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   Abstract ⎯ This paper presents the results from an ultra 
wideband (UWB) indoor measurement campaign and describes 
a 3D beam trace pyramidal method that allows one to 
characterize the channel over a bandwidth of 850 MHz. The 
UWB channel characteristics are assessed in terms of mean 
delay, delay spread and coherence bandwidth.  
 
  keywords ⎯ UWB radio propagation, Beam tracing method. 

 
 

I. INTRODUCTION 
 

The interest in the use of the ultra wideband (UWB) 
technique for wireless communication has motivated the 
development of models to predict the corresponding radio 
indoor propagation. Recently, several models using ray 
tracing methods have been proposed for the UWB radio 
channel [1-3]. However, these models still do not overcome 
the well-known aliasing problem due the discrete number of 
rays emitted from the source. 
   The beam tracing methods eliminate the aliasing problem 
by dealing with beams that represent an infinite number of 
rays in a given space region. The beams are recursively 
traced from a source through the environment. Each 
originated beam from the source will create successive 
sequences of transmitted and reflected beams. After tracing 
beams, rays within each sequence of beams are tracked from 
the receiver back to the transmitter.  

In general, the beam tracing method has been used in a 
variety of applications: illumination [4], visibility 
determination [5], and acoustic modeling [6-7]. However, to 
the best of the authors’ knowledge, modeling the UWB 
channel using beam tracing has not been widely reported in 
the open literature so far. This paper applies a pyramidal 
beam trace method to model the UWB channel temporal 
dispersion in an indoor environment. It also discusses the 
measurements performed for future comparisons with the 
results from the proposed method. 

 
 

II. BEAM TRACING MODEL 
 

To better explain the beam tracing model, it will be 
partitioned into four distinct phases: spatial subdivision, 
beam emission, path generation and channel characterization. 
 
A. Spatial Subdivision 

 
In this phase, a spatial subdivision is constructed by 

partitioning the environment, shown in Figure 1(a), into 3D 
convex polyhedral regions called cells. Before this procedure, 
the walls with doors and windows are subdivided into convex 
polygonal faces, represented by the red polygons observed in 
Figure 1 (b). Also note in Figures 1(c) and 1(d) that 
additional cells (“D” and “E”) have been created by the 
partition of the environment. Therefore, each cell is itself 
convex and bounded by a group of planar convex faces. The 
corresponding representation is stored into a data structure 
including: coordinates of faces, faces of each cell, unit 
vectors of faces and constitutive parameters of cells and 
faces.  
 

          
(a)                                                     (b) 
 

         
                                     (c)                                                     (d) 
 
 
Fig. 1.  Spatial subdivision: (a) 3-D environment; (b) 3-D environment with 

convex polygonal faces; (c) 2-D cell partition; and  
(d) 3-D cell partition. 
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B. Beam Emission 
 

The present beam-tracing method emits pyramidal beams, 
each represented by a vertex V and a polygonal convex base, 
as sketched in Figure 2. The initial beams are characterized 
by the transmitter (Tx) and the faces of the cell that contains 
Tx. In general, the incidence of a beam onto a cell face is 
processed by determining the intersection between the face 
and the beam. A transmitted beam (into the neighbor cell) is 
constructed by the intersection and the original vertex. A 
reflected beam is generated by the intersection and by 
mirroring the original vertex with respect to the face, as 
illustrated in Figure 3. Figure 4 partially illustrates the beam 
tracing emission through a 2D environment. The cell 
boundaries are given by opaque (solid black line) and 
transparent (solid red line) faces. The initial beams are traced 
in the cell containing the source point. Six beams with vertex 
Tx1 and bases given by the boundary polygons (“s”, “t”, “i”, 
“h”, “g” and “f”) of cell “A” are created. For example, 
transmission of the beam “Tg” through the cell boundary 
labeled “g” results in a transmitted beam (TgTp). This beam 
is subdivided when reaches face “p”  in another transmitted 
beam (TgTpTz) in cell “D” and three reflected beams 
(TgTpRj, TgTpRk and TgTpRl) in cell B. These procedures 
continue recursively for each beam until a maximum number 
of transmitted and reflected beams is reached.    

The beams are stored in nodes of a beam tree data structure 
[7]. Each node of the beam tree stores an indication of the 
polyhedral beam and the face recently traversed by the beam. 
Thus, for each beam, it is possible to identify the previous 
and following beams, an essential information used during 
the path generation phase. Figure 5 presents the beam tree 
corresponding to the environment transmission shown in 
Figure 4. 
 
C. Path Generation 
 

For each beam containing the receiver position, a ray is 
traced from the receiver toward the transmitter, using the 
beam tree data structure.  

The cell containing the receiver is initially identified. Each 
beam tree node associated with that cell is checked to see 
whether the beam stored in that node contains the receiver. If 

it does, a ray from the receiver to the transmitter is generated 
by interactive intersection with the cell boundaries stored 
with the predecessor nodes. Figure 6 shows the ray 
generation for a particular receiver position Rx. 
 
 

 
Fig. 2.  Pyramidal Beams.  

 
 
 

 
 

Fig. 3.  Transmitted and reflected beams.                 
 

 

 
                                                                                                   Fig.4. Beam emission. 



 

 
 

Fig. 5.  Beam tree.                                                                                     
 

 
D. Channel Characterization  
 

After tracing rays, the electromagnetic field for both 
vertical and horizontal polarizations are calculated using 
geometric optics (GO) [8] to obtain the channel frequency 
transfer function, given by: 
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where N is the number of rays , na is the field amplitude of 
each ray, nτ  represents the ray delay and f the frequency. It 
should be observed that the ray parameters are calculated at a 
large number of frequencies uniformly distributed along the 
ultra wide bandwidth of the channel. The impulse response is 
obtained by applying the inverse Fourier transform to the 
discrete number of frequency response values resulting from 
equation (1). Based on the impulse response, parameters such 
as the power delay profile, the mean delay, the delay spread 
and the coherence bandwidth are calculated and used to 
analyze the channel characteristics [9].  
 

III. .MEASUREMENT  PROCEDURES AND ENVIRONMENT  
 

A Vector Network Analyzer (VNA) HP 8714ET was used 
to measure the channel impulse response by consecutively 
exciting 1601 uniformly spaced sinusoidal carriers over a 
bandwidth of 850 MHz varying from 950 MHz to 1800 MHz. 
The VNA sweeps the frequency band and reports magnitude 
and phase data from the radio channel. For the signal 
transmission and reception, two UWB identical antennas 
were built [10].  

The measurements were conducted in an indoor 
environment corresponding to the corridors of CETUC, PUC-
Rio. In this environment, line-of-sight (LOS) conditions 
along the corridor A1 and non line-of-sight (NLOS) 
conditions along the corridors A2 and A3 have been 
investigated. The measurement layout is detailed in Figure 7 
(distances are in meters). 

 In the environment, the receiver (RX) was placed at a fixed 
position while the transmitter (TX) was moved through the 
environment around 147 different positions. Consecutive 
positions are separated by 0.5 meters. The heights of the 
transmitter and the receiver were fixed at 1.5 meters. 
 

IV. SIMULATED AND MEASURED RESULTS 
 

The measurement results are assessed in terms of mean 
delays, delay spreads and coherence bandwidths for 
thresholds of 70 % (C=0.7) and 90% (C=0.9) of the 
maximum value. Table I below shows the average results. 

 
TABEL I.  

CHANNEL PARAMETER RESULTS 
 

Coherence  
Bandwidth 

[MHz] Receiver Location 
Mean 
Delay 
[ns] 

Delay 
Spread 

[ns] C=0.7 C=0.9 
Corridor A1 93.51 47.38 12.89 3.25 
Corridor A2 50.99 24.29 7.74 3.77 
Corridor A3 125.68 35.43 5.56 2.62 

 
 

 
.                                                                                        Fig. 6.  -Ray generation.                                                                        



On both LOS and NLOS measurements, the mean delay 
and delay spread trends increased with distance while the 
coherence bandwidth decreases with distance. Figure 8 shows 
the temporal dispersion parameters as a function of the 
separation TX-RX along the corridor A1. In this Figure, in 
the first half of the distance between the transmitter and the 
receiver, an increasing trend was verified in mean delay and 
delay spread values. However, in the second half of the 
distance, a trend toward stabilization of mean delay values 
and a decline in delay spread values was noticed. This trend 
is due to the transmitter proximity to the wall at the corridor's 
end, providing a reflected signal that is added to the direct 

signal, reducing the relative importance of contributions from 
signals reflected in the lateral walls and decreasing the delay 
spread values. The coherence bandwidth results presented an 
inverse trend compared to the mean delay and delay spread 
values. Additional details on the measured results can be 
found in Barros et al. [11]. 

The results from the beam-tracing model are related to the 
first two phases: spatial subdivision and beam emission. 
Figure 9 shows the beam emission inside the CETUC 
environment. To facilitate visualization, the transmitter has 
been located inside an office. 

 

        
.                                                                                        Fig. 7.  - CETUC floor plan and measurement layout. 
 

                         
                                                                    (a)                                                                                                        (b) 

 
                                                                                                                                   (c)  
 

Fig. 8. Temporal dispersion parameters: (a) Mean delay; (b) Delay  spread; and (c) Coherence bandwidth with C=0.9. 
 



IV. CONCLUSION 
 

The results from frequency-domain UWB propagation 
measurements have shown that the delay spread values 
increase for LOS and NLOS conditions, while the coherence 
bandwidth decrease for both conditions. The results reported 
here are important for other channel modeling purposes. 

Preliminary results from a 3D pyramidal beam tracing 
method to determine reflection and transmission paths 
through an indoor environment have also been presented. The 
beam emission is performed only once for a source and the 
beam tree data structure store all sequence of beams 
originating at it. This enables a fast and unambiguous 
generation of all propagation paths between each observation 
point and the source. From this information, the 
corresponding channel transfer function and its parameters 
can be determined. 
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            Fig. 9.  3D Beam emission: (a) One beam; (b) Two beams; (c) Three beams; (d) Four beams; and (e) Four hundred beams. 
 


