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ABSTRACT: A test system based on high resolution was developed and a systematic theoretical modulation transfer 

function MTF, LSF, ESF measurements approach is introduced to measure the quality of imaging systems. The test 

system is composed of 6 different targets; results are presented using Quick MTF2 software. 
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I. INTRODUCTION 

 

The resolution and performance of an optical system can be characterized by a quantity known as the modulation 

transfer function (MTF), which is a measurement of the microscope's ability to transfer contrast from the specimen to 

the intermediate image plane at a specific resolution. Computation of the modulation transfer function is a mechanism 

that is often utilized by optical manufacturers to incorporate resolution and contrast data into a single specification [1] 

and given by and showed in figure (1) 

 

Modulation (MTF) = (I (max) - I(min))/(I(max) + I(min)) [2] …….(1)  

 

Where 

I (max)  : is the maximum intensity displayed by a repeating structure 

I (min) : is the minimum intensity found in the same specimen 

 

 
Fig (1) the maximum and minimum intensity [3] 
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The modulation transfer function (MTF) is used to approximate the position of best focus of an infrared  imaging 

system. In an imaging system, best focus is typically achieved when the MTF is between 0.4 and 0.6; most often at 0.5 

(50% cutoff frequency of the MTF) MTF is inversely related to the minimum resolvable temperature difference 

(MRTD), which is a measure of an infrared sensor's ability to resolve temperature difference. MTF is defined as the 

discrete Fourier   transform of the line spread function (LSF) can be define as a measure of the ability of a system to 

form sharp images; in radiology, determined by measuring the spatial density distribution on film of the x-ray image of 

a narrow slit in a dense metal, such as uranium; from this can be calculated the modulation transfer function. And can 

be calculated by two different methods. One includes measuring the LSF directly from an idealized line approximation 

provided by an image of a slit target and given by equation (2).  

 

LSF= (d/dx ) ESF(X) [4]…………(2) 

 

The other involves differentiating the edge spread function (ESF) which is the system response to the input of an ideal 

edge [5]. As the output of the system is a sampled image, the fidelity of the edge spread function using a single line of 

image data is insufficient for MTF analysis. Aliasing due to under sampling in the camera, along with phase effects and 

the angle of the actual edge with respect to the sampling grid will cause variable results for a single line. The phase 

effects and edge angle may be exploited, however to provide a high fidelity measurement of the ESF. Small changes in 

the edge angle used during construction of the super-sampled edge affect the quality of the resulting ESF and given by 

equation (3). 

 

ESF=X-µ/σ [4]                    ……. (3) 

 

X= the input array of pixel intensity data 

µ  =the average value of the pixel intensity data  

σ = the standard deviation of the pixel intensity data  

The angle is systematically adjusted by small increments around the initial estimate. The quality of the resulting curve 

fit is used to refine the edge angle estimate for the final ESF construction. Many different techniques have been used to 

obtain the MTF, and generally involve either recording an image on film and subsequently sampling it digitally with a 

scanning microdensitometer, or obtaining a digital image directly with a digital imaging system. For example, bar 

pattern resolution test phantoms can be imaged and the MTF calculated from the observed system response to the 

square-wave pattern. The MTF can also be calculated from the system line spread function (LSF) [6], which can be 

determined directly by imaging fine wires or narrow slits. Care must be taken to avoid problems associated with 

aliasing when performing these measurements. Alternatively, the LSF can be determined from the system edge spread 

function (ESF). The ESF is obtained by imaging the edge of an opaque surface, and is differentiated to generate the 

LSF. This technique is frequently used to determine the MTF of computed tomographic systems.  The differentiation of 

the ESF can be done in a number of ways and is the subject of this paper. Some investigators have fitted a model such 

as the error function to the ESF and differentiated analytically producing a Gaussian-shaped LSF [7].  Alternatively, 

some have fitted the ESF data with an assumed shape or function locally (e.g., linear, cubic spline) and 

differentiated.1013 those who have not wanted to force their data to an assumed model have performed the differen-

tiation numerically using a finite-element technique. However, a problem arises with the finite-element technique due 

to the spacing of the sampled data if the system is not sufficiently oversampled. This results from the fact that one ap-

proximates the true derivative of the ESF at each position by the slope between neighboring pixels [8]. 
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II. OBJECTIVES 

 

 To examine the related between MRTD and MTF. 

 To determine the MTF,LSF,ESF. 

 To show the resolution and performance of an optical system .  

III. MATERIAL AND METHODS 

Multiple methods have been proposed for determining the MTF of optical systems on-orbit. These include imaging 

lines or points and potentially using imagery from a system with known MTF during an under flight (In general, these 

measurement techniques require a particular size and orientation of targets and scan direction of the sensor to achieve 

good performance.  

Another approach is to use edges to determine MTF. The edge spread function (ESF) is the system response to a high 

contrast edge. The derivative of the ESF produces the line spread function (LSF), which is the system response to a 

high contrast line. The normalized magnitude of the Fourier Transform of the LSF produces a one-dimensional slice 

through the two-dimensional MTF surface. Other methods exist for computing the system MTF directly from the ESF 

that remove the need for differentiation  

A requirement for determining MTF from edges is to have a high fidelity representation of the ESF.  

We take many shapes to show MTF, ESF, and LSF in program Quick mtf2, the first step, and the most important too. 

Minimizing edge detection errors is most critical for getting sensible results. The edge is usually detected by analyzing 

the line spread function for each pixel line. [4] 

 

 

Fig (2) an example calculation MTF [9] 

IV. RESULT AND DISCUSSION 

 

For calculating the intensity, Quick MTF lets you choose either of the following two conversions Intensity (RGB -> Y 

conversion) 

Y = Kr*R + Kg*G + Kb*B……. (3) 
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BT.709: Kr = 0.2126; Kg = 0.7152; Kb = 0.0722; 

BT.601: Kr = 0.299; Kg = 0.587; Kb = 0.114  

If the "Intensity based" option is used, Quick MTF does not calculate the LSF but only detects the edge by analyzing 

the intensity distribution by using Quick MTF2 software  We takes  2 shapes(square  ,half circle ) to show MTF ,LSF 

,and ESF curves the MTF measurement approach is introduced to measure the quality of imaging systems and MTFs of 

two imaging system combinations are calculated and their graphics To compare different shapes products .always 

check the scaling of the MTF plot and relate the MTF data to actual condition your proposed use of the lens ,for 

example general purpose  or specialized photography (action, landscape, wildlife, ...). The MTF chart can help you to 

evaluate lens performance (to identify limitations) the MTF charts should be read with accompanying lens performance 

data (distortion, flare  ,...). Above all, look for performance excellence at apertures and focal lengths that are best suited 

to your photographic technique and range of subject matter. Finally, read photographic magazines and browse 

manufacturer’s websites, their product reviews (test results) may provide useful advice bellow all the result from 

software from different shapes by using Quick MTF2 software   we take two shapes. 

 

Fig (3) square shape consist of (A,B,C)   

       

(A)MTF                                                        (B) ESF and LSF 
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(C)MTF vs. distance to center 

 

Fig (3) half circle shape consist of(A,B,C)   
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(A)MTF                                                          (B) ESF and LSF 

 

 (C)MTF vs. distance to center 

V. CONCLUSION 

 

From the result above, On the one hand, even minor errors in finding the slope angle can lead to bad errors in 

calculating the SFR. On the other hand, small shifts practically do not influence the calculation results. Quick MTF lets 

you check where exactly the edge is detected severe geometric distortions or a noise level comparable to the signal 
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level can make edge detection difficult; in such cases, you might prefer to turn off the linear regression in Quick MTF 

to calculating the SFR . 

The intensities for all lines are accumulated and averaged; with taking the displacement of the edge into 

consideration the result obtained with interpolation looks more meaningful, because without interpolation, the SFR for 

any spatial frequency equals one. If correction for the difference schemes is applied, the SFR will even increase with 

frequency, and that is contrary to the very meaning of SFR the LSF is the first derivative of ESF with respect to 

coordinate. For calculating the derivative, Quick MTF lets you choose either of the two difference schemes: [-1, 0, 1] 

and [-1, 1]. The difference between the calculation results will be small but obvious. When the correction is on, the 

results for the two difference schemes are practically indistinguishable. So, as you can see, the correction really 

improves the accuracy of calculations. It is advisable to turn off the correction only 
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