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Abstract:

In this papers have designed the fractal optical modulator of circular aperture with
various radius R and thickness 5mm and with consists of eighteen sectors, has been

designed using visual basic language. As well as, nine opaque sectors and other nine

transparent of light sectors in other regions of elecko-magnetic wave spectrum.

The modulation transfer function is important key to know the optical system

efficiency depend on the testing and evaluating of the image efficiency ofpoint object

in image plane at different wavelength.

The results revealed that at transmittance equal to 87%, the Barium Fluoride
(BaF2) material optical modulator has highest modulate and the maximum value of
modulation transfer function was 0.87 at wavelength j'=220 nm. While tle lowest

modulation was at transmittance equal to 64%o. The minimum value modulation

transfer function was 0-64 at wavelength I=140 nm. In addition the modulation

transfer firnction of the proposed optical modulator decreasing with increasing of
radius.
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1. Introduction

The production of the optical system has passed through several stages, tle optical
design is the fnst one, after this stage is completed, the optical components
manufacturing will be the next stage and then, the evaluation and the testing of these

components will be the last stage before the lens is bei.g used. The optical design
includes specification of the radii of tlre surfaces curvature, the thiclness, the air
spaces, the diameters of the various components, the type of glass to be used and the
position of the stop. These parameters are known as "degrees of freedom" since the

designer can change them to maintain the desired system. The image that is formed by
these optical systems will be approximately corrected against the aberrations. But
there isn't ideal image which corresponds to the object dimensions because of the

wave nature of light, which is mostly affected by several factors like the type of
illumination that is used (incoherent, coherent and partially coherent), the object

shape (Point, Line or Edge) and ths aperhre shape. Gerbig & Lohman(I989).
There are several factors that affect the evaluation of the image quality which is
formed by the optical system. Of these important factors that have effect on

evaluation of the image quality is measured spread function (Point, Line and Edge),

Gerbig & Lohman(1989) Kingslake (1965), Kapany & Burket (1962),which describes

the intensity distribution in image plane for an object (Poinl Line and Edge). The

spread function depends on diffiaction that is produced by the lens aperture and the

amount ofthe aberration and its type in lens or in the optical system. The point spread

frrnction is an important pammeter that is used for identification of the efficiency of
the optical system, where several of the other functions are derived from the point

spread function or in differential relation or integral relation with iI.AL-LAMY(2008),
AI-BEDARY(2007), Abdula(2008).

2. Lens Testing
2.1. The goals testing
There are generally three basic reasons for carrying out series oftests on lenses:

2.1.1 .The lens is suitable for a given purpose.
2.l.2.The lens constructed lens is fulfills the design characteristics.
2.1.3.T'he limitation on accuracy of optical imagery and the relation among various

methods of assessing image quality- Al-Hamdani(1997).
2.2 Testing Method

There are two ways to test lenses and optical systems.

2.2.1 Qualitative Test
By the qualitative test we have the ability to know the type of aberrations in ttre

tested lens, without measuring it.
2.2.2 Quantitative Test
The quantitative test is divided into two types:

z.z.z.l.Visible Test
Visible test contains all the required measurements which designed on the basic

principle of interference between the wavefronts coming from the lens through using
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ideal wave of monowavelength from point source (the ideal wave is considered as a
reference to the wave coming from the testing lens). AL-LAMY(2008).
2.2.2.2. The Photometer Test

This way of examination includes the measurement of special function that
explains the lens efficiency, ideality, and the amount of aberrations. Some of these

lurctions_e.9. point spread functions (PSF), line spread function(LSF), disk spread

fmclon@SF)and ottrer spread functions give good descriprion of ttre intJnsity
distribution in the image plane ofan object by the optical system to be examined. Th!
spread firnction depends on the lens aperture diffraction and the aberrations type and
the amount of aberrations in the lens or in the optical components. There is anotler
irnportant firnction which is used to examine the opticai system like the optical
tr:nsfer firnction (orF). orF as the ability of the optical system to transfei the
different frequencies from the object plane to the image plane, as shown in fig.(l).
AL-LAMY(2008),AL-BEDARY (2007), Abdula(2008).

3.Theoretical background

3.l.Optical Transfer Function & Modulation Transfer Function
Anothet method to specify the resolving power of an optical imaging system is by

means of the optical transfer function (orF). This function is defined as the contrast
in the image of a sinusoidal grating with 

i 
eiven seali.al frequency,

Let us assume that we form the image of an object containing a wide spechum of
spatial ,frequencies then analyze the frequency content in the image of ihis object.
Then, the OTF is the ratio of the amplitude of a given spatial frequency in the image
to the amplitude of the component with the same spatial frequenry in thi object. If tIe
object contains all spatial frequencies with a constant umptit rae, the orF becomes
the Fourier transform of the image. Such an object is a point object and its image is
point spread function @sF). Hence, the orF is simply the Fourier transform oi the
point spread function.
The optical transfer function F(co*, coy) may be obtained from the Fourier transform of
the point spread function S(x,y) as follows:

F(o*, oy)=ljs(xF,yr;e i(* re' 
"r 

YF)dxo6y. 
2.

We see that in general this OTF is complex and, thus it has a real and an
imaginary term. The modulus of the orF is called the modulation transfer function
(MTF) and represents the contrast in the image ofa sinusoidal periodic structure. The
imaginary term receives the name of phase transfer function (pTF) and gives
inform"tlol about the spatial phase shifting or any conhast reversal (when the fhase
shift is 180) in the image. Malacan (2004).
The MTF is then the 6agnitude response of the imaging system to sinusoids of
different spatial frequencies. This response can also be defined as the attenuation
factor in modulation depth:

,, Amax -Amin
- : 

A**' +/""i" J

where Amax and Amin refer to the maximum and minimum values of the waveform
that describe the object or image in Wcm2 versus position. The modulation depth is
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acfiially a measure of visibility or contrast. The effect of the finite-size impulse
response (i.e., not a delta function) of the optical system is to decrease the modulation
depth of the image relative to that in the object distribution. This attenuation in
modulation depth is a flrnction of position in the image plane. The MTF is the ratio of
image-to-object modulation depth as a function of spatial frequency: Daniels(2014).

MTF = 
Mi.g
Mobi

or

MrF = i*fi;fi# s

In summary, the MTF is a powerful tool used to characterize imaging system's
ability to reproduce signals as a frrnction of spatial frequency. It is a firndamental
parameter that determines where the limitations of performance in optical and electro-
optical systems occur, and which crucial components must be enhanced to yield a
better overall image quality .It guides system design, and predicts system
Performance. Daniels(2O I 4).

3.2.Amplitude and Frequency Modulation

One of the optical modulator shapes is the Fan Shape, and sometimes called
Wagon Wheel, which is shown in Fig.2 and it is used in many optical applications, In
radiation measurement system, as optical chopper. Lr most Tracking and Guidance
systems. This type of optical modulator works in two modes: First , when the optical
modulator is rotated around its axis, the incident radiation will be modulated in
amplitude modulation (AM) . Second, when the optical modulator is stationary, the
object scene rotates about the disk axis by nutating movement. Or the optical
modulator center will be rotated about the optical axis of the tracking system. then the
incident radiation will be modulated in frequency modulation (FM). Al-Hamdani
(1997), Wolfe & Zissis(1978).

4. Optical Modulator Construction
Optical modulator is a device ,which changes the angle between the vision line to

the target and coordinate to electrical signal. ALERYANI (2004). An optical
modulator is used to provide directional information for target , and to suppress
unwanted signal from background Abdula(2008). It is used for chopping the ernitted
light from the source. And this will be done by choosing the best shape and size . The
optical modulator takes many various circular shapes due to its need. Abdula(2008).
Fig. (3) shows Position of the modulator in the optical system. The optical modulator
is called in many different names: Optical modulator, Chopper, Raster, Reticle, and in
case special is crosshair.

It is sometimes called chopper. i.e. the optical modulator is a device used for
chopping the light beam and the output signal has frequency showed in fig. (4) and
given by relation:

F= nco 6
Where n is the number of sector, ro is the angular velocity (rotation speed). and F is
the spatial frequency.
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The modulation operation in optical modulator depends on the movement betweenimage- object and optical modurator . h this concip the optical modulator can beclassilied in two tlpes :-
l-Rotating Reticle Disk :- In this type the disk rotates about its axis,while the obiectimage rofates within the disk area. Someti-", ,h; ilk;; h*b;;; ili} ;;";il;optical axis of the Electro-opticar-system, i" "i..d.*;;;. This type of disk is called(Nutating Reticle).

2-Stationary Reticle Disk :_ In this type the disk is stationa
h"s b""n.#teJo., tl" a-i.i.rurru"" uy using rotational oprrgi;H;1" 

image object

The optical modulator has two importlt 
"p"i"U"i, 

'_ 
detection, hacking andguidance system ,and this operations is t,o:_

l-Provide directionar information about h_acking a::d to suppress unwanted signal
fro;1 

back8r,ound .This operation is calted lSpatia"_fltteriigl.
j::_.Tc" q:,o,pti:ul signals parameter ,which is prod-uced from the objecr, byoeslgrrng suitable disk panem.

The modulation can be done bV 
91i1e two types of mode Active and passive

modes . The two operations can be appliedln tfr" u'"iiu. _oa. i" th" ;"J;;;l;;just the second operation can be appti"A i, tfr. pl.rJ" 
"r"a..The better efficiency of the opticai modulator'can b" p."ir*a when the spot size isnot larger than three times the object rmage siz". ih" ,JJJn.i"n"y i, produced whenthe spof size is equal to the ohject t",6:. ]Vh* thJ-oi;."t i.ug" approaches theoptical system, its size will be inireased. ,fbdula1Z008), AilHamdani(1997).

S.Fractal Function & Geometry

Euclidear geometry provides a first approximation to the structure of physicalobject. It describes obiects of simpte shapis, p"irrt, ll;;r"€.ent, ellipses, circles,boxes, and cubes that iave a few 
"i,-u;r:rti" 

";; 
*iii. ".-"n.ron, 

one, two, andF":._Tl geometry is mainly oriented arounj Uo"*,'i"t"gr"r system. Kadhim &Patel (1978).

Nonrinear shapes and nonintegral systems are not easily described by traditionalEuclidean geometry. These shapes and systems need another geometry that is quite
_different from Euclidean geometry to describe and study these cases. Benoit
!1aelort,^ fazmerski(l9gd) suggested the existence oi geometries near to thegeometryz ofnature, known as fractal geometry.

Mandelbort, coined the term.'Fractal', to describe object that are very ,,fractured,,
as a clouds, mountains, coastlines, l"uu"r, run...."i"] fiandelbrot,s famous andpioneering work with fractal eeometry and his introduction of tw";;;i;;;;d;;including; frs! self-similariiv, wnicn is to say rn"t ii"-t""Lr shapes are ro be self_similar and independent of scaie o. r.uting. inJ;;;;;r;;. of the fractal inezularbumpy strucfure remains constant tloougi ru."Jrri"" _"g"in"",i"^-*# ;;:;:case for coastlines and mountains. Each s-ma' pottio" *i"il.ugrriiied can reproduceexactry 

- a large portion. Fractal images exisis as t " ri-it of both random anddetemrinistic processes based upon the representation 
"'"Jlierut"a Function system(IFS)'second, a fractal has non-integer aim.nrio,' tnor*-as tne fractal dimension,which allows. scale independent meaJurement of ruJ oU;""tr, and gives a numericalmeasure of the degree of boundary irregularity o, ,r.iu"" roughness. The fractal
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dimensions one of the most important concepts in the study distribution. It is
analogous to the concepts of length, area and volume in Euclidean Geometry. Frame
& et.al. (2006). And from examples on nonlinear fractals: Mandelbrot set, and Julia
set which they shown in Fig.5.

Now it is seen an altemative way to specify the dimension of a self-similar object.
The dimension is simply the exponent of the number of self-similar pieces with
magrification factor N into which the figure may be broken.

^:r!)"' 7
\K./

o'=:-flfr 8

-\x)
Where D\ is fractal dimension, N is number segment, L is length and K is length each
piece.

S.l.Iterated function system (IFS)

Fractals can be any number of dimensions, but are commonly computed and

drawn in 2D.The fractal is made up of the union of several copies of itself, each copy
being transformed by a function. This is the source of its self-similar fractal nature.

Frame & et.al. (2006). Formally,

"=Udo WherescR2 andfi:R2+R2 9
i

(i=1, 2, 3, 4........m).

Sometimes each function fi is required to be linear, or more accurately an afline
transformation and hence can be represented by a matrix.

lxl fa b-llxl ["] f ax+bv+e1$l l-l ll l+l l=l - 
|

tyl fc a)ly) Lfl lcx+dy+ f )
Where (x, y): a metric space, (e, 0: transformation parameters, (a, b, c, d) are real

numbers (in two-dimensional).

However, IFSs may also be built from nonline a function, including projective

transformations.

One can describe a general construction for fractal that occurs in classical number

theory, ofwhich sierpinski triangle, von koch curve, and cantor set are examples'

5.2.Cantor Set

In order to understand the cantor set, the construction becomes with a line
segnent of length (1) which is subdivided into three sections, removing the middle

third; then removing the middle third of the remaining segment and so on. So, the
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number of segment is increased to two and length is reduced to (2/3). The cantor set is
simply the dust of point they remain. The number of these points is infinite, but their
total length is zero. As shown in Fig. 6. Frame & et.al. (2006).

6.Results and discussions

The optical modulator is a disc constructed from Barium Fluoride BaF2 which has
a radius R. thickness 5mm, and assumes the number of sectors are (eighteen sector),
The computer program was written by using visual basic language. In the present
study assume that nine sectors opaque and nine sectors are transparent alternating to
the light as shown in Fig. 7. The transmitting sectors might be consider as opaque to
the other wavelength. Fractal function rvas used to divide optical modulator into very
small segment of line, it's 5imply the dust of point as shown in Fig. 8 . The circular
aperture was a clear transparence aperture (100%).

Assuming that the incident light is a perpendicular to the chopper. The chopper is
moveable in a circular form. Hence the light beam will make discrete circles
according to the number of sectors. The distance of the light movement on all sectors
of it pafi is an arc from a circumference of the total circle. Thus, the light fomr will
through one revolution of the radius (the point of beam incidence of light on the
sector). It is considered that arc ofsector which moves on the transparent sector is the
required distance on1y, The resultant circumference of the circle was divided on the
total number of sector.

The Modulation Transfer Function (MTF) is evaluated using the relation(5). Also
the unit ofspatial frequency will be in (Rev/s) which depends on the velocity, and the
number of sectors. The relation of frequency is shown in equation (6). The table (1)
shows the increase in spatial frequency by decreasing the MTF. Also the MTF of the
supposed fractal optical modulator will be decreasing with increasing the radius.

In general, the range of transmittance for Barium Fluoride BaF2 was found
between (64% to 87%) was related to the wavelength between (140 to 220)nm. The
MTF has a maximum value when the transmittance at maximum value.

The first inflection point always gets at the spatial frequency value
equal=2(Rev/s) which is compatible to the MTF value for theoretical real optical
system theoretically, Dewolf.& et.al. From Fig. (9), has been noticed the change in
spatial frequency with difference in the modulation hansfer firnction, while the high
inflection point for MTF changes with transmittance changes. The curves have a
similar behavior to its shape, but is varied according to the position inflection point
for MTF. It has been noted that the value of MTF for Barium Fluoride has two
inflection points at the spatial frequency I and 4 (Rev/s). The curves showed, the
spatial frequency changes between I to 2 (Rev/s) the value MTF is quickly gradient.
When the spatial frequency ohanges from 2 to 4 (Rev/s) the gradient in value MTF
becomes less than tle first case. Then, the gradient in the values MTF becomes
approximately stationary. This gradient in the values MTF makes the spatial
frequency changes. The spatial frequency is very small at the maximum value of
MTF. Also From Table (1) and fig. (10), it is noticed that the modulation transfer
fi.rnction decreases with increasing the circle radius (R), because at R equal to (1.25)
mm, the MTF is (0.6a), but when the radius R equal to 12.50 mm the MTF is 0.064,
and same case in other the values of MTF. 

-zo
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T.conclusion

The comparison among the values for MTF at different values for ffansmittances,
showed that at values large for transmittance the value of MTF become large (at
increasing the tansmittance will be increasing the MTF). The MTF of the supposed
optical modulator will be decreasing with increasing Radius. The best modulation of
Barium Fluoride (BaF2) material optical modulator was when transmittan ce T = 87o/o.
Where the value of Modulation Transfer Function (MTF) is maximum at wave length
(BaFz)= 220nm. The worst case of modulation was at tf,ansmittance T = 64/o. Wherc
the value MTF is minimum at wavelength(BaF2| l40nm.There is a considerable
increase in Modulation Transfer Function (MTF) by decreasing the spatial frequency
for all materials, The fractal modulator can be used in optical systems, such as fiber
optics, filter , tracking and guidance system. The fiactal function can be used to
design the optical modulator, especially for fine optical measurement
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Fig. (1): The optical fansfer function [5]

Fig. (2): Wagon wheel pattem [ 5]


