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IMPROVEMENTS RELATING TO ULTRASONIC DISTANCE MEASURING

DEVICES

FIELD OF THE INVENTION

This invention relates to ultrasonic distance measuring devices, and in particular, but not

exclusively, to ultrasonic distance measuring devices for use in measuring fluid levels in a

tank'.

BACKGROUND

Ultrasonic distance measuring devices are used in a number of applications, including tank

level sensing. One drawback of ultrasonic distance measuring devices is that they are

typically not useful at measuring short distances, that is, distances of less than about 0.08

metres. This is because the transmitted acoustic pulse is normally almost as long as or

longer than distance to be measured and additionally the mechanical movement of the pulse

generator takes time to die away or "ringdown". At very short distances the signal can return

before the transmit signal pulse has died away, and in most measuring systems the return

signal is gated out for a time longer than the transmit pulse plus the ringdown period to avoid

overloading the signal detection circuitry during this time.

It is possible to use separate ultrasonic transmitting and receiving devices to improve the

ability to detect close targets but this still does not provide a full resolution of the problem

and requires extra expense for separate devices.

This means that when measuring tank levels using ultrasonic distance measuring devices

located at the top of the tank,, it can be difficult to measure fluid levels when the tank is near

to full.

In some tank level sensing situations this problem can be alleviated by raising the ultrasonic

sensor a short distance above the full level, for example by mounting the sensor inside a

raised housing which extends above the upper surface of the tank. However, in many

circumstances, for example in boat fuel tanks, this may not be possible as the upper surface

of the tank may be very close to the deck level of the boat.



OBJECT

It is therefore an object of the present invention to provide an ultrasonic distance measuring

device which will at least go some way towards overcoming the above mentioned problems,

or which will at least provide the public with a useful choice.

STATEMENTS OFTHEINVENTION

Accordingly, in a first aspect, the invention may broadly be said to consist in an ultrasonic

distance measuring device having a transmitter which transmits a burst of ultrasonic waves

and a degrading wave train from mechanical decay of the burst , a receiver receiving waves

resulting from that burst and the decay period of the degrading wave train, a detector for the

received waves detecting events occurring in the period between the end of the transmitted

burst .and all received returns of that burst and providing a received signal output, a received

signal output processor interpreting events in addition to the first detected return of the

transmit signal in the received signal output as an indication of the detection of a target.

Preferably the output processor detects an increase in the length of the detected decay period

of the transmit waveform.

Preferably the output processor detects the average signal level occurring within the decay

period and from this provides a target range indication when at least the first return signal

falls within the decay period.

Preferably the distance measuring device detects a liquid surface.

Preferably the transmitter and receiver are normally located in air.

Preferably the output signal processor also detects an increased received signal level

indicative of a signal transmission medium other than the normal medium in contact with the

ultrasonic receiver.

Preferably the ultrasonic transmitter and receiver are combined as an ultrasonic transducer.

In a further aspect the invention relates to a method of providing distance measurements

from an ultrasonic distance measuring device having an ultrasonic pulse transmitter and

receiver and a receiyed signal processor, the transmitter transmitting a pulse of ultrasonic



waves followed by a decay period of a degrading wave train, the receiver receiving

ultrasonic waves resulting from the pulse, the received signal processor interpreting the

received signal characterised in that where the first returned signal pulse is not separately

detectable signal events other than the first returned signal pulse are interpreted to determine

the distance of a target.

Preferably the target distance is determined by interpreting the average energy level during

the decay period of the received transmit' pulse.

Preferably the target distance is determined by counting the number of detectable return

pulses within a specified portion of a pulse return period and equating the number of pulses

to a target distance.

Preferably the target distance is determined by detecting changes in the amplitude or width

of the decay period of the received transmit pulse.

The invention may also broadly be said to consist in the parts, elements and features referred

to or indicated in the specification of the application, individually or collectively, and any or

all combinations of any two or more of the parts, elements or features, and where specific

integers are mentioned herein which have known equivalents, such equivalents are

incorporated herein as if they were individually set forth.

DESCRIPTION

Further aspects of the present invention will become apparent from the following description

which is given by way of example only and with reference to the accompanying drawings in

which:

FIG. 1 is a diagram of a fuel tank demonstrating the use of the invention;

FIG. 2 is a graph of the received signal from an ultrasonic sensor in a fuel tank where

the fuel level is more than 0.1 metres away;

FIG. 3 is a graph in the same fuel tank where the fuel level is approximately 0.08

metres from the sensor;



FIG. 4 is a graph in the same fuel tank where the fuel level is approximately 0.05

metres from the sensor;

FIG. 5 is a graph in the same fuel tank where the fuel level is approximately 0.02

metres from the sensor;

FIG. 6 is a flow diagram of a method of detecting range when a liquid surface is near

the top of a tank.

With reference to FIG. 1, a fuel tank 101 has an outlet pipe 102 and, fitted into the top of the

tank, an ultrasonic transducer 103 with a piezo-electric plate 104. The ultrasonic unit is

secured at 105 and has leads 106 connecting it to the pulse creation and echo detection

circuitry. A fuel level within the tank is not shown, but clearly can occur anywhere from the

bottom of the tank to the top, and in the latter position will be above the face of the

transducer. The use of a transducer, rather than a separate transmitter and receiver, is

described but the invention is equally applicable to separated devices, albeit the ringdown

period is much reduced with separated units since the receiver is excited to the same extent '

by the transmit pulse.

With reference to FIG. 2, the graph shows the amplitude of the signal received at the

processing circuitry as rectified and filtered, the signal being a waveform with a frequency of

40KHz or more. The graph shows at 201 the signal corresponding to the initial transmit

pulse which is typically of four cycles near 100 volts RMS, and the decay of that pulse as the

transducer piezo-electric structure ceases ringing to form the decay period, where the

detectable echoes are at a level near ImV.

Pulse 202 is the primary return from the surface of the fuel within the tank, and occurs at a

time from the commencement of the transmit pulse which corresponds to the distance of the

fuel surface from the transducer surface. The width of pulse 202 should correspond

approximately to the width of the transmit pulse. Further return pulses 203, 204 are the

result of reflections from the fuel surface, back to the tank top and then down again to be

reflected from the fuel surface to the transducer. As such these returns have a steadily

decreasing amplitude and will normally also suffer some broadening of the pulse due to

dispersion effects. ' It should be noted that the times between the pulses are constant for a



single transmit pulse since it always corresponds to. the distance between transducer and fuel

surface. Not shown are various other pulses due to echoes from the tank sides, the tank

bottom and various other combinations of echoes from all the available faces. Typically

these are of lower amplitude than those from the fuel surface but they can provide artefacts

within the wanted signal.

FIG. 3 shows the situation when the fuel surface is sufficiently close to the transducer that

the primary return pulse falls almost within the transmit pulse, typically about 0.08 meters.

Thus pulse 301 consists of the transmit pulse plus the primary return acting to extend the

trailing edge of the decay period. Additional reflections from the fuel surface 302, 303 and

304, etc. have larger amplitudes than in FIG. 2, since the lesser distance from the transducer

to the fuel level provides less opportunity for losses.

Such a return signal may be analysed in several different ways. Firstly the number of return

peaks occurring after the decay period and before a time corresponding to a distance of about

400mm can be counted. The number of detectable pulses 301, 302, 303 etc. corresponds to

the surface distance, with 1 peak within this distance indicating a maximum range of

400mm, 2 peaks 200mm, 3 peaks 133mm, 4 peaks 80mm, 5 peaks 66mm, etc. Realistically

it is possible to count up to 6 peaks within this time, and from this to determine the

maximum distance to the surface being detected when the distance is greater than 60mm and

less than 400mm.

A second alternative is to consider merely the first two pulses detected within a time

corresponding to a distance of about 400mm. Having established the time from the transmit

pulse of the first return peak a time of half this is taken and a second pulse peak looked for at

this time from the first detected peak. If the second return- pulse peak is found at this time it

can be assumed that the real first peak was not detected, being buried within the decay

period, and that the two pulses concerned are the second and third pulses. The period

between them is therefore equivalent to the surface height. This technique is useful up to

when the surface is within 100mm of the transducer.

A third alternative lies in the detection of the first appreciable minimum within the decay

period of the transmit pulse. Such a minimum corresponds approximately to the midpoint of

the upward slope of a pulse return embedded within the decay period, as shown at 301. A



measurement of the time of the minimum provides a useful indication of distances below

80mm.

FIG. 4 shows the results with an even higher fuel level, typically about 0.05 metres. Note

. that the primary return pulse and several of the secondary pulses are now fully integrated

into the area of the transmit pulse and decay period but that a minimum is. still detectable at

401 as well as other minima at 402. The multiple reflections are now so close together that

' they are merging as a slope part way down the decay pulse trailing edge, however the first

minimum is still indicative of the distance of the liquid surface. Pulses 403 still lie clear of

the decay period, but may be sufficiently variable that they do not. provide a stable

measurement in a moving vessel. The average energy present within the ringdown period

may be measured to the quantitative presence of these merged return pulses.

FIG. 5 shows the pulse 501 which results at an even higher fuel level, typically 0.02 meters.

In this state the reflections are sufficiently close together that they coalesce into a secondary

pulse trailing from the transmit pulse of relatively higher level and somewhat shorter length

than that of FIG. 4. The average level of the decay period is much increased and the

detection of this level can in itself act as a measurement of distances below about 30mm.

Should the fuel level reach the transducer face the return signal level increases dramatically

since there is no longer an air/fuel interface to introduce losses. Instead, the signal level

within the fuel itself dramatically increases. The end result is a large and noisy increase in

returned signal which extends for some time. The increase in the average amplitude of the

ringdown period is of a much increased level over and above anything obtainable with no

liquid contact with the transducer.

It is possible to take advantage of all the signal changes, rather than regarding them as

nuisance signals to be ignored, to provide a more accurate indication of fuel level when it

approaches the transducer. To this end, rather than monitoring the time between the transmit

pulse and the primary returned pulse it is proposed to measure the time between any two

pulses which are identifiably from the fuel level surface. Secondly it is proposed to monitor

the number of return pulses occurring within a certain time of the transmit pulse. Further,

where these return pulses coalesce it is proposed to monitor the averaged height of the

detected pulse, that is, during the decay period as extended by the coalesced pulses. While



this cannot provide a qualitative measurement of fuel level it can provide a quantitative

measure. Additionally by monitoring those times when the transmit pulse surges it is

proposed to detect those times when the fuel touches the transducer face and to use this as an

additional signal of fuel level height.

A flow chart detailing the process of deciding what the liquid level is appears as FIG. 6 and

applies to an ultrasonic level measuring circuit in which a transmit pulse is applied to a

transducer also serving as the ultrasonic receiver, and the received waveform envelope is

demodulated. FIG. 6 shows at 601 the issuing of a transmit,pulse and at 602 the mapping of

the received response to that transmit pulse. The received response includes the actual

transmit pulse and typically the ultrasonic receiver circuitry is gain controlled so that gain

increases with time after the transmit pulse to provide relatively constant height primary

received pulses. Secondary pulses, resulting from the double bounce of an ultrasonic pulse,

will still be much reduced in comparison with primary pulses from a single bounce.

At 603 the return signal is analysed for a surface hit, that is, for a drastic increase in the

average voltage of the waveform during the decay period due to the fuel surface touching the

transducer. Typically, as a DC voltage, the average voltage in the decay period may be

expressed as 4.1 volts with maximum possible echo returns. When the liquid touches the

transducer this increases to typically 4.8 volts. Thus any excursion above an intermediate

voltage, such as 4.5 volts, indicates that the fluid has touched the transducer. Note that

where the transducer is in the fuel tank of a vessel under way and the tank is near full there

will be occasional episodes of contact, and therefore a reliable system must check for

consistent contact over a period of time. If this is found a "full" state is reported at 604.

If no surface hit situation is detected a check is made at 605 for a perceptible trough in the

decay period. While very minor troughs may occur under normal conditions a perceptible

trough will normally be found when the first returned pulse is within the decay period. Other

troughs may be found which are due to bounce pulses also falling within the decay period,

but use of the first such trough is preferred. The trough roughly corresponds to the mid point

on the leading edge of a returned pulse since the steep trailing edge of the ringdown decay

from the transmit pulse compensates for the initial portion of the rising return waveform.

From the location of the trough it is therefore relatively easy to calculate what the time



period between the transmit pulse and the trough is, and therefore the location of the

air/liquid interface. Where such a trough is found the calculated height of the liquid level is

returned at 606.

Where no. surface hit situation is found, and a defined trough is not present in the decay

period, the number of return peaks present in the detected signal between the end of the

decay period and a time equivalent to a distance of approximately 400mm from the

transducer is detected at 607. Where the number is two or above the time of the first pulse

clear of the decay period is taken and the time of the second pulse compared with that of the

first plus half the period from transmit to the first pulse at 608. If the second pulse matches

this time it can be assumed that the actual first pulse was not seen (probably buried in the

decay period) and that the height of the interface is the same as the period between the first

detected pulse and the second detected pulse and this is reported at 609.

If the second pulse does not match the requirements the number of peaks counted at 610 is

compared with a lookup table at 611 and a distance equivalent to that number of peaks is

reported at 611.

Where none of these criteria is met it is assumed that the distance is greater than 400mm and

it is safe to rely on the normal first returned pulse at 612.

In this way the level of a liquid within a tank can be measured accurately over a range from

zero to several meters, with much increased accuracy in the region from zero to 0.1 meters

compared to prior art level measurement equipment.

VARIATIONS

The invention is described as used in the fuel tank of a vessel, and this also poses problems

related to movement of the tank contents in a seaway which may require either averaging the

readings over a fairly long period, or ignoring "top of tank" events as being due to vessel

movement. It may be desirable to cross-correlate the rate of change of readings with the

averaging period in order to reduce the averaging period to a reasonable value while the

vessel is alongside a pier with the fuel tanks being filled.



While the invention is described in its application to a vessel fuel tank the techniques are

applicable to the measurement of level in any gaseous/liquid or liquid/liquid interface.

Aspects of the present invention have been described by way of example only and it should

be. appreciated that modifications and additions may be made thereto without departing from

the scope thereof.

DEFINITIONS

Throughout this specification the word "comprise" and variations of that word, such as

"comprises" and "comprising", are not intended to exclude other additives, components,

integers or steps.

A "pulse" is a burst of ultrasonic waves or the return from that burst.

The signal transmitted by an ultrasonic transmitter is the "transmit pulse".

A "ringdόwn period" is the time during which a piezo-electric transducer acting as

transmitter stops mechanically "ringing" from the high power transmit pulse.

A "decay period" is the time period between cessation of a transmit pulse and the time when

the detected decay of the transmit pulse plus other entrainments in the received signal return

to substantially zero. At distances where the first return is greater than several times the

period of the transmit pulse the ringdown period and the decay period are substantially

identical.

ADVANTAGES

Thus it can be seen that at least the preferred form of the invention provides an ultrasonic

distance .measuring device which is capable of providing distance measurements at very

short distances when it is not possible to detect the time taken for the primary return signal to

return.



CLAIMS

1. An ultrasonic distance measuring device having a transmitter which transmits a burst

of ultrasonic waves and a degrading wave train from mechanical decay of the burst, a

receiver receiving waves resulting from that burst and the decay period of the

degrading wave train, a detector for the received waves detecting events occurring in

the period between the end of the transmitted burst and all received returns of that

burst and providing a received signal output, a received signal output processor

interpreting events in addition to the first detected return of the transmit signal in the

received signal output as an indication of the detection of a target. .

2. An ultrasonic distance measuring device as claimed in claim 1, wherein the output

. processor detects an increase in the length of the detected decay period of the

transmit waveform.

3. An ultrasonic distance measuring device as claimed in claim 2, wherein the output

processor detects the average signal level occurring within the decay period and from

this provides a target range indication when at least the first return signal falls within

the decay period.

4. An ultrasonic distance measuring device as claimed in claim 1, wherein the device

detects a liquid surface.

5. An ultrasonic distance measuring device as claimed in claim 1, wherein the

transmitter and receiver are normally located in air.

6. An ultrasonic distance measuring device as claimed in claim 1, wherein the output

signal processor also detects an increased received signal level indicative of a signal

transmission medium other than the normal medium in contact with the ultrasonic

receiver.

7. An ultrasonic distance measuring device as claimed in claim 1, wherein the ultrasonic

transmitter and receiver are combined as an ultrasonic transducer.



8. A method of providing distance measurements from an ultrasonic distance measuring

device having an ultrasonic pulse transmitter and receiver and a received signal

processor, the transmitter transmitting a pulse of ultrasonic waves followed by a

decay period of a degrading wave train, the receiver receiving ultrasonic waves

resulting from the pulse, the received signal processor interpreting the received signal

characterised in that where the first returned signal pulse is not separately detectable

signal events other than the first returned signal pulse are interpreted to determine the

distance of a target.

9. A method as claimed in claim 8 wherein the target distance is determined by

interpreting the average energy level during the decay period of the received transmit

pulse.

10. A method as claimed in claim 8 wherein the target distance is determined by counting

the number of detectable return pulses within a specified portion of a pulse return

period and equating the number of pulses to a target distance.

11. A method as claimed in claim 8 wherein the target distance is determined by

detecting changes in the amplitude or width of the decay period of the received

transmit pulse.
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