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 In this research, a simple experiment in the field of agriculture was studied, in terms of the 

effect of out-of-control noise as a result of several reasons, including the effect of 

environmental conditions on the observations of agricultural experiments, through the use 

of Discrete Wavelet transformation, specifically (The Coiflets transform of wavelength 1 

to 2 and the Daubechies transform of wavelength 2 To 3) based on two levels of transform 

(J-4) and (J-5), and applying the hard threshold rules, soft and non-negative, and 

comparing the wavelet transformation methods using real data for an experiment with a 

size of 2
6
 observations. The application was carried out through a program in the language 

of  MATLAB. The researcher concluded that using the wavelet transform with the 

Suggested threshold reduced the noise of observations through the comparison criteria. 

 

Keywords: Data Noise, Wavelet, 

Coiflets, Daubechies , Random 
Complete Blocks Design. 

Correspondence: 
Mahmood.M.Taher 

Mahmood81_tahr@uomosul.edu.iq 
    

   

DOI: https://doi.org/10.33899/iqjoss.2022.176225 , ©Authors,2022, College of Computer & Mathematical Science, University of Mosul. 

This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0 ). 

 

1. Introduction 

The Discrete Wavelet transformation is one of the very important topics used in several application fields, 

especially in data noise processing. In general, noise represents an unexplained variance within the data 

(Reid & Reading,2010); that is, it cannot be eliminated. But it can be reduced in several ways according to 

the study or its field of application. In agricultural experiments, the experiment is divided into blocks. It 

replicates according to the different experimental units, which directly or indirectly affect the observation 

value, resulting from the mathematical model according to the applied design. The method or procedure 

cannot be controlled in most experiments due to out-of-control conditions during the application of the 

experiment. 

 The wavelet transform has been discussed in addressing pollution and heterogeneity (Ali & 

Mawlood,0202) for the complete randomized design using wavelet filters and some types of threshold 

rules. In addition, a threshold was Suggested to reduce the observations noise for a factorial experiment by 

(Taher&Sabah,2022) compared with the Universal Threshold. In this research, the application of different 

levels of analysis, through the use of the Daubechies transform of wavelengths from 2 to 3 and the 

transformation of Coiflets of wavelengths from 1 to 2 with hard, soft, and non-negative threshold rules, and 

comparison of the results. 

2. Discrete Wavelet transform (DWT) 
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 The Discrete wave transform is one of the most  Transfers used in the wavelet due to its multiple 

applications in various practical fields and its theoretical uses in various sciences. The researcher will give 

a comprehensive idea of this transformation and focus on its use in designing experiments Through the 

application of a simple experiment. 

 The work of the discrete wavelet transform depends on the Mallat pyramidal algorithm, which is an 

efficient algorithm proposed by the researcher Mallat (1989) (Nason, 2008) to calculate the wavelet 

coefficients for a set of data containing noise 

 The principle of The work of this algorithm is to create filters for smoothing and heterogeneity from the 

wavelet coefficients, and these filters are used frequently to obtain data for all scales, meaning that the 

wavelet transform splits the data into two components, the first component is called detail, which includes 

high frequencies and can be calculated from the mother wavelet by the following formula ( In & Kim, 

2013) 

 ( )  ∑  ( )√  (    )
 

                                                                                                ( ) 

Whereas 

 ( )    Represents a high-pass filter (In & Kim, 2013) 

        he Second component is called Approximate, which includes low frequencies (noise) or (anomalous) 

values according to the nature of the study and its application, and it can be calculated from the father 

wavelet by the following formula: (In, F., & Kim, S 2013) 

 ( )  ∑  ( )√  (    )

 

                                                                                            ( ) 

Whereas  ( )    Represents a low-pass filter, (In & Kim, 2013).and it is related to  ( ) through 

  ( )  (  )  ( )                                                                                                                       ( )  

The following figure shows the division of data into two components 

 

 

 

 

 

 

 

 

 

Figure (1): High-pass filter and low-pass filter for x vector 

In general, the discrete wavelet transform is used with data that contain discrete variables and 

have discrete outputs. 

3. The Transfer levels Multi Resolution Analysis  

We will give a brief overview of the key concepts of multiscale analysis before attempting formal 

definitions of wavelets and the wavelet transform and How we extract multiscale "information" from the 

vector y . We identify the "detail" in the sequence at various scales and places as the essential information.  

Low pass 
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Transform levels are determined from the design observation, and through the application side, we will 

have a simple experiment containing sixteen treatments and four blocks(          )  represented 

by the following vector. 

                                                         

 Through the observations vector, the levels of analysis for this experiment will be (Nason, 2008).     

 The next stage is how to extract information from vector  , where the information extracted from vector   

It is called (detail), which can be obtained from different locations and levels, and in general, the word 

"detail" means "degree of difference" or "variance" in the observations of the vector. This information is 

calculated based on the following two equations (Nason,2008). 

                  

                  
}                                                                                            ( ) 

   The next step is calculating the elaboration and measurement coefficients for the other levels 

(Nason,2008).  

                        

                        
}                                                                              ( ) 

                        

                        
}                                                                            ( ) 

                        

                        
}                                                                          ( ) 

 This process is called the multiscale transform algorithm, Through the simple experiment applied, we will 

have the following levels { (j) , (j-1) , (j-2) , (j-3) , (j-4) , (j-5)}. 

4. Stages of Discrete Wavelet Transform Using Orthogonality 

4.1. Representing the observations of  a randomized complete block design (RCBD) with a vector   That 

contains all the observations of the experiment, which the following mathematical model represents 

                        (          )    (          )                                           ( ) 

Whereas 

     observation value (j) from treatment (i),     The general arithmetic mean,     The effect of the i-

treatment for this observation,     The amount of random error ,    number of treatments    number of 

blocks 

  

[
 
 
 
 
 
   

   

   

 
 

   ]
 
 
 
 
 

 (          )   (             ) 

 The vector x contains all the observations of the experiment. One of the critical conditions in the wavelet 

transformation is The size of the observations fulfills the following condition. 
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4.2.Applying Coiflets transform and the wavelet Daubechies on observation  the Experiment, we will have 

wavelet coefficients that can be represented Using an orthogonal matrix (    ), and multiplying it by the 

observations vector, the Wavelet Coiflets and Daubechies coefficients vector of the following form is 

Obtained. 

                                                                                                                                   ( ) 
whereas 

:W  The wavelet coefficients vector 

   Orthogonal matrix 

   Vector observation 

 From the formula (9), we get a vector coefficient of a discrete wavelet which can be represented in the 

following form. 

 

 

 

 

 Whereas,                   Represents the first component of the transform, which is the detail 

coefficients computed from the rate of the difference of the data at each measurement and is symbolized by 

CD. As for      Represents the second component of the transform, which is the approximation coefficients 

and represents the rate of The measurement is symbolized by CA. 

4.3. We note that the formula (6) can be obtained through which the values of the original Data Depending 

on the orthogonality condition of the Discrete wavelet coefficients. 

     
 To clarify what was mentioned above, we take the following figure, which shows the discrete wavelet 

transformation coefficients for the     data for four levels (    ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(2): The wavelet transform levels for size N = 32 
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 Several types of Wavelets exist through the above offer About Discrete Wavelet transformation and 

orthogonality. In this research, we will address: Daubechies Wavelet, Coiflets Wavelet 
4.4. Threshold rules (hard, soft, non-negative) are applied with threshold limit Universal Threshold and 

suggested threshold.  

     ̂   √                                                                                                          (  ) 

   (   )   ̂   √           (   )                                                   (  ) 

 Equation (7) represents the Universal Threshold (UT) value (Gençay et al.,2001) (Zhang et al., 2021), 

while equation (8) represents the Suggested Threshold (ST) (Taher & Ridha, 2022). 

5. Daubechies Wavelet 

The name came in relation to the researcher Ingrid Daubechies (Tammireddy & Tammu, 2014). It has 

made a boom in the wavelet theory, as it is generated from a group of intermittent wavelets. The most 

crucial characteristic of this family of wavelets is their smoothness. It is abbreviated as follows. 

                      
where's 

Db: Abbreviation for the name of the researcher Daubechies 

N: Wavelet rank 

considered wavelet haar of one the members of this family of wavelets and is symbolized by the symbol 

db1 or The wavelet is called Daubechies the first order Because built from the function of the father (father 

wave), the function of the mother  (mother wave), as follows (Tammireddy & Tammu, 2014). 

father wavelet Daubechies 

Where Daubechies scaling function coefficients 

     
  √ 

 √ 
              

  √ 

 √ 
           

  √ 

 √ 
        

  √ 

 √ 
     

 ( )    √  (    )    √  (    )    √  (    )    √  (    ) 

Mother wavelet Daubechies 

Where Daubechies wavelet function coefficients 

                                                                   

 ( )    √  (    )    √  (    )    √  (    )    √  (    ) 

Figure Next represents a Daubechies Wavelet of several lengths 
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Figure(3): the wave function and The scale function  of a wave Daubechies 

6. Coiflets Wavelet 

They are discrete wavelets designed by Ingrid Daubechies, at the request of Ronald Coifman (Tammireddy 

& Tammu, 2014). 

                        

where's 
      : Abbreviation for the name of the researcher Ronald Coifman 

  : Wavelet rank 

This family of wavelets is characterized by the presence of a relationship that relates the length of the filter 

with its rank 

     
It is also built from the father function (father wavelet) and mother function (mother wavelet), in the 

following formula (Tammireddy & Tammu, 2014) 

father wavelet Coiflets 

Where Coiflets scaling function coefficients 

     
  √ 

  √ 
      

  √ 

  √ 
      

    √ 

  √ 
       

    √ 

  √ 
           

  √ 

  √ 
           

   √ 

  √ 
     

 ( )    √  (    )    √  (    )    √  (    )    √  (    )    √  (    )

   √  (    ) 

Mother wavelet Coiflets 

Where Coiflets wavelet function coefficients 

                                  ,                                

 ( )    √  (    )    √  (    )    √  (    )     √  (    )    √  (    )

   √  (    ) 
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Figure(4): the wave function and The scale function  of a wave Coiflets 

This family of wavelets is considered orthogonal and is close to symmetry, as it connects the mother and 

father function through the high-pass filter and the low-pass filter by obtaining the vanishing torque, unlike 

each filter separately. 

7. Threshold Rules 

Three types of threshold rules will be applied in this research, namely: 

7.1. Hard Threshold Rule   

One of the types of threshold rules, it is applied in discrete wavelet transform and takes the following form 

(Dehda & Melkemi, 2017),( Zaeni et al.,2018). 

     (
                            

                                  
)                                                                           (  ) 

Through the formula (9) where the coefficients whose values are greater and equal to the threshold do not 

change, and the coefficients whose values are less than the threshold are replaced by the value zero 

7.2. Soft Threshold Rule 

It is another type of threshold rule and can be written as (Bruce & Gao , 1995). 

              |  |      

And It is considered one of the standard techniques for processing observational noise (Tang et 

al., 2013) (Han & Xu, 2016). 

         {

                         
                        

                       
                                                                          (  ) 
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 |  |      {
                                 |  |      
 |  |                                             

                                            (  ) 

  Through the above formulas (10) and (11), we note that if the coefficients of the wavelet are less than the 

threshold value, it goes to zero, but in the case of being greater than the threshold value, it preserves its 

value.  Using a Shrinking wavelet based on a soft-threshold rule tends to bias because all large coefficients 

Shrink towards zero. 

7.3 Non-Negative Garrote Threshold Rule 

  This threshold is characterized by the small samples. It is less sensitive to observation than the hard 

threshold, especially in small fluctuations, and it is less biased than the soft threshold and can be written as 

follows (Gao,1997). 

     {
   

  

  

                    |  |   

                                      |  |   

                                                                 (  ) 

It is also the base of wavelet Shrink introduced by Gao 

8. Evaluation Criteria 

For the purpose of comparing the results between the Coiflets Wavelet Transformation and the Daubechies 

Wavelet Transformation, several criteria were applied, 

8.1. The mean square error for design is defined by the following formula(Montgomery,       2020): 

1-    
(           )

(   )(   )⁄                                                         (  ) 

Where      total sum of squares ,      treatments Sum of squares ,      blocks Sum of squares 

8.2. The coefficient of variation(cv) is defined by the following formula: (Montgomery, 2020): 

 

     √   
 

 ⁄                                                                                                                (  ) 

8.3. The mean of squares for original and transform observation is defined by the following  

        Formula (He et al.,2014): 

   ( )  
∑ (    ̃ )

  
   

 ⁄                                                                                        (  )   

,     observation value of experiment ,  ̃   Experiment data after  transformation 

 

8.4. The Signal-to-noise ratio (SNR) is defined by the following formula(He et al.,2014): 

        og ( 
 

 ⁄ )                                                                                                         (  ) 

Where’s:   
∑ (    ̅ )

  
   

 ⁄   ,  
∑ (    ̃ )

  
   

 ⁄       ( )  

and The following diagram shows the steps of the wavelet transform, with the comparison criteria 
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* The Scheme was prepared by the researcher 

Figure (5): Stages of The Wavelet Transform in this research 

9. The practical side 

The field experiment on wheat cultivation was conducted in one of the stations of the National Program for 

the Development of Wheat Cultivation in Iraq, and sixteen wheat varieties were included.(al sds (12) A1, 

al sahel (1)A2 , al sds (1)A3 , Egypt (1)A4 .Egypt (2) A5, Sakha (93)A6, al Geza (11)A7, al Geza (168)A8, 

Apaa (99)A9, Italia(1)A10, Italia (2)A11, Caronia A12, gold kernels A13, aom al rabee A14, Smitto A15, 

Waha A16).  

According to the complete random blocks design (CRBD) of four blocks, each block contained 16 

experimental units. Then the characteristics of the field yield were taken, which are (number of branches, 

plant height cm, dry weight of g, number of spikes / m
2
, number of seeds/spike, weight of 1000 grains of/ 

g, Grain yield / m²), where the trait was studied: grain yield / m
2
. 

By applying equations (10-19) on experiment observations, The results are shown in table (1), Which 

represents a summary of wavelet transformation when the level of analysis is (J-4) 

Table (1): The best results of wavelet transformation when the 

transformation level is (j-4) for The first experiment 

wavelet

s 
Data MSe CV MSe(w) SNR 

Test 

Normal 

data 

Test 

Homogeneity 

of variance 

 X 16769 03.0   normal Pv>0.05 

 

 

 

 

 

DbN 

 

XD2h3st 934.1 03.0 4.1134 90349 P.v>0.15 P.v=0.93 

XD2h4st 9..30 0340 0.903. 9391 P.v=0.14 P.v=0.89 

XD2s2st 90.0. 0340 0.1.39 930. P.v=0.09 P.v=0.91 

XD2s3st 93.4 0340 9.104 4394 P.v>0.15 P.v=0.91 

XD2n2st 9.109 0349 403034 94349 P.v>0.15 P.v=0.92 

XD2n3st 999.4 0340 041334 9309 P.v>0.15 P.v=0.91 

XD3h3st 93.9. 03.0 ..9139 13.3 P.v=0.09 P.v=0.82 

XD3s2st 901.. 0349 9941931 334. P.v=0304 P.v=0.17 

XD3n2st 14023 0.28 4695.9 10.12 P.v=0.13 P.v=0.96 

XD3n3st 12544 0.28 10820.9 6.49 P.v=0.02 P.v=0.97 

 

 

 

Coif N 

XC1h2st 93400 0341 40113. 9.339 P.v>0.15 P.v=0.94 

XC1h3st 93034 03.0 .90939 130. P.v>0.15 P.v=0.99 

XC1s2st 1.04 0343 9009939 3301 P.v>0.15 P.v=0.96 

XC1n2st 9434. 0340 .9943. 99304 P.v>0.15 P.v=0.97 

XC1n3st 1349 0344 9000439 339. P.v=0.08 P.v=0.96 

XC2h3st 9.9.3 0341 .91.34 9031. P.v>0.15 P.v=0.98 

XC2s2st 1901 0343 1.4031 030. P.v=0.1 P.v=0.95 

XC2n2st 94.09 0343 .4.034 9934. P.v>0.15 P.v=0.95 

XC2n3st 19.4 034. 14.034 0390 P.v=0304 P.v=0.98 

By applying equations (10-19) on experiment observations, The results are shown in table (2), Which 

represents a summary of wavelet transformation when the level of analysis is (J-5) 
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Table (2): The best results of wavelet transformation when the 

transformation level is (j-5) for The first experiment 

wavelet

s 
Data MSe CV MSe(w) SNR 

Test 

Normal 

data 

Test 

Homogeneity 

of variance 

 X 16769 03.0   normal Pv>0.05 

 

 

 

DbN 

 

XD2h2th 90099 03.0 9.9039 9439. P.v>0.15 P.v=0.89 

XD2h3th 90.9. 03.9 .14.3. 1399 P.v>0.15 P.v=0.98 

XD2s2th 901.0 03.9 9.44439 .3.. P.v>0.15 P.v=0.96 

XD2n2th 94.04 03.0 494039 90339 P.v>0.15 P.v=0.95 

XD2n3th 9.490 03.4 901..3. 3344 P.v>0.15 P.v=0.95 

XD3h2th 99440 03.4 944934 9.344 P.v>0.15 P.v=0.92 

XD3h3th 94.0. 0349 4..431 9034. P.v>0.15 P.v=0.98 

XD3s2th 94.99 03.. 9449034 .314 P.v>0.15 P.v=0.95 

XD3n2th 9.340 03.9 .90333 9930. P.v>0.15 P.v=0.96 

XD3n3th 9.391 03.4 190434 3314 P.v>0.15 P.v=0.97 

 

 

Coif N 

XC1h2th 93443 0341 9.4431 9.309 P.v>0.15 P.v=0.85 

XC1s2th 9.049 03.. 9.93039 .334 P.v>0.15 P.v=0.88 

XC1n2th 93934 03.4 40413. 90309 P.v>0.15 P.v=0.92 

XC1n3th 93400 03.. 994003. 33.9 P.v>0.15 P.v=0.91 

XC2h2th 9.1.0 0341 949339 9.399 P.v>0.15 P.v=0.86 

XC2h3th 99934 03.4 349039 9310 P.v>0.15 P.v=0.95 

XC2s2th 12904 0.34 13800.4 5.43 P.v>0.15 P.v=0.86 

XC2n2th 93.43 03.4 44.0 903.0 P.v>0.15 P.v=0.89 

XC2n3th 9.90. 03.4 9949339 334. P.v>0.15 P.v=0.91 

9.1 Results 

Table (1) represents a summary of the wavelet transform results for all cases when the transform level is (J-

4), where led to decline in the MSe value of the used design and a significant improvement in the CV 

criterion. In addition to obtaining low values for the standard    ( ).with an increase in the SNR criterion 

value, Especially for ( XD2h3st , XD2n2st , XD3n2st , XC1h2st , XC2h3st , XC2n2st ) 

Table(2) represents a summary of the wavelet transform results for all cases when the transform level is (J-

5), where led to decline in the MSe value of the used design and a significant improvement in the CV 

criterion. In addition to obtaining low values for the standard    ( ).with an increase in the SNR criterion 

value, Especially for( XD2n2th, XD3h3th , XC1h2th, XC2h2th). 

Where XD2h3st  : Represents the second-order Daubechies wavelet transformation filter with  the hard  

rule and suggested threshold, And so on for the rest of the vectors 

10. Conclusion 

1- When applying The Discrete wavelet transform at the level (j-4), it led to a decline in the value of MSe 

and CV for all cases, but at the level (j-5), there was an increase and decrease in the values of the Criteria 

MSe and CV, in this experiment. 

2- Obtaining the best results when applying the hard threshold rule with the Universal and suggested 

threshold according to standards. 
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3-When processing the observations noise (wheat crop 2
6
) and the level (j-4), the suggested threshold gave 

better results than the Universal Threshold based on the criteria MSe, CV, MSe(w), SNR. and The best 

results were obtained for the first-order Coiflet wavelet transformation filter with the hard threshold rule, 

the second-order Daubechies wavelet transformation filter with the non-negative threshold rule, and 

second-order Coiflet wavelet transformation filter with the non-negative threshold rule, in this experiment. 

4-When processing the observations noise (wheat crop 2
6
) and the level (j-5), the suggested threshold gave 

better results than the Universal Threshold based on the criteria MSe, CV, MSe(w), SNR. and The best 

results were obtained for the first-order Coiflet wavelet transformation filter with the hard threshold rule, 

the second-order Daubechies wavelet transformation filter with the hard threshold rule, and the second-

order Coiflet wavelet transformation filter with the hard threshold rule, in this experiment. 
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 بسيطة لتجربة البيانات ضوضاء لتقليل المويجي ودوبش كولفد تحويل استعمال

                                                                   صباح مشفي رضا                                                    محسهد محمد طاهر
l.edu.iqMahmood81_tahr@uomosu                       drsabah@coadec.uobaghdad.edu.iq 

 
 قدم الاحراء والسعلهماتية، كلية علهم الحاسهب والرياضيات، جامعة السهصل، السهصل ، العراق.

 بغداد/بغداد/العراققدم الاحراء/کلية الادارة والاقتراد/جامعة 
 الخلاصة

تم في هذا البحث دراسة تجربة بديطة في السجال الزراعي ، من حيث تأثير الزهضاء الغير مديطر عليها نتيجة لعدة اسباب مشها تأثير 
ذات طهل مهيجي  الظروف البيئية على مذاهدات التجارب الزراعية ، من خلال استعسال التحهيل السهيجي الستقطع وبالتحديد )تحهيل كهلفد

( وتطبيق قهاعد العتبة J-5(و)J-4( بالاعتساد على مدتهيين للتحهيل )3الى  2وتحهيل دوبش السهيجي ذات طهل مهيجي  2الى  1
تم تشفيذ ، مذاهدة 26والسقارنة بين الطرائق التحهيل السهيجي باستخدام بيانات حقيقية لتجربة ذات حجم  الرلبة والشاعسة والغير سالبة

وتهصل الباحث الى ان استعسال التحهيل السهيجي مع العتبة السقترحة ادى الى تقليل من ،   MATLAB طبيق من خلال برنامج بلغةالت

 . ضهضاء السذاهدات من خلال معايير السقارنة
 ةيکتل کاملة عذهائ مي; ترسCoiflets; Daubechies; جاتي; السه اناتيضهضاء الب الكلسات الدالة:
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