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Abstract  Ultrasonic range finding instruments are 
utilized, e.g., for measuring liquid levels and distance to 
parking obstacles. However, instruments designed using the 
conventional electronic architectures to drive the ultrasonic 
transmitters cannot provide an operating range beyond a few 
meters for a flat solid wall with normal incidence when 
powered by a low voltage battery. This both limits the 
applicability of the existing instruments and makes it 
difficult to demonstrate their feasibility for new applications. 
The architecture described here combines a DC/DC boost 
converter with semiconductor switches, enabling a scalable 
increase in the operating range for both pulse-echo and 
pitch-catch modes of operation. It was fully prototyped and 
successfully tested for novel applications involving 
ultrasonic range finders, specifically intrusion detection and 
surface profile imaging. The limitations of the profile 
sensing device are rather restrictive as it only operates at the 
incidence angles below 18°, but this device can be developed 
further. The developed security system was found to be quite 
practical in its present state.  

Keywords  Ultrasonic Instrumentation, Airborne 
Ultrasound, Range Finding, Ultrasonic Driver, Profile 
Measurements, Intrusion Detection 

 

1. Introduction: Conventional 
Applications of Air Ultrasonic Range 
Finders and Their Architectures 

Ultrasonic range-finding instruments have been used in 
industrial applications as liquid level meters [1], proximity 
sensors [2], and construction and surveying aids. Motorists 
use them as parking sensors [3], and robotics enthusiasts 
utilize them for robot navigation [4]. These devices employ 
either one or two transducers for operation in the pulse-echo 
or pitch-catch mode, respectively. The transmitting 

transducer is connected to the driver and radiates ultrasonic 
waves that, after bouncing back from the target, are sensed 
by the receiving transducer and then amplified to a level 
sufficient for detection of the echo. Pulse-echo range finders 
may additionally include a duplexer that connects the single 
transducer to the driver or to the amplifier during the transmit 
and receive stages, respectively. The measured time 
difference between the excitation and reception of the echo 
(time of flight, TOF) determines the distance to the target. 
The pressure produced by the ultrasonic transmitter hence 
the operating range of the instrument is proportional to the 
root mean square (RMS) voltage applied to it. 

In addition to a.m. transducers and electronics, ultrasonic 
range-finding modules also include a microcontroller that 
switches between the operating stages as appropriate, defines 
the excitation waveform, and reports the measured TOF 
using some defined interface. As the excitation current for an 
ultrasonic transducer is rather low, a microcontroller’s pin 
can drive the ultrasonic transmitter directly (Fig. 1a). During 
half of the excitation time, the pin stays low; thus, the RMS 
voltage applied to the transducer equals Vdd/2. If two 
microcontroller’s pins connected to the transmitter alternate 
at the same time (Fig. 1b), the RMS excitation voltage 
doubles to Vdd, which is typically no more than 3.3-5 V. 

 

Figure 1.  Conventional architectures to drive an ultrasonic 
transmitter(GPO-General purpose output pin of the microcontroller) 

Some of the commercially available low cost ultrasonic 
modules include TTL to RS-232 converter integrated circuits 
that feature a charge pump to double the supply voltage and 
two inverters that can be alternated at the same time. This 
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architecture increases the RMS excitation voltage to 2Vdd, 
but the increase cannot be scaled further. 

Further increases of the RMS excitation voltage can be 
achieved using either an inductor (Fig. 1c) or a transformer 
that form a resonant circuit together with the piezoelectric 
transducer at the resonant frequency of the latter. Higher 
quality factors result in a higher RMS excitation voltage, but 
also increase the rise and ringing times. A longer rise time 
leads to overestimation of the TOF, reducing the 
measurement accuracy, whilst longer ringing increases the 
minimal measurable distance to the target. This is why this 
architecture does not seem to be very popular in instruments 
that require a decent amount of accuracy. 

Above, we have considered architectures for the ultrasonic 
transmitter driver only. Complete instruments also require 
amplifier, and optionally, duplexer circuitry. Some of these 
instruments are available commercially as modules or 
complete development boards (e.g., [5]). 

The existing architectures considered above cannot 
achieve long operating ranges when associated devices are 
powered from an inexpensive sub–10 V battery. The 
resulting low sensitivity not only limits the applicability of 
the existing instruments, but also makes new applications of 
ultrasonic range finders (e.g., in location systems [6-8] and in 
some other miscellaneous devices [9-12]) either of a limited 
use or even unfeasible at all. For example, descriptions of 
many instruments and modules refer to their operating range 
of a few meters without mentioning that this is only 
achievable for a flat solid wall at normal incidence. Smaller 
curvy objects, e.g., people, can only be detected in a much 
shorter range. Additionally, conventional architectures can 
be complicated to implement in the pulse-echo mode of 
operation. 

In this paper, we present a novel electronic architecture 
that enables the range of ultrasonic range finders to be 
extended several times using inexpensive components. The 
architecture combines a DC/DC boost converter with 
semiconductor switches and is fully compatible with both the 
pulse-echo and pitch-catch modes. It was successfully 
prototyped and enabled two novel applications of ultrasonic 
range finders: intrusion detection and surface profile 
imaging. 

2. Application of DC/DC Converter and 
Semiconductor Switches to Extend the 
Operating Range of Air Ultrasonic 
Devices 

The proposed architecture combines a DC/DC boost 
converter with an H bridge, increasing the RMS voltage 
applied to the transducer several times compared to the 
power supply voltage. 

H bridges are commonly used in power electronics to 
drive DC motors [13]. They usually include a special 
integrated circuit that prevents a shut through (having both 

switches in the same shoulder on) and four power field effect 
transistors acting as switches, which handle high transient 
and operating currents. Most common piezoelectric 
ultrasonic transducers act as capacitors of typically a few nF, 
which do not require high currents to operate. Some 
semiconductor switches can be controlled from a 
microcontroller and withstand tens of volts; these can be 
used in an H bridge to drive an ultrasonic transducer. Here, 
we used DG419 single-pole, double-throw semiconductor 
switches with an operating voltage up to 44 V. 

The block diagram of the considered architecture is 
presented in Fig. 2. 

 

Figure 2.  Use of a DC/Dc converter and semiconductor switches to 
increase the RMS voltage applied to the transducer 

Switches S1 and S3 alternate during the transmission, 
connecting the electrodes of the transducer to opposite rails 
of the DC/DC converter. Switch S2 connects the transducer 
to the receive circuit, enabling the pulse-echo mode of 
operation. We found it useful to discharge the transducer 
before entering the receive mode in order to contain its 
ringing. The state of all the switches during different phases 
of operation is presented in Table 1. 

Table 1.  Positions of the semiconductor switches in fig.1 at the different 
phases of the operation 

Phase of operation S1 S2 S3 DC/DC 
enable 

Transmit 
Pin A high Up Up Down 

Enable 
Pin A low Down Up Up 

Discharge Down Up Down 

Disable 
Receive Down Down 

Does 
not 

matter 

Resistor R1 limits the recharge current through the 
switches when they alternate: 

max

/2
1

I
V

R DCDC= ,              (1) 

where VDC/DC is the output voltage of the converter, Imax is the 
current rating for the switches. 

DC/DC boost converters [14] can increase the battery 
voltage to tens of volts in one stage. We found it essential to 
employ an integrated converter with an inhibit (enable) pin 
because of the pulse noise generated by the converter. This 
noise was picked up by the receive circuit despite various 
decoupling means applied. In particular, LT3467A was used 
for this development. It was observed that a 220 μF capacitor 
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that was placed at the output of the DC/DC converter was 
charged to its full output in 18 ms. The accumulated charge 
was enough to produce over 3000 pulses before the voltage 
decreased to the power supply level. Therefore, the 
intermittent operation of the DC/DC converter did not delay 
the operation of the range finder. The number of pulses 
applied to the transducer was varied in order to achieve the 
best compromise between the amplitude of the echo and the 
duration of the dead zone when the echo cannot be received 
due to the ringing of the transducer. Five subsequent 
alterations for a single excitation were selected based on the 
experimental data. 

The architecture was implemented as a part of a 
standalone ultrasonic module (SUM), which also included a 
controllable gain amplifier (30-60 dB, 53 dB gain was used 
throughout the experiments reported below), a 40 kHz band 
pass filter, a wireless communication module, and a 
microcontroller circuit (Fig. 3). 

 

Figure 3.  The assembled SUM ( 1 – DC/DC converter; 2 – 
semiconductor switches; 3 – controllable gain amplifier; 4 – band pass 
filter; 5 – wireless communication module; 6 – microcontroller circuit)  

The output signal of the band pass filter was digitized by 
the internal analog-to-digital converter of the 
microcontroller and compared to the threshold level (Fig. 4). 

This level was set to five times the noise’s standard 
deviation below and above the base line. The range to the 
target was calculated from the time of flight: 

2
),( τ×

=
htcr ,                (2) 

where c(t,h) is the ultrasound velocity, t is temperature, and h 
is humidity. This velocity was determined in the experiments 
reported below for measured t and h using reference tables 
[15]. If the amplitude of the echo decreased due to the limited 
area of the target exposed to the transducer’s beam or the 

beam’s non-normal angle of incidence, then the measured 
time of flight would move rightward on Fig. 4, leading to 
overestimates of the distance to the target. 

 

Figure 4.  A typical waveform at the output of the band pass filter  

3. Estimation of Surface Profiles Using 
an Ultrasonic Array 

The developed SUM was used together with a controllable 
ultrasonic array for measurement of profiles of bulk 
materials [16]. The array was controlled from the SUM, and 
this setup was capable of sensing profiles of rectangular 
boxes suitable for 3D reconstruction with reasonable 
accuracy. The measurement uncertainty was not established 
because the errors depended on many factors that were 
difficult to quantify (e.g., rigidness and flatness of the test 
boxes, sensitivity of individual transducers in the pulse echo 
mode, etc). Here we discuss additional experimental results 
that enable assessment of uncertainty via the observed 
scatter. 

Fig. 5 presents the superimposed results of measurements 
of 18 different profiles of two boxes of different heights. The 
scatter of the measured distances for both boxes seemed 
compatible at about ±2 cm. This scatter translates into the 
uncertainty of the TOF of about one period of the 
transducer’s center frequency of 40 kHz. Therefore, greater 
height of the object led to higher relative accuracy. 
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Figure 5.  Profile measurement of two boxes with different heights taken at 
18 different profiles combined  

The presented experimental data exhibited higher scatter 
at the edges of the boxes. This was attributed to variability in 
the area of the boxes’ top surfaces exposed to the beam of 
ultrasonic transducers located close to the edges. The 
amplitude of the echo, and thus the moment when the latter 
crossed the threshold, would depend on the a.m. area, 
leading to overestimates of the TOF when the area became 
smaller. This assertion was verified by measuring profiles of 
a wooden sheet that was tilted towards the horizon at 
different angles (Fig. 6). The results confirmed that after 
about 15° tilt, the recorded profiles started to present a 
horizontal line, most likely because of the reduced echo 
amplitude. 

The performance of the ultrasonic profile measurement 
instrument was further tested using a heap of sand whose 
photograph is shown in Fig. 7a. The assumed trapezoidal 
profile (Fig. 7b) featured a calculated angle of 29° that was 
compatible with the range reported in [17] for sand and 
exceeded the maximum operating angle for the instrument 
estimated above. The results for 30 profiles confirmed both 
the scatter range of ±2 cm and difficulty in measuring slopes 
angled at more than 15° (Fig. 7c). 

 

Figure 6.  Profile measurements of a flat wooden sheet taken tilted to the 
horizon at different angles ( a - 12°; b – 15°; c – 18° ) 

 

C  

Figure 7.  A photograph of the heap of sand (a), its assumed profile (b) and 
measurement results taken at 30 different cross sections combined (c)  

Finally, a ball presenting incidence angles from 0° to 90° 
to the horizon from above was profiled using the instrument. 
We expected that the width of the profile visible to the 
instrument would be about 10 cm (≈d×sin(15°)); this was 
quite consistent with the experimental results (Fig. 8). 
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The established upper limit of about 15° tilt seems rather 
restrictive for most applications. We envisage that it could be 
extended by using several transducers in the receive mode, 
which might pick up the beam reflected by the profile away 
from the transmitter. Verification of this assertion would 
require redesign of both the SUM and array, and has not yet 
been attempted. Another possibility would be to apply 
synchronous averaging [18] in order to reduce the standard 
deviation of the noise to enable lower threshold levels. 

 

Figure 8.  Profile of a ball and associated measurement results  

4. Intrusion detection using the SUM 
Ultrasonic devices have been used in some security 

systems for motion sensing in a confined space based on the 
Doppler effect, and as proximity sensors. Both of these uses 
have been superseded by passive infrared (PIR) sensors and 
line-of-sight optoelectronic transmitter-receiver pairs, 
respectively. We assume that ultrasonic range finders can be 
useful for security applications because they can be used to 
detect intrusion from one side only, unlike line-of-sight 
optopairs, and easily ignore intrusions occurring beyond the 
set distance, unlike PIR sensors. These properties seem 
valuable for public display events or venues, as they allow an 
unobtrusive view of the exhibits but can detect a visitor 
coming too close. The developed SUM was considered 
suitable for this application because it could be battery 
powered and report intrusion wirelessly, operating as a part 
of a network of easily installable devices. 

The instrumentation used for outdoor intrusion detection 
experiments is shown in Fig. 9. The ultrasonic transducer 
was securely attached to a tripod and connected to the SUM. 
The SUM was powered from a laptop that also recorded the 
results received using a matching wireless adaptor. A 
temperature and humidity sensor measured environmental 
conditions that affected the ultrasound velocity. A volunteer 
was placed at every node of the two-dimensional grid with a 
step of 0.5 m (Fig. 10). 

For this application, the accuracy of range finding is of 
secondary importance compared to the hit (an intruder is 
present and detected) and false alarm (an intruder is absent 
but her/his presence is reported) probabilities. With the 
detection threshold set as discussed above, we did not 

observe any false alarms for a considerable time. The 
probability of a hit was estimated by performing 500 range 
findings and counting the number of times when the echo 
crossed the threshold boundaries N as follows:  

500
Nphit =                . (3) 

The probability of a hit remained quite consistent over 
various environmental conditions, namely temperature in the 
range of 10–15°C and relative humidity in the range of 
46–71%.  

 

Figure 9.  Instrumentation for measuring the intrusion detection 
probability  

 

Figure 10.  Outdoor arrangement for measurement of the intrusion 
detection probability. The volunteer was placed at all the nodes of the grid 
with the step of 0.5m.  

The experiments were conducted using two different 
transducers (12 mm and 16 mm in diameter, the latter 
exhibiting higher sensitivity) at different voltages. Fig. 11 
presents the hit probability images that were obtained by 
interpolating data measured at the grid nodes. The minimal 
detection distance was set to 0.5 m in order to avoid 
triggering detection from ringing just after the excitation. 
The results show that by changing the voltage at the output of 
the DC/DC converter, it was possible to control the size of 
the high hit probability zone, which is important in the 
application described above. 
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Figure 11.  Detection probabilities for different transducers and excitation voltages measured at the nodes shown by white dots and interpolated to the 
whole area of interest (the scale for the probabilities is shown on the right) 

5. Conclusions 
The described electronic architecture featuring a 

combination of a DC/DC boost converter and semiconductor 
switches for the excitation of an air coupled ultrasonic 
transducer was found to be robust in extending the operating 
range of pulse-echo ultrasonic range finders. It was essential 
to limit the current through the switches when they alternated 
in order to prevent their damage, and to disable the converter 
at the receive phase of operation. 

This architecture was implemented with discrete 
components but it seems realizable using an 
application-specific integrated circuit (ASIC) that would 
reduce the component count, size, and weight of the 
associated instruments. Commercially available examples of 
similar ASICs include ultrasonic sonar ranging IC PW0268, 
piezoelectric horn driver RE46C100, and the recently 
released ultrasonic sensor signal conditioner PGA-450, 
which includes an on-chip microcontroller, or piezo haptic 
driver with integrated boost converter DRV8662. Such an 
ASIC would require only a few external components like an 
inductor for the DC/DC boost converter and decoupling 
capacitors. 

The described architecture extends the operating range of 
ultrasonic range finders several times. This not only widens 
the applicability of existing devices but also enables new 
applications. Two of these applications (namely intrusion 

detection and profile sensing) were fully prototyped 
successfully. The limitations of the profile-sensing device 
are rather restrictive, but this device can be developed further, 
as discussed. The developed security system was found to be 
quite practical in its present state. 
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