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ABSTRACT: There are no affordable and widely available tetbgy based aid to give a blind
person the power of free movement avoiding obsseahel dangers. Some ultrasound pulse echo based
electronic aids deliver the information obtainedbtigh the echo through audio signals conveyed by
means of ear phones, but these affect the capabflisuch an important sense organ which a blind
person uses greatly to receive and discern infeomaif the surroundings. In the present work this
limitation is overcome by passing this informatibmough nerve stimulations at a suitable pointtan t
body, possible wrist. Here the delays of the restivltrasound echo-pulses are used to modulate the
frequency of nerve stimulation, to give higher frieqcy for shorter distances. This was designed to
match the common psychological response of atirigubigher frequencies to danger, creating a
natural reaction for moving away when an objedbis close. The highest frequency a human nerve
can be stimulated to is about 500Hz, and pulseb Wights of 100V to 200V are required for
stimulating nerves passing just under the skingusiarface electrodes. Necessary electronic circuit
design was developed and a prototype fabricatetiénpresent work. The prototype was tested for
short distances up to 20cm giving very good linessponse between object distance and the
stimulating frequency, with the inverse characterssas mentioned above. Reduction of noise through
proper housing and shielding will allow the devtoebe useful to a practical distance of about 10m
using 40kHz ultrasound transducers.
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1. INTRODUCTION

A blind person has to depend mainly on other semsaticularly of hearing abilityo getinformation of

the surroundings. Modern technology has given rdiglierson the ability to read through touch, but no
much is available to give him or her freedom in mment except the common white stick. Of courss, thi
stick is more of a flag to inform others ratherrttar the freedom of movement to the blind persion h
or herself. A stick allows information of the peese of obstacles over a very small range arouad th
person and the process is also very slow and cuoiver. Unfortunately no affordable commercial
device is widely available based on modern tectgylo help blind people in their movement. Some
attempted designs use ultrasound pulse echo te@®)igs employed by bats and dolphins, and the
information is passed on to the user through saigrhls delivered through earphones [1-4]. Thetgbil
of hearing is very important to a blind persontas person uses this to compensate for the losglhtf s
Therefore, this method has the disadvantage thimhghirs the natural hearing ability of the person
through the extra stimuli coming from this new @eyicluttering the normal sound. Besides, the piase
of the earphone itself poses obstruction to the ftew of sound to the ear. Therefore engaging the
precious hearing ability to receive informationatgh such an artificial device will rob the persahn
some important information that s/he could haveewotise obtained and deciphered. Therefore we
conceived of giving the information through meatigothan hearing.
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On a different application setting, nerve stimualatiat wrist as an aid for the profoundly deaf was
attempted by a group at Sheffield [5]. This meahdedivery appeared to us as a sensible choichdn t
present application which will keep the facultyhgfaring undisturbed.

Thus the present idea was based on a mixture ofltbee two, originally attempted for two different
applications. In the present work ultrasound putsho would be used to get information of the
surroundings while the information would be preesdnto the subject through nerve stimulations at a
suitable location [6]. Moreover, further informatiavould be provided on the distance of an obstacle
through variation of frequency of stimulation. Thidl allow the user to identify stationary or mog
objects as well, and to assess whether the olgesppproaching or moving away, and to take necessary
safety measures when something comes dangeroosk. ¢h a practical implementation of the idea, the
sensors would be mounted on the sides of a sus gltaa spectacle so that by turning the head around
the user can also get information on the direabitie object.

2.METHODS

2.1 Basic design concepts

The basic idea is described with the help of Figi.ultrasound pulse generated in the device véll b
transmitted through air and a pulse (echo) willimetthrough reflection from an obstacle in the pate
time delayty between the transmitted and the received pulssghwice the time taken for one way
travel, will give the distance of the object frohetvelocity of sound in air at the particular tengpere.
That is,ty will be larger for greater distance of object. fBa receiver side, a nerve will be stimulated at a
frequencyf based on the echo time delayAs mentioned before, an increasing stimulati@ydiency is
desired for decreasing distance to the object. WHigjive a normal psychological reaction to mawsay
from the path if the frequency is too high, repr¢sg an object too close. The desired relationship
betweerf andty is depicted in Fig.1 and is given by,

f= fmax_ kx td

Wheref, is the chosen maximum frequency of stimulation arklis the slope of the straight line.
When the time delay is extremely short it shoulglinthat the blind person is about to hit an olstac
right in front. However, the highest frequency tltain be applied to a human nerve for creating a
sensation is about 500Hz and this determifigg in this

application. - Transmitte:

For nerve stimulation high voltage pulses (heididw 100V, pulse
width about 1 msec) will be produced to stimulateeave
running close to the skin using surface electrodes] the
frequencyf of this stimulation will be modified according to
the above requirement.

pulse

|'| Receive

For safe movement a blind person should be abdense the

presence of objects at distances of about 5 to Famthis ~ Nerve

requirement an ultrasound frequency of 40kHz wasseh  f stimulatior
. . . frequency

because at higher frequencies, ultrasound getsuatied in

air quickly and the sensitive range is reducedhin scheme

proposed and developed in the present work, therewea

would r_lot only be able to sense the presence aigact in Fig.1: Time delay of ultrasound echo

the neighbourhood, but would also be able to sehse ty to control frequency of nerve

direction of movement of object, whether it is nmaytowards stimulation, higher for smalley

ty
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or away from the wearer. After one pulse is tratieaithe wearer has to wait till an echo is reatifice

the greatest range desired for this device. Inpiflesent work, a range of 10m was thought to be the
maximum desired from a practical point of view. @telocity of 330m/sec for sound in air, this will
require about 66msec for the echo to be receivetbtéd distance of 20m both way). Therefore the
interval between subsequent pulses should be mane@6émsec.

On a separate requirement, it is desired that $kbe gets the information frequently so that hehar can
take a quick decision. Ideally continuous real timérmation is desired. However, in practice,
information received several times a second wo@datequate, and may be termed real time. In the
present work, a refresh rate of about 6 times argkevas thought to be adequate for the ultrasound
pulses corresponding to a pulse repetition intemfalabout 150msec. This satisfies the previous
requirement and was chosen for the present praotyp

o Al —

Ultrasonic Amplified e Threshold Processed
echc & filtered Rectified Smoothed Detection Pulse

Fig.2: Scheme of deriving an electrical pulse frameceived ultrasound burst pulse.

2.2 Generating and Receiving Ultrasound Pulses

Commercially available 40kHz piezoelectric transehsc Transmitte:
were used for this purpose, one acting as thertrites and ” pulse
the other, the receiver. Both of these devices have, _
resonances at the same value of 40kHz. To generatéf ! ” Rece|\|1e<
ultrasound pulses, a sharp spike like rectangukstrical : , PS¢
pulse is applied to the transducer which producesped <— ty —>

sinusoidal ultrasound waves at 40kHz with a shisgand a - . Triggerec
slow decay. On receiving this ultrasound pulsed eydkie E L ramg
receiving transducer produces a short burst oftridat V| | E sample:
sinusoidal signal at 40kHz. However, because ofhraeical E and hel
inertia, the received pulses gradually build uminplitude, '

and then decay gradually since the incident waselfitis Desirex
decaying slowly, producing a burst of waves as shaw VCO
Fig.2. To reproduce a rectangular pulse this wavestbis | character
rectified and smoothed to produce a rounded dcepuls istics
Finally using a threshold detector in the form oBehmitt

trigger a rectangular pulse is obtained. This wisaleeme is v

depicted in Fig.2. Fig.3: Obtaining a dc voltage to

correspond tay and the VCO frequency
characteristics for nerve stimulation
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2.3 Extracting Time Delay T4 Electronically

Extracting the time delaty from the transmitted and received pulse electrdiyiceeeds some specialised
scheme which is depicted in Fig.3. A triggered ragemerator in initiated by a trigger from the US
transmitter pulse generator circuitry. The voltafiehis ramp at any point of time is proportionalthe
time delay since the occurrence of the transmttdse. When a received pulse arrives, the ram@agelt
is sampled and held at that voltage using a ‘sanapié hold’ circuit. Then this voltage will be
proportional to the time deldy.

2.4 Generating Control Pulses For Nerve Stimulation

As mentioned before, a greater frequency of stitrarlas desired for a shortgy, i.e., for a smalle¥ at
the output of the ‘sample and hold’ circuit mengdnabove. That means a voltage controlled osdillato
(VCO) circuitry is required whose frequency decesalinearly with increasing control voltage as show
in the lowest part of Fig.3.

2.5 The Total Hardware Scheme

The basic design of the whole system is presentidtie help of Fig.4. The Pulse generator is dalds

or free running rectangular pulse oscillator havdngery small pulse width (less than the time pkeob
the 40kHz ultrasound signal used), and a repetitiequency of about 6Hz. This drives an ultrasound
(US) transmitting transducer. The

transmitted ultrasound travels through air Obstacle

and returns an echo pulse if an obstacle

falls on the way. The US receiving Transmitted _, # . Received
transducer produces an electrical signal US bulse , ¢ N US pulse
which is amplified, filtered, rectified and d A

threshold detected to produce a rectangul US Receiver

pulse as depicted in Fig.2 before.

The pulse generator also triggers a voltage
ramp generator whose output voltag
increases linearly with time from the
instant of the trigger as depicted in Fig.3.
This is taken to one of the inputs of a
‘sample and hold’ circuit whose other
input is the trigger from the received and
processed US pulse. When a US echd
pulse is received, the ‘sample and hold’
circuit samples the value of the ramp
voltage at that instant and holds that valug Level Shifter
constant for some time.

Amplifier, filter,
Pulse generator ] rectifier &
threshold detector

Ramp
Generator

Sample and
Hold

A voltage controlled oscillator (VCO) was
designed to give a low frequency for a high
voltage and vice versa as depicted in Fig.3
This VCO gets an input from the output
voltage of the ‘sample and hold’ circuit.

However, the voltage had to be channeled g 4. gjock diagram of the whole blind mobilitydasystem

Nerve To electrodes
Stimulator on subject
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through a level shifter circuit to suit the VCO aaeters. The VCO gave square wave forms which were
used to activate a nerve stimulator circuit. Thizdpiced the necessary high voltage pulses to stimal
nerve using surface electrodes. Thus a longer dtelay of echo gives rise to a higher voltage at the
‘sample and hold’ output resulting in a lower freqay of nerve stimulation and vice versa.

2.6 Actual Circuit Implementation

The developed circuit is shown in Fig.5 and a bdie$cription is given below. It needs to be memttbn
that the first laboratory prototype was fabricatedshort distance ranges, about 165cm, and thoaitir
parameters were adjusted accordingly. For a ladggance, some of these parameters will need to be
changed appropriately.
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Fig 5: Circuit Diagram of the fabricated prototype

2.6.1 Pulsed Ultrasound Transmitter: This section is built around U11, a popular timé€r (655) to
deliver free running pulses to a 40kHz ultrasowashdducer through a driver transistor Q2. The pulse
width should be considerably shorter than the aatime period of oscillation (26 for 40kHz) of the
transducer to deliver a single short burst of dadrgieusoids. If the pulse width is larger, two cangive
damped sinusoids would be generated at both thmg rixige and the falling edge of the pulse and will
complicate the time delay measurement. The repetjpieriod of the pulse was designed based on the
maximum distance that is intended to be coverethisydevice, and the frequency of information updat
for the user. As mentioned before, about 6Hz waseh for the repetition and the values of the dircu
parameters were chosen accordingly.
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2.6.2 Triggered Ramp Generator: The above pulse generator for the transmitter érigjg ramp generator
built around U9 which again uses a similar timer (B55). As mentioned above the first laboratory
prototype was designed for a short distance ramge,so the period of the ramp generator was chosen
accordingly. For a longer distance range, thisqoehas to be changed appropriately. For this ldabora
version, the range was chosen in such a way teaiutput of the ramp generator would rise from 8\o
within 10ms. This time would correspond to a maximange of 165cm (considering twice the distance
covered by the ultrasound pulse).

2.6.3 Receiving Amplifier And Pulse Shaper: The transmitted ultrasound pulse is usually inftimen of a
damped sinusoid because of the natural frequenosdiflation of the transmitting transducer. On the
other hand the inertial characteristic of the reiogi transducer contributes to a gradual incredsbe
waveform at the beginning, as discussed befores Teiresulting received electrical pulse is inftren

of a 40kHz wave packet with a gradually rising d@neih a gradually decreasing amplitude pattern. The
electronics at the receiving end has to creataiarsgulse from this 40kHz wave packet. The angpdifi
are built around U1 andU2 which are straightforwaoth-inverting amplifiers with high pass filters on
both sides to minimize unwanted mains borne (50hti3e and dc offset voltages. Common opamps
(TLO74) that were used for the present design ddiawe much open loop gain at 40kHz, therefore two
stages were used. The next stages, built arountdand U5, rectify and smooth the signal to predaic
dc pulse output which is further refined using dr8itt trigger, built around U6. The output provides
trigger for the sample and-hold (S/H) circuit

2.6.4 S/H Circuit And Level Shifter: On getting a trigger from the above circuit whigrresponds to the
time of receiving an echo pulse, this S/H circUiLQ) takes a sample of the voltage of the ramp rgeoe
mentioned above and holds it at that value forreazetime (a few ms) for processing by the nertigt.

This output is level shifted using U7 and U8 ta e requirement of the VCO that follows. If ngin
comes due to absence of any object in the viciftity echo) the S/H output resets to the base value
automatically after about 1.5 seconds waiting ther mext trigger.

2.6.5 Voltage Controlled Oscillator (VCO): There are two conditions that have to be fulfilfed the
proper functioning of the VCO IC (SE566, marked Y12ne of the conditions is that the modulating
voltage, coming from the output of U8, should béween three-fourth supply voltage and the supply
voltage. Hence it is necessary to take the sampiedge coming from the S/H circuit to the necegsar
range given by the condition. This calls for the n§a level shifter prior to the VCO as mentioabdve.
The components linked to the VCO IC were chosenaatidsted so that echoes from practically nearest
target objects would give a frequency of 500Hz #rad from the most distant ones (as designed),tabou
50Hz.

2.6.6 Nerve Stimulator: For stimulation of nerve using skin surface eledt® at the wrist, where the
nerve runs just below the skin, voltage pulses eetwl00V and 200V are necessary to produce adequate
stimulation. This high voltage has been obtainddguan off-the-shelf step down transformer (220V to
9V) connected in the reverse step-up mode. Twosigtors (Q3 and Q4) were used in sequence to
provide adequate current amplification for drivitng transformer. The output of the transformer gjive
the necessary stimulating pulses to the human thwdygh metal electrodes.

3. RESULTS & DISCUSSIONS
The performances of each section were measuredaselyato find out whether these give the desired
outputs. When these individual performances wetisfaatory, the circuit parts were combined for the

final test of performance. A target object was pthat various distances from the ultrasound tracesguy
both of which were kept at the same level. Howeeare was taken so that direct output from the
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transmitter does not reach the receiver. The tielaydbetween transmitted and received echo pulses,
voltage output of the ramp generator, and the faqgy output of the VCO, which is the effective rerv
stimulating frequency, were measured. The variatioh measured pulse delay time and stimulating
frequency with distance are shown in figures 6 Anespectively.

It may be seen that the time detapf echo pulse varies linearly with distance in.€ighich is expected.
That the VCO section is also
performing well can be seen from 16
the linear graph, but with negative 14 P
slope in Fig.7. The experimental /

prototype, built up on a circuit 2 e

prototyping breadboard, was * /
designed for short distances to test o8 /

the effectiveness of the developed 0.6
circuitry. Tests made up to a 04 /
distance of about 20 cm show a «

good linearity between the nerve
stimulation frequency and the o . 10 15 2 s
distance of the target object, Distance of obstacle from Transmitter (cm)
which shows a success of the
method.

Delay Time (ms)

Fig 6: Measuregulsedelaytime against distance
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Technological aids such as the
one developed in the present work
for the blind may improve the
quality of life of such physically
disadvantaged people to a great
extent. It is rather unfortunate that
not much effort is given to
develop such technologies, which
is apparent from the very limited
availability of these devices in the
market. Again, whatever is
available from the technologically
advanced countries, are too
expensive and unaffordable to the
majority of potential users in the Third World. Biss, such devices from advanced countries faltt sifo
the requirements of sustainability in a Third Wocltlintry since the design is not often appropriate
the target region. Besides, repair and maintenamee country remote from that of the manufacturer
becomes a practical impossibility. Therefore, afitsrio develop such technologies in the Third World
itself are necessary viewed from the points of ot and sustainability.

Stimulating Frequency (ms)

Distance between obstacle and device (cm)

Fig 7: Measured Stimulating Frequency Against Dis&a

As already mentioned, going for nerve stimulatiorpresenting the deciphered information to a blind
person makes a significant improvement over exjstisthnologies that deliver the information through
the ear. Therefore, this technology will also befukfor the advanced countries of the world.

This new technique does not curtail the naturalilfgcof hearing which a blind person has, a faculty
which often is enhanced to discern subtle inforamatihat a normal person cannot. The ultrasound
transducers may be mounted on a spectacle frameimdl the user to scan the surroundings by rotating
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and moving the head, thus being able to judgeiteeaf objects in the surroundings, and the way the
are moving, to some extent. The nerve stimulatioay be applied at any point where the nerve fibres
run just underneath the skin. As a nearest poistigfulation one may be inclined to use the facéle,
however, it may be rather unpleasant to the usiier@ptions may be the radial nerve in the upper, a
median and ulnar nerves at the elbow, or the Vestrterves at the wrist. All the points except thistv
have muscle around and fatty layers under the 3kia.former may cause interruption of stimulatiore d

to muscle moving in under the electrodes, while Igiger will demand much higher currents for
stimulation, making it rather unpleasant and painfinerefore, wrist appears to be the best place fo
stimulation having no muscle and a minimum of &telr, although this will require a long wiring from
the spectacle frame to the wrist electrodes. Pdative whole device including the transducers and
electronics on the wrist is another option, howewatural movement of the hand will disturb theach
pulsing process. Using wireless signal transfewben the transducer circuitry and the stimulator is
another option, and appears to be the best, bumaike the device more complex and expensive. The
experimental prototype, built on a circuit protatygp breadboard, was designed for short distancessto
the effectiveness of the developed circuitry. Testgle up to a distance of about 20 cm show a good
linearity between the nerve stimulation frequenng #he distance of the target object, which shows a
success of the method. For more practical usageaatige of the device has to be increased to difont

At such distances, the received signal will be weepk and adequate care has to be exercised iningdu
interference and noise as much as possible. THisneéd housing the transducers and the electronic
circuitry in properly shielded enclosures, and hgvshielded cables for signal transmission between
different segments of the device. In future mofferimation may be incorporated, such as the nattire o
the obstacle, based on the amplitude of the redgivwése, which will be made to alter the intengify
stimulation. For this a time varying gain in theeiing pulse amplifier (called a swept gain anmeijf
would be needed as used in traditional ultrasocadreers.

Furthermore, for objects lying at the back of theeny an additional system may be placed with
transducers facing the opposite way. Besides, it beaconsidered whether three dimensional positiona
information may be obtained using two or threegnaitter-receiver pairs and computational techniques

Thus the present work has taken a new step to @eweluseful aid for the blind which will give the
person more freedom in movement while avoidingades and dangers.
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