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Quality plays a very important role nowadays to 
attain consumer satisfaction. Usually, quality is 
assessed by destructive methods where it requires 
costlier chemicals, sample preparation and it is time 
consuming also, another limitation is that we cannot 
assess the quality of each and every individual fruit. As 
a non-destructive method of quality assessment visual 
inspection is most widely used in horticultural food 
chain, the limitation is that it’s rapidity and subjectivity 
and moreover internal defects cannot be identified 
using visual inspection. So, there is a need for 
development of a technology which is rapid, non- 
destructive, accurate and cost effective, where the 
human eyes are replaced by a camera, brain by a 
computer and hand by an actuation system. Different 
non-destructive methods are used for quality evaluation 
such as Spectroscopic methods (Nuclear magnetic 
resonance (NMR) and Magnetic resonance imaging 
(MRI) spectroscopy, Raman spectroscopy, Visible and 
near infrared spectroscopy, Hyperspectral imaging and 
multispectral imaging), X-ray computed tomography 
(CT) and Mechanical methods (Acoustic vibration 
response, Impact force response, Ultrasonic method). 
One of the most powerful spectroscopic techniques is 
Hyperspectral imaging 
Hyperspectral Imaging (HSI) 

Hyperspectral imaging is a technique that 
captures information beyond what the human eye can 
see. Unlike traditional imaging systems that work with 
only three colour bands (red, green and blue), HSI scans 
a wide spectrum of light, collecting data from multiple 
wavelengths. This allows scientists to detect subtle 
chemical and structural changes in fruits and 
vegetables, even before they become visible. 
Hyperspectral imaging works by using a combination of 
spectroscopy and imaging techniques that integrates 
conventional imaging and spectroscopy to attain both 
spatial and spectral information from an object.  It 
divides the light spectrum into hundreds of narrow 
bands, each corresponding to specific chemical and 
physical properties of the object being analyzed. The 
resulting "hyperspectral cube" contains spatial and 
spectral information, making it a powerful tool for non-
destructive analysis (Gowen et al., 2007). 

Components of a hyperspectral imaging system 

Fig. 1. Components of a hyperspectral imaging 
system 

Hyperspectral imaging system consists of five 
main components: Camera containing a cooled two-
dimensional (2D) light detector, spectrograph, 
translation stage, illumination units i.e., halogen lamp 
and a computer. 

The hyperspectral imaging system uses halogen 
lamps to illuminate the sample, emitting a broad 
spectrum of light. The reflected light passes through a 
spectrograph, which separates it into individual 
wavelengths. This light is then captured by an area 
camera, recording the intensity of each wavelength 
across a 2D image. The spectral data is sent to a 
computer, which constructs a hyperspectral image or 
hypercube. This hypercube provides a detailed dataset, 
offering insights into the sample's composition and 
properties beyond traditional imaging. 
Image acquisition modes 
Types of Hyperspectral Imaging modes 

Fig. 2. Schematic representation of reflectance 
imaging modes with point light (left) and diffuse 

illumination(right) 
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Here, the light source and detector were placed 
above the sample and the light is reflected from the 
illuminated area of samples. This lighting mode is most 
extensively used in various machine vision applications 
for food product inspection. The diffuse reflectance 
imaging mode usually probes the superficial regions of 
biological samples within several millimeters below the 
sample surface, depending on imaging hardware setup 
and optical properties of the sample. Hence, this 
imaging mode is commonly used to detect surface or 
near-surface characteristics of horticultural products, 
such as surface defects, subsurface bruising and tissue 
decay.  

Fig. 3. Schematic representation of fluorescence 
mode imaging using   broad band lamps (right) and 

laser for excitation 
The light source and detector were placed in the 

same side of sample. LED or laser at appropriate 
wavelength were used for sample excitation. Here, it is 
important to prevent any unwanted light from interfering 
with the experiment, this includes both natural light in 
environment and light used to excite the sample, which 
can affect the results and make less reliable. It is 
commonly used for food safety applications such as 
detecting fecal contaminations and foreign materials 
(Lu et al., 2020).  

Fig. 4. Schematic illustration of transmittance (left) 
and interactance (right) imaging modes 

In transmittance imaging mode (left), light 
source and camera were positioned on opposite side of 
the sample and the light is transmitted through side of 
the whole product. This imaging mode is commonly 
used for detecting the internal quality characteristics of 
sample such as internal defects. 

In interactance imaging mode (right), the 
detector and light source were placed in the same side 
of the sample and source and detector were separated 
by placing light barrier between them. This imaging 
mode is commonly used to assess the properties of 
sublayer tissue (Lu et al., 2020).   
Acquisition modes of hyperspectral imaging 

   Point scanning          Line scanning            Area scanning  
There are three conventional ways to build one 

spectral image: area scanning, point scanning and line 
scanning.   

The point-scanning method, also known as 
whiskbroom, produces hyperspectral images by 
measuring the spectrum of a single point and then the 
sample is moved and another spectrum is taken. 
Hypercube data obtained using this configuration are 
stored as Band Interleaved by Pixel (BIP) format. 

The line scanning, also called pushbroom, 
involving acquisition of spectral measurements from a 
line of sample which are simultaneously recorded by an 
array detector and the resultant hypercube is stored in 
the Band Interleaved by Line (BIL) format. 

Third method is the area scanning design, also 
known as staring imaging or focal plane scanning 
imaging or the tunable filter, involves keeping the image 
field of view fixed and obtaining images one wavelength 
after another, therefore it is conceptually called the 
wavelength-scanning method or band sequential 
method. Acquiring an image at different wavelengths 
using this configuration requires a tunable filter and the 
resulting hypercube data is stored in Band Sequential 
(BSQ) format (Elmasry and Sun, 2010). 
How Does HSI Work in Quality Assessment 

HSI works by shining light onto produce and 
analyzing how different wavelengths interact with its 
surface and interior. By collecting and processing this 
data, researchers can detect: 
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Ripeness Levels – HSI can distinguish between 
unripe, ripe, and overripe produce by identifying 
changes in pigment composition, moisture content, and 
enzymatic activity. This is crucial for optimizing 
harvesting times and post-harvest handling. 

Bruising and Internal Damage – Even if a fruit 
looks perfect from the outside, internal defects such as 
bruises or decay can be revealed through hyperspectral 
analysis. This is particularly useful for soft fruits like 
berries and peaches, which are prone to damage during 
transportation. 

Sugar and Moisture Content – The natural 
sweetness and hydration of fruits affect their taste and 
texture, both of which can be monitored using HSI. By 
analyzing the near-infrared spectrum, researchers can 
estimate sugar concentration (Brix value) and water 
retention levels. 

Contaminants and Diseases – Pathogens, 
fungal infections, and chemical residues, which might 
be invisible to the naked eye, can be detected before 
they pose health risks. Hyperspectral imaging can 
identify early signs of bacterial or fungal contamination 
by detecting chlorophyll fluorescence changes or 
spectral shifts caused by microbial activity. 

Maturity Index and Firmness – By assessing 
cellular structure changes and the breakdown of 
starches into sugars, HSI can be used to evaluate fruit 
maturity and firmness, which directly impact consumer 
satisfaction. 
Applications of HSI 

➢ In agriculture, HSI is used to monitor the 
development and health of crop and also used 
to detect the moisture, nutrient status and 
stress from heavy metals in the crop. In 
astronomy, HSI used to determine the spatially 
resolved spectral images. 

➢ HSI used in the diagnosis of retinopathy, 
hyperspectral camera will detect the drop of 
oxygen consumption in the retina which is 
helpful for further treatments. 

➢ In food industry, used in digital sorters to identify 
and remove defects and foreign materials that 
are invisible to traditional camera. 

➢ HSI also used to detect the minerals in silica, 
calcite and feldspar groups. 

➢ HSI is used in military surveillance for safety 
purpose and also used in facial recognition 
purposes (Huang et al., 2017). 

Applications of HSI in food industry 
• External quality and defect detection. 
• Internal quality and maturity evaluation. 
• Food safety detection (Lu et al., 2020). 

Advantages of hyperspectral imaging 
➢ It requires minimal sample preparation 
➢ It is non-destructive in nature so the same 

sample can be used for other purpose and 
analyses 

➢ Fast acquisition times 
➢ It is a chemical-free assessment method, which 

enables safety and environmental protection by 
eliminating pollutants, solvents, chemicals 

➢ It is eventually economic through the savings in 
labour, time and reagent cost compared with 
traditional methods 

➢ Based on their spectral signatures visualizing 
spatial distribution of numerous chemical 
compositions simultaneously (Elmasry and 
Sun, 2010). 

Limitations 
➢ As HSI contains large amount of data and 

information, it shows some considerable 
computational challenges. 

➢ It takes long time for image acquisition and 
analysis. Therefore, HIS technology has limited 
extent and implemented in online systems for 
automated quality evaluation. 

➢ It contains a series of successive overlapping 
band which are difficult `to assign to specific 
chemical groups (Elmasry and Sun, 2010). 
Achievements 

➢ The Indian Space Research Organisation (ISRO) 
had launched the first Indian Hyperspectral 
Imaging Satellite (HysIS) PSLV-C43 from 
Sriharikota on 29 November 2018  

➢ Designed for Earth observation with 
applications in agriculture, forestry, geology, 
coastal monitoring, and environmental studies 

➢ Operates at 630 km altitude, capturing 55 
spectral bands in visible and near-infrared 
regions. 
The Future of Freshness 
With food safety and sustainability becoming 

global concerns, the role of hyperspectral imaging in 
agriculture is expanding. Researchers are working on 
integrating HSI with artificial intelligence to develop 
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smart sorting and grading systems that automatically 
remove substandard produce before it reaches the 
market. These AI-driven systems use machine learning 
algorithms to analyze hyperspectral data, improving 
speed and accuracy in quality control processes. 

Additionally, advancements in miniaturized and 
cost-effective hyperspectral cameras are making the 
technology more accessible. Portable and smartphone-
based HSI devices are being developed, allowing 
farmers and consumers to assess fruit and vegetable 
quality on the go. 
Conclusion 

Hyperspectral imaging has been proved as a 
promising technology for rapid, efficient and reliable 
measurement of different quality attributes and their 
spatial distribution for the automatic grading and 
determination of chemical composition in food 
products. Future developments in HSI equipment 
manufacture, such as lower purchase cost and 
improvements in processing speed will encourage more 
widespread utilization of this emerging platform 
technology in postharvest quality assessment. 
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