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ABSTRACT

A real time beam steering characteristics of phamedy transducer is implemented to detect andtdotze
obstacle for visually impaired. The steering perfance can be characterized by the directivity patied the parameters
that influence the wave propagation characterisfidee effects of various transducer parameters sscimumber of
transducer elements, inter-element spacing, stpengle and array aperture are mathematically aedlyand optimal
phased array is constructed. The Transmitter asfa§y elements with inter-element spacing of twicavelength and
receiver array with 4 elements of thrice wavelenigtlconstructed with the 40 kHz piezo-sensors. dbjective of this
work is to determine directive pattern analyticallyd measure the pattern experimentally for theristg angle from -20
to 20 degrees. Radiation pattern of the array appmd on the polar plot and the directivity of mhibe, grating lobes
and side lobes are observed. These polar plotsimdated using LabVIEW (Laboratory virtual instranm engineering
workbench) developed by National Instrument, isr@phical Programming environment suited for higheleor system

level design. The obstacles are detected and haathe scanning area from distance of 15cm tad00
KEYWORDS: Beam Steering, Grating Lobes, Radiation Patteltnagbnic Phased Array
INTRODUCTION

The development and application of Ultrasonic Ptiaseays, as a stand-alone technology reachedw@erstatus
at the beginning of the twenty-first century [LhaBed array technology moved from medical fielthoindustrial sector
at the beginning of the 1980’s. The majority of #pplications from 1985 to 1992 were related tdearcpressure vessels
(nozzles), large forging shafts and low-pressurbie components. During the past three decadesraleresearchers
have introduced devices that use sensor techndoiggprove the blind user’s mobility in terms ofety and speed. Most
of the devices rely on single beam, measuring thdydistance to the obstacle. In order to locageotbstacle the user has
to manually scan the area by pointing the deviaelievant direction. This was a time-consuming t&sgluiring a constant
conscious effort by the user. New advances in Pderoposite technology [2], micro-machining, micextlonics, and

computing power, contributed to the revolutionagyelopment of phased array technology by the eri®90.

In 2006 Strakowski, Kosmowski, Kowalik, and Wierzf3] introduced Ultrasonic obstacle detector thatdi
Phased arraytechnique with receive beam formingguaisingle ultrasound source and an array of piooes. Phased

array principles have not been completely appleecatoustic imaging in air.

A phased array system is based on the wave physigdple of phasing [4], varying the time betweseseries of
outgoing ultrasonic pulses in such a way that tidvidual wave fronts generated by each elememhénarray combine

with each other to add or cancel energy in prebdietavays that effectively steer and shape the stead.
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10 Ashwini Naik & M S Panse

Here the aim in designing Ultrasonic Phased asdy build an Electronic Sensory aid for the visuahpaired.
In this work commercially available ultrasonic tsalicers of 40 kHz frequency of 16mm diameter aedus form

transducer array.
DESIGN OF PHASED ARRAY

To design a phased array, it is very important ndeustand the wave propagation characteristics/doious

transducers parameters such as [4]
Number of Elements

As the number of elements in an array increaseaadhe physical coverage area of the probe arsitsitivity,
focusing capability and steering capability. At #ame time, use of large arrays must often be bathagainst issues of
system complexity and cost. One of the key issnedesigning an array transducer is to control thality of the beam
directivity and steer ability, so that the steebmms should be sharply defined and well-direcbechids the desired
steering direction. In the presence of obstacle, riflected signal (echo) should be reproduced gstppThe angular

resolution required for proper reproduction of echoonsidered to be 5 degrees.
Angular resolution = Half power beam width of magam (HPBW)
HPBW of a phased array is given by [5][8]
HPBW (degree) = 50.8/a/ (1)
Where ‘a’ aperture size= Nxd,
N= number of elements, d= inter-element spacing

The size of transducer is 16mm orXL.8o0 minimum spacing between the transducers df#msmitter array can

be 17mm or 2. By substituting the values in equation (1) to @egular resolution less thah 5
N = 5 gives angular resolution of 5.08 degrees.
N = 6 gives angular resolution of 4.23 degrees.

Selection of Number of Elements in Receiver Array

Pitch is the distance between individual elemeantsl aperture is the effective size of the pulsilegnent that is
usually comprised of a group of individual elemethist are pulsed simultaneously. To optimize stgerange pitch must

be small. For optimum sensitivity minimum unwanbezhm spreading, and strong focusing, the apertust be large.

Grating lobes are undesirable and must be avoiiedvoid grating lobes Bk 1/2, or d/2. This is not possible

as the size of transducer is1.9d ‘ can be written as
d=rh, n=1,23 @

For n=1 and n=2, spacing between receiver elemegmist practically possible since transmitter widthgreater
than the wavelength, and if same spacing is plaeddeen transmitter and receiver elements, grétings exist resulting

in wrong location of obstacle. Therefore the minimspacing can be for n=3,

d=3\ ©)
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Number of receiver elements can be calculated fhatfi power bandwidth. From equation (1) N = 4 gives
angular resolution of 4.23 degrees.The Transducey as designed with transmitter of 6 element aackiver with 4
elements. “Figure 1" shows the transmitter arrayhwspacing of 2 at the top and receiver array below it with 3

interelement spacing.

Figure 1: Designed Transducer Array
Beam Steering Characteristics

The method by which an array may be excited to yceda wave front which propagates in the desiregttion

is Steering. Each element is excited with a timeyd#r the steering angkeis given by equation (4) [1]
At, = nd/c (sin) + t (4)
where d is the interelement spacing, ¢ = velodityound in air, n is the element number.

By varying the set of time delay the beam moveslgally and scans the entire detection area. Theydellues

required for driving the beam in particular stegramngle is as shown in table I.

Table 1: Time Delay for 6 Element Transmitter Array

Semsors | 4degree | 3degree | 12degree | 16depree | 20degree
i i i i i
- - l.- -
2 3478 6.93 psec | 10.39 13.78 17.10
.
TEE psec TEE TEE
3 6.973 13.9 20.7% 27.56 3420
e Jisec psec psec Jisec
4 10.46 20.87 3118 4134 51.30
e isec lsec J13ec e
j 1395 17.83 4158 5512 68.40
psec Jsec isec psec jsec
B 1743 3479 Y 68.90 83.30
psec jsec psec psec jsec

An FPGA based 10usec clock pulse is generatedgmetr the sensors of the transmitter array. The titalay
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pulse generated for steering angle 16 degree ghasn in “Figure 2".Here the first element from ttight is excited

which produces a circular wave front which propagdbwards the focused angle. After 13.78usecseébend element is
excited which also propagates in the same direclitis process continues until the last elementheesn pulsed. All of
the individual acoustic wave fronts will add to guee a maximum acoustic intensity along the dioectf the steering
angle. The direction of propagation of the effeetixansmitted wave is directly related to the tiexeitation sequence of
the array elements, so that the acoustic beam mayibnted to any azimuth angle merely by altetirgtiming sequence

of the excitation pulses.
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Figure 2: DSO Output Showing Time Delay for 16 Degre Steering Angle

EXPERIMENTAL SETUP

The pulse generator block diagram shown abovegurdi 2 is for single ultrasonic transmitter. Théage are
implemented based on synchronous counters whichatgpat a frequency of 50 MHz, allowing a minimuguwcting
period (delay) of 20 ns. This block is replicated five transmitters. Clock, Reset signals, Staghals will be shared
among six blocks. Initially system will be reseatst Counter will be loaded with specified delajuea for individual

sensors. Each element is excited with a time delathe steering anglgis given by equation (4) [10]

By varying the set of time delay the beam moveslggly and scans the entire detection area. Theydellues
required for driving the beam in particular stegri;ngle is as shown in table |. Phase value chafagesubsequent

ultrasonic Transmitters. These values depend upousing angle. Here steering is performed from d2@ree to +20

Impact Factor (JCC): 3.6986 NAAS Rating.06
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degree with the angle resolution of 4 degree. Twiltant signal strength is measured at specifigglea on Digital
storage oscilloscope. Based on these results i@dipattern is plotted. “Figure 4” shows the measuents for plotting

radiation pattern.

FPGA
Transmitter
drivingcircuit

Single
S scnsor
Receiver

Transmitter-
array

Figure 4: Experimental Setup

GRATING LOBES

In order to detect and locate the object propéryultrasonic transmitter array should be sharpfingd and well
directed towards the desired steering directiothénpresence of obstacle, the reflected signalojeshould be reproduced
properly. The aimin implementing this design isteer the beam at a given angle to investigatehject along the beam
direction. The steering performance can be chaiaete by the directivity pattern and the parametbet influence the
wave propagation characteristics. Directivity plate featured by three kinds of lobes, Main lolige $obes and grating
lobes. The main lobes appear exactly in the stgdirection while the side lobes are present inyrdirections other than
steering and grating lobes are third kind of lobdgse magnitude is exactly equal to the main ldbehe optimum

Transducer array design the side lobes and thmngrdabes must be suppressed.
From the Antenna array theory, the presence ofjtheéng lobe can be calculated from the equati@wshbelow
[7][8]
Op=sin [ (=B + 2mm)] (5)
form=+ 0, 1. 2...p= phasedelay between the elements and is calcidafed —kdsinOs (6)

K is the wave number =2\, when m=0 corresponds main lobe, m= *1 presendiesbigrating lobe. The table

below shows the occurrence of the grating lobeshfertransmitter array

Table 2
Steer|r_1g Ma|r_1 Gratln_g Order of
anglein| lobein | lobesin
nulls (n)
degrees| degrees degrees
4 4 -25.48 -6
8 8 -21.15 -6
12 12 -16.98 -6
16 16 -12.96 -6
20 20 -9.08 -6
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The transmitter array of 6 elements with intereletrgpacing of two times the wavelength gives rs@rating
lobes. For the steering angle 12 to 20 degreerhanted lobes are present within the field of vieve to be eliminated.
This can be minimized if the grating lobes of thensmitter array aligns with the nulls of the reeeiarray response.

The nulls of the array[6] can be calculated froraaipn (6) given as,

2nm

0,=sin"1[- (= + 2] (6)
where n=+1, 2,3.....,#N,2N,3N......

For the order n=-6, the nulls of the receiver ocatich reduces the magnitude of the grating lolmegetro.

Mathematically this design minimizes the gratinigds.

In the Practical setup the Radiation pattern oftthasducer array is plotted as shown in “Figure5#n 5c¢, 5d
and 5e” for the steering angles 4, 8, 12, 16 andeZfiees. The single sensor receiver is placedddbe transmitter array
at a distance of 75 to 80cm from it. When the tnaitter array is triggered for particular steeringk the receiver sensor
is moved from -20 degree to +20 degree to meadersttength of the signal at each angle. The veltagels should be
maximum at the steering angle and then reducirigeabther angles. From the polar plots main lobeaoh of the plots

have maximum amplitude and grating lobes are ptesiéim reduced magnitude than the main lobe.

Frim P ol P

o P T - 15 v ¥
1= m

4 L]
5

15 -15

-4§ -4 A5

75

75 | o -5

Figure 5a: Polar Plot for 4 Degree Figure 5b: PolaPlot for 8 Degreefigure 5c: Polar Plot for 12 Degre
Steering Angle Steering Angle Steering Angle
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Figure 5d: Polar Plot for 16 Degree
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The Block diagram of Ultrasonic phased array forstable detection is as shown in “Figure 6” below.

The transmitter array is scanned to any angle f20rnto 20 degree by adjusting the time delay vallies Time taken by

the ultrasonic wave to travel from the transmittethe receiver after being reflected from the e¢arig Time of Flight.

The object distance from the transduRetan be calculated as[9]

R=Cx (T.0.F.)/2

()

wherecis the velocity of sound (air medium 340m/s) and.F.is Time of flight. Table IV shows the Time of

Flight observed and calculated when obstacle wasepl at different distance from the scanning arféne DSO output

shows the transmitted pulse and the reflected atdistance of 15 and 45cms.

Tramsmimer Avray] | | |
o m
- . Obstacle
o A R
oscilloscope of 4 elements
Figure 6: Block Diagram of the System
Table 4: Time of Flight Measurements
Distance in Time of Flight Time of Flight
Centimeters (Observed) (Calculated)
15 820usec 882.35usec
30 1.8msec 1.76msec
45 2.6msec 2.647msec
60 3.52msec 3.529msec
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Figure 7a: DSO Output Showing Time of Flight Measuement for Object at 79 cm from the Array

Transmitted
pulse

Figure 7b: DSO Output Showing Time of Flight for 60cm

RESULTS
A. Radiation Pattern

The beam directivity pattern of the mathematicaldeiedTransducer array for different steering anggeas
shown in Table Ill. The main lobe is in the stegritirection and the grating lobes follow the mabd by 29 degree.
The receiver array is designed with 3 times wawglespacing between them so that the nulls ofébver align with the
grating lobe of the transmitter. The complete Réalapattern is given as the product of directivifysingle element and
directivity of the array [2]. “Figure 8a, b,c,d artl shows an XY graph representing magnitude aptyefor 4 ,8,12,16
and 20 degree steering of the Practically desigkredy. Table V shows the magnitude of the main labd the grating
lobe. It is also observed that the grating lob&ofes the main lobe by 20 degree. For 4 degreeisteangle the main lobe
is directed at 4 degree , and unwanted lobe pretetb degree. Similarly for other angles 8,1208heir exists reduced
grating lobes at -12,-8,-4, and 0 degree.The nwbed appear at the steering direction with maxisignal strength. The
reflected echo can be distinguished from the unedhihdbes. The signal can be reproduced and herataad can be
located.
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Figure 8a: 4 Degree Steering Figu8b: 8 Degree Steering Figure 8c: 12 Deg Steering
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Figure 8d:16 Degree Steering Figure8 20 Degree Steering
Table 5: Magnitude of the Main Lobe and the GratingLobe of the Practical Array
Steering Angle in Magnitude of Main Magnitude of Grating
Degrees Lobe in Volts Lobe in Volts
4 7.60 4.32
8 7.20 5.44
12 6.80 5.40
16 6.96 5.84
20 7.76 5.04

Obstacle Detection and Location

The designed array can be used to detect obstaaldistance of 15cm to 100cm. Two objects of disnem 19.7
x 9.5 cm and 27 x 20 cm are placed one behindtther @t steering angle of 20 degree, first objeglaced at 39 cm and

second object is placed 50 cm . This system istaldiéstinguish between the objects and is showfrigure 9a”.
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Figure 9a: Reflected Envelopes Placed at Distanc®€@m and 50cm

To locate the obstacle, experiment was conductgadnyng one obstacle in the steering area of 2@edeand the
second object was placed at -16 degree at variiblance. From “Figure 9b” only envelope of thetabke placed at
steering angle 20 degree is detected.

Figure 9b: DSO Output One Object Detected in the ®ering Plane and Second Object
not Detected Placed outside the Scanning Area

CONCLUSIONS

Ultrasonic phased array device to locate obstami@isually impaired is designed with the phasedyaantenna
concepts. The transmitter array of 6 elements ®ithinter-element spacing and receiver array of 4 el@mwith 3
spacing is found to be the most suitable configomato realize the motive. The transducers usectémstruction are of
40kHz frequency and 16mm (1)3in dimension. Since the width of the transdusegrieater than the wavelength, grating
lobes were sure to exist. The receiver array iscsetl such that the nulls of the receiver arrapaese aligns with the
grating lobe of the transmitter array.so that thedet designed reduces the grating lobe and givéisnom steering
characteristics. This design is mathematically yaesd and then practically implemented. The bearmrisig is performed
for steering angles -20 to 20 degree. The desiglestte is simple,compact and has the ability tonsedich fulfils the

conditions of developing a prototype device foiualy impaired people and is able to detect andttobstacle.
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