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ABSTRACT
In This paper we discussed the usage of ultrasonic sensor to alerts a blind man from hitting
an object depending on the principle of SONAR and generate an audible signal to alert the blind
man that there is an object in front of him at a detection range (0.31- 3.1) m. The device could be
mounted at the belt of the blind man. The ultrasonic pulses is transmitted by transducer, this
pulse reflects off an object is received by another transducer. We use the 40 kHz ultrasound
transducer enabling the same transducer to be used both as a transmitter and as a receiver . The
sound waves frequency which is used beyond our range of hearing ( human hearing is between
20Hz — 20kHz ) . By using the known speed of the sound wave (346.3 m/s) and the time between
the transmitted pulse and the received pulse we could calculate the distance. The determination
of the distance will depend on two modes of operation ( calibration mode and speed detection
mode ) , The calibration mode is useful because the sound wave speed varies with altitude and
the atmospheric conditions , while the speed detection mode is useful to determine the speed of
the user moving toward or away from an object .
KEYWORD
Sonar — sound navigation and ranging , Transducer — device which converts voltage signal to
sound wave and vice versa, Q — Quality Factor , US Tx — ultrasonic transmitter , US Rx —
ultrasonic receiver .
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1. INTRODUCTION
dx

We know that the speed represents the first derivative ( dt - dx is the change in distance , dt -
change in time) and also that the distance between the user and the object is multiple by 2 ( since
the sound wave travels in one direction, is reflected and travels back in the other direction ) . In this
research. we can determine the extent of the variations in object strength TS for a specific object in
a given environment by measuring the changes in the magnitudes of echoes from the object for a
series of pulses at all expected variations reradiating objects , The echo level as a function of object
range is[1] :

EIf(R)=SPL(R0)-40log (R/R0)-2% f R+TS .......... 1
Where :
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EIf (R) — Echo level at frequency f , R — Range distance to target , SPL ( RO ) — Sound pressure

level of transmitter at reference distance RO, @ f — attenuation coefficient of sound at frequency f
, TS — object strength
Changes in temperature will cause a variable error in the accuracy of the absolute distance

measurement for a 1° C temperature change of :

erf RiN (R) = 0.0017  cueiiriiieiiiieeennreeenecansenscensonsenscnses 2)
err Rft (R) =0.0204  ceieiieiiiiiiiiiiieineentieceecnsansamiensans 3)
Where :

err Rin ( R) - variable error in object range in inches for a 1° C , err Rft ( R) - variable error in

object range in feet fora1® C[2].

There are many factors which affects the measurements of the range of the object such as : the
shape of the object , the distance between the sensor and the object must be adequate , the cross-
section of the object must be enough to reflect the sound wave, object must be set in front of the
ultrasonic sensor in order to detect the desired object and ignore the all the objects outside this area ,
a lower frequency of sensor will detect longer ranges and vice versa , attenuation of the sound , and
humidity as in the Fig below. [ 3]
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2 . EXPERIMENTAL VALIDITION
2.1 General Description

Note : we use the program ( National Insrument electronic's workbench Multisim 10.0 ) to
perform this research .

The ultrasonic transmitter (US Tx ) sends a sound wave through the air by using 40kHz
piezoelectric transducer . This wave is reflected from the object and received by ultrasonic receiver
(US Rx) .In this paper we treat the air as an ideal gas where the speed of sound is a function of
temperature and it can be calculated:

Where : C — speed of sound m/s, - ratio of specific heats (¥ =1.4 fordryair), R —gas
constant ( R=286.9 N. m/( kg.K) ), T — absolute temperature ( Kelvin —where 0°C = 273.16 K) [
45].

For example the speed of sound at room temperature ( 25°C , 71.6°F ) is :

\_51.4 (254 273.16)(286.9 )

C= =346.3 m/s
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Fro more details see the table ( change in speed according to Temperature )

Temperature Speed

-20°C 319.3 m/s
0°C 331.6 m/s
°C 334.5m/s
10°C 337.5m/s
15°C 340.6 m/s
20°C 343.8 m/s
25°C 346.3 m/s
40°C 355.3 m/s
60°C 366.5 m/s
80°C 377.5m/s

Temperature vs Speed
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Variation of speed according to temperature

2.2 Schematic Diagram

Using the old version [ 6 ] and rebuilding it by Multisim 10.0 software [ 7] for getting better
results and resolution the following work is achived .The ultrasonic device operates on principle
similar to radar but operates at ultrasonic frequancies rather than radio frequancies , the ultrasonic
transcducer transforms an electronic signal to an ultrasonic pulse, transmits the ultrasonic pulse ,
receives an ultrasonic echo and transforms the ultrasonic echo to an electronic signal (as shown in
Fig.1) , or in another terms ( sending an ultrasound burst and listening for first echo).
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A new burst is generated each time the decade counter U2 (as shown in Fig.2) [ 8 ] is in its reset
state , the output O is selected.The outputs of the decade counter Q1-Q9 are scanned sequentially
following the burst generation, until an echo striks back the receiver USRX .

By adjusting the resistance R9 (as show in Fig.3) we can choose the adequate range , setting this
resistance to its minimum value we get the minimum range , which is fed to the clock input of the
decade counter ( 5-stage divide-by-10 Johnson counter with 10 decoded outputs and a carry-out bit
as shown in Fig . 2 ) the frequancy of the oscillator is adjustable by the resistor R9 ( as shown in
table 2 ) , the frequancy can be calculated by using the formula :.

f= -
T R SC eeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnaraaaaa—a—e———— 5
For max value of R9 = 50kQ the frequancy is :
1 1
f1= = =545 H
R+«c (50456 =1030+33=10"°F i
For min value of R9 = 0kQ the frequancy is :
1 1
f2 = = =5.411kH
Rec (5.6 *10°0%33+10°F ¢
The output of the decade counter pin(3) is a pulse which its frequancy is divided by ten :
f1= 54.5Hz

f2 = 541.1H=z
So the duration of the pulse is :

T1 1 = 1 18.35
“f1 54.5Hz 0t
1 1
T2 =— = ————— = 1.84 msec
f2 541.1 HC

So the distance from device to the object is calculated from :

TZ2% R /C  eiiiiiiiiiiiiiiiirtteeeeeteceeecacasecnsnsnsnnns (6)
where R — distance from the device to the object , c- sound speed = 346.3 m/sec
T1+ ¢ 18.35+1073+ C46.3 —

R.l — SeC
So: 2 . =3.1m

. * -3 ¥ ' i
fp T 1.84 = 10 306.3--
2 2 =031m

These pulses controls the oscillator 2 ( U3C,R11,R12,C8) which its frequency is set at 40kHz ,
The oscillator U3C is built around the schimtte trigger (as shown in Fig.4 ) , resistor R12 is used to
set the frequancy at 40kHz ) [ 9 ], while U3B is a buffer and U3A boots the signal doubling the
voltage span across the USTX transducer .The frequency of the oscillator U3C (as shown Fig.3) can
be calculated :

1 1 1
1=—= = =44.5kH

f { Rf c 68+103« 33(}1,. 10712 z

f T Rsc (68450 +103+330+1012

The US Tx sends a beam of sound waves which has more energy on the main lobe and less
energy (60dB below the main lobe as shown in Fig.5) on the side lobes , even this low side signal
is picked up by the receiver unit , thus we must space the transmitter and the receiver about 5 cm
apart . This signal is transmitted through the air and when this signal hit an object, it reflects back ,
the receiver works during the period while the transmitter is off .The( Fig.6) echo signal received by
the receiver sensor US Rx after reflection is very weak , so we use a quad operation amplifier
U1A, U1B (as shown in Fig.6 ) [ 10 ] .The received echo is coupled by capacitor C9 and fed to the
inverting op - amplifier U1A, U1B, the operation amplifier amplifies the signal , through C3 to
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precision rectifier D3, D4 and then to the comparator U1C which its reference level is adjusted by

R6 , the next stage is a buffer stage with unity gain U1D .

A buffer or inverter with schmitte — trigger input U3F (as shown in Fig.4 )is used in order to
have enough drive, and this signal is fed to the enable pine ( 13 ) of the decade counter U2 ( IC
4017) so the signal will be divided by 2 if the object is in the range of (0.31- 3.1 ) m the buzzer
will produce a sound wave which will alerts the blind man that there is an object in front of him in

order to avoid it .

3. RESULTS AND DISCUSSSION
All the results are theoretically calculated , For the results see the table

(calculation of distance)

No [ R(kQ) | C(nF) [ F=1/T(Hz) | T=R*C(sec) [ R=(T*346.3)/2(m)
1 [(5.6+50) | 33 54.500 0.01834 3.170
2 | 50 33 60.606 0.01650 2.856
3 45 33 67.340 0.01485 2.570
4 | 40 33 75.757 0.01485 2.2855
5] 30 33 101.0101 0.00990 1.714
6 | 20 33 151,515 0.00660 1.1427
7 10 33 303.030 0.00330 0.571
8 9 33 336.700 0.00297 0.514
9 8 33 378.787 0.00264 0.457
10 7 33 432.900 0.00230 0.399
11| 6 33 505.0500 0.00190 0.342
12 56 33 541.125 0.00184 0.319

Frequancy vs Range
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0.319 0.342 0.399 0.457 0.514 0.5711.14271.7142.2855 2.57 2.85 17
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4. CONCLUSIONSs
The goal of this research is to protect the blind man from hitting any object in front of him in
order to avoid it .The device has advantages :
1-The use of integrated circuit which is cheap, available, small size, high response, high
efficiency, low power supply, low power dissipation.
2-As a modification for the devices we can use the microcontroller unit (MCU ) which needs a

special software written in C, c , Assembly language to minimize the size of the device and
to minimize the amount of the components , and for a high resolution .
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APPENDIX
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Fig .1( ultrasonic principle)
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Fig .5 ( pattern of the ultrasonic transmitted signal )
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