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What is an axicon?

JOURNAL OF THE OFTICAL SOCIETY OF AMERICA

VOLUME 44, NUMBER § AUGUST, 1434
The Axicon : A New Type of Optical Element
Joux H, McLeon 1954

Esstman Kodak Company, Hawk-Eye Warks, Rochester, New York
(Recelved September 10, 1953)

A search for a wniversal-focas kens bas Jed 1o 3 new elass of optical elements. These are called axicons.
“There are masy different kinds of axicons but probably the most imporiant one s & gls cone. It may
be either tras M; ar zeﬂ.ﬂ ing, Axicoss foem & continmous -mm line of i mune! from small sources.

5 The ezl d by & cone. This axkcon telescope
i in fozas for Luwalml‘mle(m to infinity without the necessity of movin nny parts. It can be used
to view simultantously two or more small ssurces placed slang the line of sight.

I{ a sovarce of Bight i sultably added to tle telescope it becomes an sutocollimator. Like crdinary auto-
collimators it ean be used to determine the perpendicularity of & mirror. In addition, it can simltanecaly
act as a tebescope for a point target which may be an illuminated pinkele in the micror,

The azicon autocollimsice s aho a projector which projects a straight line of images isle space,

INTRODUCTION form images only of small bright sources like lamp
HE word axicon has been coined to cover a type  flaments or brightly lluminated pinholes.
Pi aptics. All axicons are figures of revalution. EXPERIMENTAL
An axicon has the property that a point source on its
axis of revolution is imaged to a range of points along ~ The first attempt to construct an axicon was simply
fits axis, Axicons do not, therefore, have a definite focal 1o make a narrow circular opening in an opaque disk
length. The name axicon means axis image. Axicons  and use the interference pattern produced by it, see Fig.

What is an axicon?

An axicon has the property that a point source on its
axis of revolution is imaged to a range of points along
its axis, Axicons do not, therefore, have a definite focal
length. The name axicon means axis image. Axicons

J.H. McLeod. en, The axicon: A new type of optical element, J.
Opt. Soc. Am., 44, 1954, pp. 592-597.
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But ....

What can axicons do for us ??

Compensation of
accomodation
deficiency

How can axicons compensate accomodative
deficiencies?

Axicon
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DUE TO THEIR FOCAL SEGMENT PROPERTY,
AXICONS ARE ELEMENTS WITH A VERY VERY
LARGE DEPTH OF FOCUS




QUARTIC AXICON
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Increase the spherical aberration in an optimal way

v 4 Ik 3 ORIGINAL ARTICLE
Presbyopia Compensation with a Quartic
Axicon

JORGE ARES, 0D, Mic, RAMON FLORES, PRI, SALVADOR BARA, P, and
FRIGNIEW JAROSEEWICE, PR

1040-5488/05/8212-1071/0 VOL. 82, NO, 12, PI. 1071-1078
i TRY AND VISION SCIENCI
2005 Amevican Acadenmy of Optanetry

IS THE OPTICAL
QUALITY OF THE
AXICONS BETTER
THAN THE OTHER

PRESENT
COMPENSATIONS?
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For a fixed pupil radius

In global the vision quality
of the axicon are clearly
better than the BiZonal

lenses

And slightly better than the
Trizonal lenses

i’}"‘-" HOA INFLUENCE ON A QUARTIC AXICON
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HIGHER ORDER SPHERICAL ABERRATION
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Can other axicons designs get
hetter intermediate vision?




Optimization strategy
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Patent Pending

WMt is the quartic
axicon performance
when pupil size is
changing?

The quartic Axicon is
much more stable than
the bizonal lens with
pupil dynamics and
slightly better than
Trizonal lens

FAR-Intermediate-NEAR vision
optimization for a PUPIL RADIUS

Optimized axicons

Patent pending
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AXICONS ARE NOT
CONSTRAINED TO ANY

PARTICULAR FORM SO

CAN ALSO BE
. OPTIMIZED FOR
=1 JPIL DYNAMICS




PRELIMINARY RESULTS

Cuartic Axicon ...
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Conclusions

+ Axicons can be good solutions to compensate
presbyopia and other accomodative
deficiencies.

* The quartic axicon is a simple and spatially
continuous example. It works much better
than concentric bizonal lenses and slightly
better than concentric trizonal lenses.

 Spherical aberration is not always bad, it can
be good if we introduce it in the correct dose.

» Axicons are not constrained to any particular
form, as a consequence, they can be
completely customized to work in an optimal
way for very different pupil and vision ranges.
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OPTIMIZED ANGULAR “AXICONS”
RETINAL SIMULATIONS

Insensitive to pupil changes
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FUTURE WORK X

« Axicons have very good
image quality but, Will they be
a comfortable compensation
for the human perception??

WE THINK SO BUT ...

e LAB trials with different optimized
designs are being tested....

Compensacion mediante vision
simulténeFa
Las zonas 1y 2 son empleadas para realizar la misma

funcién refractiva ... La informacién que dan puede ser
redundante.
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¢Porque no hacer que cada una de las zonas tenga una
funcién diferente ?




¢Cémo conseguir que cada una de las
diferentes zonas no distorsionen las
funciones de las demas?
Cuando formemos imagen de un objeto que esta situado a una distancia

determinada, la imagen que proporcionan las otras zonas del mismo objeto han
de estar suficientemente desenfocadas.
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SOLUCION: Axicones

¢, Qué es un axicén?

* AXICONES DIRECTOS E INVERSOS

Formulas de diseio

Axicon de tipo inverso de fase cuartica
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Axicén cuartico

F(r)=pr

El axicon cuartico es
capaz de compensar
un defecto
acomodativo de 1.5 D
aumentando la
profundidad de foco
del sistema visual




- Formulas de disefo

Axicon de tipo inverso de fase cuartica
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Compensacion mediante vision
simultanea

Compensacion de la presbicie con
un axicén cuartico

 Introduccién

— Compensacion de presbicie mediante visién
simultanea. Motivacion.

— ¢ Qué es un axicon cuartico?
» Disefio de un axicon cuartico
 Simulacion de la calidad de imagen retiniana
« Otros axicones interesantes
« Conclusiones
» Perspectivas de futuro

Definicion de Razo6n de Strehl
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Posibles mejoras

Inestabilidad en la calidad de imagen para
distintos desenfoques.

 Inestabilidad frente a cambios en el tamafio
pupilar.

Perspectivas futuras A
Todavia restan preguntas por responder ...

¢, Cuél es el papel que jugaré la
acomodacion residual ante el
tipo de imagenes que
proporciona un elemento que
compensa la presbicie mediante
vision simultanea?

... Y las adaptacionesperceptivas
al desenfoque?

Perspectivas futuras
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Compensacion de la presbicie con
un axicon cuartico
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Imagen

Dominio Espacial (r) Dominio Frecuencias
espaciales (F)
Transformada

de Fourier
O(r) O(F)
lluminacién espacialmente incol
PSFi(r)=|PSF(r)? OTE(F)

' 3 3 Hipdtesis de linealidad e isoplanatismo
3 3 1(r)=O()®PSFi(r) I(F)=O(F)eOTF(F)




Modelo de ojo reducido

¢ Diapo de De Carle

Compensacion de la presbicie con
un axicon cuartico

- IR

Compensacion de la presbicie con
un axicon cuartico
e Segunda generacién de axicones
cuarticos
* Elementos con simetria de revolucion.

 Interaccién de la acomodacién con
elementos




Del griego a&mv (axon) + wdv(eikon)
eje imagen
""Elemento dptico con simetria de revolucion que
transforma un punto objeto axial en un conjunto
continuo de puntos imagen a lo largo del eje."”

J.H. McLeod. en, The axicon: A new type of optical element, J. Opt. Soc.
Am., 44, 1954, pp. 592-597
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