matter

and the background from the normally high values , of 95% or more , to

very low values . This means that the visibilit y of the printed matter

can be decreased by specular brightness to very low values and even

to zero.”
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Reading matter was printed with glossy ink on glossy paper , both with a

specular reflection-factor of one percent. The specular brightness due to the

reflected images of bright lighting equipment varied from 0 to 8 foot-lamberts.

The visibility of the printed matter depends upon its brightness-contrast with

the white paper background . It is seen that a high level of illumi nation tends

to overcome the effects of specular reflection . For example , at 100 footcandles

the brightness-contrast of the printed matter is high. At one footcandle it

diminishes rapidly as the specular brightness increases .

One can see in Figure 3.4 just how much the specular reflection problem

can be reduced by increasing the illumination levels. This might be accomplished

by repositioning the lighting source such that the specular angle will not fall

within the viewer ’s visual field. This is probably the simplest solution to

an often complex problem.

The point to be stressed here, however , is that specular reflections cause

a reduction in the contrast ratio between background and task. This reduction

-In contrast subsequently may lead to eyestrain and , at the least , to a loss in

efficiency.

A high level of contrast between task (target) and the background should be

the primary goal in the design of any visual task conditions. An increase in

the contrast and a decrease in the overall l uminance is a preferable condition.

Gould (1968) has developed a formula for contrast:

“If I is maximum luminance (i.e. symbol luminance on CRT ’s) and 0 is

minimum luminance (i.e., background l uminance on CRT ’s), then one way

- 14 - 
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of defining l uminance contrast , C, is

,. L-D 1“ L+D~
But contrast on CRTs , unlike on hard copy , is affected by the amount

of ambient illumination such that

L = L i + L e

and D = D l + L

where L~ is the internally produced symbol luminance ,

D is the internall y produced background luminance ,

and t e is the reflected ambient illuminance. Therefore,

C _ u i  2— 

Li+Di+2Le ‘

Because display surfaces may exhibit high diffuse and specular reflectance

which may lead to poor image quality even though L
~ 

is high , display engineers

are -Increasingly using luminance contrast as a measurement parameter. Two

important interrelated aspects of luminance contrast on CRTs are: (1) the relative

l uminances of L and 0, and (2) gradual , compared with hardcopy , symbol-background

luminance gradients , which result in relatively blurred symbols. (Gould con—

fined his discussion to 10<L<lOO mL)

According to Blackwell (1946), the eye is capabl e of detecting a luminance

difference of as little as l°~. However , it must be remembered that just because

there is such a capability does not imply it is an idea l situation.

- 15 -
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In a practical attempt to determine the optima l contrast for computer-con-

trolled CRTs, Stocker (1964) extended Blackwel l’s (1946, 1955 , 1959) frequently

cited threshold data to computer-controlled threshold displays . This attempt ,

which he himself subsequently questions (Stock€r, 1966), failed to provide a

recomendation because relative perceptual or reading speed continued to in-

crease as contrast far exceeded that obtainable on CRTs (Gould 1 968). In other

words , even under optimum CR1 brightness , the viewe r cannot achieve the most

desirabl e task/background ratio due to technological limitations inherent to

phosphorescent cathode ray tubes.

Disability glare is thought to be influenced primarily by the total

intensity of the source in the direction of the eye, and , as stated previously

In this report, it is not always associated wi th any discomfort. Therefore ,

disabl ing glare situations often go unnoticed by the viewer unti l the source

of the glare is eliminated or the conditions are at least improved and some

difference between the before and after-con ditions is observable.

Hopkinson and Collins (1962) developed a formula for measurement of direct

glare:
B L6WO.8 1glare index = 10 log 10 ~ Bb 

x

where B
~ 

= source brightness in foot lamberts

W = apparent size in steradians

Bb = background brightness in foot lamberts

p = position index (a function of the displacement o~ thesource from the line of sight

The Glare Index is an indication of the degree of glare sensation
experienced by the general population. Utiliz ing this index in conjunction
with practical field studies , I.E.S. has been able to develop a set of tables
of recornended values to limit glare for different types of interiors .

- 16 - 
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Hopkinson and Longmore (1959) had already shown that the viewer ’s attention

would be drawn to and held on the task with a minimum of conscious effort if

the task itself is slightly brighter than the surround. However , it must be

remembered that if the background is made too dark , the brightness of the task

becomes a glare source in itself.

One of the primary effects of reflected glare in the visual field is its

distractive nature , particularly if , as in the case of the glass—covered PVD

screen, the specularly reflected images are sharp but are not in the same plane

as the task images. This situation was illustrate d in an experiment conducted

by Petherbridge and Hopkinson (1955) in which a subject was asked to perform a

reading task placed upon a polished table top. It was also arranged that

images of two opal spheres would be reflected in the tabl e top just beyond the

edge of the task. Although the discomfort afforded by these sphere images

proved minimal , the task—distraction they caused was extremely high.

The reduction in contrast (task/background) caused by reflected glare when

at least some parts of the glare have specular reflective properties has been

studied by Chorlton and Davidson (1959) with respect primarily to office and

school tasks and the accompanying losses in visual performance due to reflected

“sheen” on the task. The task involved -in these studies was one of printed

and handwritten materials , but some of the results are applicable to the CR1

probl em.

Their earl ier experimental work (Chorltori and Davidson 1955, 1956 , 1958)

was carried out under the assumption that the effect of specular reflections

— 17 — 
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on the visibilit y of the task was primarily a function of the brightness of

the light source at the mirror angle and of the glossiness of the task. But ,

In further tests (Chorlton and Davidson , 1959) discovered that it was not only

the glare source ’s brightness that affected the visibility but also the entire

Illumination of the area. That is , the effects that specular reflections have

on visibilit y now became a function of the “total flux on the task that was

incident in the direction of the mi rror angle to the angle of view of the task.

The earl ier method, that Is , changing the brightness of the lamps In one lumi-

nance only (the one which , if a mirror had replaced the task , would be seen in

the mi rror), showed slightly greater losses than would have been obtained if

all the lamps in the room had been changed. Current results are therefore

referred to the lightin g system or geometry rather than the lamp brightness ,

because under any given condition all of the lamps In the room were at the same

brightness.” Applied to the particular probl em at hand (the PVD face), this

implies that the specular reflection problem cannot be solved simply by removing

the single image—source seen in the screen, but perhaps what is necessary is

the balancing of all the light sources in the imediate surround.

G. V. Hultgren and B. Knave (1974) performed a study investigating glare

problems on CRT screens. The lighting was studied in an office wi th 17 display

terminals. The presence of discomfort glare and specular reflections was the

main complaint of the employees questioned . As in the particular ARTCC situation ,

discomfort glare was a result of luminance differences between the dark screen

and other light surfaces in the room. The reflections noted were from windows ,

ceilings and the ambient lighting.

- 18 -



The employees were given a brief questionnaire from which subjective levels

of discomfort and their sources were determined. In order to objectively

determine the degree of vision impairment because of glare and reflection ,

photographs and light measurements were taken focusing first on the (ext on the

scre en, and secondly, on the face of the screen (the reflections) itself. The

results of these measurements indicated that -In a number of cases the reflections

had higher l uminances than the texts on the screen.

In addition to the reflection problems on the face of the screen similar

to that observed at the ARTCC, there is also another problem ana logous to the

Hultgren and Knave (1974) situation ; i.e., the Radar operator must continual ly

move his/her eyes from the dark screen to the lighter surrounds (keyboard and

flight strip). Hultgren and Knave (1974) calculated a l uminance between the

screen and white paper on the writing table. A mean luminance ratio of 1:62

(ranging from 1:30 to 1:119) was calculated . The subjective type of discomfort

reported at some of these workplaces (with low task/background ratios) corres-

ponds closely to the previously described effects of discomfort glare . The

mean luminance ratio measured between the maximum brightness of standard louvered

flight strip and the background illumination of the PVD is on the order of

1:110 which is certainly within the discomfort area .

Holladay (1926) performed a series of experiments In an attempt to determine

a formula for ~F, the minimum perceptible difference in brightness between task

and background , under what he denoted as “dazzle-glare ” conditions , defined

as “that class of phenomena associated with bright lights in the field of view

which form images upon periphera l portions of the retina and which In one way

or another reduce the sensitivity of the eye for seeing objects imaged upon the

- 19 -
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central or foveal region of the retina .” In the experimentation , the illumination

on the background was first adjusted to a brightness of F, and the dazzle source

was then adjusted to a brightness , E, such that the task was rendered just

imperceptibl e to the observer. Then , dazzle source was shut off and the veiling

br ightness sourc e (B 1 ) was adjusted 
to a level at which the task was once again

rendered just imperceptible (F staying the same). The results for E/B1 and E/AF1

were plotted against varying values of D, the angle (In degrees) between the

line of vision of an observer and a line drawn from his eye to the center of

the dazzle source. The two curves (Figure 3.5) showed that “E/B1 and

varied apprcximately as D
2; and also , that the contrast sensitivity , (F1+B1 )tF1,

was approximately constant.”
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Wolf and Zigler (1959) investigated the threshold visibility of a test

target in the vicinit y of a glare source, examining the problem under varying

conditions , e.g., as to the effects of size and luminance of the glare source,

angular separation of glare source and target, length of exposure , and retinal

location. Their conclusions were that the thresholds for target perception

become lower as glare luminance and the area of the glare source are decreased ,

and as the distance between glare source and the target is increased , and also

as the size of the target area is increased . In addition , they discovered that

the threshold l uminance for readability also depended upon glare l uminance and

angular separation between glare source and target.

Williams and Hanes (1949) studied the effects that the intensity ana color

of the ambient lightin g have on the visibility of CR1 screens. They concluded

that shorter wavelength light had a slight edge over longer wavelengths In

providing ambient illumination that permits ease of viewing. Also , intensity

of the ambient illumination was a critical factor and they noted it was impossible

to exceed the brightness of the viewing screen by more than half a log unit

without subsequently reducing visibility .

One of the causes for difficulties in designing adequate ambient lighting

for areas within which CR1 screens are located lies in the inherent shortcomings

of CRTs themselves in providing adequate illumination of the screen in high

ambient source areas. Adler , Kuhns , and Brown (1953) found that when ambient

l uminance is of the order of 1 000 mL or higher , i t  was impossibl e to make

luminance of the trace signal on a CRT screen great enough to see the signal.
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A trace signal of 15-20 mL can be seen if the ambient illumination is of the

order of 25 to 30 times as great. They determined that the masking luminance

of the ambient source Increases at a decreasing rate until an asymptote at

approximately 1000 mL. They concluded that an increase in the area of the

true luminance and/or an increase in the duration of the signal (i.e: the

sweep on a radar scope ) allow for an increased tolerance to ambient illumination.

3.2 Summary

A detailed examination of the problem of glare in the available literature

has been made. However, the problems associated with reflected glare , especi-

ally those which are the result of specular reflections , have been given limited

attention by researchers. As wider applications of the cathode ray tube are

made in business and industry , research as to specular reflection probl ems

shoul d increase.

The theoretical research in the area of specular reflectance is often at

odds with the applied situation. For example , the Luckiesh (1944) study would

indicate the need for increased illumination on the flight strips to eliminate

specular reflection on the flight strips from the flight strip illumin ant and to

improve legibility . However, by increasing the illumination of the flight

strips , the Radar controller must visuall y scan between the dark area of the PVD

and the much brighter area of the flight strip. According to Hultgren and Knave

(1974) and Holladay (1926), the great disparity in intensity will cause operator

eyestrain.
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The literature suggests that target brightness levels presently obtainable

on CRT displays do not allow for maximum task/background ratio conditions

to prevail even under ideal conditions. Technological advances in phosphorescent

CRT design and the use of computer generated display have solved this probl em.

The ARTCC problem is now one of having too great a target to background contrast

which accentuates the reflections.

Size and intensity of the glare source, the angular separation between

glare source and target, the color of the source, l ength of exposure to glare

conditions , and the observer’s viewing angle all are relevant factors in deter-

mining the effects of glare on an observer and in designing an optimum anti-glare

and reflection environment.

I,,— 
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4.0 RECOMMENDATIONS FROM THE LITERATURE

4.1 Introduction

This section of this report will deal wi th some of the solutions proposed

by researchers in alleviatin g problems associated with CR1 applications in high

ambient Illumination situations. Various authors have proposed solutions to

the probl ems caused by direct and reflected glare in terifis of CR1 operation

and the surrounding environment. Not all of these proposals have met with

acceptance within the scientific or user communities , but their Ideas will

be presented in this section. Recommendations for controlling reflected glare

on CRT’s will be considered first. This is followed by a discussion of these

authors ’ recommendations concerning ambient lighting in general.

4.2 Control of Reflected Glare

White (1958) considers ways in which to introduce lighting to the surrounds

of the CR1 unit without act~a1ly having the light reach the screen itself.

He recomends the use of light of a narrow wavelength band and the placement

over the CRT face of a filter which absorbs that particular band of wavelengths

of the spectrum. Another of his suggestions is to employ polarized light for

ambient illumination along with a contrasting polarizing filter on the display

screen itself.

Henry (1958) recommends the use of polarizin g filters on both the general

room lighting source(s) and the CR1 screen. However, he further suggests that

these filters be set for cross-polarization , i.e., at right angles to each other.

And in order to reduce direct glare from any further ambient sources (such as

the flight strip lighting and the printer) he recommends the use of black lattice
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di rec tional louvers .

Another study of the CRT screen probl em was performed by Colman , Courtney ,

et al (1958). They saw the probl em as one of increasing the signal-to-noise

ratio of the “message” emitted by the CR1 scre€n. The “noise ” is mostly a

result of the fact that the phosphors used in a cathode ray tube are excited

by ambient lighting as well as by the internal electron gun , and especially by

light of short wavelengths. The methods most comonly employed at the time were:

(1) reduction in the intensity and/or elimination of the interfering
wavelengths of the ambient light.

(2) rearrangement of the light sources

(3) employment of hoods and canopies

(4) anti-refl ection coatings

(5) circular polarizing filters

The Courtney report recommends a further refinement of the Bell Labs ’

“circular polarizer” technique: the circular polarizer is used to elim inate any

reflections coming off the CR1 screen. Unfortuna tely, the polarizer Itself

causes specular reflection problems . Therefore, Courtney suggests the use of

a panel of “invisibl e glass ” In order to eliminate these ambient light specular

ref lections (F igure 4.1) .

4. ~~~~~~~~~~~~~~~ o~~ tj~~~~~~~~~ ~~~~~~~~ ~Cuw.v~~t~ t t W LO’%,0~~ ~~~~~~~~~ T~
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The theory is that the polarizer layer will eliminate reflections from the

face of the CRT since the reflected light cannot pass back through the circular

polarizer while the signal can. The drawback to the circular polarizer is that

It is good only for limi ted ranges in the light spectrum. The invisible glass

on the other hand eliminates much of the ambient light reflections by employ-

ing the theory of specular reflections (angle of incidence = angle of reflec-

tion). Because of the curvature of the glass and polarizing l ayers the light

is redirected harmlessly away from the operator ’s line of sight. The problem

wi th the glass is the possible introduction of parallax , although the report

itself does not take this facet into co~isIderation. In any event , a proto-

type of this “refl ection attenuator ” reduced reflections by 97% and , according

to the authors , the subjective response to this reduction was even greater.

Gould (1968) found that circular polari zers are indeed superior to

neutral filters in both eliminating virtually all specularly reflected light

and in reducing diffusely reflected light. But he, too1 conceded that the

polarizing surface exhibits specular reflections. He concluded along with

Hyman (1967) that an anti—refl ective coating on the circular polarizer is the

best method available. Unfortunately, because of cost considerations , what

we often find is a neutral density filter wi th an anti-refl ective coating.

Bruns and Miller (1969) conducted a study for the U. S. Nava l Missile

Center in regards to lighting problems faced by the Radar Intercept Officer

In the F—4J aircraft. Under certain plane attitudes the sun striking the

radar screen made it impossible to read. Bruns and Miller tested 3 wi re

mesh filters for their contrast enhancement and transmission qualities on

a test chart containing 10 logarithmic shades of gray from black to white.

Their conclusions were as follows :

(1) Under hi gh ambient illumination , with either the open mon i tor
or any of the three filter designs , there is more contrast between
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shades of gray as the shades become lighter.

(2) As the shades of gray become lighter , wire mesh filters provide
increasingly better contrast than the open monitor.

(3) A 2.5-mu 400-mesh experimenta l filter is the most effective in
transmitting the display signal while defl ecting and absorbing
the ambient light; a 2.1—mil 200-mesh Tektronix oscilloscope fi l ter
is nearly as effective; and a 3.0-mi l 325-mesh experimental fil ter
is somewhat poorer.

The wire mesh filters have one drawback , however ; i.e., under low ambient

conditions (6.5 fL) there are rather high transmission losses: 200 mesh

(72.6%); 325 mesh (75.1%) and 400 mesh (79.4%).

Bryden (1973) conducted a study of a high-contrast filter , embodying a color

absorption filter , in an attempt to determine an optimum design. His conclusion

was that color absorption filters conserve input energy to the phosphor better

than a neutral filter. In displays used in high ambient light levels it is

also necessary to set the phosphor brightness at a high level , thereby causing

a demand for large power requirements , loss of resolution , and shortened phosphor

life expectancy . Since a color fil ter requires less power and , therefore,

less phosphor brightness , it increases both symbol resolution and phosphor

life . However , neutral fi l ters do have their advantages over the color ab-

sorption fil ter such as l ower cost ($100 versus $250 per square foot), lower

second-surface reflection characteristics , easier tolerance control , less

weight , the ability to be used by all phosphors (including high efficiency),

and usability with multi -color displays .

Smith in an Internal Raytheon memo (1976) described a study conducted to

choose an optimum contrast enhancement filtering system for RAYCOMP . The de-

sign was to optimize both optical and cost-effectiveness standards. His

recommendations , reached after considerat ion of numerous possibilities

(especially in regard to elimination of first surface reflections by various

methods , e.g., antl-refl ect;ve coating, magnesium fluoride , etches , Don Tech ,
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Inc.’s RH2092 material and a polyester coating process), were as fol l ows:

(1) Use a SGL Homalite #1452 filter with LR-92 first surface finish.
This finish diffuses the refl ected light well and is economical .
It is not an etch but is very similar to a-light etch in appear-
ance.

(2) Eliminate the cosmetic panel and bond the filter to the CRT, there-
by eliminating one source of loss of symbol resolution and contrast.

(3) Use 78% transmission CR1 glass since it reduces the phosphor bright-
ness and is the only glass available now anyway .

(4) Recommend G.E. “warm white ” fluorescent bulbs as ambient lighting
since they are superior to “cool white ” bulbs for the contrast
ratio task/background.

Ainberger (1967) made a cathode ray tube employing a remission technique

to provide very high contrast under high ambient conditions. The design

consisted of an ultra-violet bandpass fi l ter, a fluorescent film , and a visible

bandpass filter . All elements are transparent. Incident light strikes the

visible fi l ter and is partially absorbed . The remaining ambient light passes

through the fluorescent film and is absorbed by the ultra -violet filter .

Since the two fil ter l ayers have no common bandpassing abilities , return

diffuse reflection or emission from the fl uorescent film and any return

reflection from the phosphor are eliminated . Hence , the CRT maintains a high

level of contrast and readability even in hi gh ambient situations . This

process , of course , still does not eliminate the problems of specular reflec-

tions , but Amberger suggests that technologically available methods (e.g.,

coatings , filters) be employed to reduce these reflection problems .

A study of such factors as color of the ambient illumination , inten-

sity of illumination , angle of incidence , distance of the target from the outer

surface of the CR1 glass , and the complex interactions of these variables as

related to anti-glare coatings was undertaken by Hampton and Carr (1967).

Both objective physical and subjective observation evaluations were under-
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taken . The Courtney report (1958) had advised against the use of anti-glare

coatings because of high cost, limited wave-length effectiveness , and the

problem of fingerprints and other foreign matter reducing the effectiveness

of the coating. However , Hampton and Carr (1967) no longer saw these as

reasons against anti-glare coatings. First , the cost of such coatings is nc

longer prohibitive . Secon d , they are effective over broad ranges of the

visible spectrum (4OO-7O0m~i). And , lastly, any glass , coated or uncoated ,

is susceptible to the adverse effects of fingerprints or dust. In addition ,

present anti-g lare glass does meet the stringent requirements of military

specifications for humidity , temperature , salt-spray resistance , abrasion , and

adhesion tests . The HEA coating tested was cleanable with any common solvent

or cleaning solution.

Three coatings were tested: HELR , HEA , and circular polarizer with

HEA , along with a test-standard uncoated g lass . The resul ts of reflectance

tests under white ambient lighting conditions indicated that the HEA , with or

without polarizing filter ,gave almos t iden ticall y marked impro vement over

either the HELR or uncoated glass. The reduction of the angle of incidence

from 300 to 150 also produced a small reduction in measured refl ected light

values while an increase in ambient intensity , as expected , produced almost

l i nearly increasing reflection measurements. The transmittance measurements

showed significant differences for  the different coatings: the HEA with

circular polarizer allowed only 30%; HELR and the uncoated safety glass

allowed 88°~, and the HEA coating alone allowe d nearly 1OO’~ (almost 12% better

than the uncoated qiass).
Hampton and Carr concluded that the HEA coating on both sides of the

glass represented Ihe most effective of all the test coatings. Although

the circular polarizer with HEA coating had slightly better anti-reflectance

characteristics , the low transmittance quality of such a comb i nation precludes

its desirability.
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Spanier , et al (1972) have developed a patented anti-refl ective glass.

According to its inventors this new type of glass combines etching with an

optical coating in such a way that reflected light is several orders of

magnitude less than that reflected by prior state-of-the-art optical coatings ,

e.g . ,  ref lected light (250-675m u ) measured off conventional optical coatings

at 0.6% ref lectance were unmeasurable under this method , but were estimated

at 0.1 to 0.01%.

Reported advantages of this method were:

(1) Greater reduction of specular reflections with less loss of symbol
resolution than with etching alone.

(2) Greater reduction of non-specular reflections than that obtainabl e
using optical coatings.

(3) Significant reduction of the adverse effects of oily films (finger-
prints , etc,)

(4) Higher resistance to abrasion .

(5) Greater effective viewing angle than with optical coatings alone
which are viewing ang le sensiti ve.

In addition , the extent of etching is dependent upon the particular

resolution needs of the tasks being performed . It is claimed that the corner-

d aily available etched panel s labeled “fine ” or “light” provide the correct

resolut ion for CR1 displays (determined as not less than 1.1255 line-pairs/mm

and not greater than 3.5636 line-pairs /mm). Any preferred anti-refl ective

chemical coating can then be app lied to the prev ious ly etched g lass. Th i s

is similar to the process used on the Computer Readout Display (CRD) for Computer

Update Equipment. If this process works as wel l as reported , a breakthrough

has been made in CR1 anti-glare technology .

4.3 Ambient Lighting Recommendations

Ambient lighting in the ARTCC centers provid es certain problems in re-

lation to the PVD dis play . Among these problems are the reflections of the

walls and ceilings on the PVD screen because of the room lia htin g and the

_ _ _ _  _
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glaring light sources connected with the flight strip and printer area .

Up to a point the more light the eyes receive , the better they function ;

but beyond that point glare interferes. A minimum of 200 lux for rough work

and up to 2 ,000 lux for fine and detailed work should be provided (IES Hand-

book 1972).

The problem here is that the surround of the PVD area should be darker

than that of the adjoining flight strip area. The ideal solution , from an

illumination engineer ’s perspective , would be to se para te the two areas by space

or by some sort of dividing curtain. Unfortunately neither is a possibility

in this case because of the working relationship between the PVD operator and

flight strip operator. Therefore , suitable means must be devised to limit the

adverse effects of the “spillover ” of light from one area to the next. In

addition , adequate ambient room lighting is necessary to allow for safe travel

about the floor area by supervisors and controllers at all times.

The Ral ph H. Parsons Company (1970) conducted a study in order to deter-

— mine the most des i rab le integrated light ing system for ARTCC centers in

terms of cost, energy conservation , and illuminating efficiency . The following

conclusions were reac hed after cons id era b le sci entific ex perimenta ti on and

elim inat ion of what they saw as undes i rab le al ternati ves:

(1) PVD ’s operating at a 6° angle from the horizontal ~ii ll work effec-
tively with two rows of direct lightin g installations. No glare or
high contrast images appear on the screen .

(2) PVD’s operating at a 68° angle from the horizontal pick up images
of the farthest row of l ights only. U3e of high cut-off angle
louvers over these lights will reduce these relections. Gray matte
louvers and supplementary lighting that wi l l not mask out displays
or cause discomfort glare should be employed.

( 3 )  The Computer Readout Display (CRD) for Computer Update Equipment will
pick up images of the near row of lights if mounted in a position para-
llel with the existing console surface. Supplementary lighting and louvers
will make the light source more uniform and thereby reduce the con-
trast of the background to the PVD surface. Tilting the mounting
of the PVD can eliminate the louver surface image for some observers.

(4) Map light boards do not p ic k up any un~-~nr ’~d reflect~~~s from adirect l ighting i ns t a l la t - o n .
- 31 -
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(5) Use of louvers with a 68° cut—off angle over the overhead lights
eliminates any direct—glare exposure.

(6) Supp lementary lighting to lighten walls and ceilings and blend
with the louvers is necessary as direct lighting fixtures with high
cut-off angles do not adequately illuminate walls or ceilings.

(7) The supplementary lighting of walls and ceilings should be of the
indirect type and i t  must not be used in establishing proper working
level illumination .

The mos t important point to notice in the conclusions and recommendations of the

Parsons ’ report is that  direct lighting with high angle (68°) louvers should

prov ide the primary ambient lighting for the facility . This was never imp le-

mented. In addition , the mapboards are the largest single sources of specular

reflections on the PVD and a study of their effects seem to have been overlooked

in this study .

The conclusion that direct lighting is the most efficient means of lighting

the room is disputed by Lewin (1973). In his article he designs and attempts to

validate his claim to the superiority of his “twin-beam ” system (Figure 4.2) of

lumlnaire design over any conventional method. A photometric curve (Figure 4.3)

of the illumination cast by such a system shows almost all light being cast out

at angles between 20° and 40° w i t h  predominant emphasis at the 30° angle. Hi s

system Increased the Contrast Rendition Factor (CRF) and v i rtually el imina tes any

veiling reflection problems by eliminating specular refl ections from the task

field of view. In addition , the “twin—beam ” system provides an almost constant

value of CRE across the ent i re  center of h i s  test room, from which we might infer

that the “twi n-beam ” luminaire design provides for balancing of the illumination

of the surround very effectively.
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In addition , this system is highly efficient in the production of light.

In comparing a louver system , a lens system , and his “twin-beam ” system, Lewin

arrived at the values of 30 Equivalent Sphere Illumination (ES!) fc, 51 ES! fc,

and 78 ESI fc, respectively for the three systems. In terms of ESI fc per

kilowatt we get 27.3 fc/kw, 30.9 fc/kw and 56.58 fc/kw. The “twin-beam ” system

becomes twice as cost effective as the louver system and almost one and a half

times as effective as the conventional lens system. Such a system may not be

practical for the ARTCC centers in terms of installation cost.
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5.0 SUMMARY OF RECOMMENDATIONS

5.1 Circular Polarizers

Circular polarizers effectively reduce specular reflections from the face

of a CR1 screen. However, they cause several secondary problems : (1) they are

useful only for limited ranges of the light spectrum (2) they reduce the trans-

mittance of the light from the screen to the observer , (3) specular reflections

appear on the face of the circular polarizer itself and (4) they are very

expensive. The Courtney report’s attempt to design an invisibl e glass shield to

be placed over the circular polarizer in order to eliminate these specular re-

flections seems to complicate the problem rather than solve it because (1) it

does not eliminate the problem of limi ted spectrum range of polarizers and (2)

the glass introduces probl ems of parallax.

5.2 Wire Mesh Filters

Wire mesh techniques effectively eliminate specular reflection problem s,

but under the low ambient conditions found in the ARTCC control centers wire mesh

filters lower the transmittance of light to unacceptable l evels.

5.3 Color/Neutral Filters

Color/neutral filters effectively Increase the contrast between the charac-

ters and the screen background. However , they do nothing to eliminate specular

refl ect ion prob lems.

5.4 Etches
4

Etches tend to eliminate specular reflections, but unless the etching is

carefully controlled , it may cause unacceptable losses in character resolution ,

thereby leading to eye fatigue due to the loss in display legibility .
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5.5 Optical Coating

Optical coatings probably provide the best method of reducing specular

reflections. Hampton and Carr (1967) determined that glass coated on both sides

by an HEA coating provides the most efficient coating available. But , inherent

problems with coatings still exist: (1) they do not reduce non-specular refl ections ;

(2) they are susceptible to loss of resolution by oily films and fingerprints ;

(3) they are not resistant to abrasion and (4) they are viewing—angle sensitive .

5.6 Etching and Optical Coating

The process developed by Spanier et al (1972) combining etching and optical

coatings is a first step to answering this problem of reflections on the PVD

face . This process apparently eliminates all the objections to etching. It also

eliminates all of the problems associated with optica l coatings with the exception

0f applicability to non—glass surfaces . If the non—glass implosion shield

could be placed between the face of the CR1 and the faceplate , the process would

show considerable merit.

5.7 Ambient Llghting

In addition to the specular refl ection probl em there is also a problem of

the ambient lighting in the environment. The room lighting must be balanced to

eliminate the light/dark contrasts found on the walls and ceiling. The recommen-

dations of the Parsons ’ report have not been fol lowed in their entirety. They do

not deal adequately with the PVD reflection problem. The present installations are

incapabl e of being balanced effectively and persist in causing specular reflections

on the PVD face .

The Lewi n (1973) “twin-beam ” system may be applicable to the ambient lighting

problem , but would require a costly installation .
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ILLUSTRATIONS OF IMPROVEMENTS BY THE MODIFiCATIONS

OF THE BOSTON ARTCC LIGHTING STUDY
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APPENDIX D

ILLUST RATIONS OF IMPROVEME NTS BY THE MODIFICATIONS

OF THE BOSTON ARTCC LIGHTING STUDY

Fi gure T i t le

D-l Increased Ambien t Illumination in Area D D-2
(Background of Photograph) From Light Control
Map board s

D-2 Flight Strip Illumi nation With Three-Inch Deep D-3
Louvers

D-3 Fl ight  Str ip Pr in t e r  i l l u m i n a t i o n  Wi th G reen D-4
Filter

D-4 Black Negat ive  Ke ycaps on Pla n View D isp lay D-5

D- 1 
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