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Abstracts 
 
 This paper presents the path loss prediction for wireless sensor applications in an orchard by using the 
uniform geometrical theory of diffraction (UTD) method. The tree in the orchard is modeled by using the 
proposed 3D UTD solution for an impedance cylinder. The wireless sensor network (WSN) is applied to 
improve the conventional harvesting process in a Thai commercial orchard. A wireless sensor node is attached 
on a raw fruit for example a durian on the durian tree. Therefore, the durian turns to be a part of the antenna. It 
is necessary to perform the source modeling. The GB expansion is used for the source modeling and this 
expansion can be applied to the UTD method effectively. The good comparison between the proposed 3D 
UTD solution including the effect of the wet good ground and the measurement result are obtained in the 
paper. 
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1. Introduction 
The applications of wireless communication such as WSN require the information of wave propagation 

channel characteristic of each scenario for the network planning. The empirical models are efficiently used in 
large area communication for example the case of very high level of the transmitting antenna above from the 
ground. However, in the small area communication, the transmitting antenna is located above the ground in a 
few meters. The geometry of the environment such as building, ground, trees and etc., becomes strong effect 
on the receiving power in the communication area. Therefore, the propagation prediction requires an accurate 
method to predict the signal strength of the specific scenario. The efficient method that can be used for the 
propagation prediction is UTD while the other numerical methods become low efficient or cannot treat the 
propagation problems due to very large computational domain. The UTD method is useful in many path loss 
predictions such as cellular phone systems in the city [1], the conducting cylinder model for human body 
presence in indoor propagation channel [2] and the path loss prediction in a durian orchard [3] by simply 
assuming the durian trees to be a PEC cylinder. However, the PEC surface model is efficiently used for only 
the case of strong reflection and diffraction from the obstacle such as building, wall and ground usually made 
from concrete or metal. Therefore, for the tree models, grass ground, soil and ocean surface, the radio wave 
propagation prediction requires an impedance surface for the UTD solution. The general 2D UTD curved 
surface solution for a PEC surface was presented in [4]. The 2D UTD solution for the impedance curved 
surface was presented in [5]. The 3D UTD PEC solution for the smooth convex PEC scattering problems was 
presented in [6]. However, the 3D UTD solution is not currently available in the case of the impedance 
surface. 

This paper presents path loss prediction in the orchard scenario by using the UTD method. The trees in the 
orchard are modeled by using a cylindrical impedance surface structure. The grass ground of the orchard will 
be modeled by using the dielectric ground with the dielectric constants ( rε , rμ ) and the conductivity (σ ). 
Moreover, the modified UTD solution in 3D curved surface case for compute the electromagnetic (EM) field 
scattering from the impedance curved surface will be presented. The proposed modified UTD solution is 
obtained from the solution of 3D UTD PEC scattering problems by modifying the PEC Pekeris’ caret integral 
function to be the impedance Pekeris’ caret integral. Finally the 3D UTD solution for the curved impedance 
surface case is obtained. Here, we apply the numerical integration to compute the Pekeris’ caret integral 
function in case of impedance surface without the tabulate scheme. 
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compute the Pekeris or Fock-Type integration function, the present method is very efficient and requires less 
computational time. To verify the accuracy of the Fock-Type Integral Function, the comparison results 
between the proposed 3D UTD, the 3D exact Eigen solution and the simulation results from the CST 
Microwave studio program is shown in Fig. 2(a). 

 

    
(a) 70θ = o  (3D-case)             (b) source pattern 

Fig. 2. Comparison of the total field (TEz)  between the UTD, CST program and exact solution: 2a λ= , 
5ρ λ′ = , 0.06t λ= , 4rε = , 1rμ = and 100ρ λ=  

Fig. 2 (a) shows the total field results of the soft-case wave incident in 3D cases. The comparison result 
between the 3D UTD and the exact solution are agreed very well and shows some discrepancies when 
comparing to the CST program in the deep shadow zone. Fig. 2 (b) shows the experiment and the synthesis of 
the normalized field pattern around the vertical polarized patch antenna on the Durian fruit by using the GB 
expansion. The sampling field obtained by measuring every 10° around the patch antenna attached on a 
Durian fruit.  

The path loss measurement was performed in an actual Durian orchard at the Horticultural Research Center 
(HRC), Khlung, Chanthaburi, Thailand in 2010. The spacing between trees is approximately 8 meters of every 
rows and columns in the orchard. Typically, the height of durian trees is higher than 10 meters and its 
diameter is around 0.3 meters. A handheld spectrum analyzer is used to record the receiving signal strength. 
The vertical polarization antennas are chosen to be the source polarization. The source antenna is attached on 
a Durian fruit with 2.2 meters above the ground and receiving antennas are at 1.5 meters away from the 
ground. Overall the experimental propagation distance is 80 meters. The sampling distance of receiving signal 
strength was performed in every 4 meters along the chosen propagation path. The experimental and numerical 
results will be shown in the next section. 
 
6. Experimental and Numerical Results 

The path loss prediction by using the UTD method, proposed in this paper includes the reflection from the 
actual ground. The actual ground in the simulation is modeled by using the dielectric ground models [10].  

Fig. 3 shows the comparisons of the path loss between the numerical and experimental results in case of wet 
good ground. The impedance cylinder surface for the trees has a loss tangent (tan δ) of 0.1, = 2 and 8. Also, 
the dielectric coated thickness t=0.1λ and 0.06λ are used. The numerical results are in the color solid lines. 
The red, blue, green and magenta lines are for the dielectric constant of the cylinder surface equal to 2 and 8 
with the coated thickness equal to 0.06λ and 0.1λ, respectively. The UTD path loss predictions show good 
agreement with the measurement result within the range of 4 to 30 meters. However, for the range of 30 to 60 
meters, the discrepancy between the UTD path loss predictions and the measurement one can be observed in 
very low signal level (under -20 dB) which can be ignored in some applications. 

 
7. Conclusions 

 This paper demonstrates that the path loss prediction in a Durian orchard can be accurately obtained by 
using the proposed modified 3D UTD solution for impedance cylinders. The good comparison between the 
proposed 3D UTD solution including the effect of the wet good ground and the measurement result are shown 
in the paper. This solution will be very useful for engineering application in WSN planning. Also the 3D UTD 
model obtained in this work can efficiently applied to any Thai orchard.  
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Fig. 3. Comparisons path loss between the numerical and experimental results: wet good ground (σ = 2e-2, εr 
= 30) and impedance cylinder surface (tanδ=0.1, εr = 2 and 8, t=0.1λ and 0.06λ) 
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