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ABSTRACT
The purpose of this research is to build two classifiers for categorizing audience’s
comments about the movie they viewed into various aspects and predicting the sentiments
of those aspects. While the aspect of the movie can be classified into four classes, i.e., actor,
graphic, sound and general, the sentiment of the aspect can be categorized into positive
and negative feelings. We collected audience comments from ten volunteers and feed the
training data to decision tree and random forest classifiers. The performance of each
classifier model is shown in confusion matrices. The experimental results indicate that the
performance of the aspect classifier is acceptable. Conversely, the performance of the
sentiment model is quite low.
Keyword: text mining, aspect and sentiment analysis, movie reviews, classifier,

decision tree
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o/

AEIARY: MIUsEINE NTAATIinTsanney NsSEusigedn tassienuudeinunis

ABSTRACT

Color is the essential factor in creations (building, goods, artwork, etc.). In digital era,
most of these items were designed by computer. To find out the exact color that is right for
designer is very important because the color of the finished product is not the same as the
original color designed in computer. This paper proposes the novel color estimation
between light colors that use in design and pigment colors that use in production. The
regression analysis is one of the solution for this problem because the light intensity is
continuous value, but the traditional methods provided high error. In this paper, deep
convolutional neural network was proposed for color estimation and compare with the
traditional regression analysis methods, including linear, polynomial and multilayer
perceptron. The experimental results showed that the proposed method provided the best
mean square error of 0.00237 that is twice better than multilayer perceptron that is the
second best.
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f (x) = max(0, x) (6)

wiesanmshdeyadudadumuressusuauumiliuuy (Flattening) azdidrurutsen
dhganniduausuiu fuiuluunanuiddddainiereusasdesdifioanduuinidindefios
3 U pusaudesdung e uastiu dusuulilutuseuldannsvassnldsusuiuvany
nsdinuISILUsEAIN 48 Un dnadiian

a ! = ° o
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71U 10 Y04
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ABSTRACT

This thesis presented specific energy consumption (SEC) and multiple linear
regression model for forecasting the electricity consumption in the plastic bag industry. By
using 12 month of baseline energy used (January 2016 to December 2016) to create a
mathematical equation. The input variables of both models consisted of 14 type of
productions were used as inputs to predict daily electricity consumption in plastic bag
industry. The results showed that the multiple linear regression model was more accurate
estimations than the SEC model as indicated by the performance measures which consisted
of coefficient of determination (RZ), the difference of energy from predictions and actual
energy consumption (Diff), cumulative sum of difference (CUSUM) and percentage of
difference (%Diff).

The forecasting result after baseline 4 month (January 2017 to April 2017) by using
the SEC model in this study prophesied that the cumulative sum of difference (CUSUM) of
electricity consumption from mathematical model and actual value is equal to -79,733.26
kWh and the percentage of difference (%Diff) is equal to -2.35% meanwhile the multiple
linear regression model would reach -72,620.66 kWh and -2.12%, respectively.

Keywords: Baseline Energy Used, Specific Energy Consumption, Multiple Linear

Regression
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Prasnsaimingnds, 2509) lnedat inUsavsnmndanuiifinsldogialy Ae duinislindanuy
TNz (Specific Energy Consumption %38 SEC) WagANULUNNEIU (Energy Intensity %30 El)

WnsgIuMsldwasaulugaamnssy

WesgIUnNsndnulugnamnssy (Energy  Benchmark) 18unisi3auliisuanisld
WErunseuszansnmmslindunuresemsinetasnistueimsuiidanimnisidauseaan
Fenfufuemsiu wiawFeuiisumnislindsnuvesmmsiuludtagtuiummslindanuludi
M Wielimsuialsnamsldndsnuretermsiu Sinsddsusdamselivaziudsunlas
RANS

N5IATIZHAUNITANNDYUAZANTUNUS

Feansalduiiaroyuuideyaluusiazdsnaasauszinansldanaaruve U
wsdaszludadu Tnevhlumnnsiinsiszneuseteyaniofu sBaszsruuunnagliinad
wiuganndn  wiagldialunisiiwinmin (gnge Y1uedu,2556:58-67) 1aen1siAsienikuy
annesdudunnanasisuuuulneilded

YC =a+ b1X1 + b2X2 + b3X3 + b4X4 + € (1)
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Tned Y. = fulsu (Dependent variable), a = A1A97 (Constant parameter of the
model), b, = AduUsransesiLUTdasy (Coefficient of independent variable), x; = ALUs
da3% (Independent variable) kag e, = ANANARIALAEEY

NITUIUNTHANTUGAEIUNTIUYIWANERAN

TugmavnssugananafinaldingAundnde ilawarafin fadundasusidulaisain
QmammsmﬂimmﬁLﬁmwmaaﬂﬁﬁlsﬁmﬂuﬂszLwﬁlmaﬁagj 4 Uszinm Ao Iwaesau (polyethylene -
PE) Inalws#au (polypropylene - PP) Indaln3u (polystyrene - PS) wazludlitianaslsinsoind
(polyvinyl cholride - PVC) TnaidinnanafinusazUssinniianuuandrsiulusuauaudsd nsld wag
nsuslna Segnamnssugamanadniinszuiunsndedilidudeu Ineldiedosinslufeunnduney
NISHARN NSTUIUNTNARVBIINANARNYLARIS fduneufindoudy safuiissingiviiananading
THlunsndnii

1) nMsw3euingAu Buannsiieningiv loud Wananafinudasiieg muannamanza
yosvdiauazUunameagmaainiifosnisunanivdlusasduiivnzay ddeansgananannilsl
i3 Aliifesnaud anduiingdvlumduedoatins

2) mahge indeahgugimavaedianaainlagldanuouluwivuuda Tas?l indein
wSemyusadanaainrudludliieuiou Felgamai 300-500 ssmvisules Wawatadni
MABUMAIILQNIRHILLLLUUAIBLIIEA 500-600 Yaudranisnsia nduazornadilluges
o elsmanaRnnefanuIefiFesns Junuilisdidnuasdunaoanarainvuelug) Gaasgn
dvhugnnasiifiarmdsuaindnaduiiedanarainliegludnvaruuy naonautestuonaniely
Lilvieenanndesmanadinle iiolierniafiogaeluiviinansiiuazazldgamarafinvuiayinfs
vhean Sunuieeninaziidnuazuuuiasihuliesensfuiviedaifusely

3) manududredniugeiia dnsugeinvdaiudiudng ndsndldtunuidsnvasdy
maganaain dsugnnadluadiusnud duseludenisiududndaeildsusudrstiaeaiuly
udsdunumanaininugnnasenadimiafieiul ifluihusensissiviedabudely

a) mandetifudwiugedou duneuiidunmsndngedeuildidanarafnindlnsfizudy

[ a

fnniv Geliganasuarargenindananafinildlunsndnganatafinaiindu Tusunanafiniilids
Fowumandoifusetidnadmis

5) nsiuianege wdsniedoalvinisigmatadnesnundushundy mndesnns
fmianegavizedie fazdesinmsiuigenouilazitiedosinuazidugs sunarafnezgnasiuLuy
wifssiunsduaeaevdodviold mnananeviedreriuiivansd fazsowi nisfissihunaradin
pudnuARdosn s duduld

6) nsfauazdugq %umauﬁﬁﬂmaLﬂéaaﬁmLLazLﬁuqﬂ Fohmsdauazifuguaianisly
nszUIuNMAEaiy fhunanafinazgnasiuduaionduiemiuieuia mnduazihuluddunon
msdaitelrlivuanazaNgLiFons

7) msdaUings gewanaanudiayiniinuniafuiFeuesudiasgninndieowinuings
Lﬁ'aﬁmﬁa

8) NTUTTYNULD Lﬁu%umauqmﬁwmmmimamﬁaiamsﬁuudqLLazf\i’mu'w
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M3LERNTRN AL

v

nsilnge ¢
v msugadiogingdu
o o o =
maiudinedmFungaiin RRCEU
= Lo
QRETH <

GREEEIEEATN |

nssiRtngayiia

A 4

h 4

N3UsIRHLIYe

A

AW 1 : NSTUIUNTHARGINAERN
InUITaIAYaIN1TIvY
1. efnwguuuunsneinsaimslindsnunmsnilugnavnssugematain smenisaiig
A1N13INAINNANAANEANTAIEITTNITMIAMNSIUTNINZRALTTNTONDDELTAFUNAM
2. lowFsuiisumnuwiudiidiadmdsnulugramnssuganataindeisnismen
NAUTUNIZUALTTNTONDRLLTATUNIAM

/AtUNTITY
1) msAnundoyaiineatasiunislindermulnirlugnamnssugananadn
NTBYATIBNUNMITIANITNAIUY 2559 vaslsenuanamnssuganaiain dn1sldndeanu
wilhsedegi 9,673,136.80 Alatnd-Talue/d Andudndruiosazvesszuuineg Uszneulddae
SPUURAATNY 2.11% Suudiuennadninau 1.97% Tunssuiuniswdn 88.05% wazdus 7.88%
Faandlunsned 1
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M19197 1 : dndrunslindanulniiuennuseuuredlsauenaYnTSUINaTERN

sldnasaulnii
IWUY a o ¢ @& v
Aladnn-v2lueA fouay

WEEINg 203,977.44 211%
YSuanmediinau 190,316.99 1.97%
ANTNER 8,517,196.95 88.05%
duq 761,804.28 7 88%
924 9,673,136.80 100.00%

2) MIAATIRAANNTURUS VIR TTIVINNTTANE
IINMTNATERTRFIUNTINAINUVDILTINUGAAMNTTUYPINAERNAINITIN 1 WU NS
Tdndanudnlngvedsinuazegludiurenszuiunsudnlaefndu 88.05% Fan15AT1eRdus
wNTNIINToyanandndalnasanisldndenuvadsuegwiideddgyds Ineiinisiuiintoyai
= < Y a a4 g a o  eda = o = @
avidualuneiumudssinnvesaaaindudunindueindauvainvate Felsieazidenvess
wUsnandamihmsfinwuwenanudssinnvasnisidndanuladanng 2

Tainu TaiNanid

\
i)
T
@

A 4 Y
_ = Automation a o« =
N 3-4 & WU 3-4 &

mne

AN 2 : wunmnauaananldlunTie e fwlsIvinnsAne

3) M3AATerarnisldnaenuvasgnanITIgINaNERn

dmsun e seiavinslindsnuvesgaaIunssugalann aiasazAIninisly
WANIUTWNE (Specific Energy Consumption 38 SEC) WagnIIWeINIalnIslgwaseIuaInaunis
aswmatinmansalgisnisanneeudunvian (Multiple Linear Regression)
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3.1. Artin1sldnaeausnIe (Specific Energy Consumption %58 SEC) \Husnsndiu
FEMINNFIUNINUATLY IUNTZUIUNTHANFDNUILNISHAATDI519UY  TaganunsaUseiiulaann

aunsseluil
Specific Energy Consumption (SEC) = kWh Energy Used / Production (2)
kWh Energy Used = (SEC x Production) + Base Load (3)

3.2 nsweansalnisldnasudiedsnisannssiBadunaa (Multiple  Linear
Regression) L{un15as1saunisirassnsadinaiansaieisnisanaseidadunnga (Multiple
Linear Regression) fuismsmsadfedamilsfilflumstinseianuduiusvosdoyanaud 2 i
wUstuly Tnsudadusenidu fuUsiuviesudsaass (Independent Variable) wag@LUsnu
(Dependent  Variable) Ingguunuuvesaunisannosidadunyanlaemluiidnyugauaunis
daolud

Y o=a+ bxy + boxy + bsxs + bgxq + ... + bpx, @)

Tefl Y = fuUsnu (Dependent variable) fuusliduniensldndnusesu

AnAsil (Constant parameter of the model)

AdNUsEaNSURIRILUTasY (Coefficient of independent variable)
MuUsdase (Independent variable) fvualilusiuysnandnusazyin

bn

Xn

4) N13M5299AUSEANSNAVRINTITIATIZH
Tunsanenil agsinsasiaialseavsnanisiinsesiseadudssansaniuseniigdans
(R%) ‘UizLﬁumm‘[,ﬂéjﬁaﬂmaqmaé’wéﬁlé’mﬂmﬁLﬂiwﬁﬁusﬁayjaﬁa wazkas gzl (Cumulative
Sum of Difference, CUSUM) waziUasidusvainasng (Percentage of Difference, %Diff) FeiAsms
FUNANANNST 5 waraunsh 6 fetl

CUSUM = wasam9ed (KWh Aidnuaannaanis — kwh fldeuass) (5)
%DIff = (KWh A1AUININEUNTT — kWh Al8911a39) / kWh Alta1uase (6)

il lavinsiasgianuduiusus sy snnge 31nendu Data Analysis - Regression
melusunsy Microsoft Office Excel 2013 lagliinan1sinsigvimeaunisanneaidudunvan 39
anunsalanensalnslandnulnihvedssnunely

NAN15ILWATNUTIINA
NANISANBINISIATIEAANUFUNUSVDIAILUSHARAAN T AaUSU1n S onasulni ale

Basmamdsnuinnguazisnisannsedudunyan Jeyanfiodavgnuiseeniu 2 a liun yn

Y 9
2
124 v

usndmiunsiiouirieainauudiasmsadamans Uszneusnedeyagiududiui 1 unsiay
2559 fatudl 31 SunAu 2559 (365 Tu) wazaaiaesdviunisnaaounisneinsainsldndsany
il Usgneusedoyasouniudl 1 unsiau 2560 etufl 30 ey 2560 (120 ) wadwsitldas
gminsuifeuiudoyasie ilensraaeurminindefiouazaugnies Tnsdunsudina1iazgn
inlldfuiiaesuuudaomsadinmansiildasnei
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wadnsAlFaInMAeTzsifeinsmAmdsnudunig uazisnsannesidadunygaly
msngnsainslindsnuvedlsanugaamnssugenatadn fauduiusdanmil 3 Fasznauly
fensmdoyamauieudiouresdoyatisiauniuil 1 unsau 2559 Feluil 30 wweu 2560 (1 Y
4 \few) Fawvseenidu 2 ¥ fe yausnibudeyagiudviunisaiuaunisdiaesmendnaans
Usgnaulufedoyadoudtuil 1 unsieu 2559 Setuil 31 $urAu 2559 uazdrsnIsvAdEUS
wensainislindalaiihfoustudl 1 unsem 2560 etufl 30 wweu 2560

ArUSpuiisuawassulWiiAannsAuIanuA193e

40,000.00
35,000.00
30,000.00

25,000.00

20,000.00

15,000.00

&

UoUa Baseline doua Forecast
10,000.00 o °

5,000.00

Jan-59 Feb-59 Mar-5%9 Apr-59 May-59 Jun-59 Jul-59  Aug-59 Sep-59 Oct-59 Now59 Dec59 Jan-60 Feb-60 Mar-60 Apr-60

—kWh Actual === SEC  ...... Regression

AT 3 : NFINBEAINITNYINTAUNIS FINAIUIINAUNITNAINUTUN LB UA VAT

mammﬁa‘uLﬁau%’agaﬁﬁﬁumaé’ws‘ﬁiﬁmﬂmﬁmeﬁéf’gaﬁﬁmimmwﬁqmuﬁ’]mw A1
HulsanSamiuseniideans (R) wihiu 05144 Tneluraenisnaaoudausiuil 1 unsiay 2560 s
Fuil 30 Wwwiy 2560 Sedidudnuunnisvesdeyalulsiazifiousg -4.07% f1-098% 91n
Aadsazan wazilAnainsazan (CUSUM) ogffl -79,733.26 Alatas-talus uaziosidusvesuasing
azamagjﬁ 2.35% fauanslunnseil 2
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A5197 2 @ NS EUTBUAINISII WAL AR UAUAIIINANNITNAINUIWNIEVDLTIULADUY

UATIAN 2559 DALADULLYIEU 2560

U LU kWh AMR kWh Forecast Diff %Diff CUSUM
1ATIAL 825,193.06 826,067.87 874.81 0.11% 874.81
nuAINUS 746,362.77 786,812.84 40,450.07  542%  41,324.88
SYIRTaH 832,885.89 865,303.19 32,417.30  3.89%  73,742.19
WYY 674,465.26 654,333.93 -20,131.33  -2.98%  53,610.86
NE NN 841,872.34 821,254.42 -20,617.92  -2.45% 32,992.94
fgueu 810,181.30 801,657.33 -8,523.97  -1.05%  24,468.97

2% nsngIAY 876,299.53 860,572.32 -15,72721  -1.79% 8,741.76
daay 909,859.59 878,308.93 -31,550.66  -3.47%  -22,808.90
AueIe 850,840.06 821,730.77 -29,109.29  -3.42%  -51,918.19
naAY 787,956.36 778,698.69 925767  -1.17%  -61,175.87

AN 799,566.85 830,717.66 31,150.81 3.90%  -30,025.05
suAY 717,653.79 748,269.48 30,615.69  4.27% 590.63
NATU 9,673,136.80  9,673,727.43 590.63 0.01% 590.63
1ATIAL 931,691.68 893,815.22 -37,876.46  -4.07%  -37,285.83
NUAWUS 781,565.40 773,880.33 -7,685.07  -0.98%  -44,970.89

20 Huaw 798,583.58 775,124.15 -23,459.42  -2.94%  -68,430.32

WYY 882,222.99 871,510.69 -10,712.31  -1.21%  -79,142.62
NATU 3,394,063.65  3,314,330.39 -79,733.26  -2.35%  -79,142.62

nansIsuiisudeyaaseiunadnéiliannmsiinneiseisnisanneeidadunvau e
FuUsvavsaniusenidans (R) wihiu 0.8492 Tnslugranisnadeusausdiudl 1 unsiau 2560 f
Fuil 30 wwiey 2560 Mdesidudniuunnansvesdoyalunsaziiousti -4.06% f1-1.02% 910
Aadsazan wazilmnainsazan (CUSUM) ogfl -72,620.66 Alatas-talus uaziosidudvesaasing
avanogil -2.12% fanandlunsnadl 3
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M1319% 3 @ MsIguiisuamnsldndinuasaiisuiuAnaunIsanae s BLduN Aol

LWADUNNTIAY 2559 DUADULLENEU 2560

U U kWh AMR kWh Forecast Diff %Diff CUSUM
1NTIAL 825,193.06 817,371.60 7,821.46  0.95% 7,821.46
NUAMNUS 746,362.77 756,503.72 -10,140.95  -1.36% -2,319.49
e 832,885.89 847,464.21 -14,578.32  -1.75% -16,897.82
gL 674,465.26 671,461.58 3,003.68  0.45% -13,894.14
N NIAN 841,872.34 825,213.16 16,659.18  1.98% 2,765.04
figuieu 810,181.30 807,989.16 2,192.14  0.27% 4,957.18

2% nInNgIAY 876,299.53 887,144.53 -10,845.00  -1.24% -5,887.81
Ay 909,859.59 910,556.59 -697.00  -0.08% -6,584.81
Auengu 850,840.06 844,465.17 6,374.89  0.75% -209.92
maAY 787,956.36 783,781.58 4,17478  0.53% 3,964.86
N FRANBY 799,566.85 796,499.62 3,067.23  0.38% 7,032.08
sunAu 717,653.79 724,685.87 -7,032.08  -0.98% 0.00

NATIN 9,673,136.80  9,673,136.80 0.00  0.00% 0.00
1NTIAL 963,090.06 918,756.95 4433311 -4.60% -44,333.11
NUANUS 781,565.40 771,177.23 -10,388.17  -1.33% -54,721.28

2260 VREEY 798,583.58 790,449.09 -8,134.49  -1.02% -62,855.77

g 882,222.99 872,458.10 -9,764.89  -1.11% -72,620.66
NATIN 3,425,462.03  3,352,841.37 -72,620.66 -2.12% -72,620.66

INANTIN 2 LAZANTI9N 3 wansbALuINaniIswensalnsldndanulnisedIsnisannss

WadunaaliHadnsnANUWINgIINNIIBNIMANAINUTLNNE

G

nMsfnynsnensainsldndinulninlugaamnssuganaiafindaeisnsmaAndsnu

Tzlarisnanneludunan nuinsaanisallegldisnisonnesBadunyamuiulinadns

LaraNu1InesuIeANduusTEnIttayanandndanisiindsulninlaegrauiugiuinniinig

ANMNNSAIAEATNNTIAINAINUI I eldaul LAzl UTB AT

Tngdagtunisamanisaivienisnensainislindsuliilulssnuenamnssuiuiodndu

asdrAydmsudusenaunislun1sussluiemAunung sy wagdaunsaldiun1snnauny
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nsawaUnandualuAuUminflewadialydealnisa
Weight Control Application applying Social Network Motivated Technique

#5uss uAnG

AnzimaAluladansaunauazuinnssy unIngndengunm

E-mail: sirinthorn.c@bu.ac.th

unAnge

ﬂﬂﬁ;ﬁ’uﬂizmﬂ"L‘maﬂszauﬂfgmé’wuqmmwﬁumm%ua&hwiaLﬁaﬂmammwé’nmmﬂmw
sndndadufumavinliiinnudssienisifalsaiiouss 3dedsdinnuaulefiavinemadadiy
I"?jLGUEJaL‘L!G]L’Jiﬂ‘lflﬂulﬁ/lEJUEJ&JIGULUU’@U@UGW"] suaaiaﬂmﬂivmﬁumiw@umLLaﬂwaLﬂmuLwa‘lﬁummU
nsAUANUImILN LW@I‘MLWLmLaimmmumimmmLLaumumamuLm Fan9ifeadafimuuy
spuUUfiRinis 105 Fauwtamavieudsilfe mi‘uummayja@%Wiammmmmmumama 13
Fadmnglunisantimiin madongdeyanssatvineg nsdenguesidulilasldludeatniiia
fhomaifaniiouansiedeldnunielueundindu wiewiadnuaufionelavesdldueundiady
YOINGUAI0E1TIWIN 30 AU wudnistimeadaduledeaidnisaiiliaunsoadiusegaldne
Aiade 4.64 ogfluseduinnn iesanueundieduansaiuiion aunsouridoyamsantiviin
yliAnnsuridoyadailigldiiausegelalunisaniinin Tnsfldmaliszduauianelaly
Amssisueundintusgluseaun freAnade 4.11 (X =4.11, SD=0.74)

Frdndny: muauimin leleea ludeaidniise

ABSTRACT

Thailand is experiencing health problems especially in the condition of being
overweight. The obesity results in the risk of several serious diseases. We are interested in
introducing social networking techniques applied to application development for a
bodyweight control. This application is developed on I0S operating system. The features of
the application are user data recording with Body Mass Index (BMI), setting a weight loss
goal, browsing for social friends’ weight loss goal and BMI via social networks created by the
application. The sample for this study was a group of 30 people. It found that the
satisfaction of using social networking techniques motivating users to lose their weight was
an average of 4.64 on very good level. Due to social friends on the application, sharing of
data between users can motivate the weight loss. Consequently, the satisfaction of the
overall of application usage was good, 4.11. (X =4.11, SD=0.74).

Keywords: Weight Control, iOS, Social Network
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INCREASING EFFICIENCY OF PRODUCTION PROCESS USING ROBOTICS ARM
: A CASE STUDY OF VACUUM FORMING MANUFACTURING PROCESS
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ABSTRACT
This research aims to improve efficiency of the production process by mechanical
system in vacuum plastic molding process. Time study is the part of work study theory was

applied to collect time data. Statistics was used in data analysis were mean, standard
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deviation, 1-Sample T test and, overall equipment effectiveness analysis. This research
found that employees' working time was only 7 seconds, or 17.78 9%, with 82.22 %
unemployment rate per piece. The production of 1 lot was 500 pieces this meaning the
overall equipment effectiveness was 29 % because employees was waiting for the machine
to work. The result of this research shows that the causes for low overall effectiveness were
machine operating rate and quality rate. In improvement process we designed the robotic
arm to enhance the efficiency of the procedure by the way we can reduce 1 employee. The
overall equipment effectiveness before and after this research are 29% and missing 97%
respectively meaning increasing 68%. The result from 40 data of operating hours it shown
the P-Value is 0.082 that meaning this data is a normal distribution, average of setup time is
14.09 seconds per lot and standard deviation is 0.565. 1-Sample T-test shown the P-Value is
0.976 it was fail to reject null hypothesis that meaning setup time is not difference by
statistically significant at the .05 level.

Keywords: Robotics Arm Vacuum Forming Overall Equipment Effectiveness
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ABSTRACT
This study investigates the electrical energy generated by thermoelectric by using

heat loss from the domestic cooking stove. The development of equipment for the
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production of household electric stoves and the production of electricity using 12-
thermoelectric (TEC1-12706). High temperature side of thermoelectric is installed with the
heat sink. Low temperature side of thermoelectric is installed with the water cooling device.
The first case (Case A) was tested without cooling water (0 liters per minute). The second
case (Case B) was tested with cooling water (5 liters per minute) and the third case (Case C)
tested with cooling water (9 liters per minute). All case was divided into 2 steps. The first
step (Unsteady state) was controlled the water temperature in the container from 40 to 100
°C. The second step (Steady state), the experiment will continue another 5 minutes when
the water temperature is 100 °C.

The results showed that when the system had the highest flow (9 liters per minute),
the difference in temperature between hot and cold was increased. As a result, the power
generation is increased with the maximum power output of 5.198 watts. By controlling the
flow of water at 0O liters per minute and 5 liters per minute, it produces maximum power at
0.493 watts and 4.623 watts respectively.

Keywords: Thermoelectric /Cooking stove /Small electric generator /Power
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AuRnmaIAIBsay uazsnsIANNAnAIRTviiTY EER (Equal Error Rate) agiifesas 29.5 fainey
Tunausinneld

AdAey: e due Budusinu nwilne seuy
ABSTRACT

Text-dependent Speaker verification system for Thai language have been prepared
for the purpose for research, develop speaker modeling for Thai language with text-
dependent which word is “Yunyan taw tn dwy seiyng” and develop speaker verification
program.
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In this research for develop Speaker verification system, we use DNN (Deep Neural
Networks) for train speaker modeling, MFCC (Mel-frequency cepstral coefficients) and I-
vector for feature extraction and PLDA (Probabilistic Linear Discriminant Analysis) for select
important extraction.

We use DNN [|-Vector 100 dimension and develop speaker verification program that
will be used in real testing, in summary of the score that reject user who enrollment (False
reject rate) is 22%, It is considered a good criterion even though it is reject sometimes, but it
is an acceptable. And the score that accept user who does not enrollment (False accept
rate) is 37%, It is considered a bad criterion because user who does not enrollment should
not be allowed access. Those may cause damage or impersonation to data. And Equal Error
Rate is 29.5% which is considered a rather fair criterion for use.

Keywords: Voice, Speaker, Verification, Thai language, System

unin

Tutligtumaluladeingg tdunfiunumdetinusginiulidnsaunisfne) dugsia vse
uliusnsestednumaiu fadynegnsdondvouunanuiudiui viedsfiddyfiaafeauiasasde
Tudoyavesilfnuiafnssuuiuiuiauiesiuuusiag Juun astuluutasiyeeasziidesiiiu
endnuaiumnansiusenlufurumeiiaiie viefdue Wudu fAnwahduduldlunsAnuidy
fugnilumissiesen Weimuueundindy vislusunsulifiamnuuaeafouindedu Maddofivaanis

=Y

gudusymnameidesitoffoaunsaduduiinuainnislnale gldnulddndudondunig wiely
fudusnauiedl ililanuaganauty Uszndanan Wusuasideansiudusyanaiivihginssa
yamsdusuanensdwiiduyanatiuase vield s

walulafdldFuinsldouesnieds uasnivenanniu dgansdiuusdldimelulad
S3¢nm (Speaker  recognition)  wnlflun1snsieaeuiInuYBIyAAATIYNgINTINNITIURIUMNS
Tnséwit Gaviliyanailduinisfinnuazmnsanfwinduldsidudemaudaiuinwia
Uaeadelinning uazmesuiesiazihilaldiyanaigsnssuduuiege snduldmalulad
fanamiivssleviogannlunstheinuenuaends wastoyavesldon Snsdsduduimuan
szezlnalameinuasain wasUsendam

fiavinidaituingaudunnduiamnsnlny wasaeufinmediu Setgldldldiiswualudu
nsdeans wazaududiaviiiy fufasalilunisiuds dumdoya uaznafununuteya
dAneineg vealdan srufaeundiadu uaglsunsusneg nuneiiideyadiusvesilday
TIOYMEY auuumﬂﬂiwLﬂumﬂmumwmmumwu‘iﬂmﬂmqmimaﬁvwﬂﬁauaummummam
snfutsslonddomsimussurlufunsinvanuasnds wazdoyadiuyana uazinlugnis

Wusuwuulunisihluimusesenlusuian

NUNIUITIUNTTH
¥ 14 ! Qdy Y o Y o Y o .

INMIAUATINUTINNBALUIALAUINALULAE I WA (Speaker recognition) uldlunis

AIIIADUAINUYBIYAAATVINGINTTUNITRUNIUNIIINIANA BavinliymmalduInisiinuaenin
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sndaunntulisniufesneuiauinumanulasadeliuinng wasnissuiesfagiiulaléd
yamavhganssutuduiiats andiuliimeluladfndniiy selesiegnaunnlunistednumany
Uasndty uazdoyavasiliau SnisdsBususnuainszerlnalddedanuazan wasUssvdam
vhlvAeuisiulaldinlassmsideszuumsBuduseusnedes aufuusslovidomsiaunssuulu
Aunssnwanulaends wazdeyadiuuaaa wazinludnisitudunuulunsihluinusdesenly
aUuNAn

fAnldinsfne wasnumuunausiuieAnaudatiagiiu (Douglas A Reynolds,
2002) lovinmsidenmsinveamsiandedlaeiiaiudsenoundny 3 dulunisife

1. Front-end Processing/Feature Extraction Judiuvesnsnsendesfiofuendnuaid

d1AQIBILARTUAARRENI

£
¥ = = 1

2. Speaker Modeling t{ukuuinasaiieliszuuandgun dvainvaeguuuunisingduey

Y
[y

umn iedsiFesnsINgmn
3. Imposter Modeling Wuuuusasaiioldfndsssuniu viedosiundsitlidasns
feluatetumaiadsdildinnuevinliuadwsiinnuinnainoguin saiddtadednvans
ogsivinlinadnsoanuiegiagndos iudsssuntufininiiuld n1stusgiuding (Text-
dependent) LLazﬂﬁilﬂ%uagﬁUﬁﬂvgm (Text-independent) ﬁgﬁmmmﬁﬁuagﬁuﬁmm%Iﬁmaé’wéﬁ
gniesnn1 nsyauuyliduegfusinm fean ( Kirandeep Kaur wag Neelu Jain ,2015) Iéviin1s
NAFDUNTTUIUNITNTOUEY kazyiuuudnassling mewataieg warlunlieuiisumden
Todulundazimaia Jauvweneandu 2 diu Aedruwsnasfudinveinisnsendes Smadiafe
linear predictive cepstral coefficients (LPCC), perceptual linear predictive coefficients (PLPC),
cepstrum analysis, linear frequency cepstral coefficients (LFCC) waz mel frequency cepstral
coefficients  (MFCC)  wavdudl 2 \udruvesnisanriwuusiasduna fineadafe Gaussian
Mixture Model (GMM), Hidden Markov Model (HMM), Support Vector Machines (SVM),
Dynamic Time Warping (DTW), Neural Networks (NN) wag Vector Quantization (VQ) 91ANaNT
naaosuIludiuvesnsnseadoanaiin MFCC Aigamsziaundiefunsliduvesmudun
flan uazdiamnsonaunauiuizaug ieiuussansnmlumsssyiendnualvondesldibedu diw
Tudureswuudiaedunaidefuasdodustuseniufomadiawuu VQ aeldldRfuszuud real
time wagltuulisaudntes Lazmealauuy GMM mmzﬁ’mmﬁﬁ;ﬂ%’lﬂuﬁmwmmﬁaamﬂi%
JoyardsvasiiazunnalunisIninlunaidetioy
uenanidsdimaiindnnnunelaegdnuaulafiosdavhszuulinnad sauuu deep leaming
InenAang feature extraction AIBIBAINAINAIIULUNIZEL LLazﬁgﬂLLUUﬁmﬁﬁLLﬂuauLﬁdﬁdwsia
nsvuuudians Tnglddnsuisereluiinudn (Ehsan Variani, Xin Lei, Erik McDermott, lgnacio
Lopez Morenocuag Javier Gonzalez-Dominguez ,2014) 1avi1n19imsuseuUse Deep Neural
Networks (DNN) é’wgmwuﬁm@ﬁuﬂuau Tagldwmaiia i-vectors ,d-vectors WaTKNENAUTENING i-
vectorsffu d-vectors waZLAAIHASNSEI833"T cosine  distance scoring lnenadnsiildde d-
vectors fiUsEAVSAMTLINATT ivectors wavwuuNANTUTEUSEANS A MUINNTY standalone -
vector lagszuULUUNANIAIANURANATR (EER) aguj‘ﬁ' 14% Tuan nwindeufideu way 24% lu
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anwandondifidessumu ddinadiingt ivector wuudadsluiidesanmiandon uenanudl d-
vectors SafiszAvEnmanntuluanimuandeufifidsssuniu

fatnefiafidon wazfimsldunsuluagiuiigAnuagdunduuumidunisiaissuy
wazlunaidednedideaneuidedes TIME DELAY DEEP NEURAL NETWORK-BASED UNIVERSAL
BACKGROUND MODELS FOR SPEAKER RECOGNITION (David Snyder, Daniel Garcia-Romero wag
Daniel Povey, 2015) lfvimsnaasadesmsisndosdnalneldinaiinnismirnaissuudszam
Wsuwuudn (TONN) Tunisdminislieagiudssaina (UBM) unuwuuiduildinadeufindeudin
wesluna (GMM) TnsuuimislumsimihBuduainnsadaddeyadesnemaiia MFCC Tngusu
Al 40 uaznsnTIITUTITEsmafomatia VAD udimhlunadsnimemaiasyuuuszam
denuuudn ndudniigiudesainadionismirsaatssuuiszamitounuudnlaeden
03AUsENOUR 5297 wildinada lvector 11 Dimension 600 wdUszifiunasmemeaia PLDA Tny
naaoukuyliiuegfumevasdyamuindaanufianaiasiuveamvaaeukuuadiansusna
szuuUszamfisnnuudn gl 1.20% dsiliauianatndesnitwuufideuiine slumadian
oAUsENEUT 5297 f150.41%

o/

AnUsEAIAYRINTITY
1. Wivefinu1ide Tuneu karIsN1sTEYENaNYalFEAveILsaTyAAa
2. Weszufnumedomnniwine wuuiuegiulsslen

3. LWBWAIUIA UL UUSEUUEUTURAINUAIELABS

5AIUN1TINY
Tunsiaunnuddegdniilaiuuida SOLC v3e Tgdnsnisimussuunu legldsuuuy
w99 Waterfall  model tunuinislun1svaunide Usenousag n15iAsIeiau@eIn1sves
Al991U (Requirement), MIIATILVRALNITOBNUUUTEUU (Analysis and design), MIHAILITEUY
(Coding or Development), Msnaaauszu (Testing), N5 lulg91ua3e (Product or Implement)
wag NsguaRlfuaznsUsEdiuNG (Maintenance and Evaluation)
1. M3AATIZRANUGBINTITVREEU (Requirement)
AAnviuidelaussilivanuseanisver i Falddadiuiannuddyueinissnwaiy
Uaensiuvaidaya 5&LLﬁdTUmﬁuazﬁm’:t’%’nmmmﬂaamﬁaﬁwmﬂmmagmmumﬂmaé?aLwim{[,fﬁ
swaruTussnus auflawuu biometric WunMsaLALIum viiensiedeuarsindedudu uwivild
Wowaszarlngs wihilu safunistususnudedesfiaansailussezlnadld wunsiaser
gnssunmsdudusuians udu dedeliAnauazainauies san5a wasduszuuinuiaiiy
Uasadouuu biometric Mluednvallanduogiamils
1.1 Usyvnveefldanu
1. nmsldszuusnwmanudasadonuuldfenwifidanulasaisliuinne
2. {ldnuidiosmsBudusinuanitlna fanulsiazan deadena wazdldane
3. fifinNIN1eEnn WEeM9319NUNSEIY 8198 INRNNTTEYFIRUAIETULUY
biometric fiflogegraunsuansluilagiu
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1.2 AUABINTTVD LU
1 dldnudesnisssuuanusneiaiudaeadeluguuuulmie waziaiudy
londnuaifilsianunsnasnideunuuiile
2. fldruiidiosnsBuduinuainilnay desnsarmazainauts Ussndanaiuay

3. fausiifinisazfinisnsanemn $19me weymunnuaiidafeddideanmsaldauls
fufedesiiannadeoninldudiaglidudmyaiang
2. NM5AIATITHALATNNTDDNUUUTZUY (Analysis and Design)
finvhanunideldsunudeyananuids wasdeyaiifsdesiuszuuiivgiamndszney
Udhedusnee dail
2.1 Msin3gunstaya wazsuuuudaya
finvinfeainniafiufiegnseyaidssningléudusuauiomn 30 aulasd
swazondel
1. \iufegnnngléanuname 15 AU uagtnandgs 15 Ay
2. Tiwadnin “Buduimudoder Husuau 300 Ysslon vionds lnevianun 30
AuaraUsEleAdeafuionun 300 Useloaiiiodunstuegfudg
3. lmauiiunesidadalunisdadedlagldlulasivu TRUST MICO USB Microphone
waglusunsu Wavesurfer lun1sgaides
4. Yrdeyaildundafuiiiotlusidasiluea (Train) 20 AU NSFVI (Normal
sentences for verification part 1) smﬁ’usqﬂ%auua LOTUS 8n 48 Au ﬁgﬂﬁlsqﬂsﬁaga LOTUS L*fJusqﬂ

a

foyafitunarusiieg laiduagiudigm nd1 6,500 Uszlen s2ufwn 68 AL STuILNATIBLAZ U
W9 1110037 12,000 nUszlealunisdavinluinanie

5. thdleyaillfundniiuiiieasing wagnaaey (Enrollment and Test) 10 Ay 117w
IWATIELAENI197U NSFVII (Normal sentences for verification part 2) Weilazrdnun 15 ildann
300 Wiethanasias uazdn 285 Tlunsmeaeuiilemean EER fe38n13 PLDA Tulwd trials

6. Tunsdadedldidusunuulngd wav.laedid1 Sample rate 16000Hz uay Bit rate
16kbit/s

2.2 malasziduneunsiavinlung wasTusunsy

m'iv‘hswmﬁﬁué’u@fmuﬁ’aaLﬁaﬂﬁuﬁqﬁﬁﬁﬁyﬁqﬂﬁasﬁauﬂa ilesandeyaifudiui
Pglunsfine wagiamveslinaszuy Weflszuvaglfihdeyamddluiinseiuazeanuuy
Tananu Algorithm figiannfinunenly fsdwusznevveslunatuazdsznouludae 5 dawlng
n5i@eu Shell script &n15su Kalditoolkit wagdavilusunsy il

1. wuud1aeInIw (Language model) ldinundnAilas lunauiynsuvesseuuas
sosednAmidlaennniezdumile

2. NAUIYNIUABY (Pronoun dict) UsﬁgﬁwﬁwﬁﬁwmﬁszwiﬁﬂLLaz meulu
sUBUUMIELEYS

3. wuudaesdenslasaneUsyam (Acoustic model on neural network) 14

mMuuaIhgEsssaznisansasendelaenels Tnensiieudygiadudyanuanienie
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4. wuudnaeegudssaINalaggIunIseuIHUUlATIgUSEAMWUUEN (Universal
Back-ground Model on deep neural network) Tidunuudiasadesgiuainalunsdnyii i-vector
extractor lnglduvuiasadsadugnlunmsdeudniug

5. WUUIReIN1ssEyYiInumennesaielaseiieUseam (lvectors  extractor
base on DNN) Tifuuuudrassinmeslunsusnussdnvazidon welflunisduunan (Extract
l-vectors)

6. davilusunsusen1w Java lnsmsdnvhilsddusades uazindesildludhngg
UINM3 Decode #33N5 PLDA Tnedeilusuwnsulinsu Shell script

2.3 M13AT12YN399UYBTTUY waenisnedldanu

nuumamsdavilanadnaeud faviasilueamerdandnihiegnassuunis
fuduinusensideulusunsusiente Java wazdeinu Shell Script Afudomdsnisaures
spuu wagdsAndunndudinans fuAinisafadesiivnds a dranadu aindaminnds
mwmmdﬂ%@%’ﬂuﬁuﬁm FofuludnidandunsiemsitununmshnuuesssuusunisSu
dihgszuuauAuganviney

Fuandminisdeulusunsy Java Tasdmutsoonidu 2 dwdediunsitngszuy
Tngazyin1sms19aeuin ID waz Password #5eiu Array Miuliudeld drwnmsatussuuazlin
nssiudnly wiends index  wansseTovosdwalusiatug 1y NSFVIF010 Aovas Nartnarin
Sumanungkul  wagludiudl 2 Aedrunssadesdalndidesazgniufinuazddludnliegluguuuy
foyalsmieusionisnansiasioluriu Shell script udrdasiuls Java s Execute 1w Shell
script ﬁ?uﬂ

ntudaviin1adeu Shell script Tasutadu 3 du fo script dmsuiatoyaledlu
sUndenldonn, script Mdwihnszuiumseiieg mudedudieatnaiildannidesiividu uay
script @usunIsIUSEULEUAT threshold wagasAnduuuTauisulu Java program

sunvuwihlusunsy iunseenuuvegsiofielgldauldanuls uazidlaldie
lsidudou wisulufissuudomduny Seasihdoyavesildnu Tuluuanmadsguseluil

@ @ @ Verification system test

ID

Password Stdout: -16.80961 > -13.8475 no

| Logout |

Record

Verification ‘

\ Play

sUN 1: wiensvealusingy
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3. NMMINAUISZUU (Coding or Development)
3.1 inesflafldlunswaunszuy
Tudvesnisiamnszuy §invhauidelfidenliindesilonunumunzanuils
finnszuudwieluil

1.
2.

wsesnauiIwes wazlinda
T9a309die Kaldi ASR Tunisdmnisvinszuu 1dn1wn Shell script Tunsideulan

Wawanlunisinyinluma hazn1snanswann

3.

19n w1 java Tu Netbean Tun1svinin Interface wagszuullasniilunislgau

Tnenssadead widariu shell script

4. 19 TRUST MICO USB Microphone

5. llUsunsy Wavesurfer Tunsomdsslunsiiudegiados

6. [sguuUfuAnig Ubuntu Linux Tun1sdnii

7. 14 word Tun1sdnnisseau wagtonans

3.2 @10U wazkuInensisulusunsulunIswmusEuY

Tunsimunssuutulavinléld Kaldi toolkit lunistaeluduvesdanaifiuiiioniam

sulsiaa waggdnvlfidou shell script TumaiFonld Kaldi Fsfitumevlunmsiamiduioludl Tng

DBILUINN LATNITVYIEANUIINITITENITIATIEAUALDDNUUUTEUU

1.
- dansvinlunaideslagly DNN

. dan1svilanagiuaina UBM-DNN Tagldluinaidesdivinly

. 4AnN1svinlama l-vector extractor base on DNN 210 UBM-DNN

. 9MN"T Extract ﬁﬁagaﬁw Train wag Enrollment

. 3N15Weulusinsy Java Tudiuaesnisitnlessuu wagnistiuiinides

- danma@sulusinsy Java Tisenld Shell script Tunisafauagmainany
. 4AY1 Script ﬁ’m%"ummm%am%’agaﬁlé%mmﬂ Java

o N o 0 A W DN

A

Janswseadeyatunsldmsulung

M1 Script extract 1@eafilaunan Java wazihluiisuaiduluea Train uag

Enrollment 9 Extract Winauntinfnaltunailba blanistiagwuukuy PLDA waiazlaen threshold

29NN

10. dnvhscript Wisuieumfiatnunldnndesiienieudisuiua Threshold 7
1 uddernduluss Java luguuuudeanuinle violilddwatu
4. N1SNAEBUTEUU (Testing)
4.1 MINAFBUITZUUNITBUGUAEAIDNTS

1.
2.
3.
4.
5.

annsanadusineg wazidelosiddldegisgnies

anunsalasonusludestd id password e

aunsananagunIn wazisnyUsenaule

Seldsagnees udnaBuduszuuazeyywilrnasadedls
doldswaligndesdanadudussuuagldeyaliluniideluld wieusiadu

Jarnulrnsanluudnas
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4.2 MnagauTTUVEUduieFY
1. ansanaludades vgades uasiawdssld
- ansaduiinbidadeamdindauaila
- ansadliddeanldanule
. @nsanensiadyaandusla
. @115083 Execute Shell script e
. @1U13069AIAINYNABININNNTNBATTAIITEUURDUUSNLA
. IINMSTIgUQNABITEUUIRUTINGUaANd “Bududinugnias”

~N O U0 A W DN

8. mnmsieuldgndesseuvavsinglennuin “Budusmuliignsies”
4.3 NMINAFIUANYNADS

o v

NINAADUAIUYNABIETAYIWNIEY 2 T5n15 Ine3Bn15usnagyinsilisu Script Tunis
afinAntnddsswnunsldnuaie wargradnginAl EER dunvsedeaiiiudds warquuiliuaiy
JuldvesmnuRenainidisuan vsemuianaindsau lneazeduigluiidenisuszifiuna
5. m3ulU1991u933 (Deployment)

Tumstmuszuunstuduimudedssiudusluuuresnuitedaandufodn vie
svuumadulneazaunsailunesendulusunsuvie weundindusine talueuian Tneduuuussuu
inafavinagyinnmageuangnaaeusiuay 10 aulasudazauaglé¥u id  waw password e
fies uandodngszuuliudradliynduiuimilasnmaaevauitiudvessiaty fuaudlald
Fessiatuiioganugniesessruy Tnedesiugdavhnunideasimunssuuilldlulidndne
aeluandunsdanmsiyaniiand uazyransiiieatoudunguidssiiedn Wldnunaaeussuy
fou nduiinismaasumanlefifuninufinnainio GsseaziBenazegludiueinis
Ussdiunalushdedalundrandu snifursdinsusunsiiieliyarameueniiaulalfudesonszuy
i

6. nMsauagldaunaznisusaiiuna (Maintenance and Evaluation)

mMsUszidiuna finvilassnuldidenitnsmannuianain dslunsszuululewnsn
ansaduunauianaald 2 Ussian Aesnsannuiianainniseensuvesiililiueyann e
FAR (False Acceptance Rate) Lsziumﬂpﬁﬁlﬁlé’%’uaummﬁwmiﬁué’uﬁ’mué’aEJLfﬁm LAITEUUDYRYIN
Triudeidudeianainnms FAR  uazsmsianuiiemainnislivesiuvesdilésueyan ve FRR
(False Rejection Rate) iWumngiildsueygninsdudusinuiedss udszuveyynliliiu
fowfutefianainms FRR - Tnevisanfumilifinnududassdofudunnefsifiassia
wsunduiy azdudminyaiessuuaudandonefdariiaglviannuaulaludl FAR - winnd
iesanlaifiosnsliililisueunnadngszuuls wingldmataastnlallithe udfaunsadusush
1¢Bnseu ntudninsmuumadnsanufianaiaiivindu EER (Equal Error Rate) Fadugadn
§aTAuRiafisTianues FAR uay FRR
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HaN15IVBUATaNUTIEHA
PnMegeuginadasidlusunsudtuiu 10 aulaevimsiidiveudesiug wales 10 ASS
v I & $ v =i o &
WarKou 10 AT TINVIIVUA 20 ASY siaAy asuRalanun1seh 4.3 Al

M15197 1: wan1sUszluAugndedludiuvenisidauase

Enroll Voice (10) Other Voice (10)

ID Enrollment TAR FRR TRR FAR
NSFVII-001 7 3 7 3
NSFVII-002 8 2 6 4
NSFVII-003 8 2 a4 6
NSFVII-004 6 q 8 2
NSFVII-005 9 1 7 3
NSFVII-006 7 3 8 2
NSFVII-007 9 1 5 5
NSFVII-008 9 1 6 4
NSFVII-009 7 3 7 3
NSFVII-010 8 2 5 5

Total 78 22 63 37

AnugneBavesszuUluiuvedssweiadasnudn TAR (True Accept Rate) 9g#1 78 uag
FRR (False Reject Rate) 8¢l 22 lngilA1lafgvainnuianaIan1eniuuln (False Positive Rate)
a @ v & [ e v a B Y a a =i v vy
Anusewar 22 fedegluinasinfudazgnuastnaustieidudnsanuranainigauiniigeusula

Anugnessvesssuulusudsweunllldidiveudeanudn TRR (True Reject Rate) 9/
63 uay FAR (False Accept Rate) ag#1 37 lagilAadgvesnmuinnainnieniuau (False Negative

a & v o A I cal 1o A Yay M Yo = 1 Yo

Rate) Antluosazsevay 37 fodneglunaeinlifidesangildlsvinisamesideouldaisidasuns
gousulidnldnudesneliinanudeme wionmsueuismvesdivesdoyatiulsgaduai
HANAIALB9aU LadnsimnuianaInivingu EER (Equal Error Rate) ag#isesaz 29.5 fiad1egly
ineusinneld

G

fiveidenmsafinArdnuazddndes 1Vector wuumada DNN iddd 100 Tunisdmsia
fegraszuuiesaniinadinnuianaintiosfignisegiifosas 3 uavinsafnAdnvurdfgy
Fe9 1Vector danamludavidegslsunsufiazldlunismaaeustanuingnansufiasyldaud
\Huidhweades FRR (False Reject Rate) ol 22 auAnidudesay 22 fedreglunmsiniusiazgnug
iasthausfierfusnanuiianaiadauaniisensuls uazdnsnmseensugldnudlilandugives
He9 FAR (False Accept Rate) ogfi 37 auAnidufevay 37 fedroglunsinlimidosandilalssi
msamzidoulimsldsunseensulidldondeoraneliinaudeme visnsuoudrsnuues
Fesdoyatiuldfadumnufanarnidsay way EER (Equal Error Rate) agfisasay 29.5 foiieglu

WNUNAND LY
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AL m%ammﬁmwmm%wm%uagjﬁuﬁﬂuausﬂ’aqﬂaL?{&Nﬁiﬁﬁumié’fﬂﬁ’mw wa¥N1s
THUszansnmwesdanedfiu Jedmhazduiunsinu wazmisnsudletgmiiefiuuszansam
TunszuuselUluewan sessuiunisldanulunnguuuulidnzstulureuiiomes wieluaunsmiv
wazthlUdszyndldlatiumanes ssuu Wussuushwaudaende

AnAnssuUsENA

Usainussruumstusufnuiededmiunvilnewutuegfulslon dusaqaald
Fheamungunesyarananeviusefuidasueveunniuians sl

Asunulasunisatuayuunuandrdnanuiaunineremansuasinaluladuisufnig
“igzgw%'unuaﬁuayumiﬁﬂwﬁ%’aLﬁaﬁmﬁﬂU%zgzgwﬁwuéimamsa%ﬁq{]zgzgﬁwa‘ nanTnmaluad
SCA-CO-2560-4691-TH
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