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ABSTRACT  

This study aimed to find a correlation between the degree of tealight and the speckle image of the tea 

leaf by using numerical analysis and graphical analysis. Numerical analysis was done using THSP (Time 

History Of Speckle Patterns), COM (Co-occurrence Matrix), IM (Inertia Moment), and AVD (Average 

Value of Difference) values. The numbers used in the study showed that THSP and correlation 

measurements showed changes in the biological activity of tea leaves at all wilting levels. Meanwhile, 

the IM and AVD values showed significant changes after the tea leaves withered by 57.56%. COM 

analysis did not show any changes from high to low levels. THSP and correlation measurement showed 

changes in biological activity in tea leaves. Biological activity was high at high water content, and 

biological activity decreased as the water content in tea leaves decreased. 
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Introduction  

Tea was one of the most widely consumed 

beverages globally. Tea was unique because a 

wide variety of secondary metabolites were 

present in its leaves.1 including soluble sugars, 

amino acids, phenolic compounds, and aroma 

compounds (volatiles). Each of these 

components provided different organoleptic 

characteristics (such as taste, color, and 

aroma) and health-related properties.2 Various 

types of tea were produced from processing 

shoots with 2-3 young leaves (P+2 or P+3). In 

principle, the tea processing process was 

divided into three types: tea without oxidation 

(white tea, green tea), semi-oxidized tea 

(oolong tea), and tea with an oxidation process 

(black tea).3 

Pre- and post-harvest conditions 

effectively influenced tea quality. Exposure to 

cold, dryness, light, or insects at pre-harvest 

improved the tea's flavor, whereas wounding, 

drying, or low temperatures applied at post-

harvest enhanced the tea's aroma.2 Several 

previous methods of drying herbal tea used the 

room-temperature drying method, where tea 

was consumed directly by boiling soursat 

leaves, fragrant pandan leaves, and quinine 

manga leaves in the oven at a temperature of 

50°C and drying the fig leaves in a cabinet 

dryer at a temperature of 55°C–65°C for 4–6 

hours.4 All drying methods required effective 

control so that the tea had the desired quality. 

Biospeckle laser (BSL) was a sensitive 

interferometric phenomenon for monitoring 

subtle changes in biological samples and had 

been adopted as a tool that could be applied in 

many fields, from medicine to agriculture. Its 

main advantages were related to the simplicity 

of the required apparatus as well as to its being 

a relevant non-destructive test (NDT) in 

biological applications. The multitude of 

applications demanded the emergence of 

methods for illuminating, assembling images, 
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and providing analysis. Dynamic laser speckle 

analysis as a source of information about the 

activity of biological or even non-biological 

materials requires a lot of image processing-

related mathematical and statistical 

approaches.5  

Laser speckle imaging (LSI) is recognized 

as a powerful and noninvasive measurement 

tool with diverse applications in biomedical 

and agricultural research. In medicine, LSI 

enables real-time monitoring of blood flow 

dynamics and provides important insights into 

vascular function,6 and is also useful in 

neurosurgery, facilitating intraoperative 

visualization of cerebral blood flow with high 

spatiotemporal resolution.7,8 Furthermore, LSI 

has been adapted for ophthalmology, enabling 

portable and noninvasive imaging of retinal 

blood flow.9 LSI has shown promising results 

in dermatology for predicting skin 

conditions10 and in agriculture for the early 

detection of fungal infections in plants.11 The 

technique's versatility, real-time capabilities, 

and noninvasive nature make it a valuable 

imaging modality in a variety of scientific and 

medical fields.12 

The laser speckle technique was based on 

the diffusion of light with a diffusing medium. 

The medium of distribution of each cell or 

active sample contained various types of 

randomly moving particles (scatter). When a 

laser beam attacked a sample, light diffused 

through the sample medium and formed a 

random interference pattern called a laser 

speckle. The intensity at a certain point of the 

speckle changed rapidly due to the dynamics 

of the spread, and this was called laser speckle 

dynamics. It was a non-invasive, non-

destructive, and innovative technique that 

provided information about activity in sample 

media and behavior. Changes in the pixel 

value at a particular position in the speckled 

image were related to the speckling activity of 

the sample. The time history of speckle 

patterns (THSP), COM (matrix co-

occurrence), IM, and AVD correlation 

provided qualitative information about 

activity. THSP was constructed by selecting 

one row or column from each image from all 

the recorded speckle images. Each row and 

column was not identical for the whole image. 

Thus, THSP did not have a unique shape for 

the entire recorded sample area. COM was 

defined on one image, and one speckle image 

did not convey much of the dynamic behavior 

of the sample. So, for the analysis of dynamic 

laser speckles, COM was defined through 

THSP images. The selection of numerical 

methods for speckle image analysis was 

because the sample used was a homogeneous 

sample.5 

Methods  

The toolset used was the backscattering 

tool set. 

Figure 1. Backscattering tool set5  

  The water content of tea was analyzed 

using the equation: 

… % =
𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡−𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
 𝑥 100%  

(13). 

The reduction in water content was 

obtained by heating the tea leaves at a 

temperature of 70 oC. Speckle Data 

Specifications Results of Data Collection with 

a Digital Microscope Format: PNG, JPG 

Image size: 640 x 480 pixels Color: Gray 

Scale Processing Results Format: BMP Image 

size: 448 x 448 pixels Color: 8-bit color. The 

correlation of wilting and speckle images on 

tea leaves was obtained by carrying out 

numerical analysis in the form of THSP, 

COM, and correlation  
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Result and Discussion 

The THSP pattern was a matrix with only 

one column or line represented in the S 

position of all Ik matrices, while the other 

columns or lines were discarded. The THSP 

pattern of tea leaves with a water content of 

100% and 27.72% was shown in Figure 2 

below. 

a. 

 

 

 

 

 

b. 

Figure 2. THSP pattern formed from tea 

water content, a. 100%, b. 27.72 % 

Figure 2 shows the difference in the THSP 

pattern, which means that there is a difference 

in tea leaf cell activity in the two conditions. 

At 100% water content, high biological 

activity was indicated by the tightness of the 

THSP pattern lines formed. Along with the 

decrease in water levels, there was a decline 

in concentration. Some of the lines turned 

white, indicating that there was a decrease in 

cell activity in the tea leaf. This was in line 

with the fact that in fresh tea leaves, 

intercellular activity was still high, but along 

with drying, resulting in decreased water 

content, intercellular activity within the leaf 

also decreased.  

The Co-occurrence Matrix (COM) was an 

intermediate matrix used to evaluate the 

sequential pixel dispersion in the THSP 

monitoring point M through N samples, as 

shown in Equation (2),  

(2) 

where the COM matrix represented the 

intensity transition histogram. Thus, COM (i, 

j) had a transition as to how many times the 

intensity level I to J occurred. 

The co-occurrence of the matrix of the 

THSP model formed by the tea image was 

presented as follows:   

 

a.  

b. 

Figure 3. Co-occurance Matrix of the THSP 

tea leaf image at the time of the water level 

of a. 100%, b. 27.22%  

Showed there was a small spread of the 

matrix at the top left end of the graph between 

i and j of the image. This showed a change in 

the activity of tea leaf cells at 100% water 

content and 27.22%. The most striking change 

was shown by the differences in the menu bar 
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classification. Fresh tea leaves showed a menu 

bar read from 0-50000 colour pixels, whereas 

tea with a 27.22% menu bar showed a 0-5000 

colour pixel figure. This condition indicated 

that 100% water leaf tea had higher cell 

biological activity than the biological cell 

activity at a lower level of water content. 

The measurement of the correlation of 

speckle patterns, proposed by Xu et al., was 

the time correlation of the historical stain 

pattern.5 Memory phenomena were tested 

using only the M pixels analyzed by THSP.  

(3) 

Finally, the correlation value with the lag "l" 

was calculated as Equation (4),  

        (4) 

where N represented the number of columns 

of the THSP matrix.  

Memory could also be tested using Pearson's 

correlations between all the pixels in the next 

image and could be seen in equations (5), 

   (5) 

 

Where was the spatial average and standard 

deviations of all pixels in the image were 

taken in a moment. 

The correlation of THSP with water levels 

was shown in the following picture. This 

correlation was obtained by comparing pixels 

within the THSP matrix numbering 240 lines 

in a DATA datapack formed by the directory 

image indicated by the IMAGESDIR variable 

to analyze the correlations between pixels in 

the time history speckle pattern represented by 

red dots. The blue dots were correlations using 

the Pearson Correlation approach. (5) 

a. 

 

b. 

 
Figure 4. THSP matrix correlation with the  

water content of tea leaves a. 100%; b. 

27.72% 

Figure 4 showed that at the time of the 

water content on the tea leaf 100%, there was 

a correspondence between the THSP pattern 

and the pattern with Pearson correlation. The 

possibility of pixel information being repeated 

every 11 samples was shown in graph a. 

Whereas at the leaf water level, the 27.72% 

showed a difference between the THSP 

pattern and the Pearson correlation pattern, as 

well as no pattern repetition in the 128 

samples taken.  

The inertia moment (IM) was based on the 

construction of the Time History Speckle 

Pattern (THSP), first proposed by Arizaga15 In 

a general way, the calculus of moment inertia 

is presented in the equation  
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  (6),  

the normalization shown in this equation 

might be that proposed by Arizaga et al., 

which made the sum of values in each COM 

line equal to one, or other normalizations as 

proposed by5 to reduce the effect of 

inhomogeneities in the image analyzed. 

  (7) 

The Mij view approach could be seen as a 

function of the mass probability of the 

occurrence of a square intensity jump from i 

to j; thus, the weight factor was Mij ≡ Pr(i → 

j). Thus, the IM value was the expected value 

of (i−j)2, also known as the first moment of 

(i− j)2, IM = E[(i− j)2]. Where the IM (IM1) 

moment submitted by Cardoso and Braga  

(2016) was 10,  

(8) 

The calculated IM values from the speckle 

data were as follows:                            

 
Figure 5. Inertia Moment (IM) and Tea Leaf 

Rate correlation 

The data presented showed that the IM 

value was decreasing at the water level by 

100–73%. For water level 73–42%, the peak 

value IM1 occurred, then the graph 

consistently descended for water level 43-

27%. The IM value was effective in scanning 

water levels below 57.56% and above 73%. 

The Average Value of Difference (AVD) 

in Equation (10), with IM difference, replaced 

a square operation with an absolute value, 

becoming a way to overcome the square effect 

that increased the perception of high changes 

on THSP rather than low changes, thus 

distorting the result CARDOSO; BRAGA, 

2014 in5 

(9) 

The Absolute Value of the Differences 

(AVD) method was a modification of the 

Inertia Moment (IM) performed by modifying 

the absolute difference between the intensity 

value of Ik = i in time k and the intensities of 

Ik+1 = j in time k + 1 for each value of k. Thus, 

the AVD method (Equation 11) presented a 

measurement relative to absolute intensity 

jump values between sequential images, Ik 

and Ik+1.   

     (10) 

The last equation indicated that the AVD 

value was the weighed value of |i−j|, where in 

the Mij weighing factor was calculated from 

the COM co-occurrence matrix. The AVD 

was the expected value of |i− j |, also known 

as the first moment of |I−j|, AVD = E[ |i–j |]. 

The equation AVD2 determined by the 

equation, AVD, was the second moment value 

of AVD with the normalized co-occurrence 

matrix proposed by5, becoming AVD = E[ |i‐j 

|2]. This was similar to the inertia moment 

technique16 with Cardoso normalization. The 

results of the AVD analysis were presented in 

the following figure. 

The results of the AVD analysis were 

presented in the following figure. 
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Figure 6. Average value of Differences 

(AVD) and Tea Leaf Rate Correlation 

Figure 6 showed that the values of AVD 

showed an almost identical pattern, indicating 

a peak at a particular point. Blooded patterns 

were shown that had a pattern corresponding 

to the decrease in the water level value of the 

AVD value. AVD values showed a consistent 

decrease in water level of upper than 72% and 

bottom 57.56%. AVD values represented the 

first moment of the probability mass function 

Pr(|i−j | = z). AVD was the AVD moment 

value with the normalized co-occurrence 

matrix proposed by Cardoso; Braga,5 

becoming AVD = E[ |i−j |2]. This was similar 

to the inertia moment technique15 with 

Cardoso normalization. 

Conclusion 

Numerical analysis of THSP, COM, 

correlation measurements, IM, and AVD 

could be used to analyze tea leaf speckle 

images that showed changes in the biological 

activity of tea leaves. High biological activity 

occurred at high levels of water content, and 

decreased biological activity corresponded to 

a decrease in the water level in the tea leaves. 
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