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Some considerations regarding the exit pupil location in some visual systems
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The proper location of the eye with respect to a visual optical instruments is not a trivial problem. It depends on many practical factors
widely known. This paper describes some of the many factors that determine the best position for the pupil of the observer with respe
the optical system which is not necessarily the exit pupil of the system. The practical consequences of this problem are very importan
the design of visual systems.

Keywords: Optical system design.

La localizacon apropiada del ojo con respecto a un instrumémtico visual no es un problema trivial. Depende de muchos factores
practicos no conocidos ampliamente. Estécaib describe algunos de los muchos factores que determinan la mejobpgsica la pupila

del observador con respecto al sistebpsico el cual no es necesariamente la pupila de salida del sistema. Las consecuéanticeste
este problema son muy importantes para elfdis#e sistemas visuales.

Descriptores: Disefo de sistemaspticos.
PACS: 42.15.Eq

1. Introduction When designing visual instruments we may encounter

o i , , . ~ two different situations:
The final image in a visual instrument is formed at the retina

of a human eye. If the eye is emetropic, that is, if it does not _ o .
have any refractive error, the virtual image provided by the @) The exit pupil is a real image of the system stop, lo-
instrument has to be located at an infinite distance [1]. The  cated at the exit of the optical system. In many instru-

coupling of the visual instrument to the eye is done by lo- ments, like in Keplerian telescopes and periscopes the
cating the eye close to the exit pupil of the instrument. The stop is at the entrance pupil of the system, which is the
distance from the last optical surface of the systemto the exit ~ aperture of the first lens in the system. In these cases
pupil is called theeye relief It is frequently assumed in most the exit pupil position and its diameter are well defined.

lens design textbooks [2] that the exit pupil of a visual optical - _
system has to be located at the entrance pupil of the observ- b) In some other systems, like in ophthalmic lenses, mag-

ing eye. nifiers and Galilean telescopes with a large objective

It has been pointed out that the selection of the proper ~ diameter (See Fig. 1), the stop and the exit pupil po-
position for the eye is quite important in binocular head sition of the system are at the pupil of the observing
mounted displays [3,4], since this position may affect the es- eye. Since the eye rotates in its socket to observe off-
timated depth of the observed object [3,4]. However, this ~ axis points, the stop of the system frequently has move

is not the only consideration to be made regarding the exit ~ Off-axis. So, an effective position to consider for the

pupil position as described here. Many other factors have to ~ Stop is at the center of rotation of the eye globe. In
be considered. these systems the exit pupil of the system is located

wherever the center of rotation of the observer's eye
. . . . globe is placed. This position will be called the appar-
2. Some consu_jeratl_o_ns regarding the ideal ob- ent stop. Our justification for this is that at the apparent

server’s pupil position stop all off-axis principal rays cross the size of the ap-
parent stop is about the same as the size of the pupil
of the eye divided by the cosine of the angle of the pe-
ripherical vision.

Itis a little known fact that the best position for the pupil of
the observer with respect to the optical system is not always
the exit pupil of the system. The optimum pupil location has
several solutions depending on several factors and circum-
stances. The practical consequences on the selection of its Now let us study these two types of visual systems with
location are very important for the design of visual systems.some more detail.
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2.1. Systems with a Fixed and Accessible Exit Pupil thus the tolerance in the position of the eye along the optical
axis is much greater. An example of this kind of system is
Itis well known that the eye relief in eyepieces of visual in- 5 wide field microscope or an indirect ophthalmoscope. Ide-
struments [5,6] with a fixed position for the exit pupil should ally, the eye relief should be large enough to be able to place
measure at least 10 mm to provide enough space for the eyge center of rotation of the eye at the exit pupil of the sys-
lashes. An eye relief of 15 mm provides a more comfort-tem However, this condition tends to increase the necessary
able viewing or even 20 mm is necessary for people wearingjameter of the eye lens too much. Then, an intermediate so-

eyeglasses. For riffle sights the eye relief should be at leagfition is advisable as a compromise, as clearly pointed out by
60 mm to give space for the riffle recoil. Usually, a large eyerpsete-Aguilar and Rayces [8].

relief requires a large diameter for the eyepiece lens.
In these systems where the exit pupil is determined by 2 Systems where the stop is the pupil of the eye

a physical stop in the system, which is not the pupil of the

eye, it is commonly stated that the pupil of the observingThe second case of optical system is when the stop of the sys-

eye should be at the exit pupil of the instrument. Walker [7]tem is the pupil of the observing eye, that is, that the optical

points out that when an observer looks to an object at the cen-

ter of the field as in Fig. 2(a), and then moves the eye globe

to look to another object at the edge of the field the pupil is | APPARENT

automatically decentered as in Fig. 2(b). Then, the object at

the edge of the field is clearly seen, but much dimmer due !

to a vignetting effect that has been guantitatively analyzed in |

detail by Rosete-Aguilar and Rayces [8]. Its magnitude de- ‘

pends on the field angular size as well as on the diameter of

the exit pupil and the pupil of the eye. |
Thus, this position for the observing eye with respect to

the exit pupil is correct if the objects of interest are small

and in the vicinity of the optical axis. A typical example is

a visual astronomical telescope. However, if the objects of

S oBJECT L

interest are located at many points over a wide field, the vi- 1 R BYE AND

gnetting appears. / Iapféqg?’% 5107
This vignetting can be avoided if the head is slightly - P _ A

moved laterally to center again the exit pupil of the system a [N

with the pupil of the eye. The observer does this adjustment
to correct this decentering [7] in an instinctive manner.

An alternative way to avoid this vignetting is by select-
ing another location for the exit pupil, at the center of the J
eye globe, but this arrangement also has some problems. It [§cure 1. Exit pupil in an ophthalmic lens and a Keplerian tele-
clearly shown in Fig. 2(c), that in this case the pupil of the scope.
eye has to be larger than the exit pupil of the visual system. If

EYEPIECE |

the vignetting is to be avoided, the diamefeyr of the pupil EXTT ey
of the eye should be at least POSITION POSITION

D.> D, +2Ctan© Q)

whereD; is the diameter of the exit pupil, arfdis the semi-
diameter of the eye globe, generally consider to be 14 mm for
an emmetropic eye.

In this case the eyepiece design becomes more compli-
cated because the eye lens also increases greatly its diamete PUPIL PUPLL

When looking at an object at the center of the field all FORITION - PostTIoN
the objects at any position within the field will have the same
apparent brightness. However, if an object at the edge of the
field is directly observed as in Fig. 2(d), and the exit pupil =~
of the system is smaller than the pupil of the eye, then the
objects located on the opposite side of the optical axis of the
object of interest will be much dimmer or even invisible.

If the exit pupil of the optical system is much smaller Ficure 2. lllustration of the blocking of the light by the pupil of
than the pupil of the eye the vignetting effects are small andhe eye for two different locations of the observing eye.
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system has not an exit pupil or stop when the eye is removed, Systerm's
as in ophthalmic lenses, magnifiers or systems with a wide

field as illustrated in Fig. 1. The exit pupil is the pupil of the

eye, but it is a movable stop that moves with the eye. When gistrcaall (a)
designing this kind of systems the evaluation of the quality of sypstem

the image has to be made with the stop at a different off-axis
position for each off-axis viewing direction. In this case it is

better to consider a fixed stop located at the center of rotation gﬁtem's
of the eye.
In these systems the vignetting effects do not appear.
However, when designing these systems one of the two fol- (\)/Lﬁfﬁcaa'l (b)
lowing situations have to be considered: System
a) The objects of greater interest are always near the cen- Exit

ter of the field. Peripheral objects are never directly
observed, but their presence is important. For exam-

ple, when wearing eyeglasses we read by slowly mov- Visual (C)
. . . Optical
ing our head to keep the letters at the optical axis. Pe- System

ripheral objects, that is, off-axis objects without any
rotation of the eye should be clearly imaged, mainly
for secu'rlty reasons. In th!s case the exit p_uD'I ShOUIdFIGURE 3.0bserving on-axis and off-axis objects in a visual opti-
be considered at the pupil of the eye. This case hagy systems.

recently been studied [9].

) e—

=
A\

OBJECTIVE
. . I AND EYE
b) The objects of interest are distributed over the whole STOP EYEPIECE

field of view and the instrument can not be constantly l ===

and fast moved to center at the optical axis of the ob- o~ \\

served object. A typical example is a galilean telescope ——— ///ﬂ ‘ ikij

observing a screen with text. Ideally, the telescope — I ' U\

should be fixed and only the eyes should move. An-

other example are eyeglasses to be used for fast read- VIRTUAL STOP

ing a wide field text. Then, the practical situation is g gyre 4. A Galilean Telescope with a virtual exit pupil.

a fixed observers head with his eyes moving fast. In

these cases when designing, the exit pupil can be con;

sidered to be at the center of rotation of the eye as we”

are always correcting the foveal imaging.

3. Systems with a fixed and unaccesible exit pupil

Some instruments have a stop and hence an exit pupil located
inside the systems in a non accessible place. That is to say, it
. ) is a virtual image of the stop. An example of this kind of sys-
_InFig. 3(a) the off-axis beam produces an extra foveale, is 5 Galilean telescope with a relatively small objective
image. When the eye rotates the off axis beam may not entgfiameter, as illustrated in Fig. 4. In these cases vignetting is
the eye, as illustrated in Fig. 3(b), unless the eye is latery,gigable and there is not an ideal location for the eye. The

ally shifte_:d as in Fig. 3(0_)* then, the off-axis bea_m produces,est e can do here is to place the eye as close as possible tc
a foveal image. The optical system can be designed to prqg,, eyepiece.

duce the best possible off-axis image, either when the eye is

not rotated as in Fig. 3(a), or when the eye is rotated as in

Fig. 3(b). In the first case we speak of peripheral non-foveaB. Conclusions

imaging and in the second case of peripheral foveal imaging.

An optical system like this, can not be optimized for both sit-We have described some of the possibilities for the best se-
uations. The designer has to select either one by placing tHection of the location of the eye in visual optical systems.
exit pupil either at the pupil of the eye or at the center of ro-There is not a unique well defined position but several ones
tation of the eye globe. The selection depends on the relativean be applied to visual systems depending on its configura-
importance that the lens designer gives to peripherical visiontjon and application. In conclusion, the best position for the
according to the intended application. In neither of these twaye has not a simple solution and care should be taken when
cases there is any vignetting. performing the optical design.
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