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Design of Ultrasonic Radar
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Abstract: Ultrasonic technology has been on the market for years
and is dtill considered a trusted technology throughout the
industry. The design of the Ultrasonic Radar is very useful for
many applications like homes, shops, military and object
detection. The aim of this work is to build an ultrasonic
transceiver which is basically one kind of a radar system to get
exact distance and angle for fixed objects placed around the
device based on the speed of ultrasonic waves in open air. An
Arduino microcontroller was used to transmit and receive the
ultrasonic waves through 40 KHz in order to provide the
flexibility of usage requirements. A delay occurred between the
transmitted and the received waves govern the reflection of
sound. Some tests were done using two kinds of alarms first: the
visual alarm which done by a personal computer screen designed
to be a radar screen. Second the audible beep alarm which done
by an LCD digital screen.
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l. NTRODUCTION

Ultrasonic is a non-contact level measurement niethat

uses sound waves to determine the process mabesirad

measured. Ultrasonic transmitters operate by sgndin
sound wave, generated from a piezo electric traresguo

the media being measured. The device measurdsrtfh

of time it takes for the reflected sound wave tmne to the
transducer. A successful measurement depends lentief

from the process material in a straight line backthe

transducer. However, there are various influenttes

affect the return signal. Factors such as dustyyhgapors,
tank obstructions, surface turbulence, foam and sueface
angles can affect the returning signal. That is whg

conditions that determine the characteristics ainsomust
be considered when using Ultrasonic measuremdnt. [1

Il ULTRASONIC RADAR APPLICATIONS

There are several applications of ultrasonic rextane of
them are explained as shown below:

2. Nondestructive testing of concrete structures is on
of the essential tasks for estimating or assedsiaguality.

In order to validate the advanced NDT equipmenke |
Radar and Pulse Echo, a unique large scale readorc
concrete specimen was cast at SERC, Chennai, with
columns and beams of different sizes, cross settawming
different percentages of reinforcement. For radar
measurements, 1.6 GHz antenna was used over tte gri
lines. The pulse echo technique was adopted with an
antenna array of 55 KHz and the data was collected the
same grid points. [4]

3. There are several ways to measure distance without
contact. One way is to use ultrasonic waves atH9 for
distance measurement. Ultrasonic transducers medkar
amount of time taken for a pulse of sound to traeeh
particular surface and return as the reflected edhuos
circuit calculates the distance based on the spesdund at
25°C ambient temperature and shows it on LCD djspla
Using it, the distance can be measured up tan2ters. In

this circuit, a 40 kHz transducer is used for measent in

the air medium. It travels to the object in the and the
echo signal is picked up by another ultrasonic Staser
unit (receiver), also a 40 kHz pre-tuned unit.[5]

4. The problem of trees assessment is increasingly fel
either as a life quality problem or as a safetybfgm within

the city management. One of the main causes afdhi@pse

of a tree is the decay of the bearing capacityoofes of the
primary roots caused by some kind of pathology.okding

to these phenomena experiments have been carrietb ou
check if one or more geophysical techniques wete @b
see, with the necessary geometrical and physisalugon,

the decay. The tested techniques were: ultrasonic
tomography, electric tomography and radar. The Iprob
arisen from the small dimensions of the objectsewfered
either increasing the frequency of the testingdgelor
reducing the size of the probes. The results shew v
promising possibilities of applications of these itgu

1. Presently, the detection techniques of laser, rad&fommon geophysical techniques to the non-invassény

infrared ray and ultrasonic have been widely apipée the

aspect of water depth measurement. The researcheof 5.

water depth measurement system backing up with taitib
of capability to low price has ended at UltrasoRiange
Finder. The difficulty in measuring water depth astuject
detection will no longer be a complicated issuesitple
technique to determine water depth and object tetewas

of trees, piles and building wood.[6]

Currently, vehicles are often equipped with active
safety systems to reduce the risk of accidentst ofoshich
occur in urban environments. The most prominentuge
Antilock Braking Systems (ABS), Traction Control can
Stability Control. All these systems use differ&imds of
sensors to constantly monitor the conditions ofwuéhbicle,

done by employed sensors like ultrasonic transduceind act in an emergency. The use of ultrasonicoserin

Ultrasonic transducers are connected in this pergle is
measured through this mechanical part thereforeait

active safety systems for urban traffic was dondagtive
Cruise Control (ACC) for urban traffic based orragbunds

conveniently determine water depth and object. Thig presented as an application example. The propssstem

technique has provided a useful tool to more atelyrao
identify the water depth and object in order tastrate the

has been implemented in a fully-automated prototype
vehicle and has been tested under real trafficiond. The

noble methodology for measuring water depth aneaibj results confirm the good performance of ultrasegasors

detection using Ultrasonic sounds to provide edfitiand
effective ways.[3]
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in these systems.[7]

II. ULTRASONIC RADAR SYSTEM
OVERVIEW

The designed ultrasonic radar system, as showfigume
(1), consists of the following parts:
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Microcontroller (Arduino)

Servo motor

Interface
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nd for displaying the signal there are two ways:
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Figure (1): The block diagram of the designed ultraonic
radar.

A. ICROCONTROLLER ARDUINO

The Arduino microcontroller is a powerful single dvd
computer that has gained considerable tractiohénhbbby
of professional market. The Arduino is open-sountech
can be used to develop interactive objects, takmpyts
from a variety of switches or sensors, and conbglla
variety of lights, motors, and other physical otpu

B. SERVO MOTOR

Servomotor is a servomechanism. It
servomechanism that uses position feedback to aoitér
motion and final position. The input to its contislsome
signal, either analogue or digital, representing plosition
commanded for the output shaft.The motor is pairth

some type of encoder to provide position and spe

feedback. In the simplest case, only the positign
measured. The measured position of the outputrigpaced
to the command position, the external input todetroller.
If the output position differs from that requiredn error
signal is generated which then causes the motoutéde in
either direction, as needed to bring the outpuftsioathe
appropriate position. As the positions approaclk, ¢nror
signal reduces to zero and the motor stops.

The operating principles are:

1. We supply short 10uS pulse to the trigger irtpustart
the Module.

2. The module will send out an 8 cycle burst dfagound
at 40 kHz and receive echo.

3. The received Echo is a pulse width signal iopprtion
to the range. You can calculate the range thrabghime
interval between sent trigger signal and receivd@tesignal
using below given formula [8].

Test distance = ((high level of time)*velocity ajund (340
m/s))/2

C. INTERFACES

The interface between the PC and microcontroller
represented by a USB cable (A plug to B plug). The

Arduino automatically draw power from either the RIS

connection or an external power supply.

D. SENSOURSES

The sensor contains the transmitter Tx, which ieduto
transmits the signal that used to detect the targatd the
receiver Rx, which receive the signal from the dité
targets.

is a closed-loo

V. TESTING OF ULTRASONIC RADAR
SYSTEM

The Ultrasonic Radar block diagram shown in fig{irlewas

connected to detect objects leis around the raddrthe

output was displayed by two methods first: theusal alarm
output signal which done by a designed radar scree
second :the audial beep output signal which wa dy an

LCD digital screen connected to a Krypton Board.

A. Testing the visual signals of the ultrasonic radar:

In order to see the visual signal it's importanh&ve a radar
screen, so a designed program by language C++ grogr
was made to convert the monitor of a personal cdenpu
into a radar screen. Many testes were done in oraler
measure the distance and the angle of the objemts the
ultrasonic radar, and these testes and there sesait be
explained as follows:

Test 1. using one constant target at a distance 5m
away from the Radar:

The first test was done by putting one constargetaat 50
cm away from the radar as shown in figure (2).

i Figure (2) shows the overall system with a one C(IBSI'[
target.

Figure (2) shows the radar and the personal compititdne

lead of the picture and the white rectangle shapeesents

the constant target. The results of the radar scoa@ be

shown in figure (3)

Figure (3): Display a one big static target at a ditance of

is 50cm

After comparing the distance in real and the sigimalthe
radar, the results were very similar to each oserthis
proves the accurate results of the ultrasonic radae
transmitted and received pulses are drawing by Ri&
oscilloscope of the laboratory; the test of thiscties
depends on two different ranges From figure (3) the
horizontal axes represents the distance of thecbfyjgm the
radar and the vertical axes represents the andlebbbject
for the radar. The target shape in the radar dispganot
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uniform geometric shape because the body of tasyet
smooth but it contains holes. The received andstratted
pulses are sketching by using the oscilloscope rekalts
of the transmitted pulse was measured and thetseats
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The distance in practice can be calculated by oHeviing

formula:

Detailed Distance Formula:
((uS / 58 = centimeters or uS / 148 = inch or thege =

shown in figure (4).

T- 500 psIRIv T
|

oT: 64 6385 us
£ 15,4182 kHz

dusa: 492512 v

Duration of high level) * (Sonic Velocity 340M/S))2
DISTANCE=2.824*1000/58 = 48.68 cm

The distance in reality (50cm) is approximately adhat of
the ideal range (48.689 cm).
Test 2: using one constant target at distance 150mc
away from the Radar:
Another test was done by taking the same targstubed
before in test 1 but now on a distance of 150 crayafrom
the radar. The object on the radar screen can tensin
figure (7)

fRsiade = 00 U]

|
I
|

1l
B cHN AS WDIVDC! |

B CHN B [5 WDIV] DC

KT

Figure (4) represents the transmitted pulse.

Where; Red color represents the transmittingnehn

Blue color represents the receiving channel
dT is the time difference

f is the frequency

dUA s the voltage difference

The dT in this test represents time difference Wizsidjusted

to measure the transmitting pulse (i.e. the pulsettbn).

The measured time of the transmitting pulse is 5418 and

the frequency=1/time, so f=15.41 KHz.

The dUA is the voltage difference that is constardll tests

approximately to 5V.

Moreover the duration time of the received pulsesw

measured and the results are shown in figure (5)

T: 500 psIDIV

d7: 2. 82429 ms
- 352071 Hz
dUA 492512 v

B CHN A5 WDIV] DE B CHN B |5 VIDIV] DC

Figure (5): receiving pulse.

From figure (4) and figure (5) there were aagidbetween

the transmitting and the receiving time and thimglean be

shown in figure (6).

- 500 ps/OV I

o7 3.26061 ms

| T 206.581 He

dus 482512 V
|

|
B CHN A [S WDIV] DC | B CHN B[S WDV} DC

T

Figure (6) showed the time delay (or the dT) betweethe

last edge of transmitter to that of receiver.

Figure (7): display for one static target at a disince of

a

150cm.

From figure (7), the distance measured is exacil§ ¢m

which improves the quality of the ultrasonic radaso the

transmitted pulse duration and

frequency of the

oscilloscope shown in the figure (8).

T- 1 DIV

dT. S8.5623 us
16 96 kHx

dUA £ 92542 W

W CHN A[S WDIV] DC

W CHN B (5 WDIV] DC xT

Figure (8) transmitting pulse at 150cm.

The pulse, the duration and the frequency hefreceived
signal of the oscilloscope can be shown in fig@e (

T: 1 DIV

dT. 585623 us
16 96 kMx

GUA 482512V

|

= cum AfS WDIV] DC

- cum e s wong oo xr

Figure (9) the receiving pulse for the target at 1& cm

distance
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From the above two figures , figure (8) and fig@)ethere
was a delay time between transmitting and the veugi
pulses which can be calculated and the resultsvrshio
figure (10).

S e T
I 151855 Hz

O 452512 W

Figure (10): receiving pulse for the target at disince
150cm.
It's important to mention that the delay is equal the
constant pulse which is representing the piezoteohpulse
plus the receiving pulse duration.

B CHN B [5 WDIV] DT xT

Test 3: using three constant objects with differenplaces.
The third test was done by taking three staticetrinstead
of one static target as shown in figure (11).

)
Figure (11): testing for three static targets.

From figure (11) three targets were used which ban
shown at the end of the picture, and in front @nth there
are ultrasonic radar and the radar screen, repegsby the
computer screen. The shape of the targets, thetandes
and there angles shown in figure (12)

Figure (12): Display for three static targets.

Test 4: using a dynamic object:
The last visual test was done for the a dynamigetans
shown in figure (13)

’ \

]

Figure (13) the test of the dynaic target.

Moreover, Figure (14) view radar screen for the aiyit

target shows the distance and the angle of thigetain the

ultrasonic radar screen.
rarich_ 140300

Figure (14): Display for dynamic target.

A. Testing the audible signals using the LCD digital
screen:

In this test an LCD screen connected to a breaddowvas
used to measure only the distance by the followasts:
Teste 1: using single object at 150 cm far from theCD
screen:
(The maximum range of LCD is 4m), for all casesgeéan
error of (5-10cm). If distance in reality 150cmg vgot
145cm in the display as shown in the figure (15).
-

Figure (15): testing LCD at 150cm.

Teste 2: using single object at 223 cm far from theCD
screen:

If distance in reality 230cm, but we have 223amthe
display as shown in thf figure (16)
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V. CONCLUSION

In this paper many tests have been dohbe whole
assembly is mounted on a servo motor in order tercthe
half plane.Some test were performed to investigate the
effects of some parameters (such us testing thertriting
and receiving pulses for one big static targettirtgsthe
range for more than one static target, and testhmy
dynamic targets testing of the LCD) which have eedi
effect on the performance for the designed system
measurementsA delay occurred between transmitted and
received waves govern the reflection of sound, st i
proportional to the distance between obstacle hadi¢vice.
Hence the delay is scaled appropriately to getdik&nce,
the following conclusion are derived:

1. Maximum range of the design need system is 150cm

2. The coverage

3. Area of the ultrasonic radar depends on thetiootaof
radar by 180°.

4. There is no error for testing for the smoothaiyic and
static target; otherwise there were some errorm ftine
unsmoothed static object and the dynamic targets.

5. The receiving pulse width greater than the tratigg. 6.

In the LCD test, there is an error about (5-10cm).
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