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Abstract 

Night vision goggles (NVGs) intensify ambient illumination making it possible to see in 
the dark despite insufficient light for normal vision. NVGs are used for military and civilian 
operations, and as visual aids for night blindness. The quality and quantity of vision achieved 
through NVGs depends on several factors including the intensity of ambient radiation, the 
integrity of NVG electro-optical components, and the 1 uminance, contrast and resolution of the 
NVG display. The purpose of this study was to investigate effects of display contrast and 
luminance on visual resolution through NVGs. Computer-generated letter charts were used to 
measure visual acuity across the range of luminances and contrasts one can encounter when 
viewing an NVG display. The results indicate that display 1 uminance cannot, in itself, account 
for the level of acuity achieved through NVGs. An attenuation of contrast through NVGs 
better explains the level of resolution obtained. Understanding the contrast and luminance 
transfer of NVGs is important for predicting human visual performance, and for developing 
improved night vision devices. 
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Introduction 

Night vision goggles (NVGs) amplify ambient illumination making it possible to see at 
night when there is insufficient light for normal vision. NVGs are used for military aviation 
and ground operations, law enforcement, and as low vision aids for patients with night 
blindness (Wiley, Glick, & Holly, 1983; Verona, 1985; Verona & Bash, 1989; Bash, Verona, 
& Crowley, 1990; Berson, Mehaffey, & Rabin, 1974; Hoover, 1983). Notwithstanding their 
utility, NVGs present an isochromatic view of the world limited in contrast and detail. It is 
important to understand both the benefits and limitations of these devices so that performance 
can be predicted across a range of environmental conditions. 

The basic components of an NVG are shown in Figure 1. After passing through 
objective optics, ambient radiation strikes a photocathode sensitive to long wavelength visible 
and near infrared light (600-900 nm). Electrons from the photocathode then strike the 
microchatmel plate (intensification element) which increases electron flow. The electrons then 
impinge upon the phosphor screen resulting in the release of green (F20 phosphor), visible 
light. Light is intensified 2000x making vision and performance possible in an otherwise dark 
environment. 

Basic Comnonents of hVG 

intensifies light 2000x 

Figure 1. The internal components of a night vision goggle. Ambient radiation (600400 nm) strikes a 
photocathode element which releases electrons to the the image intensifier (microchannel plate). This 
results in an increased number of electrons which then impinge upon the phosphorescent display 
releasing green, visible light. 

While the NVG diagram in Figure 1 is straightforward, the level of vision achieved 
through NVGs depends on numerous factors including the 1 uminance, contrast, and resolution 
of the visual display (Verona, 1985; Verona & Bash, 1989). The luminance of the display 
changes as function of input (ambient) illumination which spans a 3 log unit range between full 
moon and overcast starlight (RCA Electra-Optics Handbook, 1974). The luminance is also 
subject to internal feedback mechanisms which control the brightness of the display (Stefanik, 
1988). Contrast is determined by the modulation transfer function of electrical and optical 

2 



components, and visual effects of electro-optical noise. Display resolution is governed by the 
spacing between elements of the microchannel plate which allow for visual acuity of about 
20140 under optimal ambient conditions. However, acuity through NVGs declines with 
decreasing night sky illumination (Vollmerhausen, Nash, & Gillespie, 1988; Wiley, 1989; 
Levine & Rash, 1989; Donohue-Perry, Riegler, & Hausman, 1990; Ziegler, Whiteley, Task, 
& Schueren, 1991; Kotulak & Rash, 1992); the specific origin of this effect is unclear. 

The purpose of this study was to investigate the effects of display luminance and 
contrast on visual acuity through NVGs. This was done by simulating the viewing conditions 
of the NVG display, and measuring visual acuity across a range of luminances and contrasts. 
The results indicate that display huninan ce cannot, in itself, account for the level of acuity 
achieved. An attenuation of contrast through NVGs must be invoked to explain the level of 
resolution obtained. Understanding limitations imposed by the amount of contrast and 
luminance transferred through NVGs is essential for predicting visual performance, and for 
developing improved night vision devices. 

Methods 

Visual acuity was measured with computer generated letter charts displayed on a color 
monitor. Temporal presentation, contrast, and chromatic@ were under software control. 
Luminance was measured with a calibrated photometer and stored in tabular form. The green 
gun of the color monitor was used to display the letter charts in order to simulate the green 
phosphor of NVGs. The letter charts and methods of measurement were based on the work of 
Bailey and colleagues (Bailey & Lovie, 1976; Bailey, Bullimore, Raasch, & Taylor, 1992). 
Three charts having different letter sequences were produced. This made it possible for the 
experimenter to change charts between trials in order to minimize memory and learning 
effects. Letter huninan ce appeared as decrements relative to the background, and letter 
contrast was varied on different charts by varying the luminance of the letter relative to the 
background. Chart huninan ce was also controlled with neutral density (ND) filters placed in a 
filter holder immediately in front of the subject’s eye. 

The letter chart displays were viewed monocularly in a darkened room from a distance 
of 2.7 meters. Two sets of measurements were obtained from each subject to evaluate the 
effects of luminan ce and contrast on visual acuity. In the luminance evaluation, the charts 
were presented at maximum (97 percent Michelson) contrast, and luminance was varied with 
ND filters placed directly before the subject’s eye. The hnninances tested ranged from 0.006 
fL to 46.2 fL in 0.3 log unit (i.e., 2x) steps. The series of luminances was presented in 
ascending order to minimize light adaptation and learning effects. The subject initially adapted 
to the lowest luminance for about 5 minutes, and then attempted to read each line of the acuity 
chart starting at the top. As noted earlier, the letter sequence was changed between trials to 

reduce learning effects. 
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To evaluate the effect of letter contrast on visual acuity, charts were presented at six 
different contrasts ranging from 4.8 percent to 71.3 percent in approximately 1.8x steps. The 
luminance of these charts was constant (0.2 fL), corresponding approximately to a third 
generation NVG display in starlight ambient conditions. The charts were presented in 
ascending order of contrast to minimize learning effects. Since acuity improves with contrast, 
visual acuity was scored by letter in logarithmic units and converted to Snellen equivalents. 

Four adult volunteers (ages 21-29; mean age = 25 years) participated in this study. 
Each subject had normal vision with visual acuity corrected to 20/20 during testing. 

Results 

Figure 2 shows mean (& 1SE) high contrast visual acuity from four subjects plotted as a 
function of display huninan ce. As reported in previous studies, visual acuity is maximum at 
moderate to high light levels, but decreases at values < 0.6 fL. This reduction in visual acuity 
with luminance (< 1fL) is best described by a power law function: 

Snellen denominator = 17.4 x (huninance)~~31 r 2 = 0.98 

Figure 2. 

.ool .Ol .I 1 10 IW 

Luminance (II) 

Mean ( f 1SE) high contrast visual acuity from four subjects plotted against display luminance. The 
approximate luminan ce of an NVG display in starlight is indicated. The visual acuity “predicted” from 
this level of luminan ce and the “actual” acuity through NVGs under starlight conditions are also 
indicated. 

Figure 2 also shows the approximate luminance of the NVG display in starlight ambient 
conditions, the visual acuity predicted from this level of luminance, and the actual acuity 
obtained through NVGs (Kotulak & Rash, 1992). It is clear that the actual acuity through 
NVGs is 2x less than the value predicted from the luminance of the display. In fact, 
luminance would have to be 10x less to produce this level of visual acuity. This indicates that 
the luminance of the NVG display cannot explain the level of resolution achieved. 
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If display 1 uminance cannot account for the acuity achieved, then other factors such as 
the contrast of the NVG display must limit visual acuity. To estimate the contrast of acuity 
letters through NVGs, stimulus luminance was reduced to the level of an NVG display in 
starlight (0.2 fL,), and acuity was measured across a range of letter contrasts. Figure 3 shows 
mean (f 1SE) visual acuity from four subjects plotted against letter contrast at a luminance 
corresponding to the NVG display in starlight. Visual acuity decreases as a power function of 
contrast: 

Snellen denominator = 119 x (contrast)a.35 r 2 = 0.99 

As shown in Figure 3, this relation is linear on a log-log plot. NVG acuity measured in 
starlight conditions (Kotulak & Rash, 1992) also is shown in Figure 2 to indicate the letter 
contrast that would yield this acuity (a contrast of only 9 percent). This suggests that the 
contrast of acuity letters is substantially attenuated through NVGs. 

Figure 3. 

10 1 
1. 

1 

1 IO loo 

C0n1rast (%) 

Mean visual acuity ( f. BE) from four subjects plotted against letter contrast. The luminance (0.2 fJJ 
was approximately equal to an NVG display in starlight conditions. The least squares regression line is 
shown (a power function which is linear on log-log coordinates). High contrast visual acuity measured 
through NVGs under starlight conditions is indicated. The arrow points to the letter contrast that 
would give this acuity (a contrast of 9 percent). 

The results in Figure 3 have been replotted in Figure 4 with NVG acuities from 
previous studies measured under starlight light levels (Volhnerhausen, et al., 1988; Wiley, 
1989; Levine & Rash, 1989; Donohue-Perry, et al., 1990; Riegler, et al., 1991; Kotulak and 
Rash, 1992). Acuities are plotted against the stimulus contrast specified in each study. Note 
that acuities through NVGs are lower and thus fall above the power law relation derived in the 
present study. The arrow pointing leftward indicates that contrast would have to be reduced 
by an order of magnitude for the NVG acuities to be explained by the present results. This 
reinforces the notion that the contrast of fine detail is attenuated through NVGs. This 
attenuation probably reflects limitations imposed by the modulation transfer function of the 
device, as well as masking effects of electro-optical noise. 
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Figure 4. The data from Figure 3 are replotted along with NVG visual acuities from previous studies measured 
under starlight conditions. These acuities are plotted against the stimulus contrast specified in each 
study. The arrow pointing leftward indicates that contrast would have to be reduced by an order of 
magnitude for NVG acuities to be explained by the relation derived in the present study. 

Discussion 

This study demonstrates that contrast attenuation plays an important role in limiting 
visual acuity through NVGs. Measurements of acuity across a range of luminances indicated 
that NVG display 1 uminance cannot readily account for the level of acuity achieved. An 
attenuation of stimulus contrast must be invoked to explain the resolution obtained. 

The amount of contrast attenuation through NVGs is determined by several factors, 
including the modulation transfer functions of optical and electrical components and visual 
effects of electro-optical noise. In addition to contrast loss, it is likely that a reduction in the 
luminance of the NVG display contributes to resolution loss at low levels of night sky 
illumination. Additional visual factors, such as inaccurate accommodation and increased pupil 
size, may also limit the level of visual acuity achieved through NVGs. 

Physical measurement of modulation transfer through NVGs is challenging since it 
requires making precise measurements over small areas, often at very low light levels. The 
present results suggest that contrast attenuation through NVGs and electro-optical noise impose 
significant constraints on the level of resolution achieved. Understanding the contrast and 
luminance transfer of NVGs, and how they vary with night sky condition, helps predict 
performance and contribute to the development of improved night vision devices. 
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