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Abstract

Earphones are widely used to listen to audible doMarious researches to improve sound qualityiraggocess like noise
reduction etc. But in this invention earphone hagacitive touch sensors which can detect the sktheouser, and from the
various combinations of output coming out of thesses many task can be operated in the host deAdigbors propose that in
this invention various tasks of the host devices lsa controlled by the earphone on movement ospeaker of earphone, on
touching the speaker of the earphone by fingeplogging the speaker of the earphone in the earplugging out the speaker
of the earphone in the ears. Using this techniquhdrs have implemented that a smart earphonemsysi@ be used to make
the earphone from task oriented to multitaskinglifferent gestures of the user.
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1. Introduction

Technology is the key to enhancing the qualitylife for everyone in the continuum of life (Padad Jayaram, 2003).
Earphones, computers, smart phone have become aoiimnmur life in various forms with ubiquitous amgearable technology
and devices (Kidet al, 1999). Earphone are used very commonly in getiéalow, even it is a very essential part of thebile
phone, but earphone only changes signal into aaidifalind to the user. Authors propose that in thisrition many of the general
tasks which are important while speakers of theteare are plugged in the ears performed smartlghéyser without opening
the host device and also without pressing any eatanput button (Brumitet al, 2000). For example if a user is listening to
music via earphone now if user wants to pause theiaruser has to open the host device or presstanbgiven in some
earphones but in smart earphones user just hdagmpt the speaker of earphones from the ear,awiliautomatically paused
and then if user plug the speaker of earphonerinneasic will start playing. Many tasks like chamgimusic tracks, increment or
decrement in volume, fast forward or fast rewindan§/ track and many more tasks can be performdubutitopening the host
device or pressing any button in earphone (Vatagpet al, 2007).
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2. Construction

Figure 1. ATMEGA 8 Microcontroller

In this earphone there are capacitive touch sensars or four capacitive touch sensors are theoemling to how many task
has to be completed by the host device via earphoti®ut opening host device or touching buttoneamphone. Using two
capacitive sensors less task can be performedyangibg four capacitive touch sensors more tasksheaperformed by the host
device.
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Figure 2. Hardware connection with ATMEGA 8
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Figure 3. Output from the Microcontroller attached with Snpédne

2.1 Hardware ConstructionThe position of capacitive touch sensor if two agfive touch sensors are used then on both the
speakers of the earphone a sensor is placed asmsimowigure 5 or in Figure 6 (in figure shown ordype speaker same
configuration for the other speaker of the earphdiigure 5 type is easy to manufacture but Figutgp@ will be more efficient.
The position of capacitive touch sensor if fouraafpve sensors are used then two sensors ardattac the speaker as in Figure
5 or Figure 6 and two additional sensor as showrignire 4 (in figure shown only one speaker sam#igoration for the other
speaker of the earphone). Now the output comingbtite capacitive touch sensors will go to inpaittpf the microcontroller. In
simple words output coming from the capacitive tosensor will become the input of the microcon&olNow the output of the
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microcontroller goes to the host device. Any micnaicoller can be used. Author have used ATMEGAS8ragontroller. It is
28pin low cost microcontroller with 5V dc supplyZiytes EEPROM.

| ] Capacitve touch sensor

Figure 4. Capacitive Touch Sensor on speaker
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Figure 5. Capacitive Touch Sensor front position

2.2 Software ImplementatiorBoftware or an App has to be installed in the hiestice which can detect the output of the
microcontroller and according to the output of thierocontroller it can control the host device lidaying music, pause music,
next track, previous track, increase volume, desmamlume, fast forwarded the track, fast rewirs tdack and many tasks. An
android app can be made for android smart phonayMpps are also there in Google play store whichaontrol the signal like
headset droid, headset button controller which rodsitthe button given in the earphone by doublekioig the button and

additional feature.
%:I Capacitive touch sensor

W
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Figure 6. Capacitive Touch Sensor back position
3. Design

The design of the smart earphone is just likmianal earphone. The only change is it has nowaitipa sensors in it. In four
capacitive sensors earphone two capacitive toutsose are there in a single speaker of the earpltame of the sensors is placed
in a position so that it become high or in simglaguage sensor is touched when a user plug th&espafathe ear phone in the
ear, as shown in Figures 5 and 6. Now the secomsbsés placed in the position so that it do ndtlggh or in simple language
touched by the user skin when the speaker of thgheae is placed in the ear as shown in Figuren4wb capacitive sensor
earphone each speaker has one capacitive touctr seimch is placed such that when the user plegstteaker of the earphone
in the ear it gets high or in simple words the gifithe ear get touched to the sensor, as shoWwigimes 5 and 6. Position of both
the capacitive sensor in a single speaker is shawigure 9. This technology comes under wearabdhiriology. As wearable
technology becomes increasingly common on the cawiaiemarket, social wear ability is becoming areremore-important
variable contributing to the success or failurenefv products (Dunnet al., 2014). The “wear ability” of wearable technology
addresses the factors that affect the degree ofacbrine wearer experiences while wearing a devineluding physical,
psychological, and social aspects (Duehal, 2014). So on making design of this device weditgalis a big issue.
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Figure 7. Front view of Speaker

4. Capabilities of smart earphone

Now the most important part capabilities of thispd@ne, in two capacitive sensor earphone, theaesisnsor which gets high
when the user plug the speaker of the earphongeaker. If we use the two capacitive sensor eamlizen user wants to pause
the music, user has to just plug out any of the speaker of the earphone from the ear then musdigaise after a short time
interval, then if again user plug in the speakethef earphone in ear, device starts playing thektr user wants to change the
track of the music to next or previous, there are $speakers one is at right and other at leftyaf iser plug out the right speaker
from the ear and plug it in the ear in a very shione interval then music track changes to the texak, and if the user plug out
the left speaker and plug it back in the ear im@rtstime interval music track changes to previtask and if user plug out the
speaker from the ear and do not plug it back inrearshort time interval music track will be patdis@&nd if the speaker is plug in
the ear of the earphone after the short time iatemusic track do not changes to next or previoask, it will start playing the
same track which has been paused. For call recgiping out the right speaker and plug in the aahiort time interval and to
decline a call, plug out the left speaker and pfuthe ear in a short time interval. Now the udsage not to take the phone from
the pocket or to press any button to do any sirtgdk. It can be control by the earphone. In foyracitive sensor earphone, two
additional sensors are attached in a position abittiloes not get high or does not touched byetireof the user when user plug
the speaker of the earphone in the ear, as showigime 1. Now due to the additional sensor uséhas to plug out the speaker
then plug it in back in short time interval andcalsore tasks can be performed as compare to theawacitive touch sensor
earphone. In this four capacitive touch sensorteare if user wants to pause the music user hakigpqut the speaker from the
ears music pause immediately, in two capacitivehogensor music pause after a short interval. Ngav plug in the speaker of
the earphone in ear again music starts playinghafaiser wants to change the track to next oviptes track user just have to tap
the speaker. If user taps the right speaker whémdiahe speakers of the earphone are pluggedtkiears the music track will be
changed to the next track. On tapping the righakeethe sensor which is not touched by the egeisouched or get high. On
tapping the left speaker of the earphone when th@tspeakers are plugged in music track changedetdous track. Now there
are some extra features in four capacitive sensamshone in this user can also control the musigme if user not tapped the
speaker of the earphone instead of it user touetsfieaker of the earphone for a time interval thenvolume will change in
proportion to the time that user touches the speakthe earphone, for example if user touchegitjie speaker of the earphone
when both of the speakers are plugged in the dars\volume of the music track starts increasingroportion to the time user
touch the speaker. Similarly if user touches tliesigeaker of the earphone when both of the speakerplug in the ear volume
of the music track starts decreasing in proportiothe time user touches the left speaker.

5. Working of the Smart Earphone

This technical part describes that how smart earpheorks. We start with design of working of hardevpart followed by the
working of the software.

5.1 Working of Hardware parttn hardware there are sensors and a microcontraie hardware part is very simple sensors
output coming from the ears and touching by thedttae user will become input for the microcontrollidow on different inputs
microcontroller give output according to the codad output coming from the microcontroller goethi® smart phone.

Left speaker

Right speaker
capacitive touch

capacitive touch sensor

sensor named as named as rs2

Is2

Left speaker Right speaker

Figure 8. Back view of the Smart Earphone
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5.1.1 In Four Capacitive Touch Sensor Earphdmethese earphones there are four sensors, tworseaie in position as shown
in Figure 5 or as in Figure 6 and rest of two dtached as shown in Figure 4. We name all senfessensor at left speaker as
shown in Figure 7 named as Isl, the sensor aspefaker as shown in Figure 8 named as Is2, th@rsahthe right speaker as
shown in Figure 7 is named as rsl and the sengbeaight speaker as shown in Figure 8 is nameg2asOutput coming out
from the sensors will become input for the micrdeolter and on every different input condition wesiin an appropriate output
from the microcontroller which will go to the had¢vice like mobile phone. There are different ctiods, user plug the speaker
of the earphone in ear in this condition Is1 aridgsts high and Is2 and rs2 is low in this conditimicrocontroller generates a
output, this can be any output for example taka amgle pulse, this output will go to the hostidevike mobile phone. If user
plugs out the speaker of the earphone from earcmeyof Isl or rsl get low and immediately an outigugenerated by the
microcontroller which will go to the host devicé&di mobile phone. If user plug the speaker of thplemne in ears and tap the
right speaker of the earphone (tap means touchdhespeaker of the earphone for a very shortrwat, in this case Is1 and rsl
is high and rs2 gets high and then low after atdsiiioe interval and Is2 remains low so program itierocontroller in this case
that output will be different for example two puse

If user plug the speaker of the earphone in aatstap the left speaker of the earphone (tap snearch the speaker of the
earphone for a very short interval), in this cagednd rsl is high and Is2 gets high and then ftev a short time interval and rs2
remains low so program the microcontroller in tase that output will be different from other cdimli for example three pulses.
If user plug the speaker of the earphone in the aad touches the right speaker, in this caserldI<l is high and also rs2 gets
high and Is2 is low in this condition microcontegllgives the output which will be different fromhet case for example four
pulses then a break then again four pulses andvihilse continue till rs2 does not gets low, inistikase according to proportion of
time user touches the speaker, host device hasrig ¥or increasing the volume if user touchesrigbt speaker so until rs2 does
not gets low host device has to increase the volsmmicrocontroller has to give the output till igts low so it will give output
like four pulses then a break then again 4 pulséscantinue till rs2 gets low, if four pulses inase the volume by 1 unit then it
will increase the volume till rs2 gets low.

If user plug the speaker of the earphone iretims and touches the left speaker, in this casendIsl is high and also Is2 gets
high and rs2 is low in this condition microconteslgives a different output like five pulses theloraak then again five pulses and
this will be continue till Is2 does not gets low,this case according to proportion of time usackes the speaker, host device has
to work, for decreasing the volume if user touctiesleft speaker so until Is2 does not gets low desice has to decrease the
volume so microcontroller has to give the outpliigP gets low so it will give output like five ges then a break then again five
pulses and continue till Is2 gets low. If five prdsdecrease the volume by 1 unit then it will daseethe volume till Is2 gets low.
If Is1 and rs1 are high and Is2 is low and rs2rg fap (tap means touch the speaker of the eagpfwr a very short interval) then
touched means rs2 is high then a different outpgieinerated by the microcontroller for examplepsilses are generated then a
break then again six pulses are generated fromonoatroller till rs2 is high. If Is1 and rs1 argghiand rs2 is low and Is2 is first
tap (tap means touch the speaker of the earphorseviery short interval) then touched means Id#igh then a different output is
generated for example seven pulses are generardathreak then again seven pulses are generatadhficrocontroller till Is2

is high.
K: capacitive touch sensor

capacitive
touch
sensor

i

Figure 9. Showing both the sensors in one earphone lowenihtuch the skin of the user when plugged il éime other one
will not touched by the skin when plugged in, itlyie touched by the user finger

5.1.2 In Two Capacitive Touch Sensor Earphdnehese earphones there are two sensors. Thag aasition like in Figure 4.
Both sensors got high when user plugs the spedkbeearphone in the ear. So there are only twsas Is1 and rs1. There are
different conditions, user plug the speaker of gaphone in ear in this condition Isl and rsl degh in this condition
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microcontroller generates a output like a singles@uhis output will go to the host device like rielphone. If user plug out any
of the speaker from the ear so one of the Isl biget low and if it is low for more than a specificort time in this condition
microcontroller generates a output which will gotihe host device like mobile phone. If user plug the left speaker of the
earphone and plug in the speaker in ear in a ghoet interval in this condition microcontroller gmates an output like two
pulses. If user plug out the right speaker of thgkone and plug in the speaker in ear in a shod interval in this condition
microcontroller generates an output like three gsils

5.2 Working of the Software parin software it does not depend on the four or twaser earphone it depend on the signal
coming out from the microcontroller basically hayimore sensors will generates more input possdslitbut the software
depends on the signal coming out from the micraodiet, in android app we can make an app whichamarirol these signal for
example every signal coming from microcontrolletedted by the software and a task will be complefted example if a single
pulse is coming it will play or pause the musictwb pulses are detected then it will change thekito previous and can also
reject the call, if three pulses are detected theiil change the track to the next track and e¢so receive the call. If four pulses
are detected then an increase of one or two utlitsrvolume of the music if five pulses are deteéd¢teen a decrease of one or two
unit in the volume of the music. If six pulses datected then it can fast forward the track by it (imfast forwarding by 1 unit is
like forwarding the song by 2 or 3 seconds). Ifeseypulses are detected then it can fast rewindrdek by 1 unit (in fast
rewinding by 1 unit is like rewinding the song bp23 seconds).

5.3 Output from Microcontroller and Detection by &tphone android appFirstly output coming from the microcontrollerrca
be any signal but in different condition from thensors different output must be generated. Nowotktput generated by the
microcontroller goes to the smart phone the apgnrart phone will detect the signal and accordingitmal task will be
performed by the smart phone.

5.4 Synchronization of Software and Hardware p&fter implementation of the necessary interfacifidpardware and software it
will do the required task. The pulses are just gdamsingle pulse, two pulses etc. basically for pteting a unique task a unique
signal has to be transmitted from the microcorgrolvhich will be detected by the software in thebiteophone and then the task
is completed for example. If user plug out the Bane Isl or rsl will get low. Now when Isl or rsétgylow a signal is
transmitted from the microcontroller and it go ke tmobile app, now when making the app it is piiedef on that particular
signal music has to be paused, so when Is1 oratslligw music will be paused. So when a user pligte earphone music will
be paused automatically. Now when user has to et track to next or previous song user hasgbtap the speaker if user
touches the right speaker it will touches the rigapacitive sensor and microcontroller gives aaigm that signal it is pre
decided that the next track task should be exeaiteiarly for left speaker in four capacitive tdusensor earphone.

Output coming

from ATMEGA 8
@ Task performed
Algorithm of the |:'> by the smart
Smart Phor :> software phone

Figure 10. Showing the working of the app

POWER :> Smart

SUPPLY :'|> Smart Phor phone app
ATMEGA 8 ﬁ

CAPACITIVE

TOUCH Task is

SENSORS — performed by the

OUTPUT smart phone

Figure 11. Showing Overall working of the Smart earphone
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In two capacitive touch sensor user has to plughmiearphone then plug it back in a short tim&lfirsensor gets low then in a
specific time high this will generate a signal @aask will be executed like changing track. If usamts to increase or decrease the
volume of the track if user touches the right speakolume starts increasing automatically becaugzoeontroller send a
continuous signal and volume start increasing as rgmove the finger from speaker it will stop fignt increment because it will
come in normal conditions similarly if left speakertouched volume start decreasing. If user hdadbforward just tap the right
speaker then touch it in this condition microcolrohave different input generate different outpud on this output app will
perform this task similarly if left speaker andritteuch it continuously.

6. Conclusions

Migration of the user interface platform fronbalky personal computer to a smart phone has signifly facilitated its usage
by turning it into a true wearable assistive tedbgyp (Kim et at 2012). So basically there are sensors in thekepeat the
earphone on different combination of output comthgough sensors (Isl on, rsl on, Is2 on and rslanff many more
combination) go to the microcontroller, microcotigp generate a specific signal for different inmatndition, the output of
microcontroller go to the mobile phone and a apthése for detect the signal and on that signdd @il be performed by the
mobile phone. So far authors has done changintrabk, changing the volume and pause and play aiethere are many more
combination that can be created by the sensor antiase input a task can be performed by the hegte and also a speech
recognition feature can be added to the device.
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