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ABSTRACT

This paper proposed a signal processing-communication interoperation system that enables interaction between
things and server using acoustic distortion touch recognition. The sensor processor extracts touch events from
things as recognizing the effect of the acoustic signal distortion and transmits touch events to the server to
recognize the individualized behavior pattern of the interaction between a person and the thing. In this paper, we
implemented a thread socket based wireless communication for sharing events. Also, to reduce frequent power
consumption due to event transmission through server to thing, we distributed signal processing to each sensor
signal processing processor based on event sharing between adjacent things. And we presented the power
consumption measurement results that required by the things-server interaction signal processing system using the

proposed acoustic touch recognition circuit.
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implementation method

General touch Use threshold voltage

Successive twice touch Use mcu timer

Continuous touch Use mcu timer
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Function event-detector

while
V = readVoltage(a, Apin);
Vh=V;
if Vy <=V
Vw=V;
end
ifvV,-V>D,
if Timer isn’t running
Timer Start(2secs);
send(E,);
end V}, : High-peak voltage
if Timer is running D,,: Touch detection thresholds
send(E,); Djong: Long touch detection
end thresholds
if Timer is done E;: Touch event
if Vy< Dlong E,: Successive touch event
send(E3); E3: Long touch event
end a : information about
end board(H/W) connection
end Apin : Analog pin
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Fig. 4. Touch event detection algorithm

45 At B AFEEAE A Hole e
A Fo7 FA 7S Fal ASE] 1z d)
B AL SleE gk} B =Fol|4= IEEE 802.11
XF Wi-Fi ¥4 d 7|8 7k R S AHE-A
] 7ke] AsARg-S A|jksle] MCUeIA A== &
3 A% Bl ] EES 7Zbzke] Mcuel 2k A
SlElFo]2r BES o]83le] AW Fo=R HEE
A Zel|A] A HEE 39k A8 331 MCU2
A QlE]Hlo)~ BE Zholl= TCP/IP 7]4ke] AAlS
o] g3le] FAIBIEE 31g]om g AWl ofz] AR
2o dlolg] FAE 0|83l 2H=E AMIIES
sk Akl A=A 7k Ay FE= 1
al 59,} 7H:}

AAE EH] oM EESL ZHe] AlEEel d4H
FAl QlEljo|~E F3le] AW S 2AlE 3l
dloe] HFe] o]Fo|xict. oju W 7 AEER

1->

nx_i

Things Wi-Fi
MCU + connection
Wireless interface - N
Server
Thread
Mcu + Socket
Wireless interface Thread

socket | Server-side
Thread H
rocessin
Socket p g
Thread
Socket

. / Things-server interaction
for individualized pattern|

Wireless interface

MCU +
Wireless interface

generation
\ J

T2 5. TCPIP &7 7]8ke] AE-Adn] 7+ E4
Fig. 5. Communication between things and server based
on TCP/IP socket

1835

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-09 Vol.42 No.09

| Thing | | Thing | | Thing | Thing

el 1 1 1 |

Ec E, Ec Ey, E E, E E, Ec E, »

Pattern matching Provide to user
based on algorithm individualized service

T2 6. ARE-AH] oMlE 4] 2 Au] 2 e wA
Fig. 6. Things-to-server event collection and server-side
pattern matching

&l

HE dlolelE AE] flste] A SellA= 2

= 2 FEE TAsle] w2 HolHE PSR
sick o AFESEE 79 okl o WES

© 28] 6ol theRd AR A Fom 45§
Vel 5L Eaje] Tkt BA] o MESRIE] A4
Ae] Aelskel Aee 2w el siehs Ajalsh

AR|E AlFElES gk

o

3.3 FASE MH-AIS ASEIE

o
:

& 712 oML 7]HE AW-AE 7he] AEALES
A3 7)) Slete] & wolile Hdsie Su
oMIE 7A|s} HAsE AuALE 7be] AEAE-
Akie), #4518 T2E Tagens o3 oilE
AAE o83k AM-ALEe] AFEAtgelA dlole] A

4
ek ghael Ady 2adE 7|ds S 9ok

AToi= 53 oWE 7R 71eE o]83l]
B Q1AS & off mjdle]| ul2 A3 FalE 2|
$]3}e] Matlab/Simulink =28 MCU$} Esh=
HILS (Hardware-in-the-loop Simulation) #AJ!'7-2-
o]-gsh= Algl F2E T3t Simulinke} MCU
©2 A5 Arduino Mega 25605 HILSZ o8-8}
o] 44l = Fol| 2 EfATAZNE dojz| Hlo]
ElE PCollA AAIZEe R Eeldd 4 9l=5 3ich
o] FxE 7MEeR 3o g 9] AgS %13s)e]
FIE WA wiAelA x| o[WEE o A
A AAFoEZH EH3g oWE HFS T
A Sl 8249l ARl wiAS 7Fssl sl A
=AW 7k Asake-S A = gl T
£ WA v wE oE ZRE H3E
Matlab/Simulink 7%+ 13 73} ) o4 ko=
s 7AEIE Aol o At 53 Als 7]
HE ] o[WIE &S & 5 glo] AW So2 A
gk o MIEE A5E 4 9lu 22K E] HH| AlE-A

re o

1836

it

N— e
[

SiaWave Pno
e
= iowal Gt

v ] W=

Tesigne!

|y —
Ping
‘ADC(Rpart)

Anslog Input
—O-—

T¢ Spastrum ToWorks pace

B

Rx Spadum

T2l 7. Hardware-in-the-loop Al E#H o] T+
Fig. 7. Hardware-in-the-loop simulation

W s kg Fella] el el A 5 9l
k.

g AHES] AlS Al Zella] A5 eflohs 7
slod Alghe] ElA] oMl ES Ax|ghehs Aol <)%t
3to] B =ielre A FelAe] ARkES Eol7]
flte] Alze] =g AAE w), 4l Fo= 91
= Alwe] F=a ks 7w E 3 )
sdojr e aisle] Frlsisint Alse] 93 s
stedlelR Fge®n MCU ZellMe] Anteks
oL A Abs kgl AL AL
s Zd  glek oleldt o[ & 17 39 MCU
Zell 2 A5 Skl

ARE-AH O] Aeakg el A AbeellA] HHAE]
3 o E ZHA] 7Nk ElA] o]WIE dloJel= AW
o3 AFEe] Al oW EE 913k R WA
FasiAl =ek o] A AW 59 AAd" we 5
AREERRE B o] dloler) An] Som A
vl Zfelstel el A S8l w2 kel wlele] Akt
o] daslrh & =ieliis AW Fo& dloje] A%
3} Alteke] AFEE ARE-A FxellA] A Z Al
ARES Fol7] S1’ A 7Xe] oA AFE FEE Al
kgt WSk A7) w9]e] oMIES A A
SollA A SellA] alwlofof & Sl i 2fqie]
AHELE Faste] F o orlE TP oMIES A
B o Aggomy Aufola A= dlole <k
& Fo|=F vl QAR AR AR 7] AFe kg
& v R A Qe o] ~E o]88te] Fdste]
AH] Zow A} wheje] o|ilE AFoe] ol <lxigh
AFE 7ol Zhagk SR vl A4S AR olES A
TS gk oleldt AlE-ANE 7ol A AE A%
Ah8-5 FRlsle] B AREENE ASEE dolHE
Fola Ao An] Fellxe] ] 4143k sH1s}

o 1

o o Jw rfr

www.dbpia.co.kr



w8 felsbE S

B olE 14 ol 47 A AFEAM el s 7]

oE

Adjacent things Server )

Thing H Thing I(—)[ Thing ]——
Server-side
processing

Thing Thing

Things-server interaction

for individualized pattern
Adjacent things generation
N

a3l 8. R AHEE Q9] 94 A
Fig. 8. Edge computing between adjacent things

KD
1z

S
_>|L

E

S

Q

e

>,
E‘é

"

e

ol

=2

P
2
o

e

998, Prgs MEY H9E AN 249l H5E
A Zoz AgATIE o AusE 4, Py,
& A Zelx] SAE oMESS ATl o 4w
s A2 ojulak, AA] 42 v Qga G
o) AEE A5E K A5 wle] A 2w o)
ek 2] (9] B4 = APEelq 41 2 ez
EAaRAR SIEEE Alss) AEee] SaE ot
o]

o} Afu] Z02 BAle] o] ojxm EAle] o5 Al
Ho] =t} Z P, 0 Bt Ppg7t A4 A9 2mo]
AR wlFe] 2 Faoleh wal AM Zolx 7}
A e dole i oMES Qelof sl

A Zell)e] A dlole] Aelake 2 A gl

L

mel ZPADC[n]+PTS[n])+PT(’I (1)
n=>0

o

7} 7 wEic), S o[HlE whe)s] Aol o]

FojAmz EAlo) Baw 1Y Py G 4

235 AW ol oMLE B91E o} sl b
]2

—

=

[es

e Adsl Hmz 123 dele] Aejake &
o} Eek, A 2w 942 e Kohe] AE Al
2 B4 oMEE AFel] A 18 A

o ame] goz A )9} o] vehdrh

caeez 2 PADC + Pﬂ'/(,'[/+ PT5+ PT(GU) (2)

£ AT oE A1 o183 AbEAR U9
AEARgolA] vhY B4 LS ARabE 7o) E
A, 5 AR 7] oA RS Fksle] A S
= 407 5i9e] o]l o] oy A AL 2he]
dlole] A2l g A2 oMES Adshe wdo]
o}, oleiat FE= AAE WA Al A 2k 5
3 A MENZE P $A71E Fleka 1
£ 7b9) o[ES Fhale] Hloly A2 gL A
207 5] oPLES} ofd of2] 7o) EjA] epalERy
AR Slv] s oS sl A So
o) A% A 2 g kel 2o}

E’L

FAlelse] Aol 7ol

28 A= An] S3le] Eale] Begh A gruck
A}, gl An Zola] He]shs ol ELe] o)}
A7} w91 oWl ES} ol Q1AE A% 7ke] el w)
A HHE AR ol Ee| B A ZollA2] e v
A< 913 dlele] H2jakw 7hasl) EM A AY
o] ZojEx). viAu} wele] A9e) oix] U|ESZ
Zoll 4] L) AbEellae] A A 2mi A (3)°
2 vpepdet Pry e V;ﬂ AFER o]l EE A4at
o) vl AEe) ke P, = QAR AFESA]
A A2 B4 AR F AW Zo2 A5 uf 4w
5= Ae) kg ojwig)

I
Potal Z thmg +PA9+PT
= X (3)
where Py, = E (Pupeln]) + Pyep+ Pry
n=0
v. o #

& ErellA AdE as] flE A’ MCU

1837

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-09 Vol.42 No.09

=9] 32w T8 99} Zr) 38 A%
o[MIE ZHAIE fl3te] F sHe] Fellx E
W2 & Al o Algslsinh il MC

oA 2150 dl=E AA|Ete] E]A] o|HEE A
st u] == 7ZE7](peak detector)E L=l 2 T3
3lo] MCU ZollA]o] ARlEFRS Fo| 25 3l9ith A¥
olA= MCUR Arduino Mega 25602 A}8-3}11
41 Qlefslo]~Zi= ESP 8266 HES AMgsle] Ab
A ] Al A Akg-S ralsiele) wgh vl
of  Wigt AHHg FuEE  zehir] 97
Matlab/Simulink2}e] HILS o] A¥ AL
* 29} %t} Simulink®] External modeS- ©]-§-3}o]
FakeE WA Al Bl AdS Asfste] v
A3 s AeE el

PC ZollA] Matlab/Simulink-S- ©]-83+ HILS 7%
oA A= Al F Il EdfAY] s
o3t #rh

T 2ol 7E2ES] AZEE AlEHeelA AZE Al
252 Al50] Hlgheln] 50Hz AlZel HEt =4l =
Algolek AlAel Alx Ale], = wide] FHel Al
o] Blx] oMl ES} AYEly] Ae] 44l & Fellx Eal

E

()
)

a8 9. AgelA AR 32
Fig. 9. Breadboard circuit

2. AEHeA 24
Table 2. Simulation condition

Signal type sine

Frequency sweep 1Hz to 400Hz

Total simulation time 15sec

Simulation mode External mode

Distance between sensor lcm to 9cm
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Fig. 10. Signal at receiver part before event generation
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