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ABSTRACT

Weed infestation happens when there is intense competition between rice and weeds for
light, nutrients and water. These conditions need to be monitored and controlled to lower
the growth of weeds as they affected crops production. The characteristics of weeds and
rice are challenging to differentiate macroscopically. However, information can be acquired
using a spectral signature graph. Hence, this study emphasises using the spectral signature
of weed species and rice in a rice field. The study aims to generate a spectral signature
graph of weeds in rice fields and develop a mobile application for the spectral signature
of weeds. Six weeds were identified in Ladang Merdeka using Fieldspec HandHeld 2
Spectroradiometer. All the spectral signatures were stored in a spectral database using Apps
Master Builder, viewed using smartphones. The results from the spectral signature graph
show that the jungle rice (Echinochloa spp.) has the highest near-infrared (NIR) reflectance.
In contrast, the saromacca grass (Ischaemum rugosum) shows the lowest NIR reflectance.
Then, the first derivative (FD) analysis was run to visualise the separation of each species,
and the 710 nm to 750 nm region shows the highest separation. It shows that the weed
species can be identified using spectral signature by FD analysis with accurate separation.

The mobile application was developed to

ARTICLE INFO . . .
provide information about the weeds and

Article history:

Received: 30 September 2020 control methods to the users. Users can
Accepted: 14 January 2021 . . .

Published: 22 September 2021 access information regarding weeds and take
DOI: hitps://doi.org/10.47836/pjst.29.4.01 action based on the recommendations of the
E-mail addresses: mobile application.

norathirahroslin@gmail.com (Nor Athirah Roslin)
niknorasma@upm.edu.my (Nik Norasma Che’Ya)
sya_zyla@yahoo.com (Nursyazyla Sulaiman)
lutfiamirulmukminin@gmail.com (Lutfi Amir Nor Alahyadi) signature, weed species
razi@upm.edu.my (Mohd Razi Ismail)

* Corresponding author

Keywords: Mobile application, rice farming, spectral

ISSN: 0128-7680
e-ISSN: 2231-8526 © Universiti Putra Malaysia Press



Nor Athirah Roslin, Nik Norasma Che’Ya, Nursyazyla Sulaiman, Lutfi Amir, Nor Alahyadi and Mohd Razi Ismail

INTRODUCTION

Rice is considered a security commodity. The national policy is to maintain a prudent
level of self—sufficiency, 65% at minimum (Vaghefi et al., 2016). One-fifth of the world
population or more than a billion households in Asia, Africa, and America rely on the rice
systems as their primary source of employment and livelihoods. Apart from this, statistics
have proven that the rice industry in Malaysia had created a stable income for the country.
However, according to the Department of Statistics Malaysia in 2018, there is a decrease in
the rice production in 2017 from 2,739 tonnes to 2,539 tonnes after one year. Many factors
caused the decrease of production in paddy, such as climate change (Alam et al., 2012), the
changes of planting method from transplanting to direct-seeding (Dilipkumar et al., 2018),
field management (Yuhao et al., 2020), and weed infestation such as weedy rice (Man &
Zain, 1998). The yield reduction is high if there is a high weed infestation in the rice field
(Jabran et al., 2018). Furthermore, Sudianto et al. (2016) stated that similar to Southeast
Asian countries, Malaysia faced problems with the infestation of weedy rice because the
establishment methods changed from transplanting of seedlings to direct seedling. Ishak
et al. (2013) stated that agricultural activities do not meet the optimal production of crops
due to pest and weed issues, weather changes, extreme solar radiation, and exploration.

Weed is an infamous pest that affects yield production all around the world. Around
10% to 35% yield losses have been recorded in Malaysia (Karim et al., 2004). Infestations
of weedy rice could cut harvests by 80% if not tested. It will be a crucial constraint to
the United States and other world regions relying on rice production (Vigueira et al.,
2019). The matter is severe as weed causes problems if farmers are not proactive in its
management or control method. The wide adoption of the direct-seeding system has led to
a substantially increased infestation and spread of millennial weeds in Malaysia, especially
the establishment of weedy rice in the 1980s and after that (Ruzmi et al., 2017). During
direct seeding, the threat of weed infestation is a cause of concern and is unavoidable
(Matloob et al., 2015).

Precision agriculture is known as site-specific farming that has potential methods to
manage crop fields (Tang et al., 2016). It is a combination of several technologies such as
global positioning system (GPS), remote sensing (RS) technology, geographic information
system (GIS), and physical sensors that collect data of growth traits and yield of fields
and carries out various kinds of management (Lin et al., 2019). For example, Roslan et
al. (2013) used microwave and machine vision application as the rapid detection method
in determining the surface of Dioscorea hispida rhizome alkaloid content. They found
that the method can be used to visualise the colours on the D.hispida rhizome peel. This
technique is beneficial to many parties and solves ineffective traditional agricultural
practices while increasing yield productivity. Productivity increase is essential with the
rising human population. The demand for rice increases along with global rice farming
and goods (Tang et al., 2016).
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Weed Control Management in Rice Field

Weed control management is crucial to prevent yield losses. It cuts the cost of production
while maintaining the quality of grain. Weed control management helps to reduce weed
infestation and prevents the growth of weed seed banks in soil (Labrada, 2003). Poor weed
management control affects crops negatively, causing competition between the crops and
weeds for sunlight, nutrients, and water. In addition, it increases the cost of production for
hired labour and input cost to control the weeds. Furthermore, it causes low yield due to the
losses and lowers grain quality which lowers the price. Therefore, weed control should be
implemented before planting the seed as early as possible to avoid weed infestation. During
the land preparation stage, weed control should be applied to reduce weed infestation in
the field. Weed control shall continue until planting the seed in the fields because weed
growth is crucial until the paddy matures.

Weed Detection using Remote Sensing and Mobile Applications in Agriculture

Differences between weeds and crops are hard to detect because they have similar shapes
and colour. Each weed species can be identified based on distinct spectral signatures.
Remote sensing technology was used for weed detection using spectral reflectance and crop
spectral reflectance (Bajwa et al., 2015). The colour infrared photography method provides
a better weed screening between the crops (Medlin et al., 2000). Razali et al. (2009) opined
that objects could be characterised using colour as a fundamental physical property. It is
used to identify the maturity phase and harvesting process for products in agriculture. The
light intensity could change the red-green-blue composition of agricultural products due to
the variation of daylight. The colour and texture of a high-resolution red-green-blue image
and reflectance of a low-resolution multispectral image are combined to detect weeds in
rice fields. This combination will produce a fused red-green-blue and multispectral image
combination with better weed discrimination features (Barrero & Perdomo, 2018). The
reflective indices of the near-infrared spectrum are visible in the form of colour variability
compared to the red-green-blue spectrum (Price, 1994). In addition, weed detections can
be made through hyperspectral imaging (HSI), which captures data in hundreds of narrow
bands, and has shown promising results when performing per-pixel classification (Wendel
& Underwood, 2016). Each weed species has a unique spectral signature and reflectance
(Figure 1). In addition, the leaf pigments, cell structure, and water content are different for
each weed species. Based on these differences, weed species can be detected (Abdulridha
et al., 2016). Unfortunately, most farmers cannot identify rice diseases, pests, and weeds
in the fields because they have limited access to the latest data and information to control
pests, especially weeds (Adesina et al., 1994).
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Figure 1. Vegetation spectral reflectance curve (Jensen, 2015)

The Development of Mobile Applications for Utilisation in the Rice Field

For the future of agriculture, the development of mobile applications is a significant
initiative to create more advanced agriculture practices. The rapid growth of beneficial
mobile applications and the advancement of mobile phones or smartphones, make these
devices essential for farmers nowadays (Pongnumkul et al., 2015). Furthermore, most
mobile applications are small in size. Therefore, they would not burden their smartphones
and serve them with many features such as managing their data, machinery, orders, maps
and navigation, and calendar (Desrial & Indriawardhana, 2019). Via an application that
can detect a plant with a disease where it performs a survey and observation that minimises
harm to the plants with a quick outcome. The result from the survey and observation can
be a reference for the management of other crops in the future (Zhang et al., 2019).

Many rice-producing countries also have developed mobile applications. For
example, Malaysia’s advanced and available applications in Google Playstore are MARDI
MyPerosakPadi, MARDI Padi Aerob, Rice Check Padi, and Agrimaths. These mobile
applications can help users or farmers gain knowledge or information in managing paddy
and rice from the start (planting) till the end (harvesting) (Rosle et al., 2019). Usually, in
rice production, there is a problem with nutrient deficiency. Therefore, mobile applications
can assist farmers to measure the correct levels of nitrogen in paddy plants (Dela Cruz,
2019). Other than that, high accuracy of grain counting can be done, providing quick
results (Liu et al., 2017).

Weed infestation in crops is a serious matter to the farmers. It can cause many problems
related to the plant from the start of planting up to the yield phase. Smartphones can increase
farmers’ income opportunities and solve vulnerabilities in the rural areas of less-developed
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countries for smallholder farmers (Ramli et al., 2019). Identification of weed in crops is
vital because it relates to the farmers’ strategy and decision to manage the fields (Henson
et al., 2017). Other than that, farmers can identify the weeds they are not familiar with by
using a mobile application (Rahman et al., 2015). Table 1 shows the mobile apps for weed
management in crop fields. WeedID and Padi2U provide information regarding weeds
and how to control them. At the same time Adebayo et al. (2018) show the recommended
weed management at different rice growth stages. Rahman et al. (2015) and Haug et al.
(2014) used images to identify the weeds and recommend how to treat the weeds. All these
applications are helpful but lack the spectral information of weed species. According to
Su (2020), the spectral signature can be used to identify the weed species in high accuracy
compared to image identification.

Spectral signature for plants is essential because it shows the unique value and the
characteristics of the plant’s species. The same goes for the weeds, as the spectral signature
can be visualised using the spectral signature graph. Each spectral signature of weeds
species has a different graph curve based on the specific characteristics. Therefore, a
spectral library can be used to compare the reflectance of weeds and plants in a field and
estimate the infestation percentage in the field (Yang & Kong, 2017). Furthermore, the
spectral signature library can be used to discriminate and identify the plant location. Thus,
the mapping of plant varieties can be done (Rao, 2008). The spectral signature graph is
stored in the spectral signature library in a digital database to protect from loss and for
easy access by researchers worldwide (Rossel et al., 2016). Digital database such as United
States Geological Survey (USGS) Spectral Library Version 7 contains reflectance spectra
including samples of minerals, rocks, soils, physically constructed, and mathematically

Table 1

Mobile application for weed management
Mobile application Description
WeedID To identify weed using weed images, common name, scientific name,
(Henson et al., 2017) family name, weed characteristic, habitat, and method to control.
Padi2U To identify common weed found in paddy by providing weed photo,
(Athirah et al., 2020) common name, family name, description, weed habitat, and suggested

method to control.

RiceAdvice-Weed Manager Provide recommended weed management at different rice growth
(Adebayo et al., 2018) stages. Weed information in the mobile application is based on farmers’

knowledge. However, expert advice is provided for the best method to
control the weed.

A mobile application using image Images captured and uploaded into the system, which identifies the

analysis image using a hierarchical system. The first level consists of non-
(Rahman et al., 2015) experts and, the second level is from the experts.

Crop and weed identification From the image captured by the user, the system will identify the weed
using plant classification and come out with the recommended method to control the weed.

(Haug et al., 2014)
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computed mixtures, plants, vegetation communities, microorganisms, and artificial
materials (Kokaly et al., 2017). Most conventional spectral libraries focus on minerals, and
urban areas’ temperature, where the primary information was soil. Examples of soil and
minerals spectral libraries are ASTER Spectral Library, John Hopkin Spectral Library, Jet
Propulsion Laboratory Spectral Library, MedSpec, and LILIAN (Adam, 2012). Vegetation
spectral library was created in South China to store spectral data, different growth periods
of various crops, and providing analysis with control strategy management of crops to the
users (Chen et al., 2005).

Two spectral libraries of a selected tropical rainforest were designed and developed to
store the data of vegetation spectra such as leaf condition, vigorous, and other physiological
and biological parameters (Lau & Hashim, 2007). Other than that, the rubber trees disease
spectral library was developed to identify the spread of disease in a large area (Jusoff et
al., 2010). All spectral libraries were developed on particular observation and mostly are
inaccessible to public users. However, the spectral library for weed species in rice farming
is an excellent start to store all spectral signatures for current use and the future. Hence,
we developed a mobile application for weed management to replace the prior paper-based
system and provide a spectral signature database of weed species accessible via mobile
application.

MATERIALS AND METHODS

The study area is located at Ladang Merdeka, Kampung Lundang Paku, Ketereh, Kelantan
with coordinate 5°59°3.0804”N, 102°12°24.0012”E and the total area of the field are
70,692.59 m? (Figure 2). The area is a well-organised plot, and the variety of the paddy

102°12'30”E
a, Kelantan

Ladang Merdek
|

5959'0"”N
N.0.6505

0 005 01 0.2 Kilometers

102°12°30"E

Figure 2. Experimental plot in Ladang Merdeka
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seed is PadiU Putra. This paddy seed is a new variety, resistant to leaf blight disease, as
discovered by UPM researchers.

Data Collection

Hyperspectral reflectance data were collected using a ASD FieldSpec® HandHeld 2
spectroradiometer (Malvern Panalytival, Cambridge, United Kingdom). The benefits of
using FieldSpec® HandHeld 2 spectroradiometer is that it is cost-effective, user-friendly,
versatile, and durable (ASDi, 2014). In addition, it has a highly sensitive detector array
with a low stray light grating, a built-in shutter, DriftLock dark current compensation, and
second-order filtering that produces a high signal-to-noise spectrum in under one second
(ASDi, 2014) (Table 2).

Spectral signatures of weed were collected in 2018 at 9:00 am under the clear sky field
conditions. The weed species collected were saromacca grass (Ischaemum rugosum), lesser
fimbristylis (Fimbristylis miliacea), red sparangletop (Leptochloa chinensis), weedy rice
(Oryza sativa L.), jungle rice (Echinochloa spp.), and flower of jungle rice (Echinochloa
spp.) (Table 3). The calibration process was done using the white panel provided by the
Analytical Spectral Device Corporation (ASD), Inc., Boulder, CO, USA. The white panel
diffuses the reflection by nearly 100% of

the incident light throughout the spectral Table 2
FieldSpec® HandHeld 2 Spectroradiometer
range. In other words, the reflectance value properties (ASDi, 2014)

of the white reference panel is nearly one at

every wavelength (ASDi, 2014). Each weed Spe,mﬁcanon Infor,matmn —
Design An ergonomic dual position

was collected for ten samples at random “D” handle

between 5 cm distance of the optical sensor  weight 1.17kg including batteries

and the sample. This technique is used to  Wavelength Range  325nm — 1075 nm

avoid error and noise for data recording  Accuracy +1nm

(Norasma, 2016). Optional GPS Yes

Table 3

Weed species collected using a spectroradiometer (Analytical Spectral Device Corporation (ASD), Inc.,
Boulder, CO, USA)

‘Weed species Abbreviation
Saromacca grass (Ischaemum rugosum) IR
Lesser fimbristylis (Fimbristylis miliacea) FM

Red sparangletop (Leptochloa chinensis) LC
Weedy rice (Oryza sativa L.) OSL.
Jungle rice (Echinochloa spp.) E
Flower of jungle rice (Echinochloa spp.) FE
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Data Analysis

All the raw data were transferred to a computer using a USB cable. First, the data was saved
in a Microsoft Excel spreadsheet. Then, the data were binned into 10 nm spectral band
each compared to 1 nm originally (Figure 3). Next, the spectral signature was visualised
in the spectral reflectance graph for each species using Microsoft Excel. Then, the first
derivative was run and visualised using Microsoft Excel as the steps below:
(a) Spectral Reflectance Visualisation
The spectral reflectance for all species was visualised graphically using Microsoft
Excel step 3 (Figure 3).
(b) First Derivative Analysis
The first derivatives were calculated using Equation 1 in MS Excel and displayed

in step 4 (Figure 3).
_ R _ Ry;—Ry,
FD =7 = Axy—Axy M
Where:

FD = First Derivative

Ry, Ry, = Reflectance of the first and second reflectance pairs nl and n2

Ax;, AX, = Wavelength of first and second reflectance pairs nl and n2 n = Position
of reflectance.

~—— Use MS Excel Processing

Visualizing

i

Figure 3. Hyperspectral data download and pre-processing (Lutfi, 2020)
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Mobile App Development

The platform used to build this application is an online website called https://
masterappsbuilder.com. This website is commercial software to develop a mobile
application. It is user friendly and easy to use. Figure 4 shows the main menu of the
website that contains the list of applications. The statistics data about the number of apps
installed on Android and IOS devices is shown on the website. Other than that, it shows
the number of visitors to the mobile application. The editor menu is shown after selecting
the application on the list. The application menu contains a few functions: design, colours,
features, application, and publication (Figure 4). The building application interface is
located under the feature function menu. The data were stored in the database that can be
displayed on the application through the function features (Figure 4).

DESTON > TOTCURS F TEATURES > AFFTICATION > FUBTICATIOT

q

2043 il -

= a YOUR PAGES G

EOREE N AR CAE

ADD PAGES G

nnnnnnnn

\\\\\

Figure 4. The application Editor feature and Feature menu in MasterAppBuilder

T —— Application preview is a preview interface
= s for mobile apps using AMB previewer. It shows
*o_ how the application works on the android or IOS

device (Figure 5). On the previewer page, the user
only can view the mobile apps without any editing
features. This application can be downloaded at
Google Playstore or Appstore in 10S.

RESULTS AND DISCUSSION

Spectral Signature Graph

The spectral reflectance profile is shown

graphically for each type of weed (Figure 6), a

Figure 5. List of applications built-in the i o ) i )
MasterAppBuilder website low reflectance in the visible region with slight
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peaks in the green region. An increase begins at 690 nm reaching the static line in the
near-infrared region. It is an ordinary green plant spectral reflectance. The percentage
difference in reflectance between weeds at one wavelength and weeds at another wavelength
iS enormous.

Species differences show up at specific wavelengths. For example, in the visible
spectrum (450 nm to 700 nm), all weed spectral signatures were very similar, and many
overlapped. At the same time, for the infrared region (700 nm to 990 nm), the spectra of
different species are separated by their different wavelengths (Figure 6).

Jungle rice (Echinochloa spp.) had the highest NIR reflectance than other weed species
(Figure 6). The second highest reflectance was its flower of jungle rice (Echinochloa spp.),
followed by weedy rice (Oryza sativa L.). Lesser fimbristylis (Fimbristylis miliacea) had
the lowest reflectance, followed by saromacca grass (Ischaemum rugosum). Finally, the
red sparangletop (Leptochloa chinensis) had reflectance spectra from the other weeds
(Figure 6).

Figures 7 to 12 show the spectral signatures for individual weed species such as
saromacca grass (Ischaemum rugosum), lesser fimbristylis (Fimbristylis miliacea), red
sparangletop (Leptochloa chinensis), weedy rice (Oryza sativa L.), jungle rice (Echinochloa
spp.) and Jungle rice flowers (Echinochloa spp.) respectively.

Figure 13 shows the first derivative graph for each weed species. It clearly shows the
710 nm to 750 nm regions of the weed species separately. It can be an indicator to identify
the weed species in this region. This region is known as the Near InfraRed region where
it is related to the photosynthesis process. Since each weed is different, the significant
bands for each weed can be seen in this region (710 nm to 750 nm). NIR is related to the
biogeochemical and leaf pigments of the weed species (Jensen, 2015). Thus, this region
is essential as an indicator to differentiate the weed species by using spectral signature.

100.00%

Overlays of Weeds in Rice Field

20.00% ﬂwv\f‘hw\ﬂu\(\

B0 00%
— Saromacca grass
70.00% . — Lesser fimbristylis

— Red sparangletop
Weedy rice
——Jungle rice

6000%
5000%

s000% — Flower of jungle rice

Reflectance (%)

3000%

2000%

1000%

0.00%

Figure 6. Overlays of spectral reflectance graph of weeds
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Figure 7. Spectral reflectance graph of Saromacca grass (Ischaemum rugosum) (Norasma et al., 2020)
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Figure 8. Spectral reflectance graph of Lesser fimbristylis (Fimbristylis miliacea) (Norasma et al., 2020)
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Figure 9. Spectral reflectance graph of Red sparangletop (Leptochloa chinensis) (Norasma et al., 2020)
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Oryza sativa L.
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Figure 10. Spectral reflectance graph of Weedy rice (Oryza sativa L.)
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Figure 11. Spectral reflectance graph of Jungle rice (Echinochloa spp.)
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Figure 12. Spectral reflectance graph of Jungle rice’s flowers (Echinochloa spp.)
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Figure 13. First derivative graph of weeds in KADA rice field

User Interface Mobile Application

A mobile app was successfully developed using the MasterAppBuilder. Figure 14 shows
the main menu for the mobile app. It contains weed information, the spectral signature of
weeds, and guidelines on how to control the weeds. The spectral library menu contains
information about the six weeds that had been studied in the project. User can download the
mobile application into their smartphones. The mobile application works by providing the
image of the weed species, general name, scientific name, description, a method to control
using a chemical application, and spectral signature graph of the weed species (Figure 14).
Users can peruse the information provided in the mobile application to identify the weeds
in their field based on the image and its description. A database of weed information,
including spectral signatures is stored in this mobile application. Users can easily access
it from their mobile devices. This mobile application offers a spectral signature graph that
makes a difference compared with previous mobile apps available (Table 1). The WeedID
developed by Henson et al. (2017) only provides the image of the weeds, its detailed
description, and method to control. The same method was used to develop Padi2U mobile
application, which offers the weed images, descriptions, and recommended methods to
control (Athirah et al., 2020). The other mobile application developed was based on the
image captured by the user. The system will identify the weed images and provide the
method to control the weeds (Haug et al., 2014; Rahman et al., 2015). Thus, in this study,
we introduce the spectral signature of six species of weeds that are commonly found in
the study area. It can be a reference for the user to see the spectral signature of each weed.
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Scientific name: Ischaemum rugosum Age (Days) Herbicide Rate/Ha
An erect or ascending annual or perennial; up to 100 04 Sofit 15L
cm tall.

0-4 Lecsplo 175k
Stem: often purplish, usually has hairs at nodes, 0-4 Satunil 251
cylindrical.

Y a7 Lecsolo 175k
Leaf: blades 10-30 cm long, glabrous or with scattered 5.7 Satunil 251
hairs on both surfaces; compressed sheaths rather =
loose and green or purplish, with hairs on margins; 6-15 Solito 151
ligule membranous and fused with auricles. 7-14 Basmin 311wp 20¢g
Inflorescence: paired terminal spikes that are often 10-12 Rumpas M 500 ml
strongly pressed against one another, thus appearing 10-12 Tiller 500 ml
like a single spike. At maturity, it separates into two.
spike-like racemes. Spikelets paired, one is sessile, the 10-14 Nominee 100 sc 100 m!
other pedicelled; sessile spikelet yellowish green, up to 15-20 Nominee 100 sc 180 ml
6 mm long, first glume prominently transversely
wrinkled; awns spiral at base, dark colored.

21-40 Norninee 100 s¢ 210ml

Lschaemum rapasam

- (%)

-

vl by

Figure 14. The content of menus, pictures, description, control method, and spectral signature graph (AMB
Previewer)

CONCLUSION AND FUTURE DIRECTION

Detecting weeds visually in a large rice field area is challenging and time-consuming
for farmers. In such a way, the use of mobile applications assists the user to manage
weed effectively. This research project connects the spectral signature library and mobile
applications that could be a potential use in modern technology to manage weeds in the
field. The mobile application can display the spectral signature of the weed and suggest
methods to control the weed using chemical control. Other than that, various methods of
control can also be given through the mobile application to assist the farmers in overcoming
the growth of weeds. Furthermore, the spectral signature can serve as a reference to detect
weeds with a hyperspectral sensor in a shorter time instead of using the conventional
method, which requires more time to detect the entire rice field thoroughly.

The mobile application can display the spectral signature of weeds, and such
information is accessible to farmers via smartphones. Moreover, using a mobile phone or
smartphone, users can easily compare the weed that had infested their field with the weed
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information provided in the mobile application. In conclusion, the mobile application
integrating spectral signature library can be a modus to display information about weed
in the rice field.

Many challenges need to be overcome, such as the limitations in gaining raw data of the
spectral signature of the weed in the rice field, the presence of various weeds in the field,
the difference of control methods on each type of weed, and the conventional methods that
the farmers are still using to detect weed. However, statistical analysis and vegetation index
for the spectral reflectance analysis such as discriminant analysis, convolutional neural
network (CNN)), artificial neural network (ANN), and support vector machine (SVM) will
increase the classification results.
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