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Ultra-Wideband Forestation Propagation Measurement Technique

Test Apparatus Considerations

A key point of this study is to develop a technique to measure an electromagnetics communications channel which uses a large relative bandwidth, the ratio between the bandwidth and the center frequency. The apparatus used to perform this test has a 3 dB relative bandwidth of 70%, and a 6 dB relative bandwidth of 115%.   This technique allows the development of models to be used to estimate a link budget and to offer a thorough statistical analysis of multipath signals.  Care is taken to design a test to meet the desired objectives.

The procedure uses an ultra-wideband (UWB) bistatic radar consisting of products that are either commercially available or which can be readily replaced by commercially available products.  With any radar care must be taken to avoid range ambiguities.  The pulse repetition rate must be relatively low discriminate whether the response was the result of the current excitation or the previous.  The recorded time gate precedes the response so that it is clear that the previous signal had decayed adequately.  The pulse repetition rate also was high enough so that the impulse response could be collected with little possibility of the channel characteristics changing.  

This UWB bistatic radar recorded time domain waveforms so that a quasi-step response of the channel could be obtained.  Typically, a time domain system is less expensive and collects data quicker than a frequency domain system covering the same bandwidth.  Unfortunately, the large bandwidth of this type of receiver leaves it vulnerable to jamming by ambient transmitters, resulting in a noise floor.  The composite of multiple ambient signals are complex and are subsampled by the receiver, a digitizing sampling oscilloscope (a downsampling device).  Generally, the result appears to be a “white” noise even though the transmissions are at frequencies similar to the frequency content of the desired response from the environment.  Coherent integration or averaging can be used to reduce the effects of the ambient noise.  The number of integrations must be large enough to yield the required signal-to-noise ratio, yet small enough that the time to collect a waveform is practicable.  Post-processing techniques may further improve the signal-to-noise if necessary.  A filter could be used to reduce interference; but, in general,  the filter's response would distort the system response.

A difficulty with this test apparatus is proper triggering of the receiver.  Because the peak of the received signal is comparable in amplitude to the ambient noise, it is impractical to trigger on the channel response.  Instead, a probe antenna was placed near the transmitter’s antenna and a fixed length of cable was routed to the receiver for triggering.  The probe antenna provided a reliable signal with adequate signal-to-noise ratio.  By using the same trigger cable for all trials and maintaining the position of the probe antenna with respect to the transmit antenna, the receiver had a fixed time reference that could be determined by an unobstructed measurement at a specific distance.  A down side to this method of triggering is that, due to the slower velocity within the long cable, the trigger will arrive significantly later than the beginning of the channel response.  The oscilloscope used does not have adequate trigger delay (or advance in this case) to observe the response.  By using a uniform pulse train, the response of the pulse following the trigger could be reconstructed.  The system transmit pulse jitter should be low, i.e., less than one tenth of the period of the center frequency, so that the noise introduced by jitter can also be reduced by coherent integration.   Routing a cable through a forest environment is awkward; but, preferred for improved reliability and simplicity.

Equipment

A block diagram of the test apparatus is illustrated in 
Figure 1
.  The transmitter was a step-recovery-diode pulser developed by Time Domain Systems, Inc. Table 1 list its the specifications.  It is capable of  generating a fast rising edge followed by a slow falling edge.  The falling edge is slow enough so that it does not contain frequency content within the antennas’ passbands (3 dB)  from 400 MHz to 1.52 GHz.




Figure 1  Block diagram of ultra-wideband bistatic radar used to characterize forested communication channel.

CHARACTERISTIC
PERFORMANCE

NAME
TDSI 1.0 GHz UWB TRANSMITTER

RISE TIME
0.25 ns

FALL TIME
10 ns

PULSE WIDTH
12 ns

PULSE REPETITION RATE
2 MHz (UNIFORM PULSE TRAIN)

PEAK AMPLITUDE
15 V

Table 1  Specifications of Time Domain Systems 1.0 GHz UWB transmitter.

The antennas were also developed by Time Domain Systems. Table 2 lists the specifications of the UWB antenna.  A dipole antenna was selected to receive the complex response anticipated by a handheld communication unit except for  the impact of the user’s body.  The antennas were positions 1.5 m above the surface to represent standard operation height.  The probe antenna was placed below and to the side of the transmit antenna.  This positioning allowed the probe to receive a large signal from the transmitter yet did not obstruct the channel.  The probe’s position also provided a triggerable signal that did not vary significantly, even though the transmit antenna was close to various forms of foliage.  A 62 m long RG-58 cable connected the probe antenna to the receiver. 

CHARACTERISTIC
PERFORMANCE

MAKE
TIME DOMAIN SYSTEMS, INC.

MODEL
1.0 GHz UWB DIPOLE

FIELD PATTERN -
azimuth HPBW,
elevation HPBW
OMNIDIRECTIONAL/TOROIDAL -
not applicable,

600

CENTER FREQUENCY
1.0 GHz

POLARIZATION
VERTICAL

GAIN AT 1.0 GHz
2 dBi

BANDWIDTH
650 MHz TO 2 GHz

GAIN FLATNESS
3 dB

Table 2  Specifications of 1.0 GHz UWB dipole.

The receiver was composed of several pieces of equipment: a low noise amplifier, a digital sampling oscilloscope, and a computer for data storage.  The low noise amplifier was manufactured by Miteq.  Table 3 lists its specifications.  The digital sampling oscilloscope is a Hewlett-Packard HP54120B with an HP54121 sampling head test set. Table 4 summarizes the setting used during the measurements.  The computer is an IBM compatible with an HPIB communication port and HP VEE software to control the oscilloscope and store the data. 

CHARACTERISTIC
PERFORMANCE

MAKE
MITEQ

MODEL
AMF-2D-005060-18-13P

BANDWIDTH
0.5 GHz TO 6 GHz

GAIN
23 dB

GAIN FLATNESS
±1.5 dB

VSWR
2:1

NOISE FIGURE
1.8 dB

Table 3  Specifications of low noise amplifier.

CHARACTERISTIC
PERFORMANCE

MAKE
HEWLETT-PACKARD

MODEL
54120B & 54121

AVERAGES
32

EFFECTIVE SAMPLING RATE
48.8 ps

TIME WINDOW
350 ns

NUMBER OF SAMPLES
7168

BANDWIDTH
10 MHz TO 12 GHz

DELAY
375 ns

Table 4  Control setting of digital sampling oscilloscope during measurements.

The test apparatus is capable of measuring a quasi-step response of the channel.  The waveform captured at the forest line, Figure 2, illustrates the high resolution of the apparatus.  The figure shows two waveforms superimposed upon each other.  The dashed waveform is the raw data.  The solid waveform has been smoothed to improve the signal-to-noise ratio and gated to eliminate reflections from objects, in this case, trees.  The smoothing was performed using a five point boxcar filter, a uniformly weighted sliding average.  The gating was performed using a uniformly window that is uniform in the region of interest and bracketed by an exponential weighting.  The transition from the uniform to the exponential weighting has been be placed where the response is very small to minimize perturbations in the frequency domain.  This processed waveform closely represents the step response of the test apparatus.  The processed waveform was then transformed into the frequency domain, shown in  Figure 3, so that the bandwidth could be determined.
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Figure 2  Time domain waveforms, raw (dashed) and processed (solid), transmitting 10 m to the forest line.
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Figure 3  Transform of processed time domain waveform transmitting 10 m to the forest line.

Description

The preliminary measurements were made in the summer (August) when the foliage was in full leaf.  The test area is typical of a dense, young, upper Alabama forest, consisting of oaks, cedars, maples, and dense underbrush, such as wild roses,  passion vines, poison ivy, and saplings, in an area in excess of 16 km2.  During the fall, the diameters of the tree trunks at eye level were measured within a 3 m by 12 m region containing the test zone starting 3 m from the forest line.  The average diameter of the 29 trees within the region was 3.5 cm, with a standard deviation of 6.3 cm and a maximum of 24.6 cm.  The majority of the trees, 66% were deciduous.  During the summer, when the propagation measurements were recorded, the underbrush was so dense that a thin working path  leading straight into the forest had to be cleared using machetes.  From this working path, 3 m long fingers parallel to the forest line were made so that the transmitter could be place within the underbrush.  Attempts were made to minimize disturbing the foliage near the test areas as practical.  These paths allowed the cables to be routed and the transmitter and its antenna to be placed at 3 m increments along a straight line into the forest.

The test transmitter is small and portable.  The digitizing sampling oscilloscope which was used to collect the data is of appreciable size and requires a computer to collect data.  Therefore, a site was chosen so that the an AC power source was close to the receiver that would remain at a fixed position.  Specifically, the receiver was set up in a residential yard 3 m from the forest line as shown in Figure 4.  Recording a measurement with the transmitter directly at the tree line provided a fixed time reference discussed previously.  The transmitter was then moved 3 m increments deeper into the forest  for the subsequent measurements.
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Figure 4  Photograph of test apparatus at test site for preliminary measurements, where the receiver is 3 m from the forest line and the transmitter is 3 m into the forest
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