
Academic Journal of Science and Technology 
ISSN: 2771-3032 | Vol. 6, No. 2, 2023 

 

9 

Review	of	Hyperspectral	Imaging	in	Environmental	
Monitoring	Progress	and	Applications	
Qian Zhang1, *, Mary B. Willmott2 

1Department of Electronic and Electrical Engineering, Xi'an Jiaotong University, 710049, Xi'an, China 
2School of Geosciences, The University of Sydney, Sydney, NSW 2006, Australia 

*Corresponding author: Qian Zhang, uconn.eirc.lab@gmail.com 

 

Abstract: New, smaller and easy-to-carry hyperspectral imaging systems are changing the way we monitor the environment. 
These systems use advanced sensors to get information from the environment and can be used from the sky, like using a drone, 
or from the ground. This article talks about how we've been able to make these sensors smaller and more portable, and how we've 
started using cheap, everyday technology for these tasks. Right now, these systems help the existing ways we monitor the 
environment, but as this technology keeps getting better, we're expecting these new tools will be able to do the job all on their 
own soon. Even though these devices are cheap and light, they're already giving us high-quality scientific data. This means more 
people can use this technology, and we'll be able to collect a lot more information about our environment. So, this paper will 
provide a brief review of developments and technological advances in compact field deployable systems by using hyperspectral 
imaging sensors. 
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1. Introduction 
For the past 30 years, hyperspectral imaging, which creates 

detailed pictures by capturing light from many parts of the 
spectrum, has been useful for many tasks[1-5], like studying 
the Earth's surface[5], preserving art, and exploring ancient 
sites[6]. This technique was first developed in the late 
1960s[7], but recent improvements in technology have made 
it possible to get even more detailed images. Hyperspectral 
images are unique because they have two spatial dimensions 
(like length and width) and one spectral dimension (which 
measures different types of light). The spatial dimensions 
show the relationship between the pixels in an image, while 
the spectral dimension shows changes in light within the 
pixels. This data can be shown as a 3D cube, where each 
"slice" represents a specific type of light. 

This technology was first used to study the Earth from afar, 
but now it can capture images across hundreds of tiny bands 
within the visible, near-infrared, and mid-infrared parts of the 
spectrum[8]. This allows us to create a nearly continuous 
spectrum for each pixel in a scene, giving us a detailed look 
at features we might not see with simpler scanners. Because 
of these advancements, hyperspectral imaging is now used in 
many fields to monitor our environment in new ways[2, 4, 9]. 
In recent years, there has been a lot of interest in using 
portable hyperspectral imaging for environmental monitoring. 
This is a promising development that could change how we 
gather and understand data. This article reviews the current 
state of this technology, with a focus on how it's become 
smaller, more portable, and cheaper, and how it's being used 
in a variety of environmental fields. 

To gather information for this article, we searched for 
articles using terms like "low-cost," "miniaturization," 
"hyperspectral," and "environmental monitoring." We 
searched online databases to find key researchers and leading 
research in this field[10, 11]. We also studied different ways 
of using hyperspectral imaging to get a thorough 

understanding of the topic. However, we didn't include 
information about satellite-based applications in this article 
because they aren't directly related to the focus on portable 
devices. In this review, we've collected detailed information 
about different design approaches, who's leading the research, 
the nature of the research, and how it fits into the bigger 
picture. Besides, this development can benefits other research 
area including social science[11, 12], plasma physics[13, 14] 
and medical research[15]. 

2. Sensor 
Hyperspectral imaging, or the process of taking detailed 

pictures using light from many parts of the spectrum, 
generated from electron excitation[16, 17], can be done in 
many ways and with different types of sensors. These sensors 
are often categorized by how they're arranged, how many 
different types of light (or spectral bands) they can capture, 
and how they take pictures. One type of sensor, called a push 
broom sensor, has been commonly used for taking large 
images from the air. Recently, these sensors have been made 
smaller and are now used in drones. This type of sensor is 
liked because it captures a lot of detail in both space and light. 
However, it takes pictures by recording a line of light 
information at a time, which can make the images difficult to 
process afterward. Another type of sensor, called a 
whiskbroom sensor, takes images of one spot at a time. It uses 
a rotating mirror to scan a line that's at right angles to the 
direction the sensor is moving. These sensors have similar 
problems to push broom sensors, but they also take images 
more slowly, which means gathering all the data takes longer. 
Also, the rotation of the mirror can distort the image. Despite 
these challenges[18, 19], recent research has shown that it's 
possible to create affordable whiskbroom sensors that can be 
used in drones. This spectrum-based sensor devices and its 
usage can be optimized by data-driven approaches[20], which 
is currently under the study.  
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Figure 1. Various sensor types employ distinct approaches to capture images. Push broom and whiskbroom scanners, for 

instance, capture images pixel by pixel, whereas framing and windowing instruments can capture a complete 2-Dimensional 
image simultaneously. This variation in capture methods can result in challenges for pixel-based instruments, such as image 

distortion caused by optic rotation, as mentioned previously. 
 

3. Technological Developments and 
Challenges 

Right now, hyperspectral imaging, or the process of taking 
detailed pictures using light from many parts of the spectrum, 
is mostly done by satellites or planes. Recent advances in 
these airborne and spaceborne technologies are giving users a 
lot of detailed spectral, spatial, and time-based 
information[21]. As a result, this technology is now well-used 
in the remote sensing field, with a broad range of applications. 
The development of tiny CubeSat satellites, like HyperCube, 
shows promise for the future development of lightweight, 
low-cost image capture from space[22]. But while these 
sensors can analyze large areas of the Earth's surface and 
provide large datasets over long periods of time, they have 
limitations. They're often limited by factors like cloud 
coverage and the amount of detail (or spatial resolution) they 
can capture. Furthermore, manned aerial surveys can be 
expensive and depend heavily on good weather. These 
limitations can make these types of measurements unsuitable 
for many smaller, local applications. 

Jaud and colleagues pointed out a big gap between the 
detailed outputs of local field surveys and the less detailed 
outputs from satellite and aerial sensors[23]. However, with 
the development of drone platforms over the last decade, we 
now have an intermediate option: drones equipped with 
hyperspectral sensors. These drone-based platforms offer 
more flexibility than traditional methods, allowing users to 
adjust factors like survey size and flight altitude to suit their 
needs. Plus, because drones are typically small and 
lightweight, they're easy to store and deploy.  

Several drone-equipped hyperspectral sensors have been 
tested recently in a variety of fields. For example, Habib and 
colleagues used a low-cost drone-based hyperspectral scanner 
in precision agriculture. Their drone provided detailed 
imagery of the survey area, but they ran into difficulties when 
trying to geo-rectify, or correctly place, the images on the 
Earth's surface. Jaud and colleagues [23] ran into similar 
complications with their push broom drone sensor, finding 
that the process of forming images line by line added 
complexity to the geometric correction step. 

4. Application 
There's a lot of potential and progress being made in the 

development of compact, portable hyperspectral imaging 
sensors for various environmental monitoring applications. 
Especially exciting is the potential for integrating affordable, 
high-quality consumer market components. This could really 
help to bring hyperspectral imaging into more common use 
within environmental monitoring. As a result, a wide variety 

of devices have been developed for sensing applications 
across different conditions. Because these conditions can vary 
significantly, the devices needed can also be quite different in 
terms of factors like size, weight, and sturdiness. This section 
will discuss developments across these different 
environments, focusing on some key examples to illustrate 
the current state-of-the-art in the field. Throughout this 
section, when we say "low-cost", we're referring to 
hyperspectral devices that are often built in-house using mass-
produced components. This allows for the overall build costs 
to be much lower than those of commercial, scientific-grade 
instruments. 

On the other hand, Chennu et al. [80] talk about creating a 
device operated by divers for monitoring shallow underwater 
areas like coral reefs. This is the first device of its kind, and it 
offers a big, cost-effective boost in collecting hyperspectral 
data for these environments. It gets around the difficulties 
caused by the path of light through the atmosphere and water, 
which is a problem with observations made from above the 
water surface. While the picture quality of this sensor was not 
as high as some digital camera imagers, it was still able to 
identify the unique light reflection features of corals at the 
level of individual organisms. This device is user-friendly and 
doesn't require any special skills to operate, but it's currently 
too big to use with unmanned platforms. This shows a big 
opportunity for future research. 

5. Conclusion 
In summary, this article offers a quick overview of the latest 

small-sized, affordable, and portable hyperspectral 
technologies being used in environmental monitoring. It's 
clear that this is a fast-growing area of research with the 
potential to radically change environmental monitoring 
across many fields. This makes it a perfect time to record the 
current best practices. Right now, these devices mainly serve 
as additional tools to existing monitoring techniques. 
However, as technology keeps improving, we expect these 
devices to be used more and more for independent monitoring. 
Future efforts should focus on expanding the uses for these 
devices, especially making them work well in extreme 
environments, and making the most of the reduced cost of 
technology available to consumers. With the most recent 
affordable devices now producing high-quality scientific 
results, it seems like hyperspectral imaging with smartphones 
is set to become an exciting new direction in practical 
environmental science. This could greatly increase the 
accessibility of hyperspectral image capture. We believe this 
article captures the start of a rapid increase in community 
adoption, expanding the technology's use far beyond the 
application areas currently explored. 
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