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Abstract 
Assessment of firmness as a vital quality attribute of apple fruits has been more popular over the past years. Common 
methods for determination of this attribute are destructive and cannot be applied in sorting lines. Therefore, there is 
need to develop a nondestructive, simple, fast, and low-cost technique for assessment of apple firmness. Biospeckle 
imaging as a new nondestructive technique has been recently introduced in Biosystems engineering applications. This 
technique combined with image feature extraction methods have been recently noticed for nondestructive quality 
assessment of food and agricultural products. This research aims to compare different feature extraction techniques in 
biospeckle images of apple for nondestructive assessment of fruit firmness. To this end, biospeckle images at two 
wavelengths of 680nm and 780nm were acquired using a CCD camera. After creating time history of speckle patterns 
(THSP), some features including inertia moment (IM), the absolute value of differences (AVD), wavelet, and texture 
features were extracted from each THSP image to assess the fruit firmness. The highest Pearson’s correlation 
coefficients between apple firmness measured destructively and the extracted features from THSP images at the 
wavelengths of 680 and 780 were obtained for entropy based on texture features. It was also noted that some texture and 
wavelet features are better at description of biospeckle activity compared with usual biospeckle features (IM and AVD) 
to assess the fruit firmness, nondestructively.  
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Introduction 
Apple fruits are commonly stored for a long time after harvesting. Since apple fruits loss their firmness during storage 
time, firmness measurement is necessary [1]. Otherwise, industries will not be able to provide high-quality fruits to 
consumers and they will failure at challenge with other rivals [2]. Since common developed destructive methods (e.g. 
Magness-Taylor firmness tester) cannot be applied in sorting lines, researches have been focused on firmness 
measurement nondestructively. Nowadays, different noninvasive optical techniques such as chlorophyll florescence [3], 
near infrared spectroscopy [4], time resolved spectroscopy [5], laser light backscattering imaging [6], multispectral 
imaging [7], and hyperspectral imaging [8, 9] have been investigated to assess the firmness in apple. Although some 
successes have been reported with these methods, further attempts are been doing to obtain better performance in terms 
of accuracy and cost. Biospeckle imaging is a noninvasive technique which has been recently introduced in Biosystems 
engineering applications. In this novel technique, the sample is illuminated by a coherent light beam (e.g. laser light) 
and then the backscattered rays are recorded using a detector. The output will be a granular image (known as speckle 
pattern) consisted of bright and dark points. Each point is configured from interfering of several rays and thus the 
intensity can be randomly changed point by point. If illuminated sample is a non-biological object, there is not any 
activity. Therefore, the granular pattern will be steady in the time [10]. However, a fluctuation in the intensity is 
observable when a biological sample is used. In this case, speckle pattern varies in the time and it seems like a boiling 
liquid [11]. This is known as biospeckle phenomenon. Biospeckle technique has been recently noticed for non-
destructive quality assessment of food and agricultural products [12, 13, 14, 15].  
This research aims to compare different feature extraction techniques in biospeckle images of apples for 
nondestructively assessment of fruit firmness. 
 
Biospeckle imaging  
Apples with different firmness were illuminated by two laser diodes at the wavelengths of 680 nm and 780 nm, 
separately. Biospeckle images of each fruit were acquired using a CCD camera. Then, time history of speckle pattern 
(THSP) was created for each sample [13]. To this end, only one column of each frame was extracted and a new image, 
THSP, was constructed by setting successive columns side by side. The THSP contains important information of 
biospeckle activity in which horizontal and vertical axes represent time (temporal) and spatial information, respectively. 
Intensity changes will be slow when biospeckle activity is low and it results in a THSP image with elongated shape. On 
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the contrary, a granular THSP image is observable for the objects with high activity. In this study, the 400 × 500 THSP 
images were configured (Figure 1).  
 

              
 

Figure 1. Typical THSP image obtained from wavelength of 680nm (Left), and 780nm (Right) 
 

Firmness measurement  
After taking biospeckle images, reference measurements were carried out using a texture analyser equipped to a 30 kg 
load cell (TA.XTplus, Stable Micro Systems, Inc., Surrey, UK) to measure the firmness of each sample. 
 
Feature extraction techniques 
To analyze the biospeckle activity, 32 features including inertia moment (IM), the absolute value of differences (AVD), 
wavelet, and texture features were extracted from each THSP image.  
 
Inertia moment (IM) 
IM of a co-occurrence matrix (COM) is a second-order statistical feature that measures biospeckle activity through 
THSP images. COM is defined as Equation 1, [16]: 
  ijNCOM    (1) 

                                                                                                                                                            
Where, Nij is the number of times that a certain intensity value i is followed by intensity value j. If intensity does not 
change, principal diagonal of the matrix includes only non-zero values. An increase in the number of non-zero values 
around the principal diagonal will be observed with increasing biospeckle activity [16]. A measurement of the spread of 
non-zero values around the principle diagonal is made using IM feature as follow [16]: 
   

ij ij jiMIM 2   (2) 

  
Where, Mij is obtained by dividing each component of a row to sum of components in the same row. This matrix is 
called the normalized COM (Equation 3), [17]: 
 

 j ij

ij
ij

N

N
M  

 
 (3) 

  
An alternative way called AVD (absolute value of the differences) was proposed by [18] in which COM values were 
multiplied at its absolute row distance instead of squared distance (Equation 4).  
 

jiMAVD
ij ij          (4) 

 
Wavelet features 
In this study, each THSP image was decomposed into three levels using Daubechies wavelet (Db4). Then energy (E) 
and entropy (S) features of approximation and details (horizontal, vertical, and diagonal orientations) in all three levels 
were computed using Equation 5 and Equation 6, respectively [19]. A total of 24 wavelet features was extracted from 
each THSP image. 
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Where, W is discrete wavelet coefficients, X and Y are dimension of W(x,y).  
 
Texture features  
Texture is one of the most important characteristics in description of a region. Statistical moments of gray-levels of 
histogram for a region are the simplest features in texture analysis [20]. The first (mean), second (standard deviation), 
and third (skewness) moments, smoothness, uniformity, and entropy are examples of statistical texture features (Table 
1).  
Smoothness represents intensity changes in a region and its value is low for a region with constant intensity. Besides, 
variability in intensity can be described through uniformity and entropy as well. On this basis, it was assumed that 
texture features might be probably useful tool for evaluation of changes in a speckle pattern and so these features were 
used in analyzing THSP images for the first time. 
 

Table 1. Texture features extracted from THSP images [20] 

Feature description Feature equation 

The first moment  1

0

)(
L

i
ii zpz 

The second moment )()( 2
ii zpz   

The third moment  1

0

3 )()(
L

i
ii zpz  

Smoothness 21

1
1 R 

Uniformity 
1

0

2 )(
L

i
izp 

Entropy )(log)( 2

1

0
i

L

i
i zpzp 

Where zi is a random intensity; p(zi) is the normalized histogram; L is 
number of intensity levels. 

 
In total, 32 features including IM, AVD, wavelet, and texture features were extracted from each THSP image and they 
were used as artificial neural networks (ANN) inputs for developing the models to predict apple firmness, 
nondestructively.  
 
Comparison among features  
Pearson’s correlation coefficients between apple firmness and the extracted features from THSP images are presented in 
Table 2.  
The correlation coefficients between firmness index and biospeckle features at 680 nm ranged from -59.9% -62.9% and 
it was between -55.6% and 63.1% at the wavelength of 780 nm. The highest correlation coefficients at the wavelengths 
of 680 and 780 were obtained for entropy based on texture features.  
In addition, sensitivity analysis was carried out to select valuable features. Fifteen features were selected as the most 
effective features (Table 3).  
According to sensitivity analysis and Pearson’s correlation coefficients, some texture and wavelet features were better 
at description of biospeckle activity compared with IM and AVD features. 
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Table 2. Pearson’s correlation coefficients between firmness and THSP features 

Features 
r 

680 nm 780 nm 
Usual biospeckle features IM -0.196 -0.434 

AVD -0.208 -0.458 
Texture features mean -0.551 -0.519 

std -0.289 0.123 
smoothness -0.292 0.110 
skewness 0.586 0.404 
uniformity -0.599 -0.556 

entropy 0.629 0.631 
Wavelet features*  EA1 -0.592 -0.544 

EA2 -0.572 -0.538 
EA3 -0.572 -0.554 
EH1 -0.506 -0.389 
EV1 -0.549 -0.348 
ED1 -0.492 -0.323 
EH2 0.009 -0.340 
EV2 0.052 -0.262 
ED2 0.007 -0.325 
EH3 -0.229 -0.415 
EV3 0.021 -0.157 
ED3 0.076 -0.104 
SA1 -0.602 -0.550 
SA2 -0.564 -0.527 
SA3 -0.558 -0.539 
SH1 0.414 0.363 
SV1 -0.590 0.318 
SD1 -0.468 -0.162 
SH2 -0.015 0.348 
SV2 -0.053 0.273 
SD2 0.003 0.320 
SH3 0.255 0.430 
SV3 -0.031 0.184 
SD3 -0.067 0.121 

*Where the first index E, and S show energy and entropy features, respectively. 
A, H, D, and V indices represent approximation, horizontal, vertical, and 
diagonal details, respectively. Numbers 1, 2, and 3 show the 1st, 2ed and 3th level 
of decomposition. 

 
Table 3. The most effective features selected by sensitivity analysis  

Future No.  680 nm  780 nm 
1  SV1  entropy 
2  SD3  SD3 
3  entropy  std 
4  ED1  mean 
5  SH2  ED2 
6  SV3  EH3 
7  SV2  skewness 
8  EH1  EA1 
9  uniformity  ED1 
10  IM  SH3 
11  SA2  EH2 
12  std  SH1 
13  EA3  SA1 
14  EH2  EH1 
15  AVD  SH2 

 
Conclusions 
Usual biospeckle features (IM and AVD), texture and wavelet features were computed to assess apple firmness, 
nondestructively. Results showed that the highest Pearson’s correlation coefficients between apple firmness measured 
destructively and the extracted features from THSP images at the wavelengths of 680 and 780 were obtained for 
entropy based on texture features. It was also noted that some texture and wavelet features had a better performance 
compared with usual biospeckle features (IM and AVD) to assess the fruit firmness, nondestructively.  
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