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ABSTRACT 

One of the biggest problems in hyper spectral image analysis is the wavelength 

selection because of the immense amount of hypercube data. In this paper, we 

introduce an approach to find out the optimal wavelength selection in predicting 

the quality of the fruit. Hyper spectral imaging was built with spectral region of 

400nm to 1000nm for fruit defect detection. For image acquisition, we used 

fluorescent light as the light source. Analysis was performed in visible region, 

which had spectral from 413nm to 642nm it was done because of the low 

reflectance spectrum found in fluorescent light sources. The captured image in 

this experiment demonstrates irregular illumination that means half of the fruit 

has brighter area. Analysis of the hyper spectral image was done in order to 

select diverse wavelengths that could possibly be used in multispectral imaging 

system. Selected wavelengths were used to create a separate image and each 

image went through thresholding. Experiment shows a multispectral imaging 

system which is able to detect defects in fruits by selecting most contributing 

wavelengths from the hyper spectral image. Algorithm presented in this paper 

could be improved with morphology operations so that we could get the actual 

size of the defect. 
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I.  INTRODUCTION 

Since the last few years, clients’ demands for fruits and vegetables tend to be 

wide-ranging, and a lot of attention has been paid to the external quality of 

fruits.  
 

Generally, such attributes embrace maturity, size, weight, 

shape, colour, condition, along with the presence or 

absence of defects, stems or seeds, similar to a series of 

internal properties like sweetness, acidity, texture, 

hardness, among others. Consequently, the correct, rapid 

and objective assessment system within the process stage 

is crucial to make sure of the standard of fruits and 

vegetables throughout process operations. Food method 

management necessitates time period observance at 

important process points. 

Hyper spectral imaging system is one of the most popular 

method for non-destructive quality determination because it 

combines features present in the image and spectroscopy. It 

is capable of acquiring spatial and spectral information 

simultaneously.  It is used for various research which have 

aim to discern variety of agricultural products. There are 

many examples such as bruises on pickling cucumber [1] and 

bruises on apples [2][3]. 

A. Hyper spectral Imaging  

Spectral cube, data volume, three dimensional hyper spectral 

cube are some of the names by which hyper spectral image  

data is used. This data can provide chemical and physical  

information of any material that we want to test [4]. A two-

dimensional spatial array of vectors is produced by hyper 

spectral imaging system which is used for representing the 

spectrum at each location of pixel. This three-dimensional 

data contains spatial array that is two dimensional and one 

spectral dimension known as data cube or hypercube [5][6]. 

This technique overcomes the limitation of spectroscopic 

methods and vision methods with the one spectral 

dimension and two dimensional spatial arrays. Hyper 

spectral imaging is beyond spectroscopy and conventional 

imaging, it acquires both spatial information as well as 

spectral information simultaneously from an object. 

Hypercube can pick up individual spatial images at any 

wavelength that is covering spectral sensitivity of the 

system. Hyper spectral image can be described as I(x, y, λ) it 

can be viewed either as a spatial image I(x, y) at each 

wavelength (λ), or it can be viewed as a spectrum I(λ) at each 

pixel (x, y). Each pixel present in a hyper spectral image has 

the spectrum of that particular position. Therefore, we can 

understand it as a fingerprint which can characterize the 

compositions present in a specific pixel. Considering that the 

data captures the spectral and spatial at the level of pixels, 

this allow for selecting any region of interest on an object 

flexibly. 

Hyper spectral imaging method is one of the best tool non-

destructive analysis that is based on understanding physics 

of light’s interaction with molecular structure of a test object. 

One  examples in non-destructive quality estimation for light 

penetration in apple is the penetration depth study which 

declares that the wavelength-dependent on the penetration 

where it is up to 4mm in 700-900nm range and between 2 

and 3mm in the 900-1900nm range[7]. Further the study of 
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spectral, there are many researches that evaluate on several 

non-destructive methods which is based on multispectral 

imaging or the hyper spectral imaging for various 

applications. 

The spectral imaging is widely utilized in satellite imaging, 

where it is used to differentiate between different buildings, 

roads and vegetable farms and other geographical 

information. Further it is also used for to identify many 

objects like road or vehicles in territorial field [8]. The 

spectral imaging has huge applications in chemical field, 

medical field as well as quality inspection of agriculture on 

an early stage such as apples [3] also in citrus black spot 

detection [9]. There are many advantages of spectral imaging 

which include non-destructive nature, minimal sample 

preparation and visualizing spatial distribution of numerous 

chemical compositions simultaneously.  

  

This paper is organized as follows: In section II, the literature 

survey conducted on the paper has been mentioned, section 

III exhibits the design and architecture of the system along 

with the proposed algorithm. Then moving on to the 

evaluation and analysis part of the paper, section IV presents 

the implementation of the algorithm. Finally, section V 

presents the conclusion and Sec VI gives details about the 

Future work. 

 

II. Related Work 

This section contains the literature survey conducted. 

Eager interest has been shown towards the literature review 

in order to suffice with necessary information related to 

hyper spectral imaging techniques as well as their 

implementations. Some of the most important assessments 

using hyper spectral imaging involve: 

 

Different classification models were used including PCA, ROI 

and RF model in order to detect bruises which might be 

present on the surface of apples and analyze their condition 

[1]. In order to detect the external defect which may be 

caused by insects, hyper spectral images are subjected to 

PC1 two-band ratio algorithms[2]. Visible and near-infrared 

hyper spectral imaging along with short wave infrared have 

been brought into use providing bruise detection at early 

stages [3]. The concentration of single maize kernels is 

detected using near-infrared hyper spectral imaging data 

and its feasibility verified. Genetic algorithms have been 

used to predict the effect on performance and compatibility 

of crops [4]. The non-destructive abilities of apples were 

measured using the intensity of penetration of light through 

apple skin in order to gather information about the apple 

tissues analyzing the quality assessment of apples[7]. Fungal 

disease like the citrus black spot was detected using 

correlation analysis and pattern recognition using NDVI 

band ratio method which detected the disease responsible 

for premature dropping of fruits from trees[8]. 

 

III. SYSTEM DESIGN AND ARCHITECTURE 

In this section the architecture of the proposed methodology 

is presented. 

 

� Hyper spectral image is dimensionally reduced 

using PCA. 

A hypercube of an image contains a set of hundreds of 

narrow and contiguous spectral bands. In this step we are 

trying to convert this three-dimensional hypercube to the 

two-dimensional orthogonal array. Now these two-

dimensional layers (called spectral bands) get converted into 

one-dimension using Principal Component Analysis, a 

statistical procedure which uses an orthogonal 

transformation to convert a set of observations of possibly 

correlated variables. After this whole process we get a two-

dimensional array of hypercube in orthogonal form. 

 

� In this step we find two most distinctive bands 

among all those bands which are present in the 

array.  

After reading the hypercube of the image, we get a two-

dimensional array which contains all the feature bands in its 

each row. For finding these two bands, a band is selected at 

random and with the help of that band the most distinctive 

bands are find. Now projection is calculated between 

randomly selected band with each and every band present in 

the orthogonal subspace. This results a single band which 

have the maximum projection, this band is one of the most 

distinctive band. Now with the help of this band second 

distinct band is find, for second band the above process is 

repeated again with just replacing randomly selected band 

with the resulting distinct band. 

 

� Savitzky-Golay filter is used to reduce remove 

distortion. 

After selecting two most distinct bands, Savitzky-Golay is a 

digital filter that can be applied to a set of digital data points 

for the purpose of smoothing the data, that is, to increase the 

signal-to-noise ratio without greatly distorting the signal. 

This is achieved, in a process known as convolution, by 

fitting successive sub-sets of adjacent data points with a low-

degree polynomial by the method of linear least square. 

When the data points are equally spaced, an analytical 

solution to the least-squares equations can be found, in the 

form of a single set of "convolution coefficients" that can be 

applied to all data sub-sets, to give estimates of the 

smoothed signal at the central point of each sub-set. 

 

 
Figure1. Schematic of hyper spectral imaging system 

 

REQUIRED STEPS FOR FINDING OPTIMAL WAVELENGTH 

BANDS 

� Reading Hypercube: Here, three-dimensional 

hypercube converts to the two-dimensional orthogonal 

array and further into one-dimension. After the entire 

process, we get a two-dimensional array of hypercube in 

orthogonal form. 

 

� Selection of two most distinctive bands: To find these 

two bands, a band is selected at random and with the 

help of that band the most distinctive bands are find. 

Now projection is calculated between randomly selected 

band with each and every band present in the 

orthogonal subspace. This results a single band which 
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have the maximum projection, this band is one of the 

most distinctive band. With the help of this band second 

distinct band is found, for second band the above 

process is repeated again and again with just replacing 

randomly selected band until the second band gets 

recognised.  

 

� Selection of optimal wavelength bands: Then, a filter 

is used named Savitzky-Golay filter for smoothing the 

data, that is, to increase the signal-to-noise ratio without 

greatly distorting the signal. Using convolution, the data 

points get equally spaced. 

                     [10] 

 

where J is the bands matrix of selected bands in the band list 

set and y is value of each band to which it will be compare to 

i.e.  
            [10] 

 

Where P0,….,Pk is a set of mutually orthogonal vector 

(bands). The value ‘a’ in (1) is compared with minimum 

value obtained in the band list so far to calculate the next 

band. 

 

And the new value of the minimum is overwritten with the 

new value calculated. 

 

ALGORITHM 

1. Start 

2. Capture Hyper spectral Image. 

3. Remove noise in image using Savitzky-Golay filter. 

4. Select most contributing wavelengths from the image. 

5. Display individual image from different wavelengths. 

6. Thresholding 

7. Comparison of the final image for calculating quality of 

the fruit. 

8. End 

 

IV. Analysis 

In this section the system is analysed and evaluated 

producing the result. After performing the algorithm we 

proposed on the hyperspectral images of fruits we get the 

following image as output which has the most distinctive 

bands  

 

 
Figure2: Final image showing the defected areas 

.  

Figure 3: Guava image built from default wavelengths. 

 

We can clearly see if there is any area with bruise on the fruit 

from Fig 2. Thereafter we perform comparison between the 

final image and the ideal fruit for calculating quality. The 

quality percentage for this fruit came out to be 96%. By 

comparing the image 2 and 3 we can confirm that this 

algorithm can detect any defects in a fruit at early stage. 

 

V. CONCLUSION 

This paper proposes the use of hyper spectral images in 

order to detect anomalies which may be present in fruits. To 

produce the results, the hyper spectral image is read by 

converting the given hypercube of image in the form of the 

two-dimensional array in orthogonal form. Then the 

algorithm tries to find the two most distinctive spectral 

bands. In this phase one band is selected at random and 

compared to every other band present, this process provides 

us a band which has the maximum dissimilarity. Euclidean 

distance is calculated between the two optimal wavelength 

band and comparison is done on the basis of the calculated 

Euclidean distance. The result outputs optimal wavelength 

bands which contain all the information about the defected 

part present in the given fruit and the final result is procured 

by the user and the percentage of defect calculated using 

ideal images. 

 

VI. Future Work 

The current system analyses hyper spectral images in order 

to detect any anomalies present and analyses the percentage 

of defect, if any, from an ideal image of the fruit. Future 

endeavours on the project intend to reduce the size of hyper 

spectral images and also the time taken to load the images by 

the algorithm and to produce results.  

 

The produced system will help in assessing the price and 

percentage of defect found in fruits used in marriages which 

are discarded even if a little deformed. These fruits could 

have been used by economically weaker people for lesser 

price if defect gets detected. With quality separated fruits 

this wastage can be avoided and hence the economically 

weaker population can buy such fruits for lower prices and 

fulfil their dietary needs. 
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