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Abstract: 

      Optical modulator is an important component in optical system. It is a device, 

which changes the angle between the vision line to the target and coordinate to 

electrical signal. The optical modulator modulates the optical signal by a frequency 

depending on the shape and number of sectors. The optical modulator takes various 

circular shapes due to the need for it. Through this study we have designed the fractal 

optical modulator consisting of eighteen sector , by building a computer program 

(SAM1) using visual basic language. In this paper assume that nine sectors one 

opaque and the other nine sectors are transmitted for the light. One may consider 

these nine sectors also as opaque for the other regions of electro-magnetic wave 

spectrum. 

       For the importance of the modulation transfer function (MTF) in testing and 

evaluating optical systems, it becomes the dependent measurement to know the 

optical systems efficiency. It has been studied for optical systems with circular 

aperture, where that function could evaluated the image efficiency for point object in 

image plane at different magnitude  of transmittance. 

      In this research, the fractal optical modulator has been designed of semiconductor 

material  by using the fractal function. Then evaluating the values of  MTF at different 

values of refractive index and transmittance. 

       The best modulation of  Calcium Fluoride CaF2 material optical modulator was  

when transmittance T = 89%. Where the value of Modulation Transfer Function 

(MTF) is maximum at refractive index η λ=0.400µm (CaF2)= 1.4419. The worst case of 

modulation was at transmittance T = 36%. Where the value MTF is minimum at 

refractive index η λ=0.161µm (CaF2)= 1.5490. 
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 جايؼح ري قاس, كهٍح انؼهٕو , قسى انفٍزٌاء 

 

الخلاصة 

ْٕٔ ػثاسج ,  ػُصش يٓى فً انًُظٕياخ انثصشٌح (Optical Modulator)قشص انرضًٍٍ انثصشي 

, ٔانًحٕس انثصشي إنى إشاسج كٓشتائٍح,  ٌقٕو ترحٌٕم انزأٌح تٍٍ خظ انُظش إنى انٓذف(Device)ػٍ آنّ 

قشص انرضًٍٍ ٌسرؼًم نرضًٍٍ الاشاسج انضٕئٍح . ٌٔأخز ػذج أشكال دائشٌح يخرهفح ٔرنك تحسة انحاجح إنٍّ

. ٌٔؼرًذ ػهى شكم انقشص انًصًى ٔ ػذد انًقاطغ

فً ْزا انثحث ذى اسرخذاو انحاسٕب نرصًٍى قشص ذضًٍٍ تصشي كسٕسي تاسرخذاو نغح انفٍجٕل تٍسك 

ذسغ يُٓا يؼرًح ٔ انرسغ انًرثقٍح ذكٌٕ شفافح ٔيُفزج , حٍث ٌركٌٕ انقشص يٍ ثًاٌ ػشش يقطغ يرسأٌح6.0

ٔنكٍ يغ ذطٕس انؼهى ٔجة ػهى انؼهًاء ٔػهًاء , اَحصش ػهى انشٌاضٍاخ نؼذج قشٌٔ فً انؼانى انخطً .نهضٕء

. انشٌاضٍاخ أٌ ٌرفًٕٓا الأَظًح غٍش انخطٍح ٔيا ٌُثثق يُٓا يٍ انؼهٕو انحذٌثح ٔيٍ ضًُٓا انُٓذسح انكسٕسٌح

ٔنهُظاو انًصًى فً ْزا . MTFٔنًؼشفح كفاءج انُظاو انثصشي ٌرى اخرثاسِ تٕاسطح دانح الاَرقال انًؼذنح 

انثحث كاَد انفرحح انًسرخذيح دائشٌح انشكم ٔ انًادج انًصُٕع يُٓا انقشص شثح يٕصهح حٍث ذى حساب قٍى دانح 

ٔقذ ٔجذ اٌ افضم حانح ذضًٍٍ نهقشص انثصشي . الاَرقال انًؼذنح ػُذ قٍى يخرهفح يٍ الاطٕال انًٕجٍح

 ياٌكشٔيرش حٍث ًٌرهك اػظى َفارٌح 0.4انكسٕسي انًصُٕع يٍ ثُائً فهٕسٌذ انكانسٍٕو ػُذانطٕل انًٕجً 

.  ياٌكشٔيرش0.161انرً ذقاتم انطٕل انًٕجً % 36كزنك ٔجذ اقم قًٍح نهُفارٌح %. 89
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1. Introduction 

      The production of the optical system has passed through several stages, the optical 

design is the first 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 being used. The optical design 

includes specification for the radii of the surfaces curvature, the thickness, 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 

from the aberrations. But there isn't ideal image which corresponds to the object 

dimensions because of the wave nature of the 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 the aperture shape [1]. 

      Optical modulator: any device used to modify any characteristic of an optical 

signal (light wave) for the purpose of conveying information[2]. Optical choppers are 

mechanical devices that physically block a light beam of some type. Rotating optical 

modulators (choppers) are perhaps the most common form and are they produced by 

SciTech Instrument Ltd. A metal disc with slots etched into it's mounted on a dc 

motor and rotated. The disc is placed in the path of light beam which will then cause 

the beam to be periodically interrupted by the blocking part of the disc [3]. 

      The term fractal was coined in 1975 by Benoit Mandelbrot, from the Latin 

fractious, meaning "broken" or "fractured" The word fractal has two related means. In 

colloquial usage, it denotes a shape that is recursively constructed or self-similar, that 

is, a shape that appears similar at all scales of magnification and is therefore often 

referred to as "infinitely complex". In mathematics a fractal is a geometric object that 
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satisfies a specific technical condition, namely having a Hausdroff dimension greater 

than is topological dimension [4]. 

 

2. Optical Modulator 

      Optical modulator is a device ,which changes the angle between the vision line to 

the target and coordinate to electrical signal[4].An optical modulator is used to 

provide directional information for target , and to suppress unwanted signal from 

background [1].It is a device used for chopping the emitted 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[1]. 

Fig. (1) The Position of the modulator in the optical system. 

The optical modulator is called in many different names :-  

1-Optical modulator . 

2-Chopper. 

3-Raster. 

4-Reticle. 

5- In case special is crosshair. 

      The term reticle has been defined as "a pattern located in the focal plane of an 

instrument to measureor locate a point in an image." Reticles have been used and are 

still used in a multitude of operations from commercial applications or surveying to 

military applications of  boresighting surveillance and fire control systems. The 

general case that most people are familiar with is the simple sight on a rifle or gun. 

There are as many types of reticle as there are uses for them. However, one type of 

reticle, commonly referred to as a spinning frequency modulated (FM) reticle, can be 

used to provide range and bearing information.[5] 

The word reticle is from the Latin meaning (net) a network or grid of lines displayed 

in an optical instrument.  

      The minimum reticle consists of simple "cross-hairs" [6], A crosshair is a shape 

superimposed on an image that is used for precise alignment of a device. Crosshairs 

are most commonly a "+" shape, though many variations exist, including dots, spots, 

circles and chevrons. Most commonly associated with telescope sights for aiming 

firearms, crosshairs are also common in optical instruments used for astronomy and 
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surveying and also popular in graphical user interfaces as a precision pointer. The 

crosshair was invented by Robert Hook and date to the 17
th
 century. 

      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 figure (2) which can be 

describe by relation  

F= nv                                            ( 1) 

Where  

n : the number of sector.  

v : the angular velocity (rotation speed). 

F : the spatial frequency. 

The modulation operation in optical modulator depends on the movement between 

image object and optical modulator . In this concept the optical modulator can be 

classified in two types :- 

1-Rotating Reticle Disk :- In this type the disk rotates about its axis ,while the object 

image rotates within the disk area. Sometimes the disk axis has been rotated about the 

optical axis of the Electro-Optical-System, in circular path. This type of disk is called 

(Nutating Reticle). 

2-Stationary Reticle Disk :- In this type the disk is stationary, while the image object 

has been rotated on the disk surface by using rotational optical system. 

      The optical modulator has two important operations in detection, tracking and 

guidance system ,and this operations is to:- 

1-Provide directional information about tracking and to suppress unwanted signal 

from background .This operation is called (Spatial-Filtering). 

2-Change the optical signals parameter ,which is produced from the object, by 

designing suitable disk pattern. 

      The modulation can be done by using two types of mode Active and Passive 

modes . The two operations can be applied in the active mode in the same time, while 

just the second operation can be applied in the passive mode. 

The better efficiency of the optical modulator can be produced when the spot size is 

not larger than three times the object image size. The real efficiency is produced when 

the spot size is equal to the object image. When the object image approaches the 

optical system, its size will be increased. [1,7]  

3. AM and FM Optical Modulator  
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      One of the optical modulator shapes is (Fan Shape), and sometimes called (Wagon 

Wheel), it is shown in Fig.(3) and it is used in many optical applications, In radiation 

measurement system, it is used as optical chopper. Therefore it is used in optical 

modulation in most Tracking and Guidance systems. This type of optical modulator 

works in two modes:  

The first , is when the optical modulator is rotated around its axis, then the incident 

radiation will be modulated in amplitude modulation AM . 

The second, is when the optical modulator is stationary ,while 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 .[7, 8] 

 

4. Fractal Function  

      Euclidean geometry provides a first approximation to the structure of physical 

object. It describes objects of simple shapes, point, line segment, ellipses, circles, 

boxes, and cubes that have a few characteristic sizes, with dimensions one, two, and 

three. This geometry is mainly oriented a round linear, integral system.[9] 

      Non linear shapes and nonintegral systems are not easily described by traditional 

Euclidean geometry. These shapes and systems need another geometry that is quite 

different from Euclidean geometry to describe and study these cases. Benoit 

Mandebort [10] suggested the existence of geometries near to the geometry of nature, 

known as fractal geometry. 

      Mandelbort, coined the term "Fractal" to describe object that are very "fractured" 

as a clouds, mountains, coaslines, leaves, sun,...........etc. 

Mandelbrot's famous and pioneering work with fractal geometry and his introduction 

of two new basic concepts including ; first, self-similarity,  which is to say that the 

fractal shapes are to be self-similar and independent of scale or scaling. The general 

nature of the fractal irregular bumpy structure remains constant through successive 

magnifications such as is the case for coastlines and mountains. Each small portion 

when magnified can reproduce exactly a large portion. Fractal images exists as the 

limit of both random and deterministic processes based upon the representation called 

Iterated Function System (IFS).Second, a fractal has non-integer dimension known as 

the fractal dimension, which allows scale independent measurement of such objects, 
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and gives a numerical measure of the degree of  boundary irregularity or surface 

roughness. The fractal 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 [11]. And from examples on nonlinear fractals: Mandelbrot set, and Julia 

set which they shown in figure (4). 

Now it is seen an alternative way to specify the dimension of a self-similar object. 

The dimension is simply the exponent of the number of self-similar pieces with 

magnification factor N into which the figure may be broken. 
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Where 

 D
\
 is fractal dimension, N:  number segment, L:  length, K: length each piece 

 

5. Iterated function system (IFS) 

    fractals as they are normally called 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 [12]. Formally, 
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And (i=1, 2, 3, 4……..m). 

Sometimes each function fi is required to be linear, or more accurately an affine 

transformation and hence can be represented by a matrix. 
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(5) 

Where  

          (x, y):  a metric space, (e, f):  transformation parameters 

          (a, b, c, d): real numbers (in two-dimensional)    
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      However, IFSs may also be built from non-line a function, including projective 

transformations.    

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

theory, of which sierpinski triangle, von koch curve, and cantor set are examples. 

6. Cantor Set 

      In order to understand the cantor set, the construction becomes with a line 

segment 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 

number of segment is increased to two and length is reduced to (2/3). The cantor set is 

simply the dust of point the remain. The number of these points is infinite, but their 

total length is zero. As shown in fig( 5) 

7. OTF & MTF 

     Another method to specify the resolving power of an optical imaging system is by 

means of the optical transfer function (OTF). This function is defined as the contrast 

in the image of a sinusoidal grating with a given spatial frequency,  

             ω = 2Π/ L                                                                           (6)  

Let us assume that we form the image of an object containing a wide spectrum of 

spatial frequencies and then analyze the frequency content in the image of this 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 frequency in the object. If the 

object contains all spatial frequencies with a constant amplitude, the OTF becomes 

the Fourier transform of the image. Such an object is a point object and its image is 

point spread function (PSF). Hence, the OTF is simply the Fourier transform of the 

point spread function. 

the optical transfer function F(ωx, ωy) may be obtained from the Fourier transform of 

the point spread function S(x,y) as follows: 

 

       F(ωx, ωy)=∫∫Ѕ(XF,YF)e 
i(wx XF, wy YF)

dxFdy                                                     (7) 

We see that in general this OTF is complex and, thus it has a real and an imaginary 

term. The modulus of the OTF is called the modulation transfer function (MTF) and 

represents the contrast in the image of a sinusoidal periodic structure. The imaginary 

term receives the name of phase transfer function (PTF) and gives information about 
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the spatial phase shifting or any contrast reversal (when the phase shift is 180
o
) in the 

image. [13] 

The MTF is then the magnitude response of the imaging system to sinusoids of 

different spatial frequencies. This response can also be defined as the attenuation 

factor in modulation depth: 

          M =
Amax −Amin

Amax +Amin
                                                                               (8) 

where Amax and Amin refer to the maximum and minimum values of the waveform 

that describe the object or image in W/cm2 versus position. The modulation depth is 

actually 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 function of position in the image plane. The MTF is the ratio of 

image-to-object modulation depth as a function of spatial frequency:[14] 

           MTF =
Mimg

Mobj
                                                                                   (9) 

Or 

         MTF =
Imax  −Imin

Imax  +Imin
                                                                          (10) 

In summary, the MTF is a powerful tool used to characterize imaging system’s ability 

to reproduce signals as a function of spatial frequency. It is a fundamental 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.[14] 

 

7. Discussion and result 

     The optical modulator is an important component in optical system. The optical 

modulator is a disc from Calcium Fluoride CaF2 which has a radius R, and assumes 

the number of sector is (eighteen sector), The computer program (SAM1) was written 

by using visual basic language. In the present study assume that nine sectors opaque 

and nine sectors are transmitted  alternating to the light as shown in figure (6). The 

transmitting sectors might be consider as opaque to the other wavelength. Fractal 

function was used to divide optical modulator into very small segment of line, it’s  
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simply the dust of point. 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 is part is an arc from a circumference of the total circle. Thus, the light form will 

through one revolution of the radius (the point of beam incidence of light on the 

sector). It is considered that arc of sector which moves on the opaque sector is the 

required distance only. The resultant circumference of the circle was divided on the 

total number of sector. 

      The unit of spatial frequency will be in (Rev/s) which depends on the velocity, 

and the number of sectors. The relation of frequency is shown in equation (1). Also 

the Modulation Transfer Function (MTF) is evaluated using the relation(10). 

      In general, the range of transmittance for Calcium Fluoride CaF2 was found 

between (36% to 89%) was related to the wavelength between (0.161 to 0.400)µm; 

therefore, the minimum transmittance at the refractive index nCaF2= 1.5490  

(λ=0.161µm). The maximum transmittance for Calcium Fluoride CaF2 at the 

refractive index nCaF2 = 1.4419 (λ=0.400µm). 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 [15]. The high inflection point for MTF changes with 

transmittance changes, and the MTF curve changes with transmittance of material and 

vice versa. The curves are 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 

Calcium Fluoride has two inflection points at the spatial frequency =2 and 4 (Rev/s). 

The curves showed, the spatial frequency changes between 1 to 2 (Rev/s) the value 

MTF is quickly gradient. When the spatial frequency changes from 2 to 4 (Rev/s) the 

gradient in value MTF becomes less than the 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, and the spatial frequency begins to increase with decreasing 

the MTF values. 
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8. conclusion 

1- The comparison between the values for MTF at different values for 

transmittances, showed that at values large for transmittance the value of  

MTF become large (at increasing the transmittance will be increasing the 

MTF). 

2- There is a clear relation between the intensity increases and decreasing the 

spatial frequency for all cases (of transmittance). 

3- There is a considerable increase in Modulation Transfer Function (MTF) by 

decreasing the spatial frequency for all materials. 

4- It is very important the optical fractal modulator, when it is designed from a 

specific material such as Calcium Fluoride (CaF2) as special filter will 

generate frequency. 

5- The best modulation of  Calcium Fluoride (CaF2) material optical modulator 

was  when transmittance T = 89%. Where the value of Modulation Transfer 

Function (MTF) is maximum at refractive index η λ=0.400µm (CaF2)= 1.4419. 

The worst case of modulation was at transmittance T = 36%. Where the value 

MTF is minimum at refractive index η λ=0.161µm (CaF2)= 1.5490. 

6- Any searcher can be use same model and material but wave length different. 

As  a wavelength in ultraviolet or visible  

 

 

Fig. (1) The Position of  the modulator in the optical system[4] 

 

 

Figure (2): The output signal from the modulator 
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Figure (3): wagonwheel pattern[8] 

 

           

           (a)-Mandelbrot set                                                    (b)- Julia set 

Figure (4): Mandelbort and Julia sets 

 

 

Fig.(5) Construction of the classical cantor set 
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Fig.(6) optical modulator (design by searcher) 

 

 

Fig. (7)The supposed optical modulator 

Table(1):Data for Calcium Fluoride CaF2 when transmittance (36%) 
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Figure (8) The MTF with the spatial frequency at transmittance 36% 

Table(2):Data for CaF2 when transmittance (47%) 
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Figure (9) The MTF with the spatial frequency at transmittance 47%. 

 

Table(3):Data for CaF2 when transmittance (64%) 
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  Figure (10) The MTF with the spatial frequency at transmittance 64%. 
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Figure (11) The MTF with the spatial frequency at transmittance 75%. 
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Figure (12) The MTF with the spatial frequency at transmittance 82% 

Table(6):Data for CaF2 when transmittance (85%). 
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Figure (13) The MTF with the spatial frequency at transmittance 85%. 

Table(7):Data for CaF2 when transmittance (89%) 
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Figure (14) The MTF with the spatial frequency at transmittance 89%. 
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