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Abstract. At the University of Miskolc, a machine vision-based 
measurement system was developed utilizing a line scan camera to capture 
images line by line as the object moves. A critical challenge in such systems 
is synchronizing the camera's exposure frequency with the lighting control 
pulse train. Discrepancies between these two frequencies could lead to 
periodic intensity variations in the image. To address this issue, a frequency 
search algorithm was developed. This algorithm compensates for differences 
between the camera's exposure signal and the lighting control signal, 
preventing resonance and intensity fluctuations. The paper details the 
algorithm's operation and related preliminary investigations. 
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1. Introduction 
 

At the University of Miskolc, a machine vision-based measurement system was 

previously developed, utilizing a line scan camera for image capture [1]. Line scan 

cameras operate by recording one line of an image at a time, and as the object 

moves or rotates, the camera builds up a complete image by sequentially recording 

these lines. A key parameter of these cameras is the line rate, which determines the 

number of lines that can be captured per second. This is crucial for ensuring that 

the camera can keep up with the speed of the moving object [2, 3, 4]. Additionally, 

the illumination frequency must be set appropriately to avoid image artifacts such 

as flickering or inconsistent lighting, which could distort the accuracy of the 

measurement. Proper synchronization between the camera's line rate and the light 

source is essential for capturing high-quality, distortion-free images. 

The performance of measurement systems relying on machine vision is 

significantly affected by the lighting approach employed [5, 6]. Line-scan cameras 

sensor area is considerably smaller compared to conventional area-scan cameras. 

Consequently, when designing the illumination, the geometry of the lighting unit is 

not the primary consideration, rather, a simple line-lighting arrangement is suitable. 

A more crucial factor is that due to the brief exposure times, the camera requires a 

higher light intensity to acquire sufficient illumination for image formation. 

Many industrial cameras can provide the active exposure duration during image 

acquisition [7], enabling the synchronization of lighting with the exposure. This 
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allows, for instance, the implementation of pulse-controlled LED illumination. The 

advantage of pulse control mode is the extended lifetime of the LED, as it is 

powered for a shorter duration per unit of time, resulting in reduced heat 

generation. Since traditional lighting control using the camera output signal does 

not provide feedback on the recorded and processed image data, an alternative 

lighting method was developed. An independent lighting control unit offers the 

capability to feed back the image data, thereby regulating the control signal of the 

LED light sources. 

The camera exposure signal and the LED pulse train originate from distinct 

sources, resulting in uncertainty regarding their synchronization. If the exposure 

signal and the lighting control signal share the same frequency, their complete 

overlap can be guaranteed by adjusting the phase shift of the latter. Nevertheless, in 

practical applications, the sampling frequency of the camera and the frequency of 

the signal provided by the lighting controller may diverge, potentially leading to 

resonance and fluctuations in the recorded image intensities. 

To comprehend this phenomenon and develop a frequency difference 

compensation algorithm, a procedure was established. This procedure enables the 

estimation of the intensity arising from the overlap of the signal curves for each 

pixel row based on the two signals. Using this simulation, a method was devised to 

compensate for the frequency difference. 

The previously developed simulation algorithm was utilized to conduct 

measurements aimed at determining the accuracy of the frequency difference 

between the camera exposure and the lighting control signal. Analysis of the 

obtained measurement results revealed the necessity to develop a frequency search 

algorithm. This paper outlines the operation of the algorithm and the associated 

examinations. 

2. Examination of the Determinability of the Frequency Difference 
 

The lighting frequency can be regulated based on the periodic intensity changes 

observed in the recording, provided that the frequency difference can be 

characterized. The investigation began with an examination of the transition length 

in the intensity curve. Specifically, the study investigated how the transition length, 

denoted as   , varies in relation to the line rate and the discrepancy between the set 

and actual frequencies, as detailed in the following data. 

 Line rate [Hz]:                                          

 Frequency difference [Hz]:    
                

                    
  

 Transition length [px]:          

The value of    was determined with Equation 1. 

(1) 

                                                                , 
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The length of the transition as a function of the frequency difference can be seen in 

Figure 1 on an        pixel high image. 

 

Figure 1. The length of the transition based on the frequency difference 

The Lorentz function, frequently used to model resonance phenomena [8], can 

accurately capture the amplitude peaks and resonance width. The function's shape, 

determined by the transition length   , frequency difference   , line rate   , and 

damping factor  , can be represented by Equation 2 on an image with a height of   

pixels. 

    
   

 
  

    

      
     

  
 

 
(2) 

The absolute difference in frequency values was determined to be: 

      
      

     
  

 

     
   

  
  (3) 

By incorporating the correction factor      , we account for the effect that 

variations in the line rate have on the simulation results. A potential approximation 

of this relationship can be described using parameters   ,  , and  , which can be 

determined based on the simulation data: 

             
  (4) 

During the search for the optimal approximation, the algorithm produced an 

average error exceeding 10% upon evaluation. The approximation technique can be 

improved by employing       as a complex function and incorporating additional 
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terms     
 

 as specified in Equation 5. 

              
        

          
   (5) 

Further research was conducted on other characteristics of the intensity curve, such 

as the slope of the rise and fall. However, it was concluded that the computational 

requirements for determining the frequency difference were prohibitively 

expensive compared to the achievable accuracy. Consequently, the goal was to 

implement a control method based on a more easily implementable and cost-

effective search algorithm. 

3. Development of the Frequency Search Algorithm 
 

The proposed frequency search algorithm aims to determine the frequency    of the 

lighting control signal, at which the average of the recorded intensity values is 

closest to the value of     , the maximum intensity. Here, the mean of the vector   

is 1 and the variance value is 0. Variance, a measure of the dispersion or variability 

of a variable within a data matrix, indicates the degree to which the values deviate 

from the mean. The column with the largest variance is considered the most 

variable. Variance (  ) can be expressed using Equation 6, where   is the sample 

number,    is the current value, and   is the average of the sample. 

   
 

 
         (6) 

The algorithm iterates through a specified frequency range, adjusting the lighting 

control signal in discrete step intervals. Throughout this process, it continuously 

computes the mean and variance of the vector  , which contains the overlap ratios. 

At each frequency within the defined range, the algorithm performs multiple tests 

to gather more accurate data. 

The search algorithm is triggered when the mean of the   vector exceeds a given 

threshold,      , while the variance remains below another threshold,     

     . Once these conditions are met, the algorithm systematically increases the 

frequency of the lighting control signal according to Equations 7 and analyzes the 

resulting data. 
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Figure 2 shows the result of a run with the set parameters       ,     , 

         and              , while the line rate    to be searched for is 10 

kHz. 

 

Figure 2. Result of the frequency search algorithm 

If the condition            is met, the algorithm assesses the data of the 

vectors   and   . Examination of the frequencies reveals the formation of a broad 

peak on the curve of the average values, suggesting the presence of values close to 

the sought frequency of 10 kHz. The aim is to identify the center of this peak, as 

this point represents the highest average intensity values and the minimum of the 

variance values. 

To analyze the curve depicting the average values, the amplitude values of the 

curve                             were calculated using the following 

relation: 

     

  
         

             

 
                                          

                        
              

 
 

  (8) 

In order to smooth the amplitude curve, its values were averaged and added to the 

vector                    according to Equation 9. 

   
 

 
              

 

       

 (9) 

The graphical representation of the values associated with vectors   and  , as 

produced through this method, is illustrated in Figure 3. 
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Figure 3. Amplitude and average of the mean value curve 

The developed algorithm identifies the center point c of the curve peak by 

searching for the iterations with the smallest and largest index where the   vector 

values exceed a specified threshold. The algorithm then calculates the arithmetic 

mean of these two index values to determine the center point. Similarly, the 

threshold used to locate the peak is established by computing the arithmetic mean 

of the largest and smallest average values, as described in Equation 10. 

   
         

 
        

                
               

 
  

                
               

 
  

(10) 

When the target frequency is identified during the first or final iterations, the 

examined waveform lacks a complete peak, as demonstrated by the data series 

depicted in Figure 4, with parameter settings of      ,     ,         , and 

              , and a line update frequency of 20 kHz. 

 

Figure 4. Average values when the target frequency is found in the outer iterations 

In this case, a new search can be run with modified input parameters of the search 

algorithm. Figure 5 shows an example of this by increasing the number of 

measurement iterations to       . 
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Figure 5. Average values with increased number of iterations 

The selection result of point    can be refined by examining the variance values in 

the neighborhood of the point, in the range            . This check is performed if 

the variance for the average value selected on curve   is greater than 0, because 

then a change in intensity can be assumed in the recording. During the test, the 

measurement iteration indices where the variance is minimal can be determined 

with Equation 11, and then the point   closest to    is selected from among them. 

                           
                 

 

  
                                                                                                         

                                                         
  

(11

) 

 

4. Results 
 

The frequency search algorithm was tested using the previously developed 

simulation algorithm. The evaluation of the tests utilized the relative error of the 

specified frequency reference signal compared to the line rate. The input 

parameters and results of different test runs are summarized below. 

Case 1:      ,     ,         ,             and          , where 

              and             . The performance of the system was 

examined under 5 different line rates ranging from 10 kHz to 50 kHz, and 10 

different frequency differences from 1 Hz to 10 Hz, with a step size of 1 Hz. This 

resulted in a total of          measurements performed in each    cycle 

iteration. The relative error of the calculated frequency setpoint is depicted in 

Figure 6. 
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Figure 6. The first test results of the search algorithm 

Table 1 details the run results. 
 

Table 1. Relative error values [%] in 

the 1st test cycle 

 

             10 kHz 20 kHz 30 kHz 40 kHz 50 kHz 

1 0 0,005 0 0 0 

2 0 0 0 0 0 

3 0 0 0 0 0 

4 0 0,005 0 0 0 

5 0 0 0 0 0,002 

6 0,01 0 0 0 0 

7 0,01 0 0 0 0 

8 0 0 0 0 0,002 

9 0 0 0 0 0 

10 0 0 0 0 0,002 

At lower line rates, enhancing the number of repetitions (  ) per frequency can 

improve the accuracy of the measurements. Consequently, for the subsequent 

experiment, the test parameters were adjusted accordingly. 

Case 2:      ,      ,         ,             és          , ahol 

              és             . Five distinct line update frequencies ranging 

from 10 to 50 kHz, and ten frequency differences from 1 to 10 Hz in 1 Hz 

increments, were investigated during the testing process. A total of 500 

measurements were performed in an iterative    cycle. The outcomes of the second 

test cycles are presented in Figure 7 and Table 2. 
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Figure 7. The second test results of the search algorithm 

 

Table 2. Relative error values [%] in 

the 2nd test cycle 

 

             10 kHz 20 kHz 30 kHz 40 kHz 50 kHz 

1 0 0 0 0 0,002 

2 0 0 0 0 0 

3 0 0 0 0 0 

4 0 0 0 0 0,002 

5 0 0 0 0 0 

6 0 0 0 0 0 

7 0 0 0 0 0 

8 0 0 0,0033 0 0 

9 0 0 0 0 0 

10 0 0 0,0033 0 0 

 

Case 3:       ,      ,         ,             és          , ahol 

              és             . The testing process involved examining five 

distinct line update frequencies ranging from 10 to 50 kHz, and ten frequency 

differences from 1 to 10 Hz in 0.5 Hz increments. A total of 1000 measurements 

were conducted in an iterative    cycle. The outcomes of the third test cycle are 

summarized in Figure 8 and Table 3. 
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Figure 8. The third test results of the search algorithm 

 

Table 3. Relative error values [%] in 

the 3rd test cycle 

 

             10 kHz 20 kHz 30 kHz 40 kHz 50 kHz 

1 0 0 0 0 0 

2 0 0 0,0033 0 0 

3 0 0 0 0 0,002 

4 0 0 0 0 0 

5 0 0 0 0 0 

6 0 0 0 0 0 

7 0 0 0 0 0 

8 0 0 0 0 0 

9 0 0 0 0 0 

10 0 0 0 0 0 

 

5. Conclusion 
 

In a line scan camera-based measurement system, the optimal frequency of the 

lighting control signal can be determined by analyzing the average and variance 

values of the vector containing the overlap ratios between the exposure signal and 

the lighting control signal. The developed search algorithm can be utilized to 

identify the point where the maximum average value and minimum variance value 

of the vector represent the ideal frequency. 

The application of the algorithm not only determines the optimal lighting frequency 

but also enhances the stability of the system. During testing, the search process 

demonstrated accurate frequency adjustment, even when there was a significant 

initial discrepancy between the exposure signal and the lighting control signal. By 

identifying the optimal frequency based on the average and variance, the method 

effectively minimizes intensity fluctuations and improves image quality. As a 

result, machine vision-based measurement systems can capture more precise data, 

which is critical in industrial applications. 

Future research could extend the algorithm’s applicability to operate under various 



 

 

 

46 Zs. Forgács 

 

 

environmental conditions, such as changing lighting environments or the use of 

different camera types. Furthermore, future developments may explore the real-

time implementation of the algorithm, allowing automated systems to respond 

more quickly and accurately to environmental changes, thereby further enhancing 

the reliability and efficiency of machine vision-based systems. 
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