Operating Effective Measurement Systems for characterizing UWB wireless indoor propagation
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Abstract:- Elaboration of indoor propagation models that provide a realistic characterization of Ultra Wide Band (UWB) wireless channels without costly sounding experiments is a challenge.
This paper presents a tricky measurement setup built around relatively low cost vector network analyzers (VNAs) which are calibrated and operated to provide precise multi-tone measurements with enhanced wide dynamic range.

This solution was used to characterize path loss for two different indoor environments namely a corridor, and a multi-purpose sports building.

Obtained results showed good agreement with published data and demonstrate the effectiveness of this technique.
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1
Introduction 

Most of the current and coming wireless systems demand a wide spectrum to implement high data rate applications with a satisfactorily quality of service (QoS) over a specific coverage. 

The performance of these communications systems in terms of bit-error-rate (BER) or signal to noise ration (SNR) is tightly related to the characteristics of the radio propagation environment [1]-[7]. 

The latter consists of objects and obstacles with different nature, dimensions and distribution leading to multi path propagation which causes radio signal distortions, fading and fluctuations.

The three basic mechanisms of radio propagation are attributed to reflection, diffraction and scattering but within mobile environments the composite received signal is made up of a number of components from the various sources of reflections and diffractions following different directions.

Indoors, the situation is even worse because of multi-path reflections, diffractions and scattering around sharp corners of furniture, walls, ceilings and floors.

In order to predict propagation in such media, many models are available in the literature for the characterization and simulation of outdoor and indoor channels. These models are built by deterministic methods such as the finite difference time domain (FDTD) method , geometric approaches using ray tracing method or empirical methods based on statistical characteristics of the received electromagnetic fields in time and space domains [6],[7].

Exact techniques require a precise description of the site and considerable amount of computing time limiting hence, their extensive use. 

More appropriate empirical models are developed through experimental measurements performed and described by simple mathematical expressions. 

In this work, frequency measurements and analysis of the indoor radio channel in the frequency range of 900MHz to 2.5GHz, are undertaken.
Emphasis is put on practical considerations of experiment setup to achieve high dynamic range measurements without costly sounding equipment.                                                            

2
Typical setup for Path loss and
    frequency sweep measurements
In order to determine optimum methods of mitigating the impairments caused by multi-path indoor propagation, systems designers need some useful descriptors such as the basic signal attenuation with range as well as the average delay, the delay spread and the coherence bandwidth [8],[9]. 

This relevant data is extracted from frequency or time domain characterization of the transmission channel. 

One of the widespread methods that can be applied to provide path loss predictions or channel impulse responses for a given indoor environment is the frequency sweep method [10],[11]. 

It consists of transmitting signals with synthesized frequencies and capturing the wide band complex channel response for many locations. 

This transfer function in the frequency domain is post-processed and inverse Fourier transformed to obtain the channel impulse response (CIR). This technique has been proven to be as accurate as many time domain techniques. 

A typical transceiver configuration (Fig.1) used for measuring the frequency response of the channel consists of a vector network analyzer(VNA) , a power amplifier, low noise amplifiers, emitting and receiving antennas, cables, attenuators and connectors. 

These components are placed and their characteristics chosen appropriately to the task projected and the environment to be sounded. 
[image: image1.wmf]VNA

Transmit 

Antenna

Receive

Antenna

Variable  Pad

Power Amplifier

Low

Noise Amplifier

DATA

GPIB


Fig.1 Conventional Transceiver Configuration.
Generally, the transmitter is located in a fixed position while the receiving antenna is moved through the environment to capture field strengths at different heights and separations and with various scenarios such as line-of sight (LOS), non line-of-sight (NLOS), vertical/horizontal polarization and so on. 

Measurements are then performed over the entire frequency range and the raw data recorded by the VNA is post-processed to derive relevant information about the required parameters (path loss, delays and other statistics). 

Whilst this measurement setup provides satisfactorily wideband measurements in some cases, it has two disadvantages. 

Firstly, expensive devices are used and must be characterized and adjusted precisely to mitigate noise, interferences and amplifiers saturation or destruction. 

Secondly, the dynamic range is limited by excessive losses of long cables, and hence large indoor environments could not be characterized. In fact, the total gain of the receiving system, GT , is calculated by simply multiplying all the gains of each stage together:
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(1) Where Loss depicts cables losses and G1, G2 are the gains of the low noise amplifier and the receiver, respectively.

 Similarly, the cascaded noise factor is determined mathematically by Friis equation [12]-[13]:
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(2) This shows that the cables loss decreases gain dB for dB and increases noise figure dB for dB which degrades the measurement chain performance.  Moreover, long cables and connectors may cause other disturbances such as frequency dependent attenuation as well as constant frequency shift during the sweeping process. In fact, long propagation delay will cause the receiver to sample at a frequency that is quite higher than the received frequency at the antenna level.The dynamic range is the useful signal level range the receiver can process with a particular information quality. It may be defined as the difference in power level between the 1-dB compression point and the system noise floor [13].





 One method to increase the received signal’s amplitude is to raise the transmitter output power. However, this option is not always practical and efficient because distortion or inter modulation products, along with the fundamental, appear at the output limiting hence system performances.
Having identified the drawbacks of this measuring system in terms of bandwidth, noise and dynamic range, it is essential to specify improved measuring equipment capable of making realistic and precise measurements in various sites and achieving a reduction of both circuit complexity and the number of used components.
3
Novel Effective Equipment setup 

A convenient system for sounding indoor radio wave channel can be built around a VNA consisting basically of an RF signal source and an S-parameter test set.

The signal source produces the incident signal used to stimulate the Device Under Test (DUT), which is the radio channel in our case. The DUT responds by reflecting part of the incident energy and transmitting the remaining part.

The incident, reflected, and transmitted signals are separated and their individual magnitudes and/or phase differences can be measured.

The source used for VNA measurements is a synthesizer delivering signals characterized by stable amplitude frequency and high frequency resolution.

By sweeping signal frequency at a particular step, the frequency response of the device can be determined over the bandwidth of interest.

In order to collect data related to the device only and remove the effects of cables, adaptors, and connectors it is necessary to perform the appropriate calibration of the equipment at the desired reference planes [14]-[15]. 

For example, a response and isolation calibration is used to achieve maximum dynamic range (100dB or better) when measuring high insertion loss devices such as indoor environments. 

All VNAs rely on a tuned receiver architecture to provide high sensitivities and wide dynamic range dependent on the number of frequency points per sweep, the used bandwidth and the specified environment.

In order to characterize building materials or small size indoor radio channels, the VNA is operated in response mode where port1 is a transmitter and port2 is a receiver (Fig.2). The sweep time is then automatically adjusted by the analyzer.

Dynamic range is not altered by the losses of relatively short cables connecting antennas to VNA. The RF signal being generated and received by the same VNA, simplifies clearly the measurement setup.
In the case of wider indoor wireless channels, the measuring setup of Fig.3 is used. The transmitter antenna is attached to port1 of the first VNA through a 3 ft low loss cable and the receiving antenna is connected to port2 of the second VNA acting as a receiver. The remaining unused ports are terminated by high quality 50 Ω matched loads. The power loss of both short cables is compensated by the supplied signal power to the transmitting antenna.
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Fig.2 Short range indoor measurement setup.
Therefore, this does significantly affect neither the available dynamic range nor the signal to noise ratio of the measurements chain.
The two VNAs stable synthesizers can provide adequate coherence over quite large periods of time, measuring hence phase variations introduced by the propagation channel only and those due to the transmitter-receiver combination.
In this manner both variations in amplitude and phase of the received signal are recorded over a large bandwidth and for different situations allowing ultra wide band characterization of indoor wireless channels.
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Fig.3 Novel Transceiver Configuration for UWB indoor characterization.

Sometimes, when only path loss characterization is of interest, the transmitting VNA can be substituted by an RF synthesizer and/or the receiving VNA is replaced with a spectrum analyzer without degrading the whole measuring system performances.
4
Application to indoor environments 

    for Path Loss Characterization 

This contribution describes a path loss characterization of indoor environments at 920MHz, 1.8GHz, and 2.05GHz.

Among the indoor wireless channels considered in this work are two different places on the campus: a corridor and a multi-purpose sports building.

The corridor of 3.5m high, 1.5m wide, and over 55m long is linked to contiguous offices via 1.2mx2.2m wood doors. Its walls are constructed of cement covered bricks.

The sports area of 8m high, 18m wide, and 20m long, is supported by concrete columns and its 0.5m-wide walls are of rock and cement.

The roof structure includes a series of 1.8mx0.6m windows separated by 1m along the entire perimeter.

This room has a metallic door of 1.8mx2.2m and its floor is covered with a durable synthetic carpet. 

For path loss channel response determination, the measurement system similar to that of Fig.3 consists of  Agilent 8714ES, 300 KHz to 3GHz VNA connected to a half-wave receiving dipole mounted on a plastic mast which is fastened to a moving cart. 

The Transmitting VNA or IFR 2023B 9KHz-2.05GHz  synthesizer delivers precise and stable frequencies to a log-periodic transmitting antenna located in a fixed position. 

The transmitted power level can be adjusted to more than 10dBm to overcome cables losses and to boost coverage when necessary. 

 For all measurements, the heights of both antennas, directly facing each other, were fixed at 1.8m while the receiving antenna mast was moved through each site on a pre-established grid. 

Before performing measurements, the VNA was calibrated with the transmitter and receiver separated by 1m so that the measurements depend only on the loss due to the channel. 

Then for every site, path loss is measured at each receiver position and recorded data is used to calibrate a statistical model so that it describes accurately the basic signal attenuation with range. 

For indoor coverage prediction one of the widely used models, being capable of predicting the path loss PL in dB at some distance d is: 
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(3) Where:

PL(d0) is the intercept point or path loss at the reference distance d0=1m.

n is the path loss exponent, function of the environment.

X(  is the shadow fading which is a log-normal random variable with standard deviation ( .

PL(d0) and n, are chosen to minimize X(    so that the model fits the global data in each environment.

Figures 4 and 5 show the scatter plots at 1800MHz, of the path loss as a function of range for the sports room and the corridor, respectively.
It is seen that models parameters, obtained by minimum mean square error method (MMSE), change from one site to another and that propagation in sports room, having large dimensions,  is similar to free space propagation. 
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Fig.4 Sports room Path loss at 1800MHz.
Results for three different frequencies are summarized in Table1. They suggest that each site can be characterized from 900MHz to 2.5GHz by a unique set of parameters obtained by averaging the values determined previously for each frequency point.
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Fig.5 Corridor Path loss  at 1800MHz.

In fact for the sports room we find the following: 
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 (4)
with  σ = 3dB.
Similar results are obtained for the corridor: 
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 (5)
with  σ  =4.93dB. 

These results show good agreement with published data concerning indoor path loss characterization [8]-[11].  

Our investigations will continue with the determination of channel impulse responses (CIRs), from multi-tones measurements using the above-mentioned, tricky measuring system. 

Table1: Path loss model parameters
	Site
	Freq.
	Exp.  n
	PL(d0) [dB]
	Deviation σ [dB]

	Sports
	920MHz
	2.2
	39
	4.55

	
	1800MHz
	2.1
	41.5
	2.46

	
	2.05GHz
	1.9
	42.8
	2.04

	Corridor
	920MHz
	2.2
	36.3
	4.46

	
	1800MHz
	1.7
	40.5
	4.83

	
	2.05GHz
	1.7
	44.5
	5.51


5
Conclusion
This paper described an operating effective measurement system for indoor channels characterization. It is built around low cost and precise VNAs which provide accurate measurements useful for path loss and impulse response determination. 

Path loss measurements in two different environments gave good results and validated partially this efficient technique. 

Further investigations are carried on to evaluate the impulse response of indoor channels as well as pertinent second order statistics using a frequency sweep method.
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