
such as optical aberration, diffraction, the fractional Talbot
effect and how light is injected into an optical fiber. To be most
effective, Web-based presentations of optical concepts should
employ an interactive format that allows users to formulate their
own parameters, enter data or test themselves. Here I describe an
interactive, animated Web-based tool1 for teaching, learning and
research in optics and visual science. The technique is based on
the use of interactive, animated Java applets, animated GIF
images and sound clips to provide visual reinforcement of the
didactic material presented.

T he explosion of Internet technology over the past few
years offers important opportunities for teaching, learn-
ing and research. A multimedia format and the potential

for animation are two key advantages associated with using the
Web for didactic purposes. Animation, because it creates real-
time correlations between scientific theories and applications,
can illustrate physics concepts and optics phenomena in a way
laypeople can readily understand. Simply by clicking and drag-
ging a mouse, without immersing themselves in mathematics,
Internet users can visualize and understand difficult concepts
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An Interactive Web-Based Tool
For Teaching Optics and Vision

Interactive Web-based tools can facilitate understanding of challenging concepts in physics and optics. The
author describes a multimedia teaching and research tool—developed primarily for optometrists and for 
students of ophthalmology—that uses animated Java applets to help users visualize the behavior of complex
optical systems. 
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Image generated by
one of the applets in
the didactic tool.



wavelength or less. The wave-front error
is based on a peak-to-valley (PV) 
measurement of the distance from the
highest to the lowest point on the
deformed wave front relative to the refer-
ence wave front. Since this metric com-
pares only two points on the surface, it
has the disadvantage that a narrow crest
in the deformed wave front can cause the
PV error to be very large, although the
optical system may perform quite well.

Root-mean-square (RMS) error, on
the other hand, which is calculated from
all the measured data, gives a better indi-
cation of overall system performance.12

In contrast to PV error, RMS error—the
most commonly used measure of optical
quality—is an area weighted statistic.12

Yet RMS error does not necessarily give a
good indication of image quality if, for
example, optotypes are used as objects.13

Visual observation of the optical effect of
wave-front deformation is generally nec-
essary. In this case as well, a Web-based
tool that allows optical effects to be visu-
alized would therefore be desirable.

I observed the limitations of the
RMS metric by means of the interactive
Web-based program. Wave fronts 
with the same RMS value may in fact
cause very different image quality 

tions, they encounter a mathematical
arsenal that is very difficult for many
people to understand. This state of affairs
makes aberrations and diffraction a
highly challenging subject area for many
clinicians.

The usefulness of an interactive, ani-
mated Web-based tool9-11 that makes
complex optical effects visual is under-
lined by the fact that phenomena such as
diffraction and aberration are involved in
most optical systems, including the
human eye. Such a tool could be helpful,
for instance, in the case of an ophthal-
mologist who needs to evaluate optical
performance before and after refractive
surgery. One reason surgeons must be
able to visualize the degradation in image
quality caused by aberrations is the fact
that, as will be explained below, in a
number of cases the metrics used to eval-
uate optical performance are misleading.

Insufficiencies of 
visual performance metrics

Rayleigh suggested that visually perfect
diffraction-limited images are formed by
an optical system when all the light rays
entering the system converge at the focal
plane with a phase error of a quarter of a
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Optical reconstructions
To avoid the risk of cumulative deforma-
tions, the geometrical reconstruction of
objects and images must be characterized
by a high level of precision. If the user is
to observe the evolution of an object
(input) or its image (output) as a func-
tion of location, form and system para-
meters, the analysis must be made from
different positions using several combi-
nations of the characteristic parameters
of the optical system. Since the job can-
not be done accurately or rapidly by
hand, a numerical tool that allows visual-
ization is required. A good example is the
analysis of the behavior of light injected
into an optical fiber. The trajectory of the
light ray—which depends on the diame-
ter of the fiber, its position, the local cur-
vatures and the characteristics of the
injection accessory—must be traced from
input to output.2 Naturally, the situation
becomes more complex when optical ele-
ments are combined, when for example
the system includes several lenses, array
illuminators,3 the human eye4 and a
combination of two optical fibers each
having two fiber coupling ball lenses.2

To help people visualize the trajectory
of an optical signal, an animated interac-
tive Web tool was developed.4,5 The tool
allows users with a limited background in
optics (for example, students of optome-
try or ophthalmology), to directly
observe the geometrical relationship
between the object and its image—pro-
vided by the human eye or by any other
conventional optical instrument—with-
out the need for complex calculations or
reconstructions. Although it was primar-
ily designed with teaching in mind, the
tool is also useful for purposes of
research: a possible application is as an
interactive animated visual magnifier for
people with low vision.6

Diffraction and aberrations 
In any analysis of vision, diffraction must
be taken into account since it is always
present as a result of the pupil being of
finite size.7 In the presence of diffraction,
clinicians generally encounter major dif-
ficulties in predicting the effects of aber-
rations.8 When clinicians refer to the
literature for information on the com-
bined effects of diffraction and aberra-

Figure 1. Optical reconstruction: interactive applet simulating the behavior of an optical 
system that includes three lenses. The user has access to all parameters: focal length, position,
object size, orientation and nature.



degradations for given objects.13

I noticed that quality degradation
increases with the amount of phase
variation inside the wave field. For this
reason, it is necessary to define another
metric.13 Because interactive animation
allows complex concepts to be visual-
ized, it may well be of use in the defini-
tion of efficient performance metrics.

Implementation
The main principle behind the interac-
tive Web-based tool is “By observing
physics, we can understand it.” Instead
of being forced to consult books, jour-
nals, encyclopedias and manuals, the
student, clinician or researcher can
obtain sufficient information by simply
clicking or dragging a mouse. The pro-
gram includes more than 50 Java 2.0
applets with help tools,1 along with a
collection of animated GIF images.14

For audiovisual courses, AU-format
8000 Hz sound files are used to play

music corresponding to help, guide and
error functions.

Within the framework of the program,
there are animated interactive applets
that demonstrate how to reconstruct real
or virtual objects or images through
lenses, spherical diopters, plane mirrors,
spherical mirrors, equivalent systems,
associations of optical elements and
human eyes (normal and ametropic, cor-
rected and uncorrected).4 The applets
offer users the possibility to enter data
and calculate parameters. Users can also
build their own applications by means of
the applet parameters in the HTML file.
The applets are easy to use and documen-
tation is available. Included is a special
applet to teach optical reconstruction to
beginners,5 accompanied by an animated
audiovisual step-by-step course. For
example, one can easily learn how to
manipulate the three specific rays—paral-
lel, focal and nodal—for various systems
and real or virtual objects and images. An
applet conceived for low vision shows

how an optical magnifier works and how
its parameters are determined.6 Finally,
an application devoted to optical astron-
omy has been developed; here the effect
of the atmospheric layer of Earth on the
shadow of an object is illustrated.15

One collection of applets illustrates
scenarios in which light is injected into
optical guides,2 including a step index
fiber. This application shows how the ray
is guided, the conditions that cause loss,
how to minimize loss by adding refractive
elements and what happens in the case of
two successive step index fibers. Other
applets deal with optical free-space inter-
connections using optical fibers16; wave
superimposition17; the fractional Talbot
effect; the principle of Talbot array illu-
minators; and Talbot-based multiple
imaging.3

The applet that deals with aberration
and diffraction based on Fourier optics
and scalar diffraction theory 9 shows the
Hartmann-Shack pattern expected for a
given Taylor or Zernike decomposition.
The wave front as well as the retinal
image can be plotted in various forms
and the RMS value is displayed. By means
of this applet, the user can also observe,
in an interactive way, the effect of wave-
front deformation on image quality for
various optotypes and scales. Use of this
applet shows, for example, that two
deformed wave fronts may alter the reti-
nal image in very different ways although
they have the same RMS value. It also
shows that image quality is lower for high
order aberrations, although two high
order aberrations of the same order with
the same RMS value may degrade the
image by different amounts depending
on the significance of phase variation
inside the wave field. Through use of this
applet, I defined a new metric—the opti-
cal transfer error (OTE)—which is based
on the phase gradient of the wave front.
An illustration, in which both metrics
(RMS and OTE) are compared, is 
presented at www.umoncton.ca/genie/
electrique/Cours/Hamam/Optics/Aber/
Illustrations.htm.13

In one illustration, presented in the
form of animated GIF images,14 the user
can see the degradation of image quality
in function of the RMS value in real time.
Clinicians appreciate being able to
observe the correlation between RMS
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Figure 2. Low vision application: interactive applet simulating the behavior of a visual 
magnifier. The user can modify the parameter of the magnifier and move the mouse on 
the image to see the result.
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and image quality.14 Simulation of the
complexity of most optical phenomena
requires heavy reliance on calculus.
Although animation with GIF images is
rapid since the results are calculated in
advance, the preparation of the images is
time consuming for the multimedia
operator: first, calculating the effects of
complex phenomena such as diffraction
takes quite a bit of time; next, several
images must be combined to form one
animated GIF image. Compared to GIF
images, animated applets have the advan-
tage of being interactive; moreover, they
can accommodate numerous parameters
having a large range of variation. But
applets may be slow to load, especially
for users with a slow Internet connection.
And the design of animated applets is
even more time consuming than the cre-
ation of GIF images.

In the case of the applet that illustrates
Zernike and Taylor decompositions, an
interactive animated simulation has been
developed to investigate different aberra-
tion types.10 The user can display the
expression of each aberration type in
Cartesian, polar, Zernike or Taylor form,
and then plot the wave front in gray scale,
temperature color, contour or three-
dimensional surface form. One-dimen-
sional profiles are available and the RMS
value is automatically calculated. The
user can display the point spread func-
tion (PSF) and the modulation transfer
function (MTF) corresponding to any
aberration type up to the 20th order.

An applet devoted to the free recon-
struction of optical systems with aberra-
tion11 allows users to build any
aberration affected system using a combi-
nation of 36 Zernike terms (first 7-order
terms). The applet displays the wave-
front profile, the PSF, the MTF, the
diffraction limited image (low-pass ver-
sion) and the aberration affected image
(in the case of the eye, the retinal image).
Users can choose the input object and
vary its contrast and size. They can also
vary the amount of aberration for each
Zernike term, pupil size and the distance
between the object and the pupil. They
can add, move and remove Zernike
terms. All the operations can be executed
by simply clicking or dragging the
mouse. Instructions are displayed in 
real time. Illustrations are posted at

INTERACTIVE WEB-BASED TOOL

Figure 3. Optical aberrations: interactive applet that simulates the effects of optical 
aberrations. By dragging a mouse, the user can build any aberration affected system using
a combination of 36 Zernike terms (first 7-order terms).

Figure 4. Wave superimposition: interactive applet, simulating wave interference, 
that illustrates the principle of signal superimposition.



www.umoncton.ca/genie/electrique/
Cours/Hamam/Optics/Aber/
Illustrations.htm.13

Discussion
Multimedia provides powerful visual
reinforcement of teaching about optics
phenomena and the functioning of opti-
cal systems. Animation allows users to
track the behavior of an optical signal
from input to output. Interactivity is
highly desirable. Because optics touches
on complex phenomena such as diffrac-
tion and aberrations, multimedia tools
have a lot to offer, despite the fact that
they are often time consuming to con-
struct and require fast Internet connec-
tions and computers to be used
efficiently.

Habib Hamam (hamamh@umoncton.ca) is on the
Faculty of Engineering, University of Moncton,
Moncton, Canada.
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D igital holography has seen an
upsurge in interest thanks to the

recent development of megapixel dig-
ital sensors with high spatial resolution
and dynamic range. A new application
that pairs digital holography with the
Internet is discussed in an article pub-
lished in the August issue of Applied
Optics–Information Processing (AO-IP). 

The authors of the AO-IP article
compress phase-shift digital holo-
grams (whole Fresnel fields) for the
transmission over the Internet of
three-dimensional (3D) images. Since
the holograms are digital in nature,
they are in a suitable form for process-
ing and transmission. 

The authors record inline digital
holograms and recover the whole
Fresnel field by means of phase-shift
interferometry before proceeding to
digital compression and decompres-
sion. They define a speed-up metric
that combines compression-generated
space gains with temporal overheads
caused by compression routine and
transmission serialization. 

Using a special Internet-based net-
working application, they then empiri-
cally verify the benefits compression
has conferred on transmission speed.
The client-server application and asso-
ciated compression algorithms were
written with Java, which allowed the
authors to develop a platform-inde-
pendent environment. 

Applications could include 3D
video transmission, 3D display, 3D
computer graphics and distributed 
virtual reality.

— “Efficient compression of Fresnel fields for 
Internet transmission of three-dimensional images,” 

Thomas J. Naughton (tom.naughton@may.ie),
John. B. McDonald and Bahram Javidi, Applied

Optics—Information Processing, August 2003.
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Figure 5. Talbot imaging: interactive applet that simulates an imaging system which uses 
a Talbot array illuminator. An Escher-like figure is obtained from four image segments.
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