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Abstract

In this work a stationary opto-mechanical reticule is designed to be utilized with a terrestrial telescope to improve its detection range
for moving objects. The design calculations based on the psycho-physical characteristics of the human eye. The results obtained
show that the optimum ocu-reticule co-performances may be obtained for the case where the object angular velocity fluctuates be-
tween (10-2 rad/s) and (5*10-2 rad/s), or may be extended with certain limits, to a decade more or less than the pronounced value.

1. INTRODUCTION

The purpose of an optical instrument is to im-
prove the performance of the eye by improving the
details perceived in the observed scene especially
under low contrast. Some magnification of the ob-
ject makes it easily identifiable but the field of view
is usually reduced in proportion. If magnification
exceeds the diffraction limit no further enhancement
of details is possible. In any optical system design
the magnification has to be considered with all other
interdependent factors which often lead to a com-
promise. In general, relatively lower magnifications
and larger fields of view are used for surveillance
instruments, whilst relatively higher magnifications
and smaller fields of view are necessary for target
acquisition. However, the question now is, for an
optical design of a telescope, is there any probabil-
ity of enhancing its detection range? The answer
may be given in the following theoretical proposal in
this paper.

2. THEORY

Considering the visual system as a part of a
communication system, the transfer, spatial, and
temporal characteristics are the most important pa-
rameters of interest, while the noise of the system,
usually, considered next in importance where in con-
junction with the other parameters, sets the limits on
the system performance. The study of these parame-
ters is usually based on psychophysical concepts.

2.1. Spatial Characteristics

In the optical stage diffraction, aberration, and
scattering contribute to the spreading of the light in

the retinal image of a point source. The total diame-
ter of the point spread function, (PSF) for white
light, and a pupil diameter of (2 mm), is found to be
approximately one arc minute,while it almost equal
to the Airy disc. However, for this case, about half
of the image flux falls within a radius of (1.2 mm) of
point source image. The radius is doubled for a
(6.6mm) pupil diameter®).

Spatial threshold performance of an optical system
is usually stated in terms of resolution. It is the system
ability to separate or resolve two close objects, that is,
to recognize them as two. In vision, the term acuity is
often used instead. The visual acuity of the eye is a
measure of its ability to perceive details in a scene
and it is the ophthalmic analogue of the resolution.
Acuity is defined as the reciprocal of the visual angle
subtended, at the eye, by the resolved object details.
When the visual angle is measured in minutes of arc,
the reciprocal is called decimal acuity®.
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The reciprocal of the threshold contrast is called
the contrast sensitivity. It represents the spatial
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frequency response of retina-brain section of hu-
man visual system®), that is, the optical transfer
function, (OTF), of the visual system.

Contrast sensitivity maximizes at (1-6 cycles/
deg), fall off at lower frequencies due to ocular and
at low frequencies due to aberrations, diffraction,
and finite receptor size, Fig. (1).

2.2. Temporal characteristics

The frequency, of periodic signals, at which the
flicker ceases to be perceptible, is called the critical
flicker frequency (CFF).The flicker phenomenon is
often described by means of de-Lange curve, which
show the threshold modulation as a function of
(CFF), Fig. (2)©). At intensity levels above (0.5 Td)
these curves start at a threshold modulation of (0.6-
0.7) at low frequencies, rise to a peak some where
between (5 & 20 Hz) and then drop rapidly.
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Fig. 2. Threshold Modulation as a function of CFF
{After Ref.(9)}

The frequency response of the visual system is
another characteristic of spatiotemporal behavior,
signals varying sinusoidaly both in time and space.
Suprathreshold experiments showed that at low
frequencies (~2 Hz) the perceived modulation of
sinusoidal luminance pattern was more than two
folds. While at (~5 Hz) it appeared to be equal to
that of the steady pattern, and at (10-20 Hz) it
dropped to about half this value(10).

Ocular motion is another important example of
the spatiotemporal interaction where any motion of
the eye, while viewing a bar pattern, resulting in
image motion across the retina will translate the
spatial pattern into a temporal one.The eye's motion
prevents the fading of the image, which quickly
disappears when it is stabilized on the retina. The
coupling between spatial and temporal effects in-
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troduced by the eye motion optimizes the visual
response to luminance fluctuation and the ocular
scanning may contribute to edge enhancement(!").

2.3. The Spectral Characteristics

A representative curve of the change in wave-
length, required to make the difference just notice-
able, is plotted as a function of wavelength in Fig.
(3)12. It shows that the maximum sensitivity ap-
pears, mainly at the wavelengths (0.49 pm) and
(0.59 pym) and also at (0.44 pm).
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{After Ref. (12)}

3. UTILIZATION OF A RETICULE IN A
TELESCOPE

A reticule is an opto-mechanical chopper, occa-
sionally it referred to as an episcotister('3). It sup-
presses unwanted signal from the background of
the object scene by converting a DC-signal to an
AC-one, that is, improving the signal-to— noise ra-
tio. The use of a reticule to increase the detectabil-
ity of a particular target in the presence of extrane-
ous background details is called spatial filtering.
This type of filtering is used to enhance the signals
from object of larger subtending angles. The reti-
cule is placed at the image plane of the optics,and
its center coincides with the optical axis. There
must be a relative movement between the reticule
and the object's image. Therefore two types of reti-
cules may be used to initiate this relative motion, a
rotating reticule or stationary reticule.

The movement of the object across the spatial
patterns of the reticule creates temporal frequen-
cies while improves the eye response, within certain
limits, and an enhancement in the detection range
of the overall optical system is expected.

3.1. A Suggested Design for a Reticule
Pattern

A suggested reticule pattern designed for a tri-
pod binocular terrestrial telescope is descried be-
low. Its field of view (7 deg.) and focal length (280
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mm), that is, the image plane diameter is about
(34.25 mm). A proper reticule pattern for this case
is of a concentric annular circles Fig. (6). These
annular circles are divided into three groups of dif-
ferent spatial frequencies which are successively
increasing toward the reticule center.

The external group consists of five concentric
circles of one millimeters width for each of them.
they are ordered in pairs, from the external circle
toward the center, alternatively, as a transparent —
semitransparent annular circles are made yellowish,
the complement of the blue color, where the sensi-
tivity for the eye, at these wavelengths at, the low
spatial frequencies, is the best as indicated in Fig.
(3). The spatial frequency is made to be (2.5 cy-
cles/deg.) (or 0.5 cycles/mm). The spatial frequency
of this the intermediate group is doubled (5 cy-
cles/deg). Similarly the internal group spatial fre-
quency is (6.25 cycles/deq).

3.2. The Temporal Frequency Calculations

If the object under investigation crossing the
scene at an angular velocity, w, then the temporal
frequency ut, results from crossing the image reti-
cule's annular rings, can be estimated using the
relation(14),

usfw = ut (3.1)

where f is the focal length and us, the spatial fre-
quency of the reticule, for each group of its annular
rings.

The temporal frequencies produced at external
group of the annular circles (us = 2.5 c/deg.) varies
from (1.4 Hz for w = 0.01 rad/s.) to (14 Hz for w =
0.1rad/s). For the intermediate group (us = 5 c/deg),
the temporal frequencies fluctuates between (2.8
Hz for w = 0.01 rad/s) and (33.6 Hz (for w = 0.1
rad/s). Finally the calculated temporal frequencies
for inner group of the annular rings (us = 6 c/deg)
fluctuate between (3.4 Hz for w = 0.01 rad/s) and
(17 Hz for w = 0.05 rad/s).

The spatial frequencies have been selected to fit
the band of the best spatial response of the eye,
that is (1-6) cycles per degree. Consequently the
temporal frequencies obtained fluctuate between
(1.4 Hz and 16.8 Hz) in the range of angular veloci-
ties of (102 rad/s) to (5102 rad/s). However the
best response of the eye to the temporal frequen-
cies (2-5 Hz) and the critical flicker frequency is
about (20 Hz).
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4. DISCUSSION

The results obtained in this work are utilized in a
suggested design of a reticule pattern that can be
applied to terrestrial or astronomical telescopes to
improve their detection ranges against moving ob-
jects.

Fig. 4. The Reticule Design

The reticule design is illustrated in Fig. (4). Cal-
culations of the spatial and temporal frequencies
results utilized in this reticule are summarized in
Fig. (5).

Fig. 5. The applicable range of the targets angular velocities

The device performance against moving objects
can be deduced from this figure. The ranges of
object's angular velocities that expected to induce
the optimum performance of the eye-telescope
system fluctuates between (5*10-2 rad/s) and (10-2
rad/s). The best performance may be obtainned at
the angular frequency (2*10-2 rad/sec), where spa-
tial frequencies of (1 to 6 ¢ /degree), the optimum
response of the human eye, produce temporal fre-
quencies of (1.12 Hz) to (6.72 Hz). This is approxi-
mately fulfills the requirements of the human-eye
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response to the temporal frequencies (2-5 Hz).
However, one may work properly in the spatial fre-
quency range of about (1-8 c/deg), and temporal
frequency range of about (1-9Hz). It can be seen
from Fig (7) that these frequency ranges located at
the Rose region of the threshold —luminance rela-
tionship, that is threshold modulation is proportional
to the square root of the object luminance. The
relation between the ratio of the brightness modula-
tion to luminance modulation, and the spatial fre-
quencies is illustrated in Fig 1), which shows that
the best ratio, takes place at the spatial frequency
(6 cycles/degree), is about (1.8)
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