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ABSTRACT

Technology advancement driven by the fourth industrial revolution has transformed the agriculture sector worldwide. Remote
sensing technology is not a new thing in this era of industrial revolution 4.0. Remote sensing is a method of perceiving data from
an object that is carried out remotely by using sensors. Among the advantages of remote sensing are its ability to take data covering
a wide area, repeatedly, and in a digital form that allows analytical information to be executed more quickly and accurately.
Remote sensing application has become a focus research area and provides a foundation for data-driven agriculture practice. In
this paper, the concept of spectral imaging and remote sensing has been discussed to provide reader an overview of this technology.
Spectral imaging is able to provide more information on the crop properties, non-destructive, fast and more intelligent in decision
making. The type of spectral sensors and their current use in various agriculture activities have also bend discussed. This work
also discussed the potential use of spectral imaging and its challenges for Malaysian agriculture industry.
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INTRODUCTION

Global population will continue to increase while agriculture land for food production continues to decrease year after year. Thus,
efforts to ensure national food security must be done. To achieve this, the Malaysian agricultural sector needs large scale structural
transition driven by the Agriculture 4.0 . Agriculture 4.0 refers to the use and integration of the latest technologies more widely in
the field of agriculture, with the aim of increasing the quantity and quality of domestic crop yields (Ribeiro, et.al, 2020) (Shaw,
et.al, 2003). For example, drones can be used for spraying pesticides, analyse soil and crop nutrient status and monitor crop yields
rapidly with low manpower needed . In addition, Internet of Things (IoT) based sensors and remote sensing can also be used to
send crop-related data or information in real-time for making agronomic decisions by growers or plantation owners. Spectral
imaging has emerged as a novel technique to the advancement of remote sensing technology. Remote sensing technology may be
divided into two categories which are passive sensing and active sensing (Shaw,et.al 2003) Passive sensing uses sunlightas a
natural source of energy. The reflection of sunlight or electromagnetic waves from a target item is detected and measured using
spectral sensors. Passive sensors may detect data only during the day. On the other hand, active sensing has its own energy source
and will transmit electromagnetic waves to the target material. An active sensor detects and measures the waves reflected after
contact with the target material. Thus, an active sensing system may detect information regardless of the time of day, night, or
season.

The objective of this article is to provide an overview on the application of spectral imaging in agriculture.
SPECTRAL IMAGING

The use of spectra sensors is intended to obtain spectra information that cannot be seen and detected by human vision or ordinary
cameras. It helps to identify the characteristics of material outside the narrow visible spectral range (VIS) between 400 and 700
nm (Laura M. Dale, et. al,2013). However, the use of hyperspectral cameras is able to provide more information. This is because
hyperspectral provides information based on the total number of spectra more than other methods that use only a specific spectrum
in each sample of data taken (Deshmukh, et.al, 2018). Therefore, each data taken can be used to classify and identify a unique
feature for each given material. Figure 1 below show electromagnetic spectrum where classified by the wavelength range.
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Figure 1: Electromagnetic Spectrum: Bands and their wavelength
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Hyperspectral image capture/image analysis

This spectra data acquisition process can be done by several methods including the use of images from satellites, unmanned aerial
vehicle (UAV) equipped with spectra cameras, and portable spectra equipment. However, each of this method has its advantages
and limitations. They provide different spatial resolutions at different wavelength ranges (Shaw, et.al,2003) Users need to identify
the suitable wavelength range and the intended level of spatial resolution in order to select the appropriate equipment according to
the objectives to be achieved. Figure 2 (a) and (b) shows example of equipment setup in the laboratory and at the open field for
data collection. Different setup and setting require for each setup with additional supporting tools. This depends on the user targeted
field of view (FOV) and spectral image resolution based on the size of the targeted object.

Plants are very sensitive to any changes and will respond either in terms of biotic or abiotic stress. These changes can be detected
from various factors such as changes in chlorophyll content, chemical content, colour and physiology of the plant (Deshmukh,
et.al, 2018) (Laura M. Dale, et.al,2013). It is very difficult to quantify these changes accurately and quickly in a conventional way,
with the use of spectral imaging this could be achieved and easily identified.

Figure 2: Method for capturing spectral image using hyperspectral camera a) mounted on guided rail b) UAV drone for
outdoor data collection
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Figure 3: Indoor lab scale data collection with all equipment setup
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POTENTIAL USE OF SPECTRAL IMAGING IN MALAYSIA

Palm oil and rice are major industrial crop in Malaysia which largely contribute to Malaysia’s GDP and household income.
However, the agricultural practices used in the crop production are still at outdated and conventional level. The application of
spectral imaging technology in agriculture can be used in many agricultural activities from the field preparation process to the
harvesting process and evaluation of farm yields. Monitoring the level of fertility and crop vegetative index is an important factor
in predicting the potential yield of rice for each planting season(Ribeiro, et.al, 2020). This crop monitoring activity is impractical
to be carried out at large field area. The use of spectral imaging from satellites and drones appears to be capable of overcoming
this problem. Thus,more accurate analysis can be conducted based on a more specific area. This includes analysis on soil and crop
nutrient requirements, , and variety differences. Simple and quick imaging process also helps in the early detection of any anomalies
found on the farm. Such anomalous features include disease and pest infestation, nutrient deficiencies, and even weed detection
(Abdulridha, et.al, 2019). The same approach can also be applied to oil palm estate management. Plant counting and detection of
damaged trees are important in the early stages of the crop, so that damaged trees can be replanted. This may be accomplished by
employing RGB sensors to capture images of plants. The images then need to be converted to spatial information that can further
process. Counting can be done with the normalize correlation and green colour index. The method used can procide accuracy
between up to 95%. With the use of this technology the activity can be carried out in a short time and more accurately.

CONCLUSION

In this review, the overview and concept of spectral imaging towards the application in the agriculture sector has been described.
Currently, the use of spectral imaging is seen as more appropriate for a large area of crop with an estate management system.
However, many government agencies and research institute have begin to explore and utilising this technologies in the needs of
big data industry. There are two main challenges in adapting new technologies in agriculture in Malaysia. The first challenge is
the high cost of acquisition and the second is the acceptance of industry players to use the technology. Government stimulus fund
and subsidy will help to improve and encourage industry players to engage with the rapid evolution of the technology in par with
developed country and lead in the agriculture technology innovation in the South East Asia region.
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