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ABSTRACT

In this paper, the operation style of
“measuring distance” is taken as the
research content of this implementation. The
expected goal is to use the characteristics of
the double reflection type used in the
transceiver circuit to perform the function of
measuring distance. Finally, the operating
principle of the adopted electric circuits and
the performance of the proposed device are
validated by experimental results. It reveals
that the operations of the proposed device
coincide with the requirements.
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1.INTRODUCTION

Distance measurement system can be
done by laser, ultrasonic, etc. They are similar to
the principle of measurement, there are also
pulse echo method and phase difference method.
However, the choice depends on the application
needs, the environment and the measurement
range. Because of the relatively low cost of
ultrasonic distance measurement system, and
ultrasonic wave directional strong, slow energy
consumption, in the medium propagation
distance, and ultrasonic measurement system
components are easy to obtain, for doing
experiments is a very good choice. If its
measurement performance can be improved, the
application of ultrasonic measurement will be
more extensive. The application aspects are
robot, self-propelled vehicle, reverse sensing,
water level measurement, camera focus and
distance measurement, etc.

Based on this concept, the purpose of
this paper is to study the single-frequency
ultrasound ranging function to transmit

ultrasound waves from an ultrasound transmitter
to a certain direction. The ultrasonic wave
propagates in the air and returns immediately
when it meets the target on the way. The
ultrasonic receiver stops timing immediately
after receiving the reflected wave, and the
measurement result is obtained. The propagation
speed of the sound wave in the air is 340m/s.
According to the time t recorded by the timer,
the distance (s) between the emission point and
the obstacle can be calculated, i.e. s=340t/2.
This is the so-called time difference ranging
algorithm (TOF). Dividing by 2 is because it is
counting the round trip time and half is the
distance we want. Based on this concept, this
paper adopts the pulse-echo method and uses the
time difference for the application of the ranging
system [1-12].

The sensors used to emit sound waves
above 20 KHz or to detect the presence of sound
waves above 20 KHz are commonly referred to
as ultrasonic sensors.
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Figure 1: The block diagram for the dual-head
reflective ultrasonic distance measurement system

The block diagram for the dual-head
reflective ultrasonic distance measurement
system is shown in Figure 1 The ultrasonic
transmitter and receiver are placed in the same
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direction, the transmitter transmits the signal,
and the signal hits the reflector (target) and is
reflected back to be received by the receiver.
The distance between the sensor and the
reflected object can be calculated by using this
to determine whether there is an object
approaching and to know the time required for
the ultrasonic wave to be emitted.

1.1. Ultrasonic Sensor for Distance Measurement

Ultrasonic sensors are used in a wide
range of applications, such as distance
measurement, flow measurement, speed
detection, non-destructive inspection of material
damage, and medical inspection. The main
purpose of this study is to study the ultrasonic
distance measurement system, so this paper only
focuses on the distance measurement of the
ultrasonic sensor to explain. The ultrasonic
sensor for distance measurement uses the
transmitter of the ultrasonic sensor to send
ultrasonic waves to the receiver, and the time (t)
required to receive the response reflected from
the target object to obtain the distance between
the target object and the measurement source
[3]. The basic measurement principle of
ultrasonic distance measurement is shown in
Figure 2.
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Figure 2: Basic principle of ultrasonic distance
measurement

The relationship is as in equation (1).
Distance = C * Flight time (t/2) @
where, C=Speed of sound.

The speed of the sound wave in the air
is 343 m/s at 1 atm and an operating temperature
of 20 °C. However, the speed of sound varies
with temperature and the relationship is:

C =33131 1+ T @)
273.15

T: Operating temperature (° C)
C: Sound wave speed (m/s)

(CxtxcosA)
2

X =

D:Cxl
2

C : Wave speed (operating at 1 atm, 20 °C,
sound wave speed = 343 m/s).
t: Time required for transmit ultrasonic
signal to receive signal
T : Operating temperature (° C)
A Sound wave incidence angle
D :(Sound wave actual flight distance) / 2
X :Distance between sensor and target
object

For distance measurement ultrasonic
sensors, the measurement frequency should be
increased as much as possible (for accurate echo
measurement) in order to obtain a higher
distance resolution when measuring distance
(based on time difference). In addition, if the
dual-head reflection type detection method is
used, the transmitter (T ) and receiver (R ) need
to be close together, otherwise there will be
baseline error (refer to equations (3) and (4)).
X/d >10, then X and D will be within 1% error.
However, it will make the receiver resonate and
affect the reception of closer reflected waves. If
the transmitter and receiver are too close to each
other, the waves emitted by the ultrasonic
transmitter will be sent directly to the receiver
of the ultrasonic sensor, causing misjudgment. If
the single-head reflective detection method is
used, the transmitting and receiving of the sound
waves are controlled by the switching circuit,
and X is close to D. There is almost no baseline
error. But also because of the need for
transmitting and receiving switching circuit
control, so it is not possible to detect the close
range. It needs to be larger than 7cm to be
measured.

2.ULTRASONIC PULSE ECHO METHOD
DISTANCE MEASUREMENT PROCESS

The distance is measured using not only
the necessary ultrasonic sensors, but also a
microprocessor that can determine and process
the signal. Therefore, the signal generator is
used to process the signal transmission and
reception data. Figure 3 shows the system block
diagram of the pulse/echo method.

As shown in Figure 3 and Figure 4, at
the beginning of the measurement, a
discontinuous voltage V can be generated by the
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circuit system or pulse generator to drive the
ultrasonic transmitter probe.
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Figure 3: The system block diagram of pulse/echo
method
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Figure 4: Time-axis description diagram of
pulse/echo method [6]

The piezoelectric effect converts the
electrical energy into ultrasonic pulses and
advances towards the target at the speed of
sound C (Velocity in air 343m/s). The sound
waves are bounced back from the surface of the
target, and the signal is received by the
ultrasonic receiver. The Vc signal formed by
taking the transmitting and receiving leading
edge waveforms respectively, and the Tx time
marker signal obtained from the Vc signal is
proportional to the distance. The Vc is then sent
to the counter for counting and further

processing by the microprocessor. This type of
measurement method, it can directly convert the
analog value to digital without the traditional
ADC (Analog to Digital Convert) converter, so
there is no need to consider the quantization
error.
The following is its mathematical

representation:

X :Cx%Tx ()

X : Distance
C : Wave speed (different values depending
on the dielectric)
T, : The time obtained from transmitting to
receiving
From the above figure V¢ to discuss the
value of Tx obtained :

TX =Ny xTy (6)
N, is the number of counting

Tyx is the time of the base frequency count
Then bring (1) into (2)

X =C><ETX =C><l NXx Ty, =1x£x N,
2 2 2 f

Nx

ZEXKXNX
2

C .
where K = —is a constant
Nx

Pulse-echo method of measurement
range: the use of intermittent emission, the use
of greater power, can be used to measure more
distant places. Pulse echo method resolution:
each wave emission has a certain interval so it is
difficult to find the ultrasonic wave repetition
rate of vibration changes, so only the energy to
measure the static or slow-moving object
displacement.

3. SYSTEM CIRCUIT DIAGRAM

The signal generator generates a signal
Vpp=20V, which passes through the diode to
generate a positive half-period to the ultrasonic
receiver transmitter. After the signal is emitted
and stopped for a period of time, the return
signal VVpp= 5mv, the signal is too small to the
diode as an open circuit to the oscilloscope
display signal waveform, as shown in Figure 5.
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4. OSCILLOSCOPE MEASUREMENT Figures 8 to 9 are photos of the
WAVEFORM hardware achievements of this paper. This paper
The distance between the transmitter implements a group of circuits that meet the
and receiver is closer (25cm), the signal is sent above functions, and uses the results to verify
out and the receiver is reflected closer to the operation of the designed circuit and the
produce, as shown in Figure 6. The distance functions that meet the requirements. It can be
between the transmitter and receiver is far as an embryonic form reference for researchers
(100cm), and the signal is transmitted and engaged in related research.
reflected far from the receiver, as shown in
Figure 7.
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Figure 5: Circuit diagram of the ultrasonic
distance measurement system
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Figure 6: Ultrasonic distance measurement
(25cm)
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