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Introduction 
The amount of elderly people (aged 60 

years or above) grows rapidly; it is predicted 
that the proportion of aged people will reach 
about 22% of the population in 2050 
(Population Division, 2012). This growth has 
considerable health and well-being 
consequences. As the body ages, some 
functionality degrades, e.g., also in the visual 
system. The eye's lens becomes thicker and 
more densely yellow with age  (Kessel, 
Lundeman, Herbst, Andersen, & Larsen, 
2010). Hence, the amount of light transmitted 
to the retina is reduced in the eyes of elderly 
people. This change significantly affects 
elderly people’s visual acuity (Haigh, 1993), 
color perception (Okajima & Takase, 2001) 
and contrast sensitivity (Owsley, 2011). 
Currently literature reveals knowledge on 
aging effects of the human eye for relatively 
simple patches and stimuli (Okajima & 
Takase, 2001; Owsley, Sekuler, & Siemsen, 
1983; Tang & Zhou, 2009), but not how 
these effects accumulate in a real scene or 
mitigate as a consequence of adaptation. 

Light designers usually are relatively 
young, but also design lighting environments 
for the elderly population, e.g., in hospitals or 
care centers. Since they want to make these 
light designs optimal for the elderly 
population, they need to understand how 
their designs are perceived by elderly. Hence, 
our aim is to construct a filter, mimicking 
elderly vision, which can be convoluted with 
light designs. This filter will start from the 
existing knowledge, but will be further fine-
tuned with elderly to account for 
accumulation of aging effects or for 
adaptation. Such a filter would help the 
younger designers to understand what elderly 
people perceive, and thus, would facilitate 
light designs that are functional, efficient and 
attractive for elderly people. 

Related work 
Although aged vision also deteriorates in 

temporal sensitivity, motion perception and 
processing speed of visual information 
(Haigh, 1993; Owsley, 2011), we here first 
focus on daily static scenes, and therefore, on 
aging-related changes in light transmission, 
color vision and contrast sensitivity. 

Light transmission 
Literature suggests that part of the 

differences in visual performance between 
young and elderly people can be accounted 
for by differences in retinal illumination 
(Owsley et al., 1983; Sturr, Church, & Taub, 
1988). Such reduced retinal illumination can 
be simulated either by reducing the 
luminance of a display on which stimuli are 
shown (Sturr et al., 1988) or by placing a 
neutral density filter in front of the eye 
(Owsley et al., 1983; Whitaker & Elliott, 
1992). 
Color vision 

As the eye's lens yellows with age, it 
absorbs a larger amount of short wavelength 
light than of long wavelength light (Kessel et 
al., 2010). Kim, Han, and Park (2013) 
employed the spectral transmittance of a 
yellow filter to model color appearance 
perceived by elderly people. Okajima and 
Takase (2001) simulated the extent to which 
chromaticity of light reflected from Munsell 
color chips shifts for elderly people, using a 
model of an aged human lens as proposed by 
Pokorny, Smith, and Lutze (1987). They 
found that young participants cannot quickly 
adapt to the equivalent D65 white incident on 
the retina of elderly people, since younger 
people matched the white perceived by 
elderly as yellowish.  

Contrast sensitivity function (CSF) 
Contrast sensitivity affects the ability to 

see the outline of an object clearly. Aging 
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reduces contrast sensitivity, especially at 
high spatial frequencies (Owsley, 2011). 
When targets are presented at low temporal 
frequencies, low spatial frequency sensitivity 
at photopic levels is not or only minimally 
impacted by aging, but the spatial contrast 
loss increases with increasing spatial 
frequency. Consequently, elderly people 
perceive blurred edges in scenes. However, 
so far this deterioration in spatial contrast 
sensitivity has not been simulated yet. 

Construction of the filter 
Although earlier research has suggested 

that some neural compensation may also 
operate in color vision of elderly people 
(Okajima & Takase, 2001), we here simulate 
elderly vision mainly based on reduced light 
transmission through the lens with 
consequence in perception of light intensity 
and color vision. Elderly people’s contrast 
sensitivity function is simulated based on the 
experimental data from Owsley et al. (1983). 
Figure 1 shows a schematic overview of the 
filter. First, we reduce the luminance of an 
original image (in the linear light domain) 
and shift the color of each pixel according to 
the differences in spectral transmittance 
between elderly and younger people. Then, 
the luminance corrected image is adapted for 
the change in spatial contrast sensitivity. The 
three filtering steps are detailed below.  

 

 
Fig. 1: Filter simulating for an original image what 

elderly see 

Light transmission  
We employed the “Two-factor model” 

proposed by Pokorny et al. (1987) to 
simulate the spectral optical density L of a 
human lens as a function of wavelength λ 
and age A, i.e., L(λ,A). The related spectral 

transmittance of a human lens can then be 
expressed as ( , )( ) 10 L A   . The lens 
transmittance of an elderly person of age A2 
simulated for a young person of age A1 is 
then 2 1 2 1( , , ) ( , ) / ( , )F A A A A     . Figure 2 
shows the resulting spectral transmittance 
for a filter simulating vision of a 75-years 
old person for a 32-years person. 

 

 
Fig. 2: Spectral transmittance for a filter simulating 
vision of a 75-years old person for a 32-years person 

Color shift  
For an object whose spectral reflectance 

is ρ(λ) under a light spectrum E(λ), the 
tristimulus values (X,Y,Z) can be calculated 
using the following transformation: 
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where K is 683 lumen/W, 
( ( ), ( ), ( ))x y z    are the standard CIE 
color matching functions, and  is a 
constant wavelength interval. The resulting 
chromaticity coordinates (x(A),y(A)) for age 
A can be calculated as: 

 
( )

( )
( ) ( ) ( )

( )
( )

( ) ( ) ( )

X A
x A

X A Y A Z A
Y A

y A
X A Y A Z A


 


 

  

 

Original image RGB 2 xyY
Correct
Gamma>1

Intensity transmission
            filter

Color shift
for elderly people

Contrast filter

 xyY 2 RGB
Inverse
Gamma<1

Filtered image as
what the elderly see

400 450 500 550 600 650
0

0.2

0.4

0.6

0.8

1

1.2

Wavelength (nm)

Tr
an

sm
itt

an
ce

 ra
tio

 o
f f

ilt
er



 

38 
 

The shift in (x,y) chromaticity coordinates 
from younger to older age is shown in Figure 
3 for the 1600 glossy Munsell color chips 
under standard D65 illumination (University 
of Eastern Finland).  
 

 
Fig. 3: CIE xy coordinates of 1600 Munsell color 

chips seen by a 32-years old observer (left) and by a 
75-years observer (right). 

Based on these data we used (blind) curve 
fitting in Matlab to relate the xy coordinates 
of a 75-years old observer to those of a 32-
years old observer. The final function 
selection for the x- and y-coordinate 
separately was based on the goodness of fit, 
i.e., R2. The resulting transformations 
between the standard CIE xy coordinates and 
those of a 75-years old observer are: 

1 1 1 2 2 2
3 2

1 2 3 4

' sin( ) sin( )

'

x a b x c a b x c
y p y p y p y p
   

   
 

with: a1 = 1.579, b1 = 0.70, c1 = 0.011, a2 = 
0.021, b2 = 12.01, c2 = -2.07, p1 = 
3.41, p2 = -4.19, p3 = 2.36, and p4 = -
0.050. 

Contrast sensitivity function 
Owsley et al. (1983) measured contrast 

sensitivity in a large sample of adults 
ranging in age from 19 to 87 years. Based on 
these data, we fitted the ratio in contrast 
sensitivity of a 75-years old observer to a 
32-years old observer; the results of this fit 
as a function of spatial frequency is shown 
in Figure 4.  

Since contrast sensitivity varies with 
spatial frequency, we filtered an original 
image to the frequency domain (with units 
of cycles per degree, taking into account the 
viewing distance of the observer to the 
image and the visual field of the image, 
i.e., the angular dimensions of the image's 

width and height). Note that we only used 
the Y-component of the image (i.e., contrast 
reduction was applied on the luminance 
signal and not on the color signal). After the 
image was transformed to the frequency 
domain, the zero-frequency component was 
moved to the center of the image array and 
the high frequency components were moved 
to the edges of the image array. According to 
the definition of contrast, i.e., the difference 
between maximum and minimum luminance 
divided by their sum, we kept the mean 
luminance of the image constant, and varied 
the difference between the maximum and the 
minimum luminance of each pixel based on 
the ratio of sensitivity shown in Figure 4. 
Eventually, the resulting image array was 
transformed back to the time domain. 

 

 
Fig. 4: Contrast sensitivity ratio between 75 and 32 

Simulating real light environments 
To simulate what we expect elderly to see 

in a complex real environment, we combined 
the above three filters and applied them to 
images of lighted environments. Figure 5 
gives such an example; the top picture shows 
the original scene, and the bottom picture 
shows the result after filtering. Obviously, 
the filtered picture looks darker, more blurred 
and more yellowish as compared to the 
original one.  

Experimental validation 
As mentioned before, the filtered picture 

in Figure 5 just shows the sum of the 
(separate) effects known from literature. 
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Hence, we don't take into account possible 
interactions between these effects that may 
occur in real scenes, or possible temporal 
adaptation to changed vision in general. In 
order to be able to account for these 
limitations, the filter might need fine-tuning 
based on experimental results with elderly.  

 

 

 
Fig. 5: Comparison between an original image 

(upper) and the filtered image (lower) 

Since we cannot measure directly what 
people actually see, we try to validate our 
filter through an experiment in which elderly 
people perform a simple task on non-filtered 
images, while their task performance is 
compared to that of younger people who 
perform the same task, but on the filtered 
images. If both task performances are equal, 
we at least validate that elderly have similar 
visual information in the non-filtered images 
as younger people in the filtered images.  

In a first experiment, the contrast 
threshold between a target (Landolt C with 
its gap direction either at the top or at the 
left) and a complex background (a real lab 
environment) is measured with a staircase 
method. By also varying the luminance of the 
background (i.e., the simulated illumination 
level in the scene), we can measure whether 
changes in luminance difference between 
target and background with age are well 
predicted by our designed filter. In addition, 
four different sizes of the target are used, to 
simulate the effect of different spatial 
frequencies. As the contrast sensitivity 

decreases with spatial frequency above 2 
cycles/degree for elderly participants, it is 
expected that both the young and elderly 
participants perform better when the target in 
the image is relatively large (so, has lower 
spatial frequencies). Furthermore, we can 
measure whether a possible effect of age on 
frequency dependent target visibility is 
predicted by our filter. First results of this 
experiment will be presented at the 
conference. 
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