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Abstract 

In this study, the application of laser imaging technique was utilized to predict the quality 

attributes (firmness and soluble solids content) of pear fruit and to classify the maturity 

stages of the fruit harvested at different days after full bloom (dafb). Laser imaging system 

emitting at visible and near infra-red region (532, 660, 785, 830 and 1060 nm) was 

deployed to capture the images of the fruit. Optical properties (absorption ma and reduced 

scattering msʹ coefficients) at individual and combined wavelengths of the laser images of 

the fruit were used in the prediction and classifications of the maturity stages. Artificial 

neural network (ANN) was employed in the building of both prediction and classification 

models. Root mean square error of calibration (RMSEC), root mean square error of cross-

validation (RMSECV), correlation coefficient (r) and bias were used to test the 

performance of the prediction models while sensitivity and specificity were used to 

evaluate the classification models. The results showed that there was a very strong 

correlation between the ma and msʹ with pear development. This study had shown that 

optical properties of pears with ANN as prediction and classification models can be 

employed to both predict quality parameters of pear and classify pear into different (dafb) 

non-destructively. 

1. Introduction 

Historically, quantification of fruit qualities relied on 

various destructive techniques that require the removal 

of a little quantity of fruit tissue and juicing for the 

measurement of SSC, total acidity, and nutritional 

content (Hoehn et al., 2003; Liu et al., 2010; Wold et al., 

2004). These techniques resulted in a large amount of 

postharvest losses and inability to measure the whole 

batch as few samples from the batches are used for the 

measurement, which it also involves more man-hours to 

carry them out.  

Human evaluation remains the most widely used 

method of fruit quality assessment. However, it has been 

established, that as a result of disparity in colour 

prejudice between individuals, eye fatigue, personal bias, 

lack of colour memory, and different lighting conditions 

often resulted in varying assessments. These factors have 

limited use of human evaluation to produce on a large 

scale universally accepted standard and for a broader 

spectrum of operation. Furthermore, the human eye is 

limited within the visible range band of the 

electromagnetic spectrum (400 to 700 nm), coupled with 

the fact that certain quality attributes are only detectable 

outside of the visible band. This has made human 

evaluation not capable enough for fruit quality attribute 

determinations. As a result of this situation, a lot of work 

has been focused on the development of instruments 

responsive to an expansive band of electromagnetic 

spectrum and building fruits quality indices. Moreover, 

the non-destructive features of optical techniques have 

allowed them to be practically engaged in online fruit 

quality assessment. Optical techniques utilise ultra-

violet, visible, near-infrared, infrared, and x-ray 

radiations of the electromagnetic spectrum. 

Soluble solids content (SSC) is one of the internal 

quality indicators in most fruit. SSC is a refractometric 

index which expresses the relative amount (%) of 

dissolved solids contained in a solution (Beckles, 2012). 

SSC is the total aggregate of sugars, acids, and additional 

microconstituents in the fruit pulp (Balibrea et al., 2006; 

Kader, 2008). SSC is a function of developmental 
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control which is affected by fruit’s genetic, 

physiological, and metabolic processes (Mounet et al., 

2009; Wang et al., 2009). It has been reported that SSC 

tends to increase with an increase in ripeness (Özdemir 

et al., 2009; Vinha et al., 2013). SSC is a quality 

parameter which has a direct correlation with fruit 

maturity and ripening. The SSC increments during 

maturity and fruit ripening were reported to have been 

due to solubilization of polyuronides and hemicelluloses 

present in the cell wall (Huber, 1984; Nogataet al., 

1993).  

Furthermore, SSC has been determined destructively 

using refractometer but efforts have been made to 

quantify them using various non-destructive optical 

techniques such as Vis/NIR spectroscopy, multi and 

hyperspectral imaging system, and laser-induced 

backscattering imaging. 

Knowledge of fruit optical properties is crucial to 

comprehending various processes happening within the 

fruit such processes as development, maturity, ripening, 

and senescence (Gorton et al., 2010). Optical properties 

of fruit can be employed to characterise the attributes of 

fruit as it is developing or ripening. Other than that, it is 

also essential in the assessment of fruit quality 

parameter.  Optical methods which have found 

application in the determination of optical properties of 

fruit used visible to near-infrared spectrum of 

electromagnetic radiation (Nicolaïet al., 2007). This is 

because most of the fruit chemical composition such as 

chlorophyll, carotenoid, anthocyanins, water content etc 

absorbed photons at visible and near-infrared spectrum 

of electromagnetic radiation. This research investigated 

the use of laser backscattering imaging to evaluate 

quality parameters of pear fruit related to the 

development and classify into different maturity stages. 

 

2. Materials and methods 

2.1 Sample collection and preparation 

Pears were collected from a commercial orchard 

located in Dürrweitzschen (Germany), starting from the 

end of July through to the end of September 2015. 

Sampling was done once a week for eight weeks 

beginning from 28th July – 15th September 2015. The 

collected samples were stored at room temperature and 

the measurement of firmness and SSC was carried out. 

These measurements were carried out after the non-

destructive measurements of the samples have been done 

using the LLBI system. A total of thirty pears were used 

for the measurements on each of the measurement days.  

 

2.2 Determination of pear SSC 

The SSC of the pear samples were determined using 

a refractometer. The sample was sliced across the 

equatorial section and juices were extracted from the cut 

sample. About two drops of the prepared juice were 

dropped onto the refractometer prism plate. Then the 

reading was taken to one decimal place. After the first 

measurement, the refractometer prism was cleaned with 

distilled water and tissue paper before taking the second 

measure for each of the samples. The average of the two 

measurements was recorded as SSC for that particular 

sample. 

2.3 Determination of pear firmness 

The pear firmness was determined destructively 

using a penetrometer. The sample peel of 2 cm2 from the 

opposite sides of the fruit was removed from the 

equatorial area. The prepared sample was held firmly 

with on the plate at the stand base of the penetrometer. 

The penetrometer was adjusted to zero and the plunger 

head was placed against the peeled area flesh of the fruit. 

Downward pressure was then applied until the plunger 

had penetrated halfway into the flesh of the peeled fruit. 

The plunger was removed and the reading was taken to 

one decimal place. This process was repeated for the 

opposite side of the fruit and the average of the two 

reading was recorded as the firmness of that fruit. 

2.4 Laser imaging 

The laser images of the pear fruits were captured 

using the imaging system developed and assembled at 

the Leibniz-Institute of Agricultural Engineering and 

Bioeconomy Potsdam-Bornim (ATB) Germany 

(Baranyai and Zude, 2009). The system setup consists of 

a CCD camera (CV-A50IR, JAI Ltd, Japan) with a zoom 

lens F2.5 and focal length 18-108 mm (12VG1040 ASIR

-SQ, Tamron Co. Ltd, Japan), and a laptop for camera 

control, image capturing and storage. Five laser diodes of 

wavelength (532, 660, 785, 830 and 1060 nm) and power 

ratings (10-85 mW) were used to capture the images. 

The light was shone on the central area of the pear 

samples which were arranged facing up the CCG 

camera. The CCD camera captured a fraction of the 

backscattered light from the fruit surface and transferred 

it to the computer. To capture high quality images and 

reduced the noise capturing was done in the dark. 

2.5 Determination of optical property 

Optical properties (absorption and reduced scattering 

coefficients) were extracted from the backscattered 

images of pear fruit using Farrell’s diffusion 

approximation equation built into LABVIEW software 
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shown in equation 1. 

where; 

Rf  = Diffuse reflectance,  

r = Distance from incident point,  

= Transport albedo and is given as  

= Effective attenuation coefficient and is given as  

 

= Total attenuation coefficient and is given as  

   

= Absorption coefficient 

= Reduced scattering coefficient 

The parameters r1 and r2 are computed using the 

following expression: 

where F = internal reflection and is given as  

and 

given that  

= Refractive index of the material 

 = Refractive index of air 

The optical properties served as the input for neural 

networks models to predict the quality parameters of 

pear, and also to classify the fruit into different days after 

full bloom (dafb). 

 

2.6 Prediction and classification models 

The ANN models for predictions and classification 

models were built using the Unscrambler 10.3. The 

multilayer perceptron (MLP) which is a feedforward 

ANN outlines input data to give an output appropriately 

(Foody, 2004). In an MLP the input was fed to the 

hidden layer with tanh, sigmoid, logistic and exponential 

as nonlinear activation functions. The data were 

subdivided into three using random sampling, 70% for 

the training of the models while the remaining 30% were 

equally partitioned for models validation and testing 

respectively. 

 

3. Results and discussion 

3.1 Pear optical properties 

The range of the optical properties of pear extracted 

from backscattering images of pear is shown in Table 1. 

Table 1 shows that the optical properties reduce with 

fruit development and also with increasing wavelength. 

Since optical properties relate to fruit component and 

structure and these undergo significant changes during 

fruit development. Fruit components such as 

anthocyanins, chlorophyll and water content absorbed 

light photon at a different wavelength and as the fruit 

develops the amount of these components either reduces 

or increases thereby alters the optical properties of the 

fruit. Likewise, as the fruit develops fruit softening sets 

in which invariably affect the fruit structures and the 

softening influence the optical properties. A different 

optical property was reported for flesh, seed-based and 

seed part of kiwifruit (Fang et al., 2015). 

Table 2 shows that there is a strong correlation 

between absorption and reduced scattering coefficients 

with fruit development. There is a strong correlation 
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Time 

(dafb) 

Wavelength (nm) 

532 660 785 830 1060 

μa* μʹs* μa μʹs μa μʹs μa μʹs μa μʹs 

92 
0.089 – 
0.281 

4.405 – 
6.741 

0.008 – 
0.032 

1.262 – 
1.981 

0.008 – 
0.012 

2.113 – 
2.386 

0.002 – 
0.004 

1.336 – 
1.683 

0.002 – 
0.003 

1.278 – 
1.550 

99 
0.045 – 
0.308 

3.510 – 
6.779 

0.004 – 
0.029 

1.626 – 
3.167 

0.007 – 
0.013 

2.072 – 
2.431 

0.002 – 
0.005 

1.386 – 
1.724 

0.002 – 
0.004 

1.268 – 
1.533 

106 
0.071 – 
0.280 

4.173 – 
6.578 

0.005 – 
0.016 

1.833 – 
2.561 

0.005 – 
0.012 

1.847 – 
2.402 

0.002 – 
0.004 

1.318 – 
1.694 

0.002 – 
0.004 

1.272 – 
1.544 

113 
0.035 – 
0.267 

3.252 – 
6.522 

0.002 – 
0.013 

1.320 – 
2.379 

0.006 – 
0.010 

1.908 – 
2.245 

0.001 – 
0.003 

1.216 – 
1.534 

0.002 -
0.003 

1.266 – 
1.484 
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0.031 – 
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1.452 – 
2.674 

0.007 – 
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1.314 –  
1.473 
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0.045 – 
0.173 

3.578 – 
5.733 

0.003 – 
0.017 

1.495 – 
2.590 

0.005 – 
0.009 

1.823 – 
2.129 

0.001 – 
0.002 

1.062 – 
1.386 

0.001 – 
0.003 

1.099 – 
1.470 
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0.042 – 
0.256 

3.484 – 
6.497 

0.003 – 
0.015 

1.486 – 
2.492 

0.006 – 
0.010 

1.881 – 
2.211 

0.001 – 
0.003 

1.149 – 
1.462 

0.002 – 
0.003 

1.216 – 
1.446 
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0.033 – 
0.194 

3.262 – 
5.824 

0.002 – 
0.011 

1.331 – 
2.228 

0.003 – 
0.009 

1.648 – 
2.171 

0.001 – 
0.003 

1.256 – 
1.481 

0.002 – 
0.004 

1.307 – 
1.537 

Table 1. Optical properties of pear from Farrell diffusion theory 
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between the absorption and reduced scattering 

coefficient and this can be interpreted that both 

phenomena happen very strongly in pear sample with the 

system used. A downward trend correlation exists 

between absorption and reduced scattering coefficients 

and fruit development. This could be interpreted that as 

the fruit develops, the pigments such as anthocyanins, 

chlorophyll and water content responsible for absorption 

and fruit structural components such as cell wall undergo 

changes and these account for the downward trend 

observed with these properties with fruit development. 

Table 3 shows that there is a moderate correlation 

between the optical properties of pear and the 

wavelengths used. It shows that there is a negative 

correlation between optical properties and the 

wavelength meaning that at lower wavelength more 

absorption and scattering occurs while less absorption 

and scattering occurs at a higher wavelength. That is 

components such as chlorophyll pigments and 

anthocyanins and others are absorbed in wavelengths 

532 and 660 nm from previous studies (Phillips, 2006; 

Chang and Chang, 2014). 

The results of the ANN predictions of the quality 

attributes of pear using absorption and reduced scattering 

coefficients at the individual wavelength and at 

combined wavelengths are as presented in Tables 4 The 

prediction of SSC and firmness parameters of pear are 

shown in Figures 1 and 2. 

Table 4 reveals the prediction of SSC and firmness 

of pear when μa and μsʹ are used at individual 

wavelength. The ANN prediction models show a high 

correlation coefficient at wavelengths 532, 660 and 830 

nm which can be attributed to the presence of pigments 

that absorb light photon present in the pear fruit. It can 

be concluded that pigments played a very significant role 

when it comes to customers making the choice of 

purchase. 

Table 5 shows that combined wavelengths, firmness 

predictions recorded higher correlation coefficients at 

three combined wavelengths of 532, 660 and 785 nm. It 

has been reported that chlorophyll is absorbed in visible 

electromagnetic wavelength around 400-700 nm (Babar 

et al., 2006; Cozzolino et al., 2004; Zude et al., 2006). 

Wavelength (nm) Parameter µa μsʹ SSC Firmness Time (dafb) 

532 

µa 1     
μsʹ 0.999 1    

SSC -0.964 -0.972 1   
Firmness 0.985 0.987 -0.961 1  

Time (dafb) -0.958 -0.962 0.975 -0.966 1 

660 

µa 1     
μsʹ 0.996 1    

SSC -0.89 -0.904 1   
Firmness 0.946 0.952 -0.961 1  

Time (dafb) -0.89 -0.901 0.975 -0.966 1 

785 

µa 1     
μsʹ 0.999 1    

SSC -0.908 -0.914 1   
Firmness 0.956 0.955 -0.961 1  

Time (dafb) -0.894 -0.897 0.975 -0.966 1 

830 

µa 1     
μsʹ 0.998 1    

SSC -0.877 -0.88 1   
Firmness 0.938 0.93 -0.961 1  

Time (dafb) -0.854 -0.847 0.975 -0.966 1 

1060 

µa 1     
μsʹ 0.992 1    

SSC -0.524 -0.569 1   
Firmness 0.664 0.687 -0.961 1  

Time (dafb) -0.545 -0.57 0.975 -0.966 1 

Table 2. Correlation of Optical properties of pear from Farrell diffusion and reference measurements with days after full bloom 

at different wavelengths 

Table 3. Correlation of optical properties of pear extracted 

from Farrell diffusion with laser wavelength used 

 Wavelength (nm) µa µsʹ 

Wavelength (nm) 1   
µa -0.671 1  

µsʹ -0.783 0.966 1 
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Table 4. Performance evaluation of the prediction models using pear μa and μsʹ from Farrell diffusion 

Wavelength (nm) Method Parameter RMSEC r bias RMSECV r bias 

532 ANN (MLP) 
SSC 1.117 0.667 0.003 1.089 0.808 0.139 

Firmness 27.361 0.748 0.036 20.762 0.89 2.584 

660 ANN (MLP) 
SSC 1.14 0.652 0.069 1.077 0.813 0.144 

Firmness 24.621 0.802 0.394 22.492 0.881 0.922 

785 ANN (MLP) 
SSC 1.113 0.67 0.001 1.077 0.818 0.116 

Firmness 21.599 0.852 0.276 15.061 0.947 4.959 

830 ANN (MLP) 
SSC 1.148 0.643 0.013 1.115 0.808 0.061 

Firmness 21.374 0.855 0.047 18.36 0.931 2.434 

1060 ANN (MLP) 
SSC 1.128 0.659 0.01 1.086 0.813 0.122 

Firmness 28.801 0.716 0.467 25.047 0.848 3.406 

Figure 1. SSC prediction at different wavelength with pear absorption and reduced scattering coefficients from Farrell diffusion 

(a) 532 nm (b) 660 nm (c) 785 nm (d) 830 nm (e) 1060 nm with ANN model. 

Wavelength (nm) Method Parameter RMSEC r bias RMSECV r Bias 

532, 660 ANN (MLP) 
SSC 1.123 0.663 0.001 1.106 0.792 0.085 

Firmness 25.932 0.777 0.314 23.523 0.86 3.582 

532, 660, 785 ANN (MLP) 
SSC 1.11 0.672 0.031 1.125 0.792 0.114 

Firmness 19.326 0.883 0.07 16.887 0.942 2.066 

532, 660, 785, 830 ANN (MLP) 
SSC 1.145 0.652 0.088 1.193 0.782 0.137 

Firmness 19.702 0.878 0.503 17.733 0.933 1.764 

532, 660, 785, 

830, 1060 
ANN (MLP) 

SSC 1.127 0.659 0.01 1.138 0.777 0.122 

Firmness 17.33 0.907 0.25 19.545 0.919 2.716 

Table 5. Performance evaluation of the prediction models using μa and μʹs at combined wavelengths 
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Other pigments such as anthocyanin which is responsible 

for colour change as fruit ripens has been reported to be 

absorbed within the visible spectrum of electromagnetic 

radiation (Butz et al., 2005; Cubeddu et al., 2002).  It is 

also revealed from the Table 5 that ANN models gave a 

higher correlation coefficient than when individual 

wavelength models for all the quality parameters of pears 

that were predicted when μa and μsʹ at combined 

wavelengths were used. 

The classification of pear into different stages of 

development was done using absorption (µa) and reduced 

scattering (µsʹ) coefficients at the individual wavelength 

and combine wavelength. Table 6 shows the overall 

classification accuracy at individual and at combine 

wavelengths. The table shows that the highest 

classification accuracy of 87.08% was achieved at 

combined wavelengths of three wavelengths of 532, 660 

and 785 nm with ANN classifier. At individual 

wavelength, ANN recorded a range of between 80.42 

and 86.67% with wavelength 785 nm recorded 86.67%.  

 

 

4. Conclusion 

Fruit quality is composed of many characteristics or 

attributes such as sensory, chemical, physical, nutritive, 

mechanical, functional and defects attributes. To 

evaluate these qualities, there is a need to quantify 

quality-dependent attributes or parameters such as SSC, 

firmness, elasticity, chlorophyll etc. Quantification of 

these parameters have been done using various 

instruments which are in most cases destructive, 

resulting in fewer samples being tested and this does not 

Figure 2. Firmness prediction at different wavelength with pear absorption and reduced scattering coefficients from Farrell 

diffusion (a) 532 nm (b) 660 nm (c) 785 nm (d) 830 nm (e) 1060 nm with ANN model. 

Wavelength (nm) 
Method 

ANN 

532 82.5 

660 82.08 

785 86.67 

830 85.42 

1060 80.42 

532, 660 80.42 

532, 660, 785 87.08 

532, 660, 785, 830 83.75 

532, 660, 785, 830, 1060 86.67 

Table 6. Overall classification accuracy using pear μa and μsʹ 

from Farrell diffusion at individual and combined wavelength 

file:///C:/Users/vivia/Dropbox/Food%20Research/Manuscript%20Pending%20Production/FR-CAFEI-022%20latest.docx#_1pxezwc#_1pxezwc
file:///C:/Users/vivia/Dropbox/Food%20Research/Manuscript%20Pending%20Production/FR-CAFEI-022%20latest.docx#_3fwokq0#_3fwokq0
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take into cognizance the variation existing between the 

fruit lot. In order to overcome this challenge, non-

destructive methods of quality evaluation have been 

receiving alloyed attention from the countless number of 

researchers. With many focusing on the non-destructive 

optical methods. Laser light backscattering imaging 

system is one of such techniques. The results showed 

that the SSC of pear increase as the fruits matures. A 

range of 9.2 to 17.2 % Brix SSC was obtained from 92 to 

141 dafb while 85.5 to 264.2 N/cm2 was the range of 

firmness obtained during the period of monitoring pear 

maturity. The optical properties of the fruit show a very 

strong correlation with days after the full bloom of the 

fruit therefore the properties can be used to monitor the 

pear fruit development. 
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