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Abstract

Applying imaging technology in different fields allowed accurate, reliable, repeatable, fast, nondestructive, and low-cost assessment of goals of the 
interest. Hyperspectral imaging as a near infrared imaging technique widely used for research and application purposes in different fields due to 
detection of nonvisible goals via recording materials’ reflectance in the range of 400-2500 nm. It combined advantages of infrared wave analysis 
in spectroscopy and area assessment in imaging technology. These advantages allowed the assessment of both internal and external properties 
of materials. Different methods are applied to process the hyperspectral images to extract efficient wavelengths and image features and then 
analyze them to achieve useful results for decision making. Hyperspectral imaging has been used in biosystems engineering for improve different 
activities in agriculture, natural resources, and food sector. The hyperspectral imaging has been explained and different goals of applying the 
technique in agriculture, natural resources and food have been presented. The purpose of this literature review was to describe the applications 
of near-infrared hyperspectral imaging in biosystems engineering in Iran.
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Introduction

Biosystems engineering is a field of applying engineering 
sciences and technologies in agriculture, natural resources, and 
food sectors to promote the required operations and activities 
to increase technical, social, and economic productivity and 
decrease environmental impacts. This means considering science 
and technology to work in the sustainable production path [1]. 
Biosystems engineering is important as well as agriculture, 
natural resources, and food sectors due to providing food and 
living medium for human [2]. Agriculture includes agronomy, 
horticulture, and livestock subsectors, natural resources include 
forest, pasture, and fishery subareas, and food includes processes 
of making final products from raw materials produced in 
agriculture and natural resources sectors. These sectors need the  

 
assists of agricultural economics and extension, plant protection, 
irrigation, biosystems, mechanization, and veterinary fields [3] 
to apply useful knowledge and technologies [4,5] to promote the 
operations, increase the productivity, solve the problems, and 
deal with various challenges [6]. Imaging technology is applied in 
different fields due to its advantages compared to human based 
duties and laboratory tests. These advantages are high accuracy, 
reliability, reputability, and speed, low cost, and non-destructivity 
[7]. Hyperspectral imaging (HSI), chemical imaging, or infrared 
imaging is a technique of imaging technology to acquire area 
information of objects from 400 to 2500 nm in electromagnetic 
spectrum, called hypercube. In fact, hypercubes include different 
image channels of the objects for each wavelength or a small range 
of wavelengths. 
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The wavelength range includes visible and nonvisible 
wavelengths. The HSI technique is widely used for research 
and application purposes in different fields due to detection of 
visible and nonvisible goals. It combines advantages of infrared 
wave analysis in spectroscopy and area assessment in imaging 
technology. These advantages allowed the assessment of both 
internal and external properties of materials [6,8]. The acquired 
hypercubes are processed using different methods to extract 
efficient wavelengths, calculate image features, and then analyze 
the extracted features to achieve beneficent results used in 
decision making processes. The technique has been applied for 
assessing agricultural and food products [6,8-11]. The technique 
has been used in indoor controlled imaging conditions for safety 
control [12] and quality assessment [13] of food products and 
assessment of agriculture products [14,15]. The method has been 
used in outdoor imaging conditions in agriculture [16] and natural 
resources [17,18]. Due to importance of biosystems engineering 
to assist agriculture, natural resources, and food sectors and 
advantages of hyperspectral imaging, the goal of the present paper 
is to review the applications of hyperspectral imaging in Iran as a 
powerful technique in these sectors.

Imaging technology 

Imaging is defined as acquiring area information of objects. In 
this method, different wavelength bands of visible and nonvisible 
range of electromagnetic spectrum are acquired and changes 
them to visible images with color or gray scale type. Visible 
imaging systems acquire wavelengths in the visible band of the 
spectrum emitted from the objects’ surface. Visible imaging 
systems have high speed, accuracy, reliability, and reputability 
and low cost. They are nondestructive systems and can be used 
for real time applications. According to wavelength range, other 
imaging methods have been developed such as thermal imaging, 
hyperspectral imaging, and X-ray [7,8,19]. 

Hyperspectral Imaging

Spectroscopy is a technique to receive the reflectance of 
the objects in near infrared wavelengths of the electromagnetic 
spectrum. It records different wavelengths of near infrared band 
emitted from single-points of objects. This approach has been 
used in hyperspectral imaging technique. Hyperspectral imaging 
technique acquires the area reflectance of objects in different 
wavelengths, separately. So, a hyperspectral image includes spatial 
(x and y direction of hypercube matrix) and spectral (z direction of 
hypercube matrix) information of the infrared reflectance from the 
objects’ surface [7]. This ability allowed achieve both advantages 
of imaging and spectroscopy techniques. Also, the HSI technique 
includes both visible and infrared imaging because it acquires the 
reflectance from visible (400-750 nm) to near-infrared (750-2500 
nm) wavelengths in the electromagnetic spectrum.

Different parts of hyperspectral imaging systems are detector 
or camera, lens, wavelength selection tool, illumination system, 
and personal computer. The duty of software parts of HIS systems 

are image acquisition and processing operations [8,20-22]. There 
are three types of hyperspectral imaging systems including point 
scanning, line scanning, and single-shot (area scanning) [23]. The 
systems are installed on different acquisition platforms to acquire 
hypercubes in various imaging conditions. So, the systems are 
divided to tabletop, handheld, UAV-mounted, aircraft-mounted, 
and satellite-mounted imagers [16]. Acquisition of hypercubes 
is a time-consuming task, compare to visible imaging, so that 
acquiring each hypercube may take up to 2 min [22]. This is due to 
acquiring many wavelengths separately. So, the HSI has limitation 
in real time applications and required developing multispectral 
imaging systems to acquire the object reflectance corresponded to 
efficient wavelengths. Hyperspectral imaging systems acquire the 
images of objects as a three-dimensional matrix including a two-
dimensional spatial data of the imaged area and one-dimensional 
spectral data of the surface’s reflectance [7,8]. This has a big data 
challenge and required data analysis more than visible image 
processing methods. 

Image Processing 

Hypercubes require big data analytical methods to decrease 
the volume of the spectral data of the hyperspectral image matrix 
[20]. This data reduction is essential to provide a hyperspectral 
image with lower wavelengths, called useful wavelengths. 
The useful wavelengths must be selected to be used for image 
processing step. In real applications, these wavelengths are used 
in multispectral imaging (Figure 1).

One of the widely-used methods to select the useful 
wavelengths of the hypercubes is principal component analysis 
(PCA). Independent component analysis (ICA), kernel PCA, 
local linear embedding, local tangent space analysis, diffusion 
maps, Laplacian eigen maps, multilayer autoencoders, isomap, 
local linear coordination, hessian local linear embedding, linear 
discriminant analysis wavelet transform (WT), (LDA), Fourier 
transform (FT), and multidimensional scaling (MDS) are other 
methods used for hyperspectral data reduction process [23-25]. 
The image corresponding to each wavelength is called image 
channel.

After wavelength selection, an image processing algorithm is 
required to extract features of the image channels. The extracted 
features are analyzed by artificial intelligence or statistical 
methods such as artificial neural network (ANN), probabilistic 
neural network (PNN), support vector machine (SVM), least 
squares-support vector machine (LS-SVM), Normal Bayes (NB), 
partial least square discriminant analysis (PLS-DA), K-nearest 
neighbor (KNN), Random Trees (DT), linear discriminant analysis 
(LDA), quadratic discriminant analysis (QDA), and N-fold cross 
validation [25-28]. Recently, deep learning has been introduced as 
a strategy to analyze data. This strategy has been used to analysis 
the hyperspectral images [29-33]. The strategy conducts different 
image processing steps continuously; but it requires a large 
number of hypercubes [6].
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Figure 1: Different steps in hyperspectral imaging [2].

Applications of hyperspectral imaging

As HSI has high ability of both imaging and spectroscopy 
techniques together, the technique is widely used for assessing 
internal and external properties of materials. The external 
properties are assessed using visible reflectance and internal 
properties are evaluated using near infrared reflectance of the 
surface of the objects. The mentioned abilities provided successful 
applications of hyperspectral imaging in different fields including 
industry, medicine, agriculture, natural resources, and food. 
Hyperspectral imaging has been successfully used in indoor and 
outdoor applications in different areas of biosystems engineering 
[33-40]. In the next sections, the applications of hyperspectral 
imaging in biosystems engineering in Iran have been discussed.

Soil 

Soli has high important in different studies because it 
is the base medium to produce agricultural products. Also, 
natural environment soil is studied in forest and pastures 
products. In the natural environment, hyperspectral imaging 
has been used for assessment of soil [38]. In soil studies, mainly 
hyperspectral imaging in remote sensing applications has been 
used whereas in wild animal assessment. Hosseiny et al. [41] 
combined hyperspectral imaging and machine learning based 
on convolutional neural network (CNN) to classify different land 
regions. The classification accuracies on their researchers were in 
the range of 92.35 to 98.14%.

Plant fields 

Plant fields include farms to produce agronomic and 
horticultural products. The application of hyperspectral 
imaging in plant fields have been presented in (Table 1) [42-45]. 
Agronomy includes different steps from tillage, seed planting 
or transplanting, protecting, harvesting, and seed processing 
to produce different agronomical products including cereals, 

pseudo cereals, legumes, and oilseeds. Hyperspectral imaging 
technique has been applied in assessing different agronomic 
products [16,46]. In outdoor application of hyperspectral imaging, 
Imani [42] used the hyperspectral images of the Landsat 8 and 
analyzed them to detect land occupied by wheat cultivation farms. 
They reached to high accuracy as 96.09% using collaborative 
representation (AP-CR) method. Horticulture sector include 
different operations including orchard land preparation, seed 
and or seedlings planting, protecting, harvesting, and postharvest 
operations to produce fruits, vegetables, and medicinal, aromatic, 
and ornamental plants in the fields with smaller areas than 
those in agronomy. Hyperspectral imaging technology has been 
successfully used to assess different horticulture products 
[33,47-51]. Moghimi et al. [45] acquired hyperspectral images 
of healthy and diseased leaves of pistachio trees at the range of 
400-1100 nm. They reported that the classification accuracy of 
the hypercube features using support vector machine method was 
90.91%. In a research, nitrogen content in tomato leaves has been 
detected by hyperspectral imaging technology. Aslani [44] used 
the technique at the range of 400-1100 nm and machine learning 
based on artificial neural network. The correct classification rate 
of the research was 92.55%. In the similar research, nitrogen level 
in cucumber leaves has been studied. Sabzi et al. [43] analyzed 
hyperspectral image features using hybrid neural networks and 
the imperialist competitive algorithms. They obtained the highest 
accuracy as 96.11%. 

Agronomic and horticultural products

Agronomic and horticultural products include final products 
harvested from farms such as fruits, leaves, and flowers of the 
plants and trees. Hyperspectral imaging technique has been 
used in this sector to assess different products [23,37,52-57]. 
Application of HSI in assessment of agronomic and horticultural 
products have been presented in Table 2 [58-71]. Darvishsefat 
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et al. [58] compared the canopy reflectance of different Iranian 
rice cultivars including Khazar, Hybrid, Nemat, Tarom plots, Fajr, 
Shiroudi, and Neda. The hyperspectral imaging system acquired 
the images at the range of 350-2500 nm. The researchers reported 
that the reflectance of the cultivars was significantly difference 
using analysis of variance and Tukey’s paired test. Hyperspectral 
imaging technique has been used to detect contaminations in 
horticultural products. HSI technique has been used at range of 
960 to 1700 nm to distinguish healthy form infected pistachio 
kernels by Aspergillus flavus fungus. Kheiralipour et al. [59] used 
linear and quadratic discriminant analysis methods to classify 

the hyperspectral images and reported 70-100% accuracy to 
distinguish different classes including healthy samples and 
unhealthy ones with different progress levels of infection. 
Kheiralipour et al. [5] developed different classifiers based on 
K-fold cross validation, support vector machine, and artificial 
neural network methods to classify the hyperspectral image 
features of healthy and fungal infected pistachio samples with 
and without considering infection progress levels. They reported 
that the classification accuracies of different methods were in the 
range of 69 to 99.71%.

Table 1: Applications of hyperspectral imaging in plant fields.

Product Goal Wavelength (nm) Reference

Wheat Detection of farm region - Imani [42]

Cucumber leave Estimating nitrogen content 400-1100 nm Sabzi et al. [43]

Tomato leave Estimating nitrogen content 400-1100 nm Aslani [44]

Pistachio leave Detection of diseases 400-1100 nm Moghimi et al. [45]

Table 2: Applications of hyperspectral imaging in assessment of agronomic and horticultural products.

Product Goal Wavelength (nm) Reference

Rice Cultivar classification 350-2500 nm Darvishsefat et al. [58]

Pistachio Detecting KK11 and R5 fungal infection 960-1700 Kheiralipour et al. [59]

Pear Ripeness detection 425-1000 Khodabakhshian and Emadi [60]

Pomegran-
ate Estimating pH, titratable acidity, and total soluble solids 400-1700 Khodabakhshian et al. [61]

Orange Detecting green mold 400-900 Ghanei Ghooshkhaneh et al. [62]

Pistachio Detecting aflatoxin contamination 400-950 Zolfi et al. [63]

Cucumber Estimating nitrogen content 400-1100 Pourdarbani and Sabzi [64]

Apple Studying pH changes 400-1000 Golmohammadi et al. [65]

Apple Estimating total phenol, titratable acid, soluble solids content, and pH 400-1100 Hasanzadeh et al. [66]

Apple Studying peroxidase activity changes 400-1000 Golmohammadi et al. [67]

Saffron Detection of adulteration 400-950 Hashemi-Nasab and Parastar 
[68]

Maize Variety classification 400-1000 nm Alimohammadi et al. [69]

Sugar beet Estimating soluble solids, sugar content, moisture content, pH, and me-
chanical properties 400-1100 Molayi et al. [70]

Orange Bruise’s detection 400-1100 Pourdarbani and Sabzi [71]

Table 3: Applications of hyperspectral imaging in animal and fishery products.

Product Goal Wavelength (nm) Reference

Beef and lamb Recognizing meat types 400-950 Zolfi et al. [72]

Fish Detecting spoilage 430-1010 Khoshnoudi-Nia and Moosavi-Nasab [73]

Fish Estimating total volatile basic nitrogen 430-1010 MoosaviNasab et al. [74] 
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 Zolfi et al. [63] used fluorescence hyperspectral imaging 
technique to distinguish healthy pistachio kernel and aflatoxin 
contaminated samples with low, medium, and high contamination 
levels. They used fluorescence light source at 360 nm to illuminate 
the pistachio samples. They obtained high correlations between 
the contamination and fluorescence reflectance of different 
samples. Applying hyperspectral imaging technique at range of 
425-1000 nm, Khodabakhshian and Emadi [60] classified pear 
fruit based on ripeness level of unripe, ripe, and overripe. They 
classified the image features using soft independent modeling 
of class analogy (SIMCA), linear discriminant analysis (LDA), 
and partial least square-discriminant analysis (PLS-DA). The 
researchers reported that the classification accuracy of PLS-DA 
method (87.86%) had higher accuracy compared to other methods. 
Ghanei Ghooshkhaneh et al. [62] combined hyperspectral imaging 
and artificial neural network to detect green mold of orange. They 
acquired the hypercubes of healthy and infected orange samples at 
range of 400-900 nm. The researchers reported that 500, 800, and 
900 nm were selected as the efficient wavelengths and acquired 
images using SCB-2000P Samsung camera and an infrared filter 
for the selected wavelengths. They achieved highest classification 
accuracy of 96.84%.

Hyperspectral imaging has been used to estimate chemical 
compositions of the products. Khodabakhshian et al. [61] predicted 
different chemical components of pomegranate fruit including the 
total soluble solids, and titratable acidity, and pH. They acquired 
hypercubes at the range of 400-1100 nm and analyzed them using 
partial least square method. Hasanzadeh et al. [66] estimated the 
soluble solids content, titratable acid, pH, and total phenol of apple 
fruit using hyperspectral imaging. They analyzed the hypercubes 
using partial least squares method and reported high prediction 
accuracies of 98.99 to 99.99%. Golmohammadi et al. [65] 
estimated peroxidase activity by acquiring hyperspectral images 
of apple fruits at the range of 400-1000 nm. They reported that an 
accuracy of 0.94% was achieved using partial least square method. 
in another research, Golmohammadi et al. [67] hyperspectral 
images of apple fruit at the same range were analyzed to estimate 
pH value of apple during storage. They reported that the partial 
least square method gave 98.0% accuracy for classification of the 
features extracted from the hyperspectral image data. Nitrogen 
content in cucumber fruit was estimated using hyperspectral 
imaging by Pourdarbani and Sabzi [64]. The researchers used 
hybrid neural network-cultural algorithm (ANN-CA), multilayer 
perceptron neural network (MLP), and support vector machine 
to find correlation between nitrogen content and image features. 
They reported higher accuracy of ANN-CA (92.00%) compared to 
SVM (89.51%) and MLP (78.97%).

The HSI technique has been used to detect adulteration in 
saffron. Hashemi-Nasab and Parastar [68] prepared saffron 
product adulterates by saffron style, safflower, turmeric, calendula, 
and rubia and acquired the hyperspectral images of the samples 
at the range of 400-950 nm. They used partial least squares-

discriminant analysis (PLS-DA) for classification of the image 
features and reported that all samples were successfully classified 
by the model. Alimohammadi et al. [69] applied hyperspectral 
imaging at range of 400-1000 nm to classify different maize 
varieties. They used linear discriminant analysis and artificial 
neural network method and reported higher ability of the LDA 
(95% accuracy) to distinguish the varieties. The literature 
showed that HSI technique can be used to assess mechanical 
properties of fruits and vegetables. Pourdarbani and Sabzi [71] 
evaluated the ability of the HSI method in the range of 400-110 
nm to detect orange bruises. In their research, the compare mean 
using Dunkan’s multiple range test method showed significant 
difference between the reflectance of the sound and bruised 
orange samples. Molayi et al. [70] estimated soluble solids, sugar 
content, moisture content, pH, and mechanical properties of sugar 
beet using HSI technique. They used imaging system at the range 
of 400-1100 nm to acquire the hypercubes of the samples and 
least square regression method to analyze the image features and 
achieved 95-98% accuracy. 

Animal and Fishery Products

HSI has been utilized in assessment of animal and fishery 
products. These applications for different goals have been listed in 
Table 3 [72,73]. Hyperspectral imaging has been used to estimate 
nitrogen content in fish. Moosavi-Nasab et al. [74] predicted the 
total volatile basic nitrogen (TVB-N) in rainbow trout fish fillet 
using HSI technique. They acquired the hyperspectral images at the 
range of 430-1010 nm. They applied linear deep neural network 
(LDNN) and support vector machine (SVM) to detect the nitrogen 
content based on the data extracted from the hyperspectral 
images. They stated that the accuracy of the classifier based on 
the SVM method (89.7%) was higher than ANN method. The shelf 
life of fish has been assessed using HSI method. Khoshnoudi-Nia 
and Moosavi-Nasab [73] acquired hypercubes of fish at the range 
of 430-1010 nm to assess the product spoilage. They measured 
sensory score, psychotropic plate count (PPC), and total-volatile 
basic nitrogen (TVB-N) of the fish. The researchers applied 
different data prediction methods including partial least-squares 
regression (PLSR), back-propagation multiple-linear regression 
(MLR), back propagation artificial neural network (BP-ANN), and 
least-squares support vector machine (LS-SVM) to analyze the 
date extracted from the hypercubes. The researchers obtained 
accuracies in the range of 85.3 to 92.1%. The HIS method has been 
applied to distinguish different meat types. Zolfi et al. [72] used 
HSI method to recognize the ground beef, lamb, and a combination 
of 70% beef and 30% lamb meat. the analyzed the image data 
using SVM and reported 11.56-19.66% error. 

Future trends 

Hyperspectral imaging technique has been used for different 
applications in biosystems engineering in Iran such as soil, 
agriculture, horticulture, and food. In future, the HSI technique 
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can be been utilized in livestock sector [75] to assess animal body 
[76] and welfare and feed quality [77]. The technique can been 
applied for in natural resources to study wild animals living the 
land and sea environment [17,78,79]. The method can be applied 
in precision agriculture considering remote sensing using satiate 
or other platforms with high spatial and spectral resolutions. A 
limitation in applying HSI technique is the time for acquisition 
of the hypercubes. Acquiring hypercubes is time-consuming 
because the images at different wavelengths are recorded. So, this 
technique is mainly used in laboratories and online and practical 
industrial applications are possible by applying the hyperspectral 
results to develop multispectral imaging systems. Multispectral 
systems use just efficient wavelengths and features that are faster 
in scanning and analyzing the images. Using these wavelengths 
in multispectral imaging systems cause to reach higher imaging 
speed compare to hyperspectral imaging.

Conclusions

 Hyperspectral imaging is non-destructive technique to 
acquire infrared reflectance of objects in an imaging area. Applying 
different data analysis method for prediction and classification 
purposes, the technique gives high accuracy in assessing different 
materials so that they can be combined to reach vast research and 
application goals with high reliability. It has been used to assess 
internal and external properties of products. In the present study, 
applications of hyperspectral imaging and hypercube processing 
in biosystems engineering in Iran have been presented. In future, 
application of hyperspectral imaging can be more expanded, 
especially in animal and fishery sectors, animal body and feed, and 
the related food products. Hyperspectral imaging is more efficient 
than visible imaging because useful wavelengths in not only 
infrared domain, but also in visible range of the electromagnetic 
spectrum, can be find in the HSI. As acquiring hypercubes is 
time-consuming, the HSI technique is mainly used multispectral 
imaging systems can be developed to acquire the images in 
efficient wavelengths and to increase the imaging speed.
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