tetgti=sstal=2X M 102 M 45 20154 8 189

AE2-AlEE ZF JlelslEl ASEIES 2
SSAM S o|HIE ZEX| & Matlab/Simulink ¢4

2 12

=354

— O

(Acoustic Event Detection and Matlab/Simulink Interoperation
for Individualized Things—Human Interaction)

o048 dE =2 x38E

=, © =/

H s g A

(Sanghyun Lee, Tag Gon Kim, Jeonghun Cho, Daejin Park)

Abstract

Most IoT-related approaches have tried to establish the relation by connecting the

network between things. The proposed research will present how the pervasive interaction of

eco-system formed by touching the objects between humans and things can be recognized on

purpose. By collecting and sharing the detected patterns among all kinds of things, we can

construct the environment which enables individualized interactions of different objects. To

perform the aforementioned, we are going to utilize technical procedures such as event-driven

signal processing, pattern matching for signal recognition, and hardware in the loop simulation.

We will also aim to implement the prototype of sensor processor based on Arduino MCU, which

can be integrated with system using Arduino-Matlab/Simulink hybrid-interoperation environment.

In the experiment, we use piezo transducer to detect the vibration or vibrates the surface using

acoustic wave, which has specific frequency spectrum and individualized signal shape in terms of

time axis. The signal distortion in time and frequency domain is recorded into memory tracer

within sensor processor to extract the meaningful pattern by comparing the stored with lookup

table(LUT). In this paper, we will contribute the initial prototypes for the acoustic touch

processor by using off-the-shelf MCU and the integrated framework based on Matlab/Simulink

model to provide the individualization of the touch—sensing for the user on purpose.

Keywords

&

2AF I Qv 7 AFE AbE-AbE 7 EA l 9
3 2 et 71E AT gel, AR-ALY
*Corresponding Author (boltanut@knu.ac.kr)
Received: 29 Apr. 2015, Revised: 1 June 2015,
Accepted: 2 June 2015.

S.H. Lee, T.G. Kim: KAIST

J. Cho, D.. Park:
Univeristy

MR e Y Adoew FxdTAlte]
ZNzHEAT T2afle] A Ys ol FIyE <
2379 (No. 2014R1A6A3A04059410).

Kyungpook National

(© IEMEK J. Embed. Sys. Appl. 2015 Aug. 10(4) 189-198

ISSN @ 1975-5066
http://dx.doi.org/10.14372/IEMEK.2015.10.4.189

. Acoustic sensing, Things-Service-Human interaction, Event sharing, Internet-of-Thing

2 Bl oWIEE /AR AME-AMgE 1ho] ezt
ol hEk AT TS FAE] 93 EAE-A
A wE-ALE QIEFe) 2 3He AF A Agket
I A AT EA SERA 7 AFEE A S8l A
3 27 BEE 2ot

H ot AlE T AME 2 AoEg 9 o 74
¥ ARE AME7E FRToRM ] ATt
I o] 2ol A ARIStE AMu| =5 JhsstAl she
71385 mAg Aol Altet SINE ALEE
Ao AlEl AFAE R AFo= HEH oM
EZ B3 ALEAA AH&AY % 7]=S Ads)
w ol FAHE AT AVES AMEE FHE
o 2H AMEATE AMEREYE AHAE AT 9E
T UAEE G

AMEo] o 2ol WHEEH] flEiME A A

A AN B AE Aol AE FAls ok it o



190 ArS-AtE 2t JHelst=l &f

N

[
I‘J

18 m oo
ro 1o ofy fr lo
i,
>
i
oy
4
r
2V
2,
> x
o,
rlo
)
fol

Microphone

Distorted Response

Speaker

foh
A
0f0
o
40
ro
alo
09
>
fol

Implemented things-touch system
(touch activity monitoring)

Acoustic Response Signal
Analysis Accelerator
(Delay, Peak Pattern Shape,

L

Scanning Signal
(Phase, Amplitude, Freq. Sweep)

. Freq. Spectrum .
> g. Sp %
| | Touch Event |
MCU Core [#] Classification |
'f LuT
Scanning Signal ,’ Connectivityfa
Generator | | (Wireless)

\ T

a9 194 HA olIE F4 % $RE A% &8 A5 47 Ax9

S|
Fig. 1 Acoustic sensing system for atomic touch event tracing and sharing
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Fig. 2 Services corresponding to detected event pattern and application programming interface
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Function transmitter
t=0;
Wwhilet < Ty
V= chirpSignal(t, Towp, Trar frar» f5):
V=V+1;

ifVs1

V'=5; % Logical ‘High' (5V)
else

V=0; % Logical Low’ (0V)
end

writeDigitalPin(a, Dy, V);
t=t+Tg
end
end

a: information about board(H/W) connection
Dy, : Digital pin number of board

fs: Sampling frequency

frar + Target frequency of chirp signal

Ty : Total simulation time

Tqup + Sweep time of chirp signal

Tyqr + Target time of chirp signal

Ty : Sampling period

a8 4. 24

Fig. 4 Pseudocode
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Function receiver
t=0;
'mm

1;
N

IYVIIZX =

n=1;
Ver =0 1;
whilet < Ty
V = readVoltage(a, Ap,,, ): % 16bit , 0-1023
Varr(n) = (double) ( *V
if n=N;
Sy.= spectrum(Vopy (imint bmaz);
if eventDetector(Sy , Sy)
Generate the event

1023, u)

a: information about board(H/W) connection

end Apin : Analog pin number of board

% Update the indices and reset the n iy * index for initial sample

Ver=[ 1 Iqy : index for final sample

n=0; Sy Reference spectrum (without obstacles)
end $;: Spectrum made by read Voltage
n=n+l; (whenever total Ng samples are gathered)
t=t+Ty Ty + Total simulation time

end T : Sampling period
end Varr + Array for read voltage from analog pin

a9 5. #4 & G4 e

Fig. 5 Pseudocode at receiver part
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Table 1. Signal parameter at transmitter part

Signal type Chirp
Frequency sweep Linear
Sweep mode Bi—-direction

Intial frequency 1Hz
Target frequency 60Hz
Target time 2sec
Sweep time Ssec

Sampling time 1/8000sec

& 2. AlEYolA deprE
Table 2. Simulation parameter

Total simulation time 15sec
Simulation mode External mode

< P37 A8 AT =2
SE vUsd 2ok 2§ 99 FA FHelA AREg
q EdawAd] 3d7{7E 525
FEE 3] s AFLEATE Folx EUFA
7 Akel] °F lem 713]‘1}01] B A& At
X 1% % 2% 4l SdA FJdx ERFTA
2 A%3h= Chirp /}lioﬂ o3 gabug g, A
dold AZF 9@ Fgk AEY ol =g e
o}, ¥ 294 Simulation mode°lA A}&3F
External mode: Arduinool|Al AAtE Ays w+
olAdl PC ZolAd #s 83 o A&
External modet Arduino Mega 2560 R3$}
Arduino Due FE@oAint =] 3t}

5 FoA Iz AAR AL
gk Al7be] wE X" AsE 1y 107 Eoh
9] a2 Zel A X AxistE F AlEdolA A
© %), Y Axise= 0V/5Ve] AMEHE ghel =
LA eE A Aolel AT glE A9 AA
AT A, T2 FdA WEEE ofdE
AZE= 22 a9 11, 29 129 o 19 11,
129] X Axis® 1% 103 Fd3la, Y AxiseE ®
fe opgzo AkESl: Vol Ak WA =)
A e A= oF 0.3~0.7V Ao Als 7H
2 11< 23 I8t 4= 9lu)

R

45

T T o

l

2% 10, Azl W2 $43 OAY A%
Fig. 10 Digital signal at t

ransmitter part

=)

XY Plot

X Axis

a8 11 Zele FA A A F AR

Fig. 11 Analog signal at receiver part
without obstacle

a4 12. FelE 24 A A F AE

Fig. 12 Analog signal at receiver part

¥ Ao

with obstacle

a7 12014 A& A Fo]l AF ¢F 25 2 F
Qb 1VellA] o§ 2V dwlel F7be AbdS W
o] & o, FellEol A st AB97t g HEG
7 Zo] ] AW, FojEo] wjde] mxi= gk
§l_ \;l—a]_;q_‘:_ ,\]./\1_0_ 5_'].0 )

d

of wel o s & wg 2 U
F ATk ols B, A He A= AolE V]
FoE oMIEE HE VES T £ i, o
Tl o]} FAMEE FEje] obdmI ATTE ofF
oA Bol2thd, eF-olA Eriete] Al Apele]
T AAS oHMER AFY 5 9l



Y13 HA 5 Fag 4R
Fig. 13 Frequency components at

transmitter part

o ARE G oHE HES 93 7E
< vhEsA =W, A3 o= FUE oWE H
=5 Addol & A3l ofele el At
g olgE a9 117 19 128 HY 7HE FuR
o Ze ghe ztE AIRE 9ol EAskE, B
AlZH RIS 2 o] 5 AZME of¢-E 5 e ol
EE AFste W @A 2] gtk o&

sAEYS Fa) Fe ARl Avht Aol vh=
A% Magon A4 & 5 Aok 19 13& F
dol e $2 & A5 B 2AERL e
Wi},

= 9 HAo| A FET7} ofd ~A=E
H BA7E &89 ofE tha¥ Zrh Matlab
Simulinkoll /] FFTe] 8oz #HgE wed, 7+
Zhe] AEES Rol WEHRE 74317 s HAE
AbgafoF sty 19 d Simulink R9o] Aud ¥
o mEe] dRE HE sgeld Wy PEew
A CHERSTE DAY = Stk ol& 9] ¢
3 HEmyE USB 7olES $3f PCE & A
& Rol, A Mg AES

== %
2= R4S AR sl
[e)

Y JEe BAY 5 YuS ek
a9 145} 15% 242 AASH A4 Aol 14
e wsh EAE W, Fag] me s %

2

B, Az G5 ge 9 Az oa@.91 A

58 08 & Qe el dnh saw 94 59

BFo] moly] WA 2AMEY B4 W =

kA ) dEe] §4 e #2479 2

Az v AR olME A% ATE
[e]

a9 14, FolE FA A A & S AR
Fig. 14 Frequency components at receiver

part without obstacle

I

( “'U W‘ m

o g

a9 15 ol BA A 24 F o AR
Fig. 15 Frequency components at receiver

part with obstacle

3 Mgl AN U FF HMsiol 5= W

A HEe B ST NE AW A4 oMES
Aol Alg-AbE 7 2% % WRE v
AW, Ade Adais AN AARL B
Ak b 2 AR AA F/4A S vex £

&
I
3n
_>.:
~
>
E
)
AC)
N
N
—_
(e}
=]
o,
b1
=3
2
22
o i
29

7 2AdTE e slsta, olE S 94 o
HES BPANL = ks Ho =4S w33
aER FF AFgAE F/5FA gz Eds
TA7E FE8 Hold AN Y HAFE Y
P& W HRT FEE BY F AEF o)F B
ok g,



tieteticiEsstzl==2X X 102 M 45 20154 8 197

o AR oME Aol IS v u, ol
Wl ARG 5 e Aol UF Helth.
7} Ashe aFAbge]l A v
29E AuAE ANZ WA BsAY AeAt
A3 e A 2E AbEe] AT He 9B
Sulgict. del Agel FAN HAE S 5o
threl Wele] EAlS: Bl HAS ABY
W, AgAe GEE FEAIES A Aus

& Algst=s wd A57F s ojof & Aojrh
V.48 B

B AFAAM = AFE-ALE, AFE-AME-AHTE A
FAge e urw TF7] S8 Abako] W= Al -
A - o e A ] 2ol &
in-the-loop ﬂﬂoi de Asd F A= @
Agrstedrk, AdATEA S 7
Al 2~ES A )3 A Aers 34 o
Eol w798l oldea 2 G99l A
2, HAEH ANzHg] L oWE ZZo FAAFP
MCU A28 9 A A Ego], AAE BA o]

AEEANA FF7IRE AV e WAL AL
2, Az vl 54 met silskE A ukg
BEE BHste] 5A BHA oWlEd fisHE
AREAE WSS MHlaE ATd = RS 22O
7y Anokis QAE|H o] 22 Alg3ta
Matlab/Simulink9} &2Q1 dAFAe] 725 ¥t
ol

of AgA/BAR ARNN AFEA AT
b B

References

[1] T. Collins, “Active acoustic touch interface,”
Electronics Letters Vol. 45, No. 20, pp.
1055-1056, 2009.

[2] P. Lopes, R. Jota, J.A. Jorge,
touch interaction through acoustic sensing,”
Proceedings of the ACM
Conference on Interactive Tabletops and
Surfaces, pp. 53-56, 2011.

[3] D.J. Park, JH. Cho,
configurable sensor processor and IoT device

“Augmenting

International

“Accuracy-Energy

for long-term  activity = monitoring  in

rare-event sensing applications,” The
Scientific World Journal, Article ID 546563,
pp. 1-16, 2014.

[4] P. Khanna,

emotion from keyboard stroke pattern,”

M. Sasikumar, “Recognising
International Journal of Computer
Applications, Vol. 11, No. 9, pp. 1-5, 2010.

[5] BR. Jones, R. Sodhi, R.H. Campbell, G.
Garnett, B.P. Bailey, "Build your world and
play in it: Interacting with surface particles
on complex objects,” Proceedings of 9th IEEE
International Symposium on Mixed and
Augmented Reality, pp. 165-174, 2010.

[6] R'W. Picard,
recognize and respond to user emotion,” IBM
Systems Journal, Vol. 39, No. 3-4, pp.
705-719, 2000.

[71 R.  Isermann, J. Schaffnit, S. Sinsel,
"Hardware-in-the-loop simulation for the

“Toward computers that

design and testing of  engine—control
systems,” Control Engineering Practice Vol. 7,

No. 5, pp. 643-653, 1999.

Sanghyun Lee (°] 4 %)

He 1is currently a M.S
student in Department of
Electrical Engineering at
KAIST, Daejeon, Korea.
He received his B.S. de-
gree in Department of

Electrical engineering at
KAIST. His current research interests in-
clude event-driven  system  design,
larg-scale simulation framework, hard-
ware-in—the—loop simulation, event—driven
control unit and Internet of Things (IoTD).

Email: sysmaking@gmail.com



198 Al2-AlZH 2t JHolslEl AE R

tol
fol
o
40
ron
alo
0o

Tag Gon Kim (3 & )

He received the Ph.D.
degree in computer en-—
the
University of Arizona,
Tucson, in 1988. In Fall,

gineering from

1991, he joined the
Electrical Engineering
Department, KAIST, Daejeon, Korea.
From 1989 to 1991, he was an

Assistant Professor with the Electrical
and Computer Engineering Department,
University of Kansas, Lawrence. His re-
search interests include methodological
aspects of systems modeling simulation,

analysis of computer/communication net—

works, and development of simulation
environments. He is a member of Eta
Kappa Nu.

Email: tkim0303@kaist.ac.kr

Jeonghun Cho (= % J)
W He the B.S.
degree in electrical en-—

received

gineering, the M.S. de-
gree, and the Ph.D. de-
gree In electrical en-
gineering and computer
science (EECS) from the
Korea Advanced Institute of Science and
Technology (KAIST), Daejeon, Korea, in
1996, 1998, and 2003, respectively. He
1s currently an Associate Professor with
the School of Electronics Engineering in
Kyungpook National
His
optimized

University, Daegu,

Korea. research interest includes

compiler, operating system,
embedded
systems and reconfigurable computing.
Dr. Cho is a member of ACM and IEEE.

Email: jcho@ee.knu.ac.kr

and design automation for

AT QIHIE 2 X L Matlab/Simulink® S &t
Daejin Park (¥ = %)

He received the B.S.

| degree in electronics

engineering from

Kyungpook National

University, Daegu,

Korea in 2001, the M.S.
degree and Ph.D. de-
gree In electrical engineering from the

Korea Advanced Institute of Science and
Technology (KAIST), Daejeon, Korea, in
2003, and 2014, respectively. He was a
Research Engineer at Major
Semiconductor Companies such as SK
Hynix Semiconductor, Samsung

and ABOV Semiconductor
over 12 years from 2003 to 2014, re-

spectively and have worked on process—

Electronics,

or architecture design and
ASIC
signed software algorithm optimization.
Dr. Park
Electronics

low-power
implementation with custom-de-
of

is now with School

Engineering in Kyungpook
National University, Daegu, Korea and a
visiting research professor as presi—
dential postdoctoral fellow.

Email: boltanut@knu.ac.kr



