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Obtaining Close Target Detection Ranges and Strong Echoes 
from Uneven Surfaces with Ultrasonic Sensors 

By Donald P. Massa, President and Chief Technical Officer of Massa Products Corporation 

Overview 

Ultrasonic sensors are commonly used for a wide variety of non-contact distance measuring applications.  
They are often considered the preferred, most cost effective devices for applications such as liquid level 
measurement in tanks.  These sensors typically are designed to mount into an NPT threaded hole in the top of 
a tank.  These sensors typically cannot detect targets that are closer than at least 4 inches in from of the face of 
the transducer.  There are many applications with headroom constraints, such as a drainage tube, where it is 
desired to install a sensor with a thin compact housing that can mount onto the top inside surface of a pipe or 
container and measure the distance to the material inside when it is much closer than 4 inches to the face of 
the transducer.  While effective when measuring the distance to smooth surfaces, such as still liquids, 
ultrasonic sensors also often have problems detecting target echoes from uneven surfaces, such as turbulent 
liquids or solid materials.  These problems can be overcome by a proper understanding of acoustics in the 
design of the system. 

Operation of Typical Ultrasonic Sensors 

A more complete overview of the fundamentals of ultrasonic sensors is contained in the two part article 
entitled “Choosing an Ultrasonic Sensor for Proximity or Distance Measurement” written by the author of this 
article and published in the February and March 1999 editions of Sensors Magazine (a reprint can be obtained 
at www.massa.com/about/publicatons).  As explained in that article, ultrasonic sensors generate a several 
hundred volt short pulse, usually containing 10-20 cycles, that is applied to an electroacoustic transducer, 
which converts the electrical signal to a short tone burst of sound.  This ultrasonic pulse travels through the air 
from the surface of the transducer to the material being measured.  The sound pulse reflects from the surface 
of this target, and the echo returns to the transducer, where it is converted to an electrical signal and detected 
by the sensor’s electronic circuit.  The sensor measures the time from when the sound pulse was generated 
until the echo returns, and using the speed of sound, computes the distance to the target. 

Figure 1 contains an illustration of a typical ultrasonic sensor install on a 
tank to measure the level of liquid inside.  The sensor contains a single 
ultrasonic transducer that generates a sound pulse that travels over a very 
narrow beam angle, typically 10°, to the liquid surface.  The reflected 
echo returns to the transducer and is detected. 

When the transducer is excited by the large electric drive signal, it 
continues to “ring” like a bell after the high voltage pulse is disconnected.  
It takes a long time for this voltage across the transducer to reduce to a 
level that is below the voltage that is created by the reflected echo from 
the liquid surface.  This time determines the minimum distance that a 
target can be detected in from of the transducer, which is typically more 
than 4 inches. 

The sound pulse from the sensor produces a well-defined echo from a 
smooth liquid surface.  A turbulent surface, or the uneven surface 
produced by solid material in the tank, however, can cause the reflected 
echo to scatter, and it will not be properly detected by a sensor with a 
narrow beam angle.  A broader beam angle will create echoes that are 
detectable.  Also, solid material in the tank, such as grain, can form a 
sloped surface, instead of the flat level surface created by a liquid.  This 
can cause the sound beam to reflect away from the sensor, so that the echo 
cannot be detected. 
 

Figure 1 
Illustration Showing an 

Ultrasonic Sensor Mounted on 
a Tank Transmitting a Conical 
Ultrasonic Beam That Reflects 

From the Liquid Surface 
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Figure 2 illustrates two tanks containing a solid material such as grain with a slightly sloped surface cause by 
the grain entering the tank from the top.  Figure 2a shows how the echo from a narrow beam sensor reflects 
from the sloped surface of the material in the tank away from the transducer, so it cannot be detected.  Figure 
2b shows that the echo from a broader beam sensor returns to the transducer after reflecting from the same 
sloped surface of the material in the tank, and it is detected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 
Illustration Showing a Narrow Beam Sensor and a Broader Beam Sensor Mounted on Tanks 

with Their Conical Beams Reflecting from the Sloped Surface of Solid Material Such as Grain 

Designing Ultrasonic Sensors with Close Target Detection Ranges and Detectable Echoes 
from Uneven Surfaces 

If an ultrasonic sensor is to be mounted into a container or pipe that requires a very short detection range, or if 
it must detect echoes from uneven surfaces, it must be specially designed for these purposes.  An example of 
such a sensor is the MassaSonic™ FlatPack™ Series of Sensors that have recently been released by Massa 
Products Corporation. 

Figure 3 contains a photograph of a FlatPack™ Sensor.  As can be seen, the electronics package has been 
designed to have a very shallow profile so that it can be mounted on the top of a pipe or tank with the faces of 
the transducers less than an inch below its mounting surface.  As is also shown, the sensor contains two 
transducers.  One is used to transmit and ultrasonic pulse, and the other is used to detect the return echo.  
Because the receiving transducer is not connected to the large electrical drive signal, a large voltage is not 
generated across it when the acoustic pulse is produced.  It can therefore detect the small voltage produced by 
the return echo while the transmitting transducer is still “ringing” with a large voltage across it.  This 
therefore allows the sensor to detect an echo returning from a target less than 1 inch away. 

 

 

(a) 
Narrow Beam Reflects Away from 

Sensor and Echo is Undetected 

(b) 
Broader Beam Reflects Back to 

Sensor and Echo is Detected
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The transducers in the FlatPack™ are also designed to produce broader patterns with beam angles that are 
twice as large as those of other typical ultrasonic sensors.  This allows it to detect echoes from uneven 
surfaces, such as turbulent liquids and solid materials, that would not be detected by other sensors. 

Conclusions 

Close target detection ranges and strong echoes from uneven surfaces can be obtained from ultrasonic sensors 
if they are properly designed.  The sensors must contain two transducers, one for transmitting an ultrasonic 
pulse, and the other for detecting the echo reflected from the surface being measured.  The housing of the 
sensor must also have a low profile.  In addition, the ultrasonic transducers must be designed to produce 
broader beam angles in order ensure that echoes from uneven surfaces will reflect back to the sensor and be 
detected.  Sensors of this design are ideal for use in applications such as pipes, conduits, hoppers, conveyors, 
or tanks, and will detect echoes from turbulent liquids, powders, pastes or solids at ranges closer than 1 inch. 

 

 

Massa Products is the pioneer in the design and manufacture 
of ultrasonic transducers and systems for industrial applications 

and sonar for the U.S. Navy, and has been for over 70 years. 

Figure 3 
Photograph of a MassaSonic™ FlatPack™ 

Ultrasonic Sensor Showing Its Shallow Profile 
Package and Dual Transducers, Making it Ideal 
for Very Close Range Detection of Levels Near 

the Top of Pipes and Containers 
 


