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Abstract—This paper presents a comparison of three heuristic 
coefficients for the Uniform Theory of Diffraction (UTD), used to 
characterize the radiowave scattering in typical urban scenarios. 
The coefficients were implemented in a propagation model based 
on 3D ray-tracing techniques for a Digital Video Broadcasting 
(DVB) service. In order to evaluate each coefficient we analyze 
the statistical behavior of the mean and standard deviation of the 
absolute errors between the estimated values and the measured 
data of path loss in a large number of receptor points in an 
outdoor scenario.  

Index Terms—Heuristic diffraction coefficients, ray tracing, 
uniform theory of diffraction. 

I.  INTRODUCTION 
The continued development of wireless technologies, 

particularly in urban environment, leads to investigate methods 
to estimate, with high precision, the propagation parameters of 
wide-band channels in order to minimize the error with respect 
to on-site measurements. In recent years, methods based on ray 
tracing and UTD have shown accuracy and efficiency in the 
simulation of path-loss in complex environments. This 
accuracy depends mainly on the ray physical model in realistic 
environments and the numerical model used for estimating the 
scattered field. Therefore, the choice of the diffraction 
coefficients is important to accurately predict the signal 
amplitude obtained from the diffraction process. 

Initially, UTD coefficients were developed for perfectly 
conducting wedges [1]. Then, Luebbers established heuristic 
diffraction coefficients for lossy conducting wedges [2]. 
Luebbers' contributions have triggered a large number of 
studies to improve the accuracy of the heuristic coefficients. 
Among the most recent researches, Schettino et al [3] proposed 
a heuristic UTD coefficients combining features of previously 
investigated heuristic coefficients [2, 4-6], ensuring reciprocity 
and providing superior performance in arbitrary source and 
observer locations. Guevara et al [8] used Luebbers' 
coefficients in union with a physical technique that model the 
edge where diffraction occurs to obey reciprocity and adopt 
two types of permittivity to characterize the building materials. 

These two studies estimated propagation path loss in urban 
scenarios and compared them with measurements. Since the 
results indicated a good accuracy, this paper will present a 
comparison between these and the Luebbers' formulation in a 

common scenario. For this purpose, we use a 3D ray-tracing 
model based on optic rays to simulate the multipath 
propagation and so to evaluate the UTD in a realistic scenario 
that has been previously validated in [8].  

The novelty in this paper is the implementation of three 
heuristic UTD coefficients applied to predict path loss in the 
realistic outdoor environment in order to evaluate the precision 
of the 3D ray-tracing model with respect to measurements.  

The paper is organized as follows: in section II we describe 
the heuristic UTD coefficients used for the comparison, in 
section III we describe the channel modeling process, in 
section IV we mentioned the characteristics of the propagation, 
the simulated outdoor scenario and the measurement campaign, 
in section V we discuss the results obtained and in section VI, 
conclusions and further work. 

II. HEURISTIC UTD COEFFICIENTS 

The UTD electric field at the observer (see Fig. 1) is 
defined as [1]: ܧௗሺܱሻ ൌ ௜ሺܹሻܧ · ഥܦ · ௗሻݏሺܣ · ݁ି௝௞௦೏ (1) 

 where ܧ௜ሺܹሻ is the incident electric field at the wedge, ܣሺݏௗሻ is the amplitude factor, ݏௗ is the distance between wedge 
and observer, and ܦഥ is the dyadic diffraction coefficient. 
Adopting the classical notation of [1], Luebbers’ soft and hard 
heuristic diffraction coefficients are given by: ܦഥ௦,௛ ൌ ଶܦ଴௦,௛ൣܩ ൅ ܴ଴௦,௛ሺߙ଴ሻܦସ൧ ൅ ଵܦ௡௦,௛ሾܩ ൅ ܴ௡௦,௛ሺߙ௡ሻܦଷሿ    (2) 

where ܦ௜ , for ݅ ൌ 1, … ,4, are the UTD diffraction 
coefficients, ܩ଴ and ܩ௡, are grazing incidence factors, ܴ଴ and ܴ௡ are Fresnel reflection coefficients, for the 0 and n faces, 
respectively, as defined in [2]. The angular definition ߙ଴ and ߙ௡, used to calculate ܴ଴ and ܴ௡ respectively, are given by: ߙ଴ ൌ min ሾ߮௜, ߨ݊  െ ߮௜ሿ, ௡ߙ ൌ min ሾ߮ௗ, ߨ݊  െ߮ௗሿ          (3) 

 where,  ߮௜ is the angle of the incident wave, and  ߮ௗ is the 
angle of the diffracted wave, both with respect to face 0, and ݊ߨ is the wedge exterior angle (see Fig. 1). Luebbers’ 
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plate fixed on the top of the vehicle. The radio channel 
measurement characterized the propagation loss in the selected 
routes, which include localizations with LOS and NLOS. It was 
obtained in 1380 measurement points for the drive test. The 
acquisition time was 1 ms and the transmitter antenna power is 
monitored throughout the measurement campaign to control the 
stability of the transmission. 
 

 
Fig 3. The 3D urban model around of transmitter (blue bounding) using the 

game engine. 

 Fig. 3 shows the 3D urban model, based on a 1m resolution 
ASCII raster for the Digital Terrain Models (DTM) of  
Valencia city. This DTM was recreated using Java Monkey 
Engine (jME v. 2.0), allowing characterize the streets, roofs 
and walls by spatial geometries, so we represent the external 
surfaces of buildings (walls and roofs) and streets using flat 
polygons, and in order to take into account the effects of 
diffraction on the channel model, we model the buildings edges 
(vertical and horizontal) using the bounding volume technique, 
hence cylinders were used to represent edges. 

 

Fig 4. Localization of the receiver points with LOS and NLOS (green spheres) 
and the transmitter (blue bounding). 

 Finally, Fig. 4 shows the measurement route identified by 
the green spheres, which represent each reception point located 

in the middle of the streets. The measurements obtained in this 
route were used to evaluate the propagation model using the 
heuristic UTD coefficients. 

V. ANALYSIS AND RESULTS 

For the analysis and evaluation of the three heuristic 
coefficients, we obtained the channel response for each one. 
Figures 5, 6 and 7 show the path loss at the receiver locations, 
where results obtained by the heuristic UTD coefficients 
presented in Section II are compared with measurements. The 
comparisons show some regions where Guevara's and 
Schettino's coefficients provide a high accuracy in the 
measurement route (i.e. location numbers from 75 to 300, 1100 
to 1200, among others). Moreover, these two coefficients show 
a close response with minor differences in some points of 
reception, then the Figs. 6 and 7 present an approximate 
prediction but not identical.  
 

 

Fig. 5. Power prediction comparison between ray tracing using Luebbers' 
coefficients (blue line) and measurements (red line). 

 

 

Fig. 6. Power prediction comparison between ray tracing using Schettino et al 
coefficients (blue line) and measurements (red line). 

 

 

Fig. 7. Power prediction comparison between ray tracing using Guevara et al 
coefficients (blue line) and measurements (red line). 

 
In order to evaluate which one is more accurate, we calculate 
the mean and standard deviation of the absolute errors. These 
statistical results are summarized in Table I. 
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Statistical analysis shows that for this scenario, Guevara's 
coefficients [8] provide the greatest accuracy, with a mean 
absolute error of 4.79 dB and a standard deviation of 5.95 dB. 
However the difference with respect to Schettino's coefficients 
[3] is small, while the difference with Luebbers' coefficients [2] 
is significant.  

TABLE I.  STATISTICAL SUMMARY OF PATH LOSS PREDICTION 

UTD Coefficients Mean absolute error 
(dB) 

Standard Deviation 
(dB) 

Luebbers 5.51 7.96 
Schettino 5.08 6.02 
Guevara 4.79 5.95 

 
In this study, Guevara's coefficients provide slightly better 

results with respect to previous results published in [8], this 
improvement is due to the assumption of permittivity 
optimized values mentioned in [12]. 

VI. CONCLUSIONS 

This work presented the application of UTD coefficients to 
analyze radiowave scattering in a real-life urban scenario. The 
results show that Guevara's and Schettino's coefficients present 
higher accuracy to predict path loss in the proposed scenario. 
Thus, we verify that these researches overcome the 
inaccuracies presented in Luebbers' formulations and, 
consequently, suited to handle 3D complex scenarios with a 
large number of receptor points.  

The use of the 3D ray tracing technique is very effective 
and useful to compare different heuristic UTD coefficients in 
the proposed scenario; therefore as further work, we propose 
the implementation in others realistic urban scenarios. 
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