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plenary and invited spenkcrs. 

Welcome Message from 
General Chairs 

On hc:half ,,r the Organi1i11g Committee of this 
lntcrnati~rnal Conference on /\d\ anred Computer 
Scicrl<.:c anti lnfonna1io11 S)stems 2014 ( IC/\CSIS 
2014). \\C \\lllllJ like In C:\lcnJ our \\ilrm ''ekomc h.l 

all uf 1hc pn.:sen1er anJ punicipants. and in particular. 
\\C \\OulJ like to express our sincere gratitude to our 

This international con fcrence is organized h~ the F acuh) of Computer Science, Univcrsitas 
Indonesia. and is intentlcd to be the tirsl step to\i,,arJs a lop <:lass conference on Computer 
Science and Information Systems. We hdieve that thi~ international conference "ill giH.: 
opponunitics for sharing and exchanging original res\!arch ideas and opinions. gaining 
inspiration for future research. and broadening knowledge about various fields in advanced 
computer science and information s) stems. amongst members of lnJonesian research 
communities. together \\ith researchers from Germany. Singapore. Thailand, France, Algeria. 
Japan, Malaysia, Philippines. United Kingdom. S\\cdcn. United States and other countries. 

This conference focuses on the tkvd opmcnl of computer science and informution sy~tcms. 
A long with 4 plenary and 2 invited speeches, the proceedings of this conference contains 71 
papers which have been selected from a total of 132 papers from twelve different countries. 
These selected papers will be presented during the cnnfercnce. 

We also want to express our sincere appreciation to the members of the Program Comrniltec for 
their critical review of the submitted papers, as \\ell as the Organizing Committee for the time 
and energy they have devoted to editing the proceedings and arranging the logistics of holding 
this conference. We would also like to give :ippreciation to the authors who have submitted their 
excellent works to this conference. Last but not least. we would like to extend our gratitude to 
the Ministry of Education of the Republic of Indonesia. the Rector of Un iversitas Indonesia. 
Universitas Tarumanagara. l3ogor /\gricultural Institute. and the Dean of the Facult) of 
Computer Science for their continued support towards the ICACSIS 1014 conference. 

Sincerely yours. 
General Chairs 

rsnN : 978-970-1121-225 
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Welcorne Message from 
The Dean of Faculty of Con1puter Science, Universitas 

Indonesia 

On behalf of all the academic staff anJ ~tlllh:nts of the Faculty of Computer 
Science. Univcrsit:.i::. lnduncsia. I \\Ould like to exlc:nd our \\armest v.elcomc lo 
all the part icipants w the :\mbhara I lotd. Jakarta on the occasion of the 2014 
International C onfcrem:c on Atlvam.:ctl Computer Sc icnce and Information 
S)stems (ICJ\CSIS). 

Just like the previous fivc events in this series (ICACSIS 2009. 2010, 2011. 2012, anti 2013). I 
am confident that IC /\S IS 201-t v. ill pla) an importanl rnle in t:ncouraging activities in n:search 
and development of computer science and information technology in Indonesia. and give an 
excellent opportunity to forge collaborations bcl\veen research institutions both \\ ithin the 
country and with international partners. The broad scope of this event. \vhich includes both 
theort:tical aspects of computer science anJ practical. applied experience of Jc\ eloping 
information systems. provides a unique.: mccting ground for rcscarchcrs spanning tht: \\huk 
spectrum of our discipline. I hope that O\ er the next t\\O da)s. some: fruitful collaborations can be 
established. 

I also hope that the special attention devoted this year to the lidd nf pervasive computing, 
including the very t>xciting area of wireless sensor networks. \viii ignite the development uf 
applications in th is area to address the various needs of I ndoncsia · s development. 

I would like to express my sincere gratitude lo the distinguished invited speakers for thc.!ir 
presence and contributions to the conferencc. I also thank all the program committee members 
for their efforts in ensuring a rigorous review process to select high quality papers. 

Finally. I sincerely hope that all the participants \\.ill benefit from the technical contents or this 
conference. and wish you a very succcssful conference :-ind an enjoyable stay in Jakarta. 

Sincere!)'. 
Mirna Adr iani, Ora, Ph.D. 
Dean of the Faculty of Computer Science 
Universitas Indonesia 

111 
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COMMITTEES 
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E. Seo, Sungkyunkwan University, KR 
F. Gaol, IEEE Indonesia Section, ID 
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CONFERENCE INFORMATION 

Dates 

Organizer 

Venue 

Official language 

Secretariat 

October 18:h (Saturday) - October 19'~ (Sunday) 2014 

Faculty of Computer Science, Un1versitas Indonesia 

Department of Computer Science, lnst1tut Pertanian Bogor 

Faculty of Information Technology, Un1versitas Tarumanegara 

Ambhara Hotel 

Jalan lskandarsyah Raya No. 1, Jakarta Selatan, OKI Jakarta, 12160, Indonesia 

Phone : +62-21-2700 888 

Fax : +62-21-2700 215 

Website : http://www.ambharahotel.com/ 

English 

Faculty of Computer Science, Un1versitas Indonesia 

Kampus UI Depok 

Depok, 16424 

Indonesia 

T: +62 21786 3419 ext. 3225 

F: +62 21 786 3415 

E: icacsis@cs.ui.ac.id 

W: http://www.cs.ui .ac.id 

Conference Website http://icacsis.cs.ui.ac.id v 

IX lSB~ : 978-0'i!J-1-121 -225 



( ' 

IC:\C 'S I~ 2111 .1 

PROGRAM SCHEDULE 

· Saturday, October 1s1t1, 2014-CONFERENCE 

Time ' Event ·--- ---.---
08.00·09.00 

I 

I 09 00-09.30 ! Opening 
I 

I I 
I 

I 
09.30-10.15 I Plenary Speech I 

I I 

' 10.15-10.30 

1 10.30-11.15 Plenary Speech II 

1115.12.30 

12.30-14.00 
Parallel Session I : 
Four Parallel Sessions 

1 14.00·15 30 
Parallel Session II: 

Four Parallel Sessions 

15.30-16.00 

1 16.00-17.30 
Parallel Session Ill : 

Four Parallel Sessions 

~ 17.30-19.00 

1 19.00-22.00 Gala Dinner 
i 

- -- ---- - ---

Event Details 

Registrat ion 

I Rooms -- ~-----~-------......l 

Ope ning rom th D e ean o Faculty of 

j Computer Science Universitas I 

Indonesia/General Chair of ICACSIS 

I 2014 
1 Dr. Ir. Basuki Yusuf lskandar, MA 

Dirgantara 

I from Ministry of Communication and 
Room, 2"° Floor 

I Information 

I 
Coffee Break 

~rof. Dame Wendy Hall 

I from Southampton University, UK 

Lunch 

See Technical (Parallel Session I 
Elang, Kasuari, 

Schedule) 
Merak, Cendrawasih 

Room, Lobby Level 

See Technical (Parallel Session II 
Elang, Kasuari, 

Schedule) 
Merak, Cendrawasih 

Room, Lobby Level 

Coffee Break 

See Technical (Parallel Session Ill 
Elang, Kasuari, 

Schedule) 
Merak, Cendrawasih 

Room, Lobby Level 

Break I 

Dinner, accompanied by music Dirgantara Room, I 
performance and traditional dances 2nd Floor I 

ISBN : 978-979-1-121-225 
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I Sunday, October 19th, 2014-CONFERENCE 

I Time 

r 08.00-09 00 

Event 

09.00-10.00 Plenary Speech Ill 

I 
10.00-10.15 

L 10.1s-11.3o Plenary Speech IV 

11.30-12.30 

I Parallel Session IV : 
1230-14.00 

Four Parallel Sessions 

Parallel Session V : 
14.00-15.30 

Four Parallel Sessions 

15.30-16.00 

1 16.00-16.30 Closing Ceremony 

Event Details 

Registration 

Ors. Harry Waluyo, M .Hum 

1 
from Directorate General of Media, 

Design. Science & Technology Based 

I Creative Economy 

Coffee Break 

Prof. Masatoshi Ishikawa 

from Un1vers1ty of Tokyo, JP 

Lunch 

See Technical (Parallel Session IV 

Schedule) 

See Technical (Parallel Session V 

Schedule) 

Coffee Break 

J Awards Announcement and Photo 
Session 

-- - - ---- ---

Rooms 

Dirgantara Room, 
2"d Floor 

Elang, Kasuari, 

Merak, Cendrawasih 

Room, Lobby Level 

Elang, Kasuari, 

Merak, Cendrawasih 

Room, Lobby Level 

Oirgantara Room, 
ind Floor 

XI ISBI'\ : 978-979-1-121-225 
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A Comparison of Backpropagation and LVQ · a case 
study of lung sound recognition 

I .1dhdah ~~;ifr1a 1 
• .-\g.11' 1\111111<1 and Bib P~11uh11111 \1lalahi ; 

!>"f't1r1111e1/f o) c 011/11/llttl'r s, '''"' ,. t111d lk/><1rll!m~·11111/ _\lt1tht·ma11c:!> 

Fm·u//\ of _\/01J11:11111t1C\ and .\'a111rcil Scie11u~\ /Ju~or . lj.!rtcttlturul {_ 'nin·r~ity 
Bog or. /ndune :!>iu 

l ·.mail : 1 fadhiinlh) afria2 I 0211/ gmail.1.:0111. 'pudc:;ha <t·) ahoo.<.:o. id . 1bibparuhum I 'it.yahoo.com 

.11>,11-.1<1 One \l:l) to C\aluatc 1h.: '>lak 1lf 1he 
lungs 1s b) li~tening ll' breath sounds U'>ing 
stethoscope I his techni4uc is !..no\\ n us auscuhat1on. 
This technique is foirl) simple and inc:-.penmc. but ii 
has some disad\antagc. 1 he) arc the rec;ults or 
subjecti\c anal) !>is. human hearing is le.,, -.cn,ili\e 10 
lo\1 fre4ucn<.:). en' ironrnental noise and paucrn 11f 
lung ~ounds th:it alnllhl '>i111il:1r 13ccau'c tif' thc,e 
facll1r~. 1111sd iagno:.is cnn occur if proccdurc of 
auscultation is not done properly. In this research.'' 111 
be made a model of lung sound recognition \\ ith 
neural network approach. Artificial 111.:ural networl. 
method used ii. D:icl.propagation (UP) and learning 
Veclllr Quan11.zatit)n (L VQ). Comparison or these t\\O 
methods r~·rformcd ICl determine and recommend 
algorithms which provide better recognition accuraq 
of speech recognition in \he case of lung sounds. In 
addition 10 the above two methods, the method of Mel 
Frequency Cepstrum Coefficient (MFCC) is also used 
as method of feature extraction. The results sho'' the 
accurnc) of using Bacl•propagation is 9:>.17°0. \1hile 
the value of u:.ing 1he L VQ is 86.88° o. It can be 
concluded that the introduction of lung sounds usmg 
Backpropagation method gives beuer performance 
compared to the LVQ method for speech recognition 
cases of lung sounds. 

I. I 'J fl{!)()\ ' l 1101' 

Lung sound~ are pan of the respirator) sounds. 
Respiratol) sounds include the sound of the mouth and 
trachea while lung sounds occur around the chest. 
Sounds of lungs occurs due 10 air turbulence 11hen the 
air enters the respiratory tract during breathing. This 
turbulence occurs because the air flow from the air 
duct that is "ider 10 narrower airways or ,·ice versa. 

In general. the sound of the lung is divided into rwo. 
sounds is the sound of the lungs that nre not detectable 
respiratory abnormality. whereas abnormal lung 

;397 

sounds ;ire s11lllldS lung dborder. 
On.: ''a~ hl e' alua\c the state of the lungs 1s b) 

fo.tenin~ 10 hrcath .,oumh using a stethoscope 1 his 
tc::chnique is ~no"n as auscultation technique~. 

Auscultation technique 1s a basic technique that 1'> u-,ed 
b) ph)'sic1ans to C\ aluate breath sounds l"hi~ 

tedmique i~ fairly -,impk and rnexpensive. hut it has 
the tfr,ath antnge that 1he results of a -.u~jecti\c 
:inal~'ii'> ,~, . I he n:~uhs Llf the arrnl~ sis ur hrcalh 
:.om1L1' u~ing <lll"cuh<11ion technique relics 1ln the 
ability. auditor)·. and experience of the docll1r \\hO 
performed thc :urn l) sis. In addition. human henring is 
less scnsllive 111 lo" frequcnc) sound is al~o a problem 
in this technique. hccnusc the sound of hrcathing 
occupies a lo\\ enough frequency. The nc:-.1 prnhkm 
in auscullatiL'll technique<; are the prohl.:111 111° 
en\ imnmenrnl noise nnd the pallern of sou nds that 
almost similar between one 1ype of breath sounds and 
the other. Because of these factors, misdiagnosis can 
occur if the procedure of auscultation is not done 
properly. 

Based on the abO\e problems. ''e interested in 
conducting rc!icarch in performing speech recognition 
of normal lung and lung sounds \\ere detci.:h:d 
interference (abnormnl). Sounds of lungs resuhing in 
some ca!.es of the disease showed a specific pattern 
1ha1 can he n:cogni/ed. This soun<l paltern can b.: 
1aken as materi:il for diagnosis 131. Lung sound will be 
classified into four da~s.:s. namely tracheal. "esiculnr. 
cradde am.I \\hCe/e Tracheal and vesicular ~ound 
inJicah!~ nomal lung. "h1lc the crack le and \\ hcete 
sound indicates abnormalities in the lungs l4Jl5 ]. 

Voice recognition is an effort in order to the voice 
can be recognized or identified so that it can be used. 
A \Oice recognition S)Stem is a computational 
application that is able to identify or verit) the ::.ound 
is autonrnticnlly. These systems need to be trained in 
advance 10 be able to recognize the voice and the 
voice classifies according to the class. For such 
purposes. an algorithm is needed to train the spced1 
recognition S) stem 10 perform more precise. 

/\ s~~1cm can learn and recognize pauems ol sound 
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-:.111 he: d1•11c: \\llh th~· .1rpl11.:at11111 111 .1r111il.1<il ni:ur.il 
111.:1111H"-~ t\rtitkial n..:ura l 111:111ork i) a ..:.1111r111a1w11al 
m..:thod that m1mu:) the: biolog11.:al 11c:11ral lld\\urlo. 111 

hum.111 that c:nrabl..: trainl·J to sol\..: prubl..:111, . In 
g<'.nl'r<il. thc:rl.' .1rc: '><'.\ c:ral art1tici.1I nl.'11ral 11<~111,irl.. 

al11Mrthll1' that can bt: .ippli..:J tu pallcrn rc:..:.>gnitiun 
l hi' n:'>c::trd1 "'II llS\.' l\111 art1li-:i.tl neural n1.·t\l••rl.. 
.il,:1•rnh111' th.:~ .ire: llt1l.l..rr11pag.1t111n 1111'1 :mJ 
Lc:arn 111~ \ l'Ctur <)ua11111a1io11 (l.V<)1 B,11h 111c:tl11•J) 
hJ\ ,. :1.h antngc' and di'><'\lh ant:lg..:' 1)1 c:.1..:h 
C11mp.1ri-,11n .11" these l\lo mc:thtid-. pc:rl~1rm..:J to 
det..:rmine and recommend algorithm) "htch pro11dc: 
bcn..:r recognition accuracr uf specd1 ri:cugniti(1n in 
the case: of lung sounds. 

In addition to u-;ing an ariilkial 111.:ural nc1111.1r!,. 
algt1ruhm in thi: classification proc..:,s. it 1<. Ill) le)' 
impMtant in voice recognition is the feature e:1.tractiun. 
In tllllt stud~. foaturc e.\traction methods arc u~..:d Md 
he4uenc:) Cepstrurn Coenisient ( M FCC). MFCC 1s a 

teaturi: e:1.traction method "hich g1\'es excdlent ri:suhs 
in cla-;sil~ing normal lung sound~ and whee.le SLlunJ~ 
16). 

II. Rt·~l·ARl 11 Mt lltllll 

Rl•:-c.1rch m..:thod .:onducted is ill11).tra1cd 111 I· igurc 
I . In thl· image looks that re)earch bi:gin-; "ith J 

fi 1..:rm11re revie\\ of thi: theories lll'cc~sar) tor the 
comrletion of this study. such as lung suund thcor) . 
M fCC. Bad: propagation. L VQ anJ MA TLA U 
programming. 

A .Hatawl.v Rt•.warch 

Lung sound data obtained from the repositor) of 
respirator) sounds on the Internet, namely Littmann 
Repository. The sound data consist of J2 lung sound 
data. "hich is divided into 8 tracheal sounds. 8 
vesicular sounds. 8 crackle sound and 8 \\hCeLe sound . 

Tracheal sound is a sound that is audible :11 the bai.e 
of the neck and larynx. Tracheal sound is v..:ry loud 
and htl- pitch i) high (Fig. 2a). <;o this sound is \W) 

dear i;ounding compared to another normal lung. 
Inspiration and e:1.pira1ory are relatively equal in 
length [7j. 

Vesicular sounds arc normal breach sound:\ 1ha1 arc 
hearJ on 1hc side ches1 and che~t near the stomach. 
The ~ound~ ware ~nfi "ith a 1111\ pitch (Fig. 2b ). 
lnspira1ion sound) much stronger than e:1.piratol) 
~uunJ-; . Often the c\piratol) proCl!S!' is hardl) a1H.lihle 
17]. 

Cradles sounds arc a short burst sound chat is 
discontinuous (Fig. 2c), it is generally more audible 
sound m the process of inspiration (8]. The conditions 
that is causl! the crackles are ARDS. as1hm11. 
bro11d11ectus1J.' d1rv111c hro11ch1t1s. comnlulo1io11. 
t!m·~1· cHF. 111ers1i1iol lung disease dan p11/111011m)· 

edema ( 9)_ 

- - ------------ -- - -
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ll'hee:i>s sound is a type of sound that is continuous, 
have a hiuh pitch (Fig. 2d). and more often heard ori 
the expira~ory. This sound occurs when the Oo\\ of air: 
throuuh the narrowed airnays due to secretions,' 
forc::ign hod) or wounds that preclude (3J T · 
duration or the process of inspiration longt:r than lh 
..::1.pirator~ proc.:ss. Besides that inspiring sound; 
inh:n,,ity grearer rhan the expiratory. The conditions .• 
that is cause the 11'/iee:e are osth111a. CllF. chronic 
bmnchiti.\. COPD dan p11/111n11ary edemu f9J. 

a. Tracheal b. Vesicular 

d. Crackle d. Wheeze 
Figure 2 T~1>c of tung sound (91 
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B .\t!glllL' l//cl/11)11 

Lung )ound Jata 1h;i1 has been collected then 111ad1: 
the c;ound -,1gnal :.egmentation procc~s . This prnl.'.CS) i) 
Jou~· to cut '>l'Ulld 1nll> '>C\ era I )lllilllcr frame' 111 ••nkr 
111 ea,11~ pro..:cssetl Lung ) 01111J ~ignal '' tll 01: .:ut 
baseJ on unc n:.,p1nllM) ..:~de SounJ sign.ti 
'>egnwnt.111 1111 pn•..:c)'> I\ d,,n,· h~ U!.lllg the A11Jaut> 
wli"arc. llh1strm1011 o f ... ignal :.cgmentat1011 proc.:,., 

shtmn Ill Figure 3. ~cgmentation pmcc ... s produce) 2-1 
tracheal ... uund\. 2-1, c::.ic11lar sound-.. 2-1 ..:r.1cl.k :.t>unJ, 
anJ ~..j \\ hc1•ze -..oumh. ~11 the total .,,1unJ, c>ht.11111:J 
ln1111 the 'e!-!1111·nt.it1on prn..:c" I) CJ(1 "'und' data 

C L>ata Di1trth111i1111 oj Trui11i11x am/ Tt•vtm~ Dura 

In gc111!ral. then! are \\\O processes that occur in the 
artificial neural network algorithm. namel)' training 
process and testing pn>ces). Sound data u!leJ in the 
learning process is called training data. while the 
sound data used in the testing process is calll!d h:::.t 
darn. rhereforc. the lung sound dilta that lrn' heen 
segmented di\'1ded into l\\O parts. nnmely the training 
data and 1.::.1 data. The number of lung sounJ Jata i' 
96 data. Data lung sounds Jrc then dclined ao, 80 
training sounds and 16 testing !>Ounds data. 

D .\/FCC F<'t1/11rc Extraction 

MFC'C feature e>.traction is a technique used to 
generate a \'Cctor which 1s used as an identilier f IOJ . 
The feature is the cepstral col!fficient. cepstrnl 
coefficients that are used still considering the 
perception of the human auditory system. MFCC 
technique can represent a better signal than the LPC. 
l.PCC and the other in speech recognition ( 11 ]. This is 
due to the 11orkings or 1hc MFCC is based on the 
frequenc)' difference that can be captured by the 
human car so that it can rcpresent how people reci:i\ c 
sound signals [ 121. Figure 4 is a llow diagram of 
MFCC. 

=ot.itt '•'tct?r 

• 
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~ 

,, ... 
(pp\ft Ut1'l ( \)...,f l( 1ru1 ' ... 'pn:,...,, 
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Figure -I Diag.ram of~IFCC 
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I <'atur.: e\trnuiun l 1 ~rng 1\1 FCC "111 not n:mm e 
""> charactcrt)tics or 1mp0nant information of each 
lung sound data. In add1t1on. the ;;11c of the lung sound 
dat:i become~ 11ut t1)0 large. Uroa<ll~ speaking. there 
ar.: Ii\ c \tag6 o f ~ffCC. ic: frame block mg. 
"indu" 111g. fast tuuricr tran) fi.irm. md lre4ucm::~ 
'"app111g anJ ct>pstrum Cl>etlicient. 

I ung ''·JUnJ data that ha~ bl.'l'll ~egmented then 
pc:rt,1rr11eJ tram.:- bf,1d .1111.!' 1iruce~ i>. Because the sound 
dat.1 ha:. ~egment.:J u::. ing Judal:it) !>Olt\\are. frame 
blo..:king proccs~ "ill read the lilc') that have been 
prc\ ivu~I~ -...:g111c1ttl.'d. Furthermore. "tndowing 
pn1.:<·~, using llamm111g W ind1H\ becau'c of c;imple 
ll•rmula. I he 111.'\l ~h:p " the ra'>t 1-uuricr ·1 ransform 
l H r ). I· I r pruccs:. I~ used to COil\ at each frame that 
h;i!) b.:.:n gcm:rated from thl! pre\ iou!) proce'>s from 1he 
t 11nc dum:iin 111t1) th.: frcqucnc) domain, so it can be 
more ce1si I) ob sen cJ Onci;: the signal is converted 
from the time domain into the frequency domain, the 
11e>.1 step is the mel frequency \Happing process, this 
prm:ess need the tilter. thus will be formed M filler 
before wrapping process 1s Jone. Nexl is the Discrelc 
C:o!)inc rransform ( DC'Tl 10 get coeffisient cepsrrum. 
thi::. Cocl1hicn1 cepstrum that 1s an output of the 
MFCC: [IJJ. 

f Simi/w·i~r .\ lt'cm11·e111c.:111 tCl11H ificu11011J 

Lung sound data that has been obtained their 
fraturc vector through feature extraction process will 
he cla)osifo:d u~ing t\\O method'> : bacpropagation and 
L VQ. !"he rcsult:i of prelim1nar) proce'>sing of data in 
the form ,)f voice ... ampk!) that ha'e been segmented 
and th.: extracti1lf1 procc:is is carrieJ out \viii be the 
input ur lhe tv.o mcthutls. 

Broadly speaking voic.: recognition lungs out b) 
using the back propagation and L VQ has t\\ o main 
pans, namely the stages of learning patterns (!raining) 
and the stages of pattern recognition I similaril) 
meCl'iurement (testing). Learning outcomes data 
collected and stored as a learning model that can later 
be used to measure the similarity of a sound signal 
entering the lungs ~o that the subsequent lung sound 
signals can be recognized. Once the learning phase is 
complete, the next !>lage is the stage of pattern 
n:cognition (sunilant) measuremenrs). 

I J Back.prvpog11111111 

Backpropagation 1s a systematic method of artificial 
neural network using supervised learning algorithm 
and is l)·pically used by the perceptron with many 
la)ers (input la)er. hidden la)'er and output layer) to 
change the existing weights in the hidden layer [ 14}. 
13ac~pmpagation is training which ~pe controlled 
using "eights adjustment patterns to achieve the 
minimum value of the error between the output of the 
prediction results with rea l output. To get a network 
error. the forward propagation phase (fcedforward) 
must be done before. 
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In th.: t~eJturn .1rJ pha<. .. • ea..:h un11 r\.'l:el\ ... , 111p111 

!>1gnab and furnarJc; the signal 10 all 11111h in th .. · IJ~ er 
,1bv' e 11 (the hiJJcn l.i: er). l:ach un11 111 the h1JJen 
la~er '\Umming the input signab that ii. r.:ccl\c~ . 111 th1:-. 
:.tcp a<:tl\at1un fum:tion is used to calculate the lllllput 
... 1gnal w be ~c111 Ill .ill unit:. on 11 (lh1: uutput l.1: er). 
I Ill> ... 1.:p d .. 111e a' 111111.:h .h 1he m1111b.:r ,1f lrnhk:~ 
la: er:- I hen. for each unit \.'I output -.ummmg the 
vutput ;1~11,tl; In th1) >tt."p .11.:tl\ at ion t'u1H..tt0n h al'>o 
IN'J It' .:.i!..:ulatc the \.lUtput -.1i::nal I I.:; I 

Alier the foctlfornard phase. the next step 1!> 
bad .. fornard pha)e In thi'> phase. ea..:h 1\utput unit 
recei\e., a target pattern a:.SllO~llt."d ''1th the tr;1111111g 
111put pattern and then .:akubt.: hi' .:rr11r informati<Hl 
I hen c.1kulat .. • the corr.:1:t1l>ll ''eight'\ anJ baa., 
"'•rrn.th111 I f11, ... 1.:p June .h mu.:h ·" tho: n11111her .,f 
lmld.:n la: er:-. l:a.:h hidJen unit Jelt.1 .. ummmg 111put:-. 
(from unit> lrn;utcJ in th.: la~er nbO\ e it). Multipl) th.: 
Jella \alue b) the derivati\e of activation fu111.:tion Iv 
calculate error information. and then calculate th.: 
.:orrection \\Cighb anti bias correction. The linal \ tep . 
for each unit vf (\Utput Ii:\ int! \\t:1gh1~ and bia:.. as "t:ll 
a'> the hidden units are also lixing ''eights and bia'> 
[15 j. 

'} J L.•t1rn111~ Vt!ctur (!1u1111i:atio11 t LI '<Ji 
1.VQ algorithm i:. a method for trainmg competiti\e 

la)crs of the supervised (16J . Competiti\e la)er ''ill 
automaticall} learn 10 dassi f)' the given input vector. 
I he approach tal..en is b) da~si f) the input 't>Cllir 
hased on proximit) distam:e of the input 'ector to 
agent \ICCtor (euclidean distance method). 

L VO network structure is a l\\\1-la)1.'r neural 
net'' \lrl.. 1~ 1.:lm1pnseJ of mrwt la~ er :ind output la) er 
Input la)cr Clllltainc, neurone; a~ man) a-. dimen;illllal 
input. l.)Utput la) er contains neurons a~ man) as the 
number of classes r In These I\\ 0 la) t:r'> are 
...onnecteJ b) linl.. bet\\l.~en each neuron that ha:- a 
certain weight is called the agent vector. 

LVQ algorithm is a method of artificial neural 
networ!.. hased on competition with a mechani'>m 
squared euclidean distance in picking winnt>rs agent 
'ector to determine the category of the input vector. 
In L VQ nt:twork. the learning process unJenal..en are a 
;upervised learning. "here pro' iJing input are 
accompanied by the expected output information. 

etwork alway!> directed to determine the most 
appropriate output unit with the target of input 'e<:tors 
through shift position of agent vector. If the vectors of 
training Jata are grouped toge1her with ngcnt 'c:ctor 
''inner. then the agent vector is shifted come near to 
vector of training data h) the equation · 

I\' (n6'\<·) = II' (olci) + ol.\'. - I\' (old) ( () . .. 
If vectors the training data are not grouped together 

with the agent \.ector winner. then the agent 'ector 
shifted :ma) from the training vector is c:<pres~cJ by 
the equation : 

Ir.. (11~·) = ii'.. (olo) - c(.'( - ;~· . (old) (::!) 

Where : 

0 

JI' 

r 

I earning 1.11e 
\\ 1:1gh1 ur .1gcnl \l.'..:lllr 
\~eight \.l f lllput \C\.!Or 

111 RI "' I t \ \~ll Dt\tl l,\IU'I 

T <:sting JI thi ~ st:ige to lool.. at the lc'd of 
rel.<'gn111on a..:curac~ u<. ing 1.VQ Te)!lllg 1s done b~ 
1.:hanging th .. · numher ,,f coelfo:u:nts :'\1fCC and tho! 
\ alut: uf karn1ng r,Hc 10 Sl'C ii:, effect Oil the lc\el Of 

rc..:ogrnlllllt accurat:) The number of ~IFCC 
.;,1.:0icie111~ u~ed Jr.: MFCC 13. MFCC I'. MFCC 20 
dan \1H'C Jll. "hcre.1~ tht: learning rate used are 0.1, 
0.2. O .. ; , 0 ~Jan 0 ~ 

I V<.> 1111p lcm.:ntallun ts done 111 Matlab 
fum;tion Learning 

2. I 1hat on Matlab 
en' lfl>lllllClll \\ ith ; r .- ' 

h111cti1lll~ u~1:J art: I. VO 
unplcmentcJ ''ith functiom :<.!c. u .lvq_. 

A<:1:onJi11g 10 e'periment on L VQ b~ vaf) ing the 
purameter value' the learning rate :rnd cocdfo:ients 
M ITC. obtained a1:eurac:v leH!ls \al) in testing \\Ith 
tl:!:-.t data a., presented m Table I. There was no general 
pallern of the: rdation:.hip between MFCC codlicit:nl 
and learning rate. hut both paramct.:rl> affect th~ 

accurac~ frt:cl). I lo\\CH!r. the value of the highe:>t 
accuracy in I. VQ obtained with 20 MFCC coefficients 
and the of 0.2 lc:arning rate with an accurnc) 97.02°. 
{mar\..eJ in bold). 

l.\Ht t- I 
.\( < l RIC' tll' t FST"l1 I!\ I.VI} 

\lln 
Lcarninl? Kat.: 

( 1>.:ll'ic1..:11h 
tit ti'.! 0 J 0 4 

I ' 
911 I!! I},\ 4~ 1)4 011 Ill -1-1 

15 l(IPN 9).45 91 37 Jll 85 

w 89 :W 97.U:? 76 19 8-182 

.~o l)l .26 8601 ll-182 'Xl-11 

Overall. testing with LVQ can achie\e the highest 
;iccurac) of I00° o. Ho\\ e-..er. in a minori~ of 
cxpcrimems obtained an accuracy of 0°ro, ie no data is 
correctly identified . This is due to the performance of 
the L VQ training up and do1~n during the training 
pr~'cess iternt ion or not towards convergent. For 
e~ample. it was determined that the maximum error of 
0.0 I. howc' i:r \\hen th.: training process until the 
mn~imum 11cra1io11 nc\er been obia111ed the error rate. 
ve11 the error becomes higher as the iteration goes 
though the prt!\ ious iteration error oflow value 

fl. Tes1111g Resu/11 o/ Backpropagation .\lethod 

Testing al thi" stage to look at the level of 
recognition accuracy using Backpropagation. Testing 
is done by changing the number of coefficients MFCC 
ancJ the value of Jcaming rate to see its effect on the 

'100 fSBi\ : 078-979-1-121-22:) 
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k\cl ol n:cug.11i11un accura.,;) I he m1111hl.'r ,,f \ll·l·l 
cocllirn:nl!'> used arc MFCC J l. ~11 lT I~. t\1FCC 20 
Jan ~1J-C.:C 30. \\hcn:a:- lhc learning 1a11: u~..:J arc 0 I. 
0.2. 0.3. 0.4 dan 0.5. 

fl11dpropagatiu11 impkmc:ntall\lll 1~ J,111c in Matlah 
Cll\ironmcnt \1i1h nc,,ff Actl\alh'll fu11d11111 u~cJ 1~ 
\1gmoiJ 1 J _; '. ...i J in thl.' h 1JJc:11 l.1: l'r anJ a linc:ir 
funct1llll (:..!~ ·,.::.)in tht' ,1l1tput IJ:cr lrJ111ing 
.1lgon1hm u,cJ i~ graJ1t'nt J.:,cc:nt 1 · : , " · :J. 

Ac.:lirding Ill experiment on lhH:l..prupag:.11io11 h: 
\:tr) mg the: parameter 'ah1e\ the learning rate: anJ 
coefficients MFCC. obtaineJ accurm:) k\ds 'ar: in 
te5ting \\ilh ICSl data as prc:scmcd in fuble 2. Ju~t JiJ..i: 
the L VQ. not obtaineJ u di:ar general paltc:rn of th<.' 
relationship between MFCC coefficient anJ karning 
r:tle. However. from lhe table! ii 1.:an he seen that the 
accurac~ tenJs to increase '' i1h i111.:n:asi11g learning 
rate wi1h an increase in the: lluctuat1ng In some cases. 
the value of learning rate that is too high c,111 maJ..e ,1 
lo" er accurac). 

the value of the: h1ghc~ t accurac: 111 
Backpropagation obtained "1th 11 M FCC codlicient!'­
.ind the of 0.4 learning rate with an accurac: 97 . .12" o 

(fable 2). 11ad:propagati<'ll mcthml ab\1 1.::.111 ad1ic1 e 
the highest accurac) of I 00° o a) in L VQ. hut in some 
expcrinwnts. the accurac} is quill! lo\\ on :i particular 
class can ewn reach 0° o. 

r1\UI F II 
,\cn, kACY OF 1 EST NG IN R \O..PR(ll' \(1-\ 110'1 

\ll·CC: I .::irn1nti R:it.: 

ro.:tlic1.:nb 
0 I () 2 (I l 11 . .i fl 5 

IJ 9t% %-13 C).j (I~ 97.32 96 7) 

15 89 88 9.t l).j o.i o~ 1.J:'SJ 1)1) .jJ 

20 87 5 9t 96 93 75 95 ).j lj.j .35 

30 8036 89 58 115 ;!.j 'II Ill> t).jC).j 

C Ejj'i?<:t of Numher t/.\IFC(' C:oe//ic1t•111 Agmmt 
r1cc urUC.J' 

From 1he entire experiment. the a\\:rnge accurac~ 
obmincd at each value of tht: coefticient is shO\\n in 
Figure 5. From the graph it can be seen that there is a 
lendency that the higher the coefficient M FCC makes 
lo"er accuracy in L VQ and Backpropagation. 

' although the decrease was not significant. Accuraq at 
MFCC coefficient 13 tend to be higher than the 
accuracy of the MFCC coenicicnt greater. This is due 
lo the higher coefficient of MFCC impact on the 
dimensions of a larger data. Large data dimc:nsions 
make the generalization capability of /\NN is lower so 
lhe accuracy is decreased. 

D. Effect of Learning Rate Ag11111H ..lcrnrac:1· 

Influence of the learning rate throughout the 
cxperimenl to the average accurac)' is shown in Figure 
6. From the graph, in L VQ there is a 1enden1:) that 

h1ghc,1 .1.:lur:11.:~ lll·cur un the lcarn111g 1.1te '' 11\lt tl1l1 
I''" or h ll' high If the learning ratl' 1:-; ll 'tl high. 
.1crnrac~ 11 ill Ot.' Jecrea~c because of th.: L \'<) that Ull 
the: change l>f nct\\ork \1cights "1th tht.' nature of the 
1:1 impl't it il111. 1c. increa.;e or ,k.:rc,1'l' the '' l' 1ght 111 thl· 
net\\11rJ... '\' that the karn111g 1.1ti: 1' 1,1,1 l.1rg,· .,;,11"ing 
Jr.1 ... t11 .. 1.hang.::. .11 l'ach 11era1i11n w th.it the \1eigh1 ut 
tho: 11..:t\1 \1 rJ.. become~ u11~t.1hh: I ll111 I!\ l!r. 1f the 
li:arn1ng rate i-. t1l0 )011. thc lc;ir11111g. pn1ci:!>~ ,,j)) he 
h111g 
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In contrast, in Backpropagation. increased learning 
rate tends to increase the accuracy. rhis is due to the 
algorithm BacJ..propagation ju~t ch;inging the nctworJ.. 
\\Cight-: b~ -;umrning up the ''eighls (\\ithl\ut the 

nature ol the: competition) !iO that the net\\ork \\eight 
rem a in~ <;table. 

E /111rod11c101)' Rate 1~( Each l .1111g Sound~ 

A vcrage of accuracy of the entire experiment based 
on the I) pe of lung sounds is shown in Figure 7. From 
1he graph it can be seen that the type of tracheal sound 
ha!i the highest accurac). meaning that most can be 
distinguished from other t)'pes of sound. It is. as 
mentioned previously (Figure 7) that a tracheal sound 
signals has the form the most different than the other 
three t)pes of sound. Meamo,.h1le. the sound of 
vesicular type. crackle. and \\heeze has little 
resemblance so that its accurac) is lo" er, meaning that 
the sound of vesiculer is sometimes identifjed as a 
crackle type or" heeze and 'ice versa. 
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CompariSllll of thi: ch.:cur;11:) llf L \'Q nnd 
Bad.propagalil'll method in idi:ntil) ing lung soum.ls •~ 

prec..cnti:J 111 hgurc: 8. (),era II. b.1d:propagat111n 
mdhod g1\ c:' bc:ttl'r a..:..:ura..:~ n:~ult-. than I.\ <J 
mi:tli.l\I. '' i1h an O\ erall a\ cragc: an:ura<:) 111' 9~ . 58° o 

Im tra111111g data and 93.17°·0 for test da1a. while I.VO 
11111~ 1>1ler rc:)uhs 1lf 87.8Juu for tr::iining data and 
8b 88" o for tc:st data. Testing the training data pnl\ 1Je 
greater accuracy n.:suhs because the data is also used 
in the training process. \\hilc the test dntu ''ere 1\llt 
included during training. 
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Comp•rison of lhe xcuracy of LVQ method •nd BP 
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Although LVQ method gi\'CS lower accurac). but 
1hc: mc1hou is ~impler 1han computing :hpccLc.. so that 
training time is faster than the Bad.propagation 
method. This is consistent with studies conducted 
I la\\ ickhorst el al. ( 1995) that 13ackpropagntion givi:s 
better accuracy results 1han L VQ. but higher 
computational comple'<il) [ 18). 

IV. CO,l'Ll ~ION 

From the: ri:si:arch that has been done, it c:in be 
concluded that it has made a model of lung sound 
recognllton "ith MFCC feature extraction. 
Clas;ification with LVQ and Rackpropagation method 
can be applied for the identilication of lung sounds. by 
ad.1us1 parameters MFCC coct1icient and learning rate 
that 11111\imizes the accurac~ Backpropaga11011 me1hod 
has better accuracy than L VQ \\'ith an a\ernge 
accurac) on the test data was 9 3. 17%. while 86.88~ o 

lll 1.\\1 In .1dd1th111. 11achcal ~uunc.J can be rc.:ugnizeJ. 
b.:11.:r th.111 the lung sourn..I l) pc~ \.csicul.ir. Crackle~ 
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