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In this paper, we investigate the utilization of three effective detection methods to identify
potential threats of insects in date palm trees. The detection techniques presented here are
the application of infrared radiation, microwave antennas and metamaterials based sensors.
Experimental trials using IR radiation took place in a local farm. Moreover, the second sensing
system is based on microwave antennas that are designed and numerically simulated at the
2.45 GHz-band. Lastly, the third detection method focuses on the design and development of
low-power microwave sensor based on metamaterials concept. Based on the processed and
analyzed results, the aforementioned sensing techniques are able to predict existence of red
palm weevils within date palms.

1 Introduction

Food security and production are considered very essential infras-
tructures that have great impact on the way we consume food and
dietary products towards human well-being and health. In principle,
food systems include all stages of food production, including har-
vesting, processing, distribution and storage. It is understood that
the quality of food products can be compromised or even degraded
when farmers/supply chains are not taken safety measures and food
quality standards into consideration. For instance, the use of an
improper storage spaces for food or the use of unhealthy measures
for food harvesting and production [1]-[3].

One of food quality degradation can be attributed to the sur-
rounding environment. In real-life, growth and safety of crops is
directly related to the environment. For instance, date palm trees
are attacked heavily by many insects.

Oman relies heavily on the production of dates, which helps
quite well in the development of the country’s economy. The overall
area of dates trees in Oman is over 30,000 hectares [4]-[6]. Cur-
rently, Oman has carried out numerous initiatives and projects over
the Sultanate area in order to enhance and maximize the yield from
such an important agricultural crop in Oman. Unfortunately, nu-
merous palm pests deeply affect the health and safety of such trees,
among which red palm weevil is a highly risk factor [7]-[8].

The life cycle of RPW is summarized in the diagram shown in
Fig. 1, where RPW adults could last between 14 to 20 days. It is not

an easy task to visualize by human eyes occurrence of an early stage
infections within date palms, which is due to the hidden larvae.

Potential signs of infection, include very slow production rate of
date palms, appearance of yellow sticky paste in palms (see Fig. 2),
and appearance of apertures on the trunk [9]. It can be observed that
infections in palm trees extend up to almost 2 meters high from soil
level.
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Figure 1: A conceptual chart showing red palm weevil growth cycle.
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Figure 2: An image from a local date palm farm, where waste and watery liquid can
be seen as a clear symptom of RPW existence in palm trees.

Microwave-based sensing and detection technique is mature and
well-known for its non-destructive and hygienic testing modality for
food sensing, evaluation and analysis, with more emphasis on the
medical and industrial sectors [10], [11]. In principle, microwave
sensing technology takes advantage of electromagnetic radiation
within microwaves band, ranging from 300 MHz - 30 GHz. There
have been extensive research studies focusing on the development
of microwave sensing and imaging systems for a large number of
applications, including but not limited to healthcare and biomedical
treatments, industrial, scientific and security needs.

There are a number of techniques in the literature aiming to
mitigation effects of infestation in date palms, with the objective
of providing an early detection mechanism for possible infesta-
tions. The detection methods include but not limited to the use of
trained dogs [12], sound-based sensors for monitoring palm pests
activities [13], utilization of microwaves and high power systems
treatment [14], [15], deployment of remote sensing and geographic
information systems [16]-[18] and development of transmission
lines based resonators [19]. The research work in [13] presented
an experimental trials using acoustic signals to capture RPWs’ ac-
tivities through pizoelectric sensing device, where sound signals
were recorded in-situ and then digitally processed. The application
of microwave heating treatment was introduced in many studies,
for instance the research work in [14], [15] and references therein,
with the objective of treating the infected trees using high-power
microwaves. Although earlier detection techniques based on acous-
tics, fiber optics, or even high-power microwave illumination are
effective, they suffer from the complexity in the design and setup
needed in monitoring a large number of RPW infestation or the
need of deploying high-power radiators that are harmful and costly,
thus limiting their practical use by farmers. The utilization of low-
power sensing alternatives is expected to be more attractive and cost
effective, which this research work aims to explore a number of
alternatives based on low-power microwave sensing modalities.

In [20], a comparison between two sensing modalities was pre-
sented, namely: microwave-based sensory antennas and infrared-
based sensing. However, the work presented here develops a more
comprehensive study covering a number of attractive sensing modal-
ities for the detection of RPW within date palm trees with more
emphasis on the application of microwaves using antennas and
highly-sensitive sensors based on metamaterials concept. In the re-
maining parts of the article, additional numerical and experimental
results are presented and discussed.
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2 Potential sensing and detection tech-
niques for RPW detection

This section covers a comprehensive study of potential yet effective
measures for sensing RPW in date palms, namely: 1) deployment
of infrared-based sensing systems, 2) integrating microwave sensors
(antennas) with a processing unit, and 3) deployment of microwave-
based metamaterial sensors.

2.1 RPW sensing using Infrared-based imagery data

An infrared imaging is a very attractive technique, which utilizes
radiation to identify distinctive features of temperature distribu-
tion. Nowadays, IR-based sensors are embedded in many electronic
devices. This makes it easy to deploy IR in many applications,
including detection of undesirable insects in food products.

(b)

Figure 3: (a) Photo of a normal date tree and (b) the thermal heat distribution of the
same palm tree by the IR sensor.

(b)

Figure 4: (a) Photo of RPW infestation case at night time and (b) the thermal heat
distribution of the same palm tree by the IR sensor.

Since IR radiation has longer wavelength than visible band, thus
it makes it difficult for humans to visualize IR thermal distribution.
We can then utilize infrared sensors to inspect thermal distribution
in palm trunk to detect any activities from the red palm weevil. IR
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images from healthy palm trunk were also recorded and processed
for comparison purposes. Fig. 3 shows the temperature distribution
within the trunk. As shown, the thermal heat distribution from the
trunk was not significant enough, from which we could conclude
that the palm is healthy. The heat distribution for the case of un-
healthy trunk can be seen in Fig. 4 during night time, where more
heat is expected from the trunk body itself.

Finally, the larva of the RPW was extracted. Interestingly, it was
gluey. Additionally, it was observed that sufficient high radiated
thermal energy was generated by the RPW and identified as yellow
color from the sensor, as in Fig. 5(b).

(b)

Figure 5: (a) Photo illustrating waste from infected palm trunk and (b) the thermal
heat distribution of the same trunk by the IR sensor.
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Figure 6: The developed model of the trunk surrounded with four microstrip anten-
nas.

2.2 RPW sensing using microwave antennas

We investigate next the application of microwave-based sensors
for red palm weevils detection. We have numerically modeled and
simulated a small-scaled model comprising an unhealthy date palm
and within its body a modeled pest. For ease of microwave sens-
ing development, microstrip patch antennas are used here as the
elementary sensors in order to predict any abnormalities within
the coupled energy between the antenna elements. The spatial dis-
tance separating the radiating elements is maintained at 80mm. The
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modeled trunk has a height of 44.7mm and a diameter of 80mm
(its dielectric constant, €, = 31.5 and loss factor of 11.5). Since
the solution to such 3D numerical model is mainly dependent on
finite-element method of HFSS, storing the solution in each iterative
process until convergence is reached would require huge amount of
memory. To minimize the demands to such memory and disk space
in the computer, a small-scale numerical model was constructed.
Furthermore, the dimension of the RPW insect was modeled as
a cylindrical object, with height = 2mm and radius = 3mm, with
electric permittivity of 9.3 and bulk conductivity of 0.38 S/m. A sin-
gle palm pest was placed in two different scenarios: within trunk’s
center and edge side of the palm, as illustrated in Figs. 7 (a)-(b).
Note that all aforementioned constitutive parameters and associated
losses were embedded into the models [15].

Port 3

Port 1
(a) (b)

Figure 7: Top view of the trunk with a homogenized model mimicking RPW placed
at two different scenarios, located at: (a) center, and (b) near to inner surface of the
trunk.
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Figure 8: Simulated |S 11| for the healthy and infected palm trunk.

For comparison, a finite size structure consisting of the four
patch antennas was considered. The case of the four patch antennas
alone, i.e. no palm trunk, is expected to provide good impedance
matching and low coupling coefficients between the individual an-
tenna elements. The case of a finite-sized healthy trunk (modeled
here as cylindrical lossy object) was numerically simulated, with
the four antenna elements surrounding the trunk, as illustrated in
Fig. 7. Good matching for the microwave antenna elements is still
maintained as shown in Fig. 8. Furthermore, an appreciable shift
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in the transmission coefficient between ports 1 and 3 (|S 13]) was
achieved, which is referred to the presence of RPW inside the palm
trunk. It is worth mentioning here that no major frequency shift in
the peak of |S 13| was observed when comparing the cases of RPW
at center and at the edge, as shown in Fig. 9.

The transmitted energy strength from port 1 to 4 was also con-
sidered. The sudden peak movement of |S 14| for the unhealthy
palm is expected, as depicted in Fig. 10. Furthermore, we note that
transmission coefficient, S 13|, is stronger than that from ports 1
and 4, which is due to the strong mutual interaction from port 1 to 3
in comparison to the case of coupled energy from ports 1 and 4.
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Figure 9: Simulated |S 13| for the healthy and infected palm trunk.
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Figure 10: Simulated |S 14| for the healthy and infected palm trunk.

2.3 RPW sensing using microwave TL-based metama-
terial sensors

In this section, we present a numerical study of an interesting sens-
ing modality using microwave transmission line-based metamaterial
sensors. Such sensors are engineered resonant particles or unit cells
that have found lots of applications from engineering and science.
Amongst the popular structures is the artificial magnetic conductor,
also known as split-ring resonator (SRR). The dual of the SRR is the
complementary split-ring resonator (CSRR), i.e., artificial electric
conductor [21]. A schematic representation of the physical structure
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of the two inclusions can be seen in Fig. 11, where square rings are
depicted for convenience.

In this study, a single unit cell is presented for ease of demonstra-
tion and compactness of the sensor. However, it is also permissible
that more concentric or cascaded resonant units as a 1 dimensional
array of rings could be explored. Details of the dimensions of the
SRR/CSRR inclusions include length of the ring represented by
L, a is the width of the SRR ring (or slot for CSRR), g is the cut
gap and S, is the spacing between the two rings. From the physi-
cal operational point of view, the SRR resonates well once excited
through a normal external magnetic field component, while the
CSRR resonates very well through an external normal electric field.
Interestingly, the dual-operation mechanism of SRR/CSRR is based
on the Babinet’s principle, as presented in [21].
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Figure 11: (a) the artificial magnetic conductor unit inclusion, and (b) its counterpart,
the artificial electric conductor unit inclusion.

Fig. 12 depicts the developed microwave TL-based metamaterial
structure. Two ports are deployed here in order to characterize the
performance of the sensor through the computed transmission coeffi-
cient between the two ports. Once the sensing element is brought in
close proximity to the date palm trunk, the resonance of the sensing
element is expected to shift, and even further change is expected
whenever RPW insects are within the inside of the trunk. The op-
timized dimensions of the developed CSRR microwave sensor at
2.45 GHz-band are available in Table. 2, along with the dimensions
of the modeled 3D palm trunk.
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Figure 12: The developed TL-based metamaterial two-port sensor: (a) lateral view,
and (b) bottom view of the metallic ground showing the adopted CSRR unit inclusion.
The grey area here represents metallization.
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Table 1: A comparison between several existing techniques suitable for RPW infestation in palm trees.

Techniques sample required? || special set || Trained labor required? Cost Suitability

Sniffing dogs required No Yes Low small (uncontrolled) farm
Acoustic required Yes Yes Moderate small (controlled) farm

IR imaging No Yes Yes Moderate large scale environment
microwave heating No Yes Yes High High power radiation exposure
remote sensing Yes Yes Yes Moderate || small and large scale environment
microwave detection Yes Yes Yes Moderate small (uncontrolled) farm

Table 2: The optimized parameters of the microwave detection structure.

Model parameters Dimension(in mm)
Feedline width, W, 2.52
Sensor thickness 0.8
Substrate length 40
Substrate width 30
Palm trunk diameter 50
Palm trunk height 40

Stand-off distance, S, 2
Lcsrr 10.5
a 0.45
S, 1.575
g 0.5

Fig. 13 shows a 3D view of the developed TL-metamaterial
sensor that is placed on top of a date palm sample. For convenience,
a stand-off distance, S 4, of 2mm was considered. Coupled energy
via the sensor’s ports is then computed and used as a metric to
quantify the performance of the sensor in detecting RPW in date
trees. Comparison was also made for the case of healthy palm trunk.
Note that the resonance frequency of the reference sensor was 2.45
GHz. According to full-wave simulations, the close proximity of
the sensor to a dry palm (representing dead one) resulted in a shift
to the resonance frequency by 2.53% to lower frequencies due to
the loss nature of the palm, while further increased shift to reso-
nance frequency by 5.84% was incurred for the case of unhealthy
(infected) palm tree.

Table. 1 provides a a comparison between several techniques
that are available for the detection of infested date trees. It can
be seen that each method has its own advantage and limitation,
depending on various metrics.

3 Conclusion

In this paper, we presented a comparison study concerning the effec-
tiveness of three detection techniques for red palm weevils in date
palm trees. In the first detection method, detection of thermal varia-
tions within the date palm trunk was permissible using IR sensor.
Experimental studies were performed in a small farm, containing
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a number of healthy and unhealthy palm trees. The experiments
were carried out at different timings. Based on IR imagery data,
quite noticeable heat was generated from the infested palm trees. A
numerical model for the detection of RPW using four microstrip
antenna elements working at 2.45 GHz was developed. Throughout
the presented detection method using microwave antenna system
and depending on the adopted number of ports, any sudden abnor-
malities in the response of either S11 or S21 magnitude and/or phase
can be taken as an indicator for existence of RPWs in palm trunk.

Lastly, a 3D numerical model was developed for the case of
deploying metamaterials-based microwave sensors. Based on the
findings from this study, the two microwave-based detection mod-
els are considered as low-cost and effective tools for sensing the
existence of RPWs.

Metallic ground
with CSRR

Palm trunk

Figure 13: A 3D schematic showing the TL-based CSRR sensor in close proximity
to a small-scale date palm trunk.
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