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Advances in Double Pass 
Measurements of the Retinal 
Image Quality 
Pablo Artal, Laboratorio de Optica, Universidad de 
Murcia, Murcia, Spain. 

Studying the optical performance of the human eye is 
a central problem in physiological optics.1 In recent 

years, the topic has received increasing attention 
because of the potential applications in ophthalmic 
optics. The double pass (or ophthalmoscopic) tech
nique has been used over the last 40 years as an objec
tive method to estimate ocular image quality. It records 
the light reflected back in the retina when the eye forms 
an image of an object test. This external retinal image 
(aerial image) is used to estimate aberrations of the eye, 
point and line spread functions, and the ocular modu
lation transfer function (MTF). The double pass 
method has been applied in basic and clinical research 
providing reliable information about the eye's optical 
performance under different conditions. However, the 
technique does not obtain retinal images; it only mea
sures double pass images. Although different studies 
have evaluated most of the assumptions required to 
obtain retinal images with this technique, some con
flicts of data remained unsolved. For example, the esti
mates of some ocular aberrations obtained from double 
pass measurements were significantly different from 
those obtained with subjective methods. In particular, 
large amounts of coma-like aberrations were found in 
the eye with subjective methods, while the double pass 
results did not show significant values of any odd aber
rations. 

In that context, we realized that the double pass 
apparatus produced only even aerial images and the 
information on the ocular odd aberrations was lost. It 
was shown2 both theoretically and in an artificial eye 
that the double pass image is related to the retinal 
image through a correlation operation, instead of a 

convolution as was previously assumed. This implies 
that asymmetric aberrations, such as coma, are lost in 
the double pass images, although the ocular MTF is 
correctly computed from the double pass image. This 
finding explained the discrepancies among image quali
ty results obtained with different methods, but it also 
showed an apparently important limitation of the dou
ble pass technique. 

In a subsequent study,3 we proposed a simple modi
fication of the double pass apparatus to overcome that 
limitation and to obtain complete information on the 
shape of the retinal image. We use unequal entrance 
and exit pupil sizes, with one of them (usually the 
entrance pupil) being small enough to produce a retinal 
image close to the diffraction limit. The recorded aerial 
image is the correlation of the rotationally symmetrical 
diffraction-limited input spread function with the out
put spread function to be measured. With this setup, 
the symmetry of the conventional double pass configu
ration is broken and the actual shape of the point 
spread function is revealed, obtaining the ocular optical 
transfer function, with its phase, the phase transfer 
function. The application of the unequal pupil sizes 
double pass apparatus will provide new and more accu
rate results of the optical performance in the human 
eye. 
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Visual System Modeling: 
Putting the Pieces Together 
Jim Schwiegerling and John E. Greivenkamp, 
Optical Sciences Center, Department of 
Ophthalmology, University of Arizona, Tucson, Ariz. 

T he goal of visual modeling is to predict the visual 
performance of an individual from a model of the 

human visual system. A method for predicting visual 
acuity using techniques familiar to the optical engineer 
has been developed,1 which integrates the two distinct 
components of the visual system: the optics of the eye 
and the function of the retina and brain. The eye optics 
are evaluated using optical design software common in 
the optics industry, and the characteristics of the retina 
and brain are then added to make accurate predictions 
of visual acuity for a variety of pupil sizes and refractive 
errors. 

Schematic eye models are simplified representations 
of the human eye, and the surfaces, indices and spac-

Figure 1. Retinal images of a point source after double pass through the eye for different 
entrance and exit pupil sizes in millimeters. When different pupil sizes are used in the 
double pass apparatus (1.5-6 mm) the asymmetries in the ocular point spread function 
are revealed. 
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