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POR~ IORD

This report is one of a collection of three tee)mic-al reports
written under Work Unit 20030628, “Liquid Crystal Display Measurements.”
The topics covered in these reports were chosen to either support this
work unit directly or to help provide needed information for Work Unit
20030626, “The Integrated U~~.” This work was scco.plisbsd during the
period of 1. Jaai ~’y 1977 to 30 Sept ber 1978.

-‘ Tb. first report, “Msasuraant of Rsflectance on Reflective—Type
Displays ,” deals with the specification of reflectance in a two cc.ponent
sense. That is, reflectance is specified by both a diffuse coeponent and
a specular component . This for~ s1atiou seens especially useful for
specifying the reflectance of liquid crystal displays. Rowevsr, the
method is sot limited to displays alone, but applies to any type of
reflecting surface. For ~~~p1e, the reflectance of various aircraft
coat ings coui.d be investi gated using this method. The deter mination of
the reflectance of these coatings is important and work has been done in
this area , using methods other than the one of this report , by the Air
Force Materials Laboratory. It is felt that specifying reflectanc. by
this method may have advanta ges over other method s in current use • A
siaplif ted ~v....p1a using reflectance functions to calculate 1~~~’- ’ e
and contrast ra tio of an optical yat which uses a liquid crystal
display is included in the Appendix of the repo t.

Tb. secend report, “Can )ft’F Analysis Is Used On Matrix Displays?,”
investigates the use of modulation transfer function O~ 7) in the eva-
luation of matrix displays. This report concludes that I~7 analysis of

triz displays can be useful. An analytical estimate of the )~ P of a
bypothetical 1000 1 1000 elansnt liquid crystal display is included in
the report.

Tb. third and final report of the series is titled “Th If fects of
~~~ Glow On Visual Performance.” This report deals with the ‘effects of
residual glow in bead—ny displays, and the effects of this giow on husen
visual performant.. ly using the contrast threshold work of Ilacheell,
it is shown that even sal’ saunts of glow can have dt r i ntal effects
on operator per~~assncs. The saun t of detri~~~t is a function of the
lawsl of glow, the, operator’s state of l . 4~~~ce adaptation, and the
perceived contrast ratio between target 1” 4”~~cs and a .rro .u.4 1~~4”’~ce.

The rith~r tbe.Ira all those involvsd in helping him prepare these
reports. I especially sat to thank Joha Co.mrod for his support and
review of drafts.

L~~
1 H -



• —— •-

I. 
•

•
~~~~~~~~~

.

t TAILZ OF CONTENTS

SECTION 
____

I IIIT )OWCTIOI

II TVE EFTICrS OF EUD GLON I.

III WOI*~ 2

PZ&TI)IUT EQUATIONS AND DEFINITIONS 2

I V USING THE BL&C~ IILL DA~T& 4

1 1. Calculations

1 2. Using the Contrast Threshold Curves 6

VI ccucwsza~s 8

iurui.eu 11

S v

—



—-‘ - — -

• - — —~~
.

LIST OF ILLUSTRATIONS

FIGURE PAGE

1 CONTRAST THRESROLD CURVES (NO GLOW CASE) 9
2 CONTRA ST THRESHOLD CURVES (CReg 101cLOW CASE) 10

q

LIST OF TABLES

TAIL!

1 CONTR AST RATIO VERSUS GLOW AND GLOW RATIO FOR 5CR,~g lO; l

2 SUMMARY OF ALL CASES STUDIED 7

L . •

H H



• - --- •- •- —.-- — - -

Introduction

This report em~ninea the effects of head-up display ( MUD)

glow on visual performance. The results of the repor~ are
based on the work of Blackwell [1]. Blackwell’s work in
contrast thresholds was comprehensive and is an often cited

reference in today ’s literature. Some work was done in the lab-

oratory to ~~~~~~~~~~ for th~ level of MUD glow tolerable
and the glow ratio needed to reduce the glow to a level which

would not affect operator performance. This is discussed

further below.

This is not a compreh.nsiv . study into the eff.ots of MUD

glow for all levels of glow. However, by picking son. rusonable
cases, many questions have been answered cono.rning .ff.cts
of MUD glow.

~~~ ~~~ ~ Q Glow
Glow is obtained in a MUD when th. image souro. in the

“ off state ” is not entirely dark, i .e..  when no i gsry is
present on the image source , a residual luminanci exists •
This may be a problem in any MUD system regardless of image
source type. This laboratory has addressed the problem,

however , in r.gard . to its work in developing a liquid crystal
- source for a MUD [2].

1
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Glow in a MUD can cause two thing s to happen that affect

operator performance. One is tha +, the operato r ’ s state

of luminance adapta tion is altered. The other is that the

contrast ratio between any target in the field of view and

its surroun d is reduced as glow is increased f rom zero or
no glow. Both of these effects are derivable from the
equations to be pr esented below.

Laboratory Work

Work was done in the laborato ry to find the maximum glow
tolerable under a low light , night time condition . It was

found that a level of 2.00 x . i.O 3 fi glow had a detrimental
effect on both detecting and recognizing a ta rge t in a surroun d
of approxi mately 0.8 x 10 fi. The values chosen in applying
the Blackw ell data were close to these lab orato ry values.
Further it was foun d tha t the glow rati o ( th e ratio of the H
lumina nce of the symbology presented on the MUD to the lumin-

ance of the glow) was approximately 50 - 70 to 1 to not affect
operator performan ce (at the particular luminance levels used ,
this ratio varies as targe t and surround luminance vari ee) .
Glow ratios of 50 to 1 and 35 t~ I were chosen to obtain

results with the Blackwel]. da ta .

Pertinent Eq~uatione 
~ 4 Defj nitk ona

The following definitions and equations apply to the MUD

glow analysias

GR - glow ratio- -luaiinanca of symbolo~~r/luminance of glow

CR 1 
- contrast ratio with glow

CRng - con~~’ast ratio no glow

- 0 transmission of combiner
) 2
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Lt - target luminance

L - glow luminance

- background (surround) luminance

L8 - symbol. luminance

La - adaptati on luminance

Blackwell ’s definition of contras t ratio is as follows i

C R -

where L~ is the luminance of the ta rget to be detected and
is the background or surround luminance of the target.

For the MUD calculations, the target is assumed to have
a luminance greater than the surround. With this assumption ,
the following equations app ly . 

S

(1)

+ L
~~~~~~~~~~~~~~~~~~ (2)

- (CRng + l)Lb (3)

La~~~aLb + L g (4)
L

Equation (1) gives the no glow contrast ratio of target

to surround as a function of combiner transmission, target
luminance, and surround luminance. Note that the combiner trans-

mission variable drops out. Equation (2) gives the contrast

ratio with glow and is a function of the same variables as (1)
with the addition of the glow luminance variable Figure 4

showi the effect of glow on contrast ratio for various target

luminan ces and a background luminance of 0. 75z10 ’ f 1. Equation

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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(3) is derived from (1) and allows calcula tion of targe t

luminance for a given no glow contrast ratio and background

luminance. Equation ( 14.) gives the adaptation luminance as a

function of combiner transmission, surround luminance, and

glow luminance. And finally, equation (5) gives the back-

ground luminance as a function of MUD symbol luminance and

glow ratio.

Using the Blackwe ll Data

The following assumption s and calculations were made to

use the Blackwell data. The cases examined were the 0.9

combiner , which was taken as the standard to compare all

other cases , and a 0.7 combiner . The 0.9 combiner was

examined f or both a no glow and glow case. The glow cases

were further broken down into 2 cases where the glow ratios

were 35 or 50. Finally , two sets of cases were examined , one

for an origina l no glow contrast ratio of 10 and a no glow

contrast ratio c.~ 1.

Calculations

A 0.1 fi symbol lumina nce was assumed. Therefore the glow
L 0 1was calculated as Lg = . For the GR - 50 case, L~ = —

~~~~~

= 0.002 fl , and for the GR = 35 case L~ = 0.0029 fi.

The background luminance Lb was assumed to be 0.75 X 1O~~
fl. Using equation (4) La - + L1,

La - 0.9 (0 .75  x 1O~~ ) + 0.002 • 2.68 x io~ fi

for the ~ = 0.9 ,  OR - 50 case . For the a = 0.9 ,  OR = 35 case,

— 0.9(0.75 x lO~~ ) + 0.0029 - 3.58 x ].0 ’ fi.

Not. for the no glow a • 0.9 case,

La = O ~9Lb~~~O~675
x lO ’fl

~
• . •- 
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1 -
and for the ~ - 0.7 no glow case ,

La O • 7 Lb 0.525 x 10 3 f1s

Assuming Lt > Lb’ the target luminance is calculated

from equation (3) Lt - Lb (CR ng + 1). Lt is found to be

8.25 x l0” fl fo~ C1L~ 10. The target luminance Lt
1.5 x 10 ’ fi for CRng • 1.

The contrast ratio for the glow condition may be calcu-

lated from equation (2)

aLt + L
CRg - + Lg 

-

The following table gives the CR1 values for the various

combiner transmission, no glow contrast, arid glow ratio cases.

Table I
Contrast Ratio vs Glow and Glow Ratio

For cRng lOu

log
Case CR~ CRg

a- .9 Lt - 8.25x10 ’fl 2.52 0.40

GR—50 L1”O.002 fi
C - - b ’

a.O.9 Lt — 8.Z5xbO ‘fi 1.89 0.28
• GR-35 L1 

- 0.O029 .~tl

ci—0.9 Lt • l.5xlO 3fl 0.2.5 -0.60

GR 5O L - 0.002 fl
H CR - 1  1

a—0 .9 Lt — l.5x10 3f1 0.19 -0 . 72
GR3 5  L1 - 0.0029 fl

3



— ~~
— — - — • --

Usiflg the Contrast Threshold ~urves

Figure 11 from [iJ is a graph which gives the log of

visual angle in minutes of arc versus the log of threshold

contrast for a time limited sighting of the target under

various states of luminance adaptation . The horizontal scale

has been changed as suggested in the Blackwell report to in-

crease the probability of detection to something greater than

90%. The increase in target size for the various cases men-

tioned over the size required for th 0.9 combiner transmission

case is a measure of the detrimental effect of both glow and

reduced combiner efficiency on visual performance.

In Figure 1, the states of luminance adaptation ( the

curved lines) were first plotted for the a 0.9 and a = 0 .7

no glow case. Two vertical lines were drawn to plot the con-

trast ratio between target and surround. Again, contrast

ratio is not a function of combiner transmission for the no

glow case. The intersection of the CRn1 = 10 and CR~1 = 1

lines just plotted with the adaptation curves gives the target

size required for threshold contrast. The results obtained

from this graph indicate that the visual angle the target
- -. -- makes wi th the eye must be 12 to 17% larger with 0.7 combiner

than the 0.9 combiner depending on CR~1. Table 2 gives a

summary of the results of all cases.

In Figure 2 , the CRn1 - 10 glow case is examined. Using

the same procedur e as wi th Figure 1, the minimum visual angles

are found for this case. Note that glow luminance changes

with glow ratio thus changing contrast ratio CRg and adapta-

tion luminance La • The size of the target is read from this

6
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Table 2

S”~~~ry of *11 Cases Studisd.

The increas, in visual angle required is indicated over
that required for ‘th. a. - 0.9 ocmbin.r case.

log 3~ ~ subtinseC a e  aubt.n se Cain of arc ) 0 lar~er
0.7 combiner 0.79 6.17 12%
0.9 combiner 0.74 5.30 standard

cLi — 10 0.9 combiner 0.94 8.71 58%OR - 3 5
0 9  combiner 0.92 8.31 311O R — So

0.7 combiner 1.40 25.12 17%
0 9  combiner 1.33 21 38 standa r d

CR, — 1 0.9 combiner 1.63 42.66 100%
OR .35

0.9 combiner i.~~o 38.0.2 78%O R — SO

7
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graph and is found to be 5].% larger than the a -• 0.9 no glow

combiner case with OR - 50 and 58% larger with the GR - 35.
The combiner efficiency a was equal to 0.9 for both glow
ratios.

Also in Figure 2, the CRng - 1 glow case is examined.
The results are obtained using the same method as before.
For the a = 0.9 and GR • 35 case, the visual angl. of the
targe t must be 100% larger than the a - 0.9 no glow standard .
For the a = 0.9 and OR - 50 case, it was found that the angu-
lar subtens e of the target must b3 78% larger.

Conclusions

It appears that even small amounts of glow have serious
detrimental effects on operator performance under low light
level adaptation. This has serious implioations on whether

or not head-up displays which have glow should be used as

primary flight instruments at night. It is believed , however,
that if the MUD is only to be used with sensors that help
the pilot see tha t which could not be seen with the unaided
eye , the effects may be tolerable . This really represents

• 
another case than the one studied.

The effects of MUD glow on opera tor performance should
be studi ed further if the intent is to someday use the MUD
as a primary flight instrument at night.

8
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