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ABSTRACT

A compact sounding system is described that uses

the radar return from a transmitted pulse of

ultrasound (22 kHz) for temperature determination

and for range measurement of targets. The targets

may be nonreflective for ultrasound or microwaves

or may show reflections, which can not be used in

conventional radars. Technical details are given and

experimental results are described

profiling and range determination,

INTRODUCTION

Redar-Acoustic Sounding Systems

used in meteorology for the remote

for temperature

are sometimes

measurement of

temperature profiles in the lower troposphere [11,

[2]. Typically such sounding systems are designed

to reach heights up to several thousands of meters

and therefore are operated with radar frequencies

between 40 MHz and 500 MHz, corresponding to

acoustic frequencies between 100 Hz and 1 kHz. The

reason for this is, that only low acoustic frequen-

cies can propagate in the atmosphere over a long

distance without too high attenuation. The long

range, that is reached, is accompanied by a coarse

range resolution, and, due to the low acoustic fre-

quencies, very large acoustic arrays are needed in

order to transmit the sound wave. Due to the huge

size of such an array of acoustical sources, the

systems are not mobile. Irr addition, they do not

work below a height of approximately 100 m.

This paper deals with a sounding-system which

operates at X-band and uses a pulse of ultrasound
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(22 kHz) as an acoustical signal, It is a very com-

pact measurement system, that can readily be

transported, and, therefore, can conveniently be in-

stalled in vehicles or, for instance, at a mast or

tower. It is an experimental sys%em, which is inves-

tigated for two applications:

measurement of the temperature stratification in

the nearby range,

- range-measurement up to several tens of meters

without needing a reflected signal of the target.

Beaides of an application in meteorology, such a

small and compact measurement system, although

only suitable for narrow ranges, could be useful in

industry and possibly in pollution control, It could

be used for remote monitoring of t.hermit emissions,

for instance to find leakages in pipelines.

PRINCIPLE OF OPERATION

Since the principle of radar-mcoustic sounding is

not very well known, it will be described shortly.

The basic system arrangement is sketched in Fig. 1.

A loudspeaker (array fo 3x:3 piezo-transducers,

30x30 cm size) is emitting a strong sound wave

(2O W acoustical power), whit h, after a distance,

forms a spherical sound wave. This sound wave,

which ia propagating, of course, with sound veloci-

ty, consists of compressed and expanded air, and

hence forms a moving modulation of the refractive

index of the atmosphere. In principle, this variation

of the dielectric constant can be “seen” by a dopp-

ler radar, which ia part of the measurement system.
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The doppler radar consists of a dielectrically stabi-

lized FET-oscillator (DRO) at about 10 GHz and a

power amplifier, which feeds approximately 0.5 W of

power to the transmitting horn antenna (20 dB

gain), The receiving antenna (same type of antenna)

is coupled to a low noise FET amplifier (NF = 1.8

dB, 40 dB gain), which is connected to a double

balanced mixer (DBM, Conv, loss 6 dB), The mixer

converts down the received signal, using the DRO

signal as the LO, The received signal is filtered,

evaluated and then displayed,

The doppler signal normally is very smaH, However,

it can be increased considerably by two steps:

- The acoustical array and the microwave antennaa

have to be arranged confocally; the transmitted

microwave power, reflected by the sound is then

focused to the receiver;

- the microwave-wavelength is tuned to be twice

the acoustical wavelength; then the microwave

reflections add coherently, i.e. the well known

Bragg-condition is fulfilled.

It turns out, that the frequency shift of the micro-

wave signal, detected by the doppler radar, is

approximately equal to the transmitted acoustical

frequency. Hence, in order to measure temperature,

the frequency–shift of the return signal is deter–

mined. The acoustical wavelength in air ia a mea-

sure for temperature *, because the velocity v of

sound depends on temperature via

r

8/” C + 273
v($) = 331.4 ‘/s

273

A range resolution is obtained by pulsing the

acoustical signal. The received signal then decays

with time, depending on the acoustical attenuation

in air and on the local match between the electrical

and acoustical wavelength. Hence temperature infor-

mation can be resolved over range. Between 10 and

200 acoustical cycles are used, corresponding to a

range resolution between 15 and 300 cm, The recei–

ved amplitude depends of course on the number of

acoustical cycles. The signal-to-noise ratio can be

improved by averaging over many pulses.

EXPERIMENTAL RESULTS

System omration

Fig. 2 shows the shape of the transmitted signal at

22 kHz: The upper trace shows the transmitted

signal, whereae the lower signal illustrates the ra-

dar return, After transmission of the acoustical

pulse, it takes 9 ms until the radar return appears.

This indicates, that for the chosen hardware con-

figuration, the beams of the transmit and receive

antennaa overlap at a height of approximately 3 m,

After that, the return signal decays due to beam

spreading and attenuation of the acoustical signal

as well as temperature changes.

Fig. 3 shows the rectified return signal, as it is

used in the system, where the antennas look verti-

call y into the air.

Fig, 4 shows an example of the same signal, which

is digitized with an oscilloscope. The amplitude is

normalized to its maximum, and data are converted

to their logarithmic value. Then the signal decays

linearely with time or distance, if the temperature

is constant acrose the range, As can be seen, this

is approximately true in Fig. 4. The maximum range

corresponds to about 26 m.

Temperature measurement

The temperature has been measured at a height of

8 m on 22nd of November 1988. Results are depicted

in Fig. 5, R4eaaurements were made between houses

with a height of approx. 8 m, which gave the possi-

bility to measure a reference temperature with a

thermometer.

Distance measurement

Besides of the temperature measurement capability,

and aa a novel application, the microwave-ultra-

sound sounding system can be used for range mea-

surements of targets, which may be non-reflective
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or which show a specular reflection under a certain

angle, where the reflected beam does not meet the

receiving antenna. Here the feature is used, that a

received signal is only present, ss long as a sound

wave is traveling towards the target and as long as

the focusing condition is fulfilled. That means, when

the sound wave hits the target, the Bragg-reflec-

tion of the microwave and hence the received dopp-

ler signal disappears. This information can be used

for range determination. An eventually existing re-

flected sound wave has wavefronte, which do not

fulfill the focusing condition, therefore the received

signal will be small. The reflected microwave signal,

even if doppler shifted by an existing movement,

will be outside the evaluated frequency range (i.e.

22 kHz) when received,

Fig. 6 shows the radar return, when the microwave-

-ultrasound signal is directed towards a wall under

an angle of 60”. No direct reflection would reach

the receiving antenna, i.e. the target could not be

measured using a conventional ultrasound or micro-

wave distance meter.

The sound wave reaches the wall after a traveling

time of 37 ms, corresponding to a distance of

12.38 m (Temperature 5.5” C, v=~”~d s 334.72 m/s).

The return signal then steeply decays as the sound

wave (length 10 ma) is ref Iected by the wall. A

more elaborate signal processing is needed, to

extract more information from the signal. The cur-

vature of the received signal (compared to a linear

decay) indicates, that the temperature obviously is

not constant across the range. However, this tem-

perature deviation could be derived from the signal

and corrections for the sound velocity could be

made.

Fig. 7 shows a similar range measurement, but with

a steeper incidence of the signal at the wall

(- 80”). The time scale of the measurement starts at

20 ms. The transmitted ultrasound pulse appears as

a spike due to crosstalk within the system. After a

flying time of 36 ms the target is reached. Tempe-

rature was 4,5” C wrresponding to v=~und z 334.1

m/a, i.e. the distance of the target was 12.03 m.
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CONCLUSIOl~

A compact sounding system using interaction of

microwaves at 10 GHz and ultrasound at 22 kHz has

been introduced. Beeides the poasibilit y of measu-

ring temperature, the measurement of range has

been presented as a novel application. Results are

still preliminary, but the interesting feature is de-

monst rated, that the system i~i still operational at

small distmncea where conventional distance meters

cannot be used.
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Fiq. 2: Shape of the transmitted signal (upper

trace) and radar return (lower trace)
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Fiq. 3: Rectified radar return
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Fig. 5: Comparison of the sounding system data and

directly measured temperatures (10 min. av.)
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