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ABSTRACT

This research aims to develop prototype of the real time mobile
application for banknote recognition to support visually impaired persons. Based on
literature review, the identification of each banknote with different colors were
classifying according to color characteristics by calculating the average value or
comparing the histogram of the color. Although, the color classification is considered
as an easy and fast way to categorize banknotes. However, this method has limitations
of detection incorrectness for similar object to the banknotes object. This may result
error processing and wrong identification of the object as banknotes. In addition, there
is deficiency of visually impaired mobile applications with real-time processing, which
are usable to user experiences. Therefore, this research proposes the application of
the Haar Like Feature to real-time detection and recognition of banknotes, histogram
technique to identify banknote types, and text-to-speech method to read types of
banknotes out loud. System prototype was developed as an Android-based mobile
application. This is a guide to evaluating application performance based on applied
techniques abilities and application usability. The research evaluation was divided into
2 parts: 1) evaluation the effectiveness of the banknote recognition by examining 5
types of Thai banknotes: 20 baht, 50 baht, 100 baht, and 1,000 baht 20 banknotes for
each type with total amount of 100 pieces. This is included false banknotes and non-
banknote objects with colors similar to the color of each banknote. 2) Assessment the
usability of the application for user satisfaction. The results of the research on the
effectiveness of banknote recognition is at 88% for accuracy level and the result of
user satisfaction is at a good level. This research result indicates that the real time
mobile application for banknote recognition to support visually impaired persons by
applying Haar-Like Feature detection techniques and histogram comparisons can be

used to support visually impaired persons.
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2.3 N15n3233U3Ag (Object Detection)

N1599233UTMQAD NTTUIUNTAUNITANIINAINUTBTALE WaghinIs
Usgsnananmifielianansansiaduuazitesonsiuun Jegdusuuuudaneiiuitldluns
nraduingindnnisiazimaiianatsd’ F935annsaUszinanaldnaazisnsniiy
gneadlunnI9Tuge Ae watla Haar-like feature [16] AnAulag Paul Viola Wag Michael
J. Jones Tl a.. 2001 dnmsiuguvesmadadingn Ao msthaniideanisnsamiag
wwvndunmdes q unazainazgnindnludunnveinszuiunisnsianiing fae
LUUSa9s Haar-like feature (wanadagudl 2-6) 1ufangradu (Classifier) uanuminguu
amgesvansqseu dshuusiazsoulidhnseduiifvunauansiieiu ilenmgnasaadunazgn
FnuszamulaleTng (No Object) asgnufiasviudt lumanssiudnu dnmdugnauun
Hufng (Object) aggnawisludsnmaduidalunudidu uandlodunutiuresingadu
unBatu Tomansaawuiagiunus wansfeguil 2-7

b)

(9] d)

g‘dﬁ 2-6 LUUIaBY Haar-like feature

Window contains

the object

Al Sub-windows

No object

No object

No object

Reject Sub-windows

5UN 2-7 NszuuMIngsIaduingedy Haar-like feature
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Bn13nsaduingeemaia Haar-like feature \uimalinloauilasan
21115003993 UTRgeAnuImSILazUssanawuussalnidle [17)(18][19][20] fatiu
AIdpadenismadananuildlunisnsindusudnsiielissuussinanassalninauauss

Anausansidnuveslduendintuuulnsdmsingoud

2.4 galaunsud (Color Histogram)

galawnsud e dnwazlanmizeSuienmsuanuwasdniglunin wanadunsia
uisANduiusvess uuRnieatingza1ey o 129A1ANAIINN 9 YsnIweYTTUUA
Red Green Blue (RGB) Lagn1nszaudnn (Grey Scale Image) LnuftAe SruiufinaYes
ANPLETN LNULEURE ANANETNS WUssyRuAMLEIteendu 256 Raus 0 B9 255 SyduU
#7719 AUFERANAINEINUDY LATATUVINNAIAIINAIIUIN LLamé’quﬁ 2-8

a

3

MUIUNNLY AV ILAAZAIAINNEIG

dineioe ANAINEINS #319070

5UN 2-8 Falaunsudvesgunmn

Falaunsudidudnwuzianizn1sndeuiiunldluszuuniseupunniiosnn
o v < a o dy Y o Y o I a =
anunsarulIladerarsIntsa [2] [19] eudseiladrunlgmiulrumadalannsuaniw
SUURTNLALANE1IUNBLUT I UMEUT I UNUTELANTUUATARE TN

2.5 szuuuUastonnuludesyn (Text to Speech)

szuuwlastennuludenn Ao nszuiunisuUasdeninumdnys (Text)
slmﬂmamwm (Speech) ) Tnetunouusnidunsuszananadoniny (Text Processmg) Wy N9
wusA mMswdasmdniiumeiu nMsuUnTIAneY Lay miwaiimmmmaumGUENLaEN
mugluuuyselealuniw mumaummLiJumiaamewmamm@ (Speech Synthesis) 910
dyanuiinoaudamadndiiudoan uansisgui 2-9
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JUN 2-9 nszurumsvihanuvesssuuslastoruduidee

n1siwalulagulasdoniuenarsiudesmavi liginisvisaienn
annsanfagldanugunsalang 9 1wy rsunes Insdwitrdounlidielazazniniu

Tagugeniiuasuvasdennuiludsayasessunmsldnulinaianiy dwsuniwinedide
lpagumaveasinsldnuweundinduuulngdniiadoui fann319n 2-1

A13797 2-1 Wisuiileugerivisulasdennududsamnniwine

Tusunsu LAY JnRRY AvAudganiiuag
faasnziiides
VAJA wawlneaulne (des ﬂizﬁv_ymﬂiﬂaﬂﬁﬁ 2 | neasdld 30 Ju
fienulusssund | mwegludsslendien
5895V 2 w1 Ae e | aveenidedlinsy
wardINgY U3
SVOX 59945UNA8NIY Fosdnds 2 uoUnan | eaedld 14 Tu
Fulunsldau fe
wounaduidu
Engine waglaunata
FUVDILFAZAIEN
Google TTS 3095UNABNTY orumaznanwing | ldenulaglide
ﬂ’iﬂjwuﬂﬂ’iﬂﬂﬂﬁﬁ 2 il ke
mweglulszloaiien
Fldsusunasdu
FITUVR




13

mgwgnaluseseldieuardvansveniuag §33edudenld Google TTS
wiauszuulunmsulasdennududsayaliginismsansmduunyiasudasienisils
Awnunnsueiu

2.6 AMUEIN15aIUN15TE9U (Usability)

Tupruduaseanuaunsalunisldau (Usability) ilvgldiinaudula

wazpouiunslinussuy FBiretesiunmninisaiesefunmsldaussuuresldls
Hueg1ef usednlsfinumnuanunsalunisléousingnussinuluduneuntsimunfousiin
snfudadendnfidrmnudfydsusuiinsilissuutszananudi$afing nsiaunszuy
Afmnuansalunsldeuianufsadesiungud Usability §9 150 92411-11:1998 16
flonu “Usability” A veutunn1sldauvesndn fasifiussaidimuiedieuszansua
Usgansnmuazauiianelaluviunveanisldaulaeyld [21] Neilsen, J. 2003 1l
ANAMINBYBY “Usability” Ao Anuanunsalunisldaufiussifiudrudadofugly (User
Interface) Fnanunsaldanuladireiislauas Usability Sanunefis 35lun1susuuseany
avanlumslinulussrinszuiunsesnuuussuy [22] nuidetdusuldmasusuiuusn
TumsnwuRgfumnuanusalunisldaussuuiisutnsinevulnsdwindoundmsug

NANTNNAIYAT

wuudiassauaansalunsléan (Usability Model) gnifwunaniiterdy
wwslumsimuszuulidenedesiuiufasina tnedrlulddunasivinsgiulunis
firsurissuuiiaunduieruaensdestunmautivietadeddmualildasududeda
{iflddnw1 wuudiasafitisades 3 sUuuu Ao wuudiasses Neilsen uuusiassniy
11M5§1U International Standard Organization: 1SO) 92411-11:1998 LagwuuINa09
(People At the Centre of Mobile Application Development :PACMAD) lagiuudnasives
Neilsen LaguUUT1ADY 11AT§1U 1SO 92411-11:1998 1 ﬁauimjﬂa%’aﬁa%ﬁ’mgﬂﬁmum
Juannnsfinnsanidseguuiugiunisléauduasufinnesdiuyana nstuldidy
wnsgilunsinvestnsdnviladeuiidslinsounquiinfiasi10] wuudiass PACMAD [11]
afraniiinguszasddviulnsdwiindouilasianzienissuiadouvudiass Neilson
wag 150 1 lidedy waztfianduiade Cognitive Load 14111 Fsuanslugud 2-10
LuUTaes PACMAD fis1easidensiansnsd 2-2
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Effectiveness Efficiency

Efficiency Satisfaction

Satisfaction Learnability
Memorability
Errors
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PACMAD

Effectiveness ;User
Efficiency II
Satisfaction Context

Learnability

Memorability
Errors

Cognitive load

JUN 2-10 WiguWgukuUIIReIRNaINNTaNI T

A5199 2-2 S18aRenTa8F T INLUUIIaRY PACMAD

3
v A

AN

1881280

Useanduanisidanu (Effectiveness)

ANLANNTvRsE LTI TaiY (Task)
Tafansuduanysafluusasdunausaud
AgNABIMIILE1IvRITE UL AuantATell
agdalagnisdunnglditaiunsainnuasy
VNNTEUIUNINIebl warindtszuuiainy
gnApdiuguiiela

Useandninnislgau (Efficiency)

4
a

) v <
ANuaunsavesytdluntsiaulviasadu
ldogresamsuiiela auaudideiazin

) v < [ [y P
a1 bunsynaulmasa Tansnennsniolu
AMTUTELNANATRITEUY Wy

AMuRanalanislageau (Satisfaction)

SEAUAIUNINDLaNTMABNISITIIUSTUU
AuaudRvetiaginnniinuaivelinise
U

n1si5eu3n1sldau (Learnability)

Anuannsalunsiseuinisldauszuuly
adsusniileld auantitoiagianaiigld
yheniliadeauysafluadausnuosnisld
JPUU

N159A31N5 89U (Memorability)

ANNAHNTLUNNTINTINTIEY AaLTR
Joilaginlagnisasuninainglilagnssly
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%50 319821280
As¥uLAardunoy 1a1unsnansale
URRLEISTIN
FoRpwannTiAnty (Errors) AnuaRsalunsyitaulfasalaeldwu

JoRANa1IANIaIindelianatnlaunian
AuaNtRvolazinaNTIuiutaianand
a d’{ ¥ oV
AnTuINNsdulagyld

nsglnanveen19ldeu (Cognitive Load) | anuauisalunislaaussuuluvagsinenu
pg1eduTndie anautAteiayinainns
dhdunagldinaunsaldaussuulaegng
sruduluvagrnudusiudaelduinies
Wedla

LUUS1a8s PACMAD 9zil 7 s deuanslunisnedl 2 wiefiansandn
puansansduauiilammualy %amﬁ@mmmmiaﬁuaq;ﬂ%ﬁmmmﬁwmlﬁm%
asutuauysafluusiazuiun 1 3 ssdusznouvdnliun gldau (User), smuiivi (Task) uay
USUNShE9U (Context of Use)

2.7 WUUa0IN19AUARN (Mental Model)

=

LUUINRDINIIAIUAR AD LUIANUAATK LTATIININITDIUAUINTVUAUN

e

o

Yal Ay o & v < o = aa (Y o
Algladuduiusiussu lnailusuudtaeanilanfdenianldluiunisesnuuunas i
szuulituglandudiinisnisanemn [23] [24] [25] Faimunsyuuesivedivuuinasinien

a aa y v o [ [ d' 1 ! & <
NAninINyutassruvluilwesdnimuguiy wansdagun 2-11 Tnensaesdiuilasily
mimuadgldasidilassuuiasseuvasivssansnmanunisidanulaaiiesds
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Designer’s Mental model

<

Userr’s Mental model

System Software

-

¢ — M —4a

Uil 2-11 mseenuuuszuUAtinsldneuriu
nsUszgndlduuusrasseuAnuesdld fianndewihnisdoasuazyiiaina
W lalagnassausinangldlaense 1w n1sdrsiagldauiiuninisdunivalnie
LUUABUNIN NMTIRThAuLUUTEU (Prototype) Tauludsniswanedudld dlusadedidin
wuudnaeanaNAnuUszenaldlunsiiaseiiareenwuusdiuunisidauneundiady
iievngunuumslnuiliouazmnzaudmsugiinisaanen

2.8 ueNNYIVa9
2.8.1 "ATBINgUsTULTIMUNLAE TS UTATHNNIINIeE8A1

MnMsAnwInATeiAeIfusTUISsuTRsin T saadsgaiauussuy
Lazmaniinag A1g 9 agarainvaty wenUssianiduszuuniegunsalnnng Yeniugs
ARUILABSdIuYAAa (PO) warwoundiaduuulnsdmiiiadoud (Mobile Application)
9130 (1] [4] wangunsaiwnmduunsiasutasunade tngldnsasadudaunnsety
waghinadnsoonunudsayauazilusiades (Beep code) lunisuenvila :uidey [4]
asasruunninlunsdwuntulngsuiuuvssguarsudns Inemsuyaeiansannvuis
duriugudnansveamisguarsutnsazfinnsunaindieded RGB Wudnwausiaulunns
$1uun 93de [7] Mamwenduwasnoufiamesdiuyanalunisdunsutnsdinauna g
WarnnuuszuuUfoansiulend 8.1 lnsszuvagaenmainndosiuuau uagthnmitléun
Uszananasewnaila Oriented FAST and Rotated BRIEF (ORB) Litosyysiinsuling wagli
nadnsiludeninuuazides 93T [6] Wanszuunisduwunsudnsgls Ineseuuasaienin
nnassivuan wazldvenduasaluiain (Spikenet) TunsitasiziuasUszuiananin
suling JssvuugnitmunvuszuujoAnisiulaad wagldausegunsal Ultra Mobile PC
(UMPO) $1u3%e [5] Warunueundiadudimiulnsdnsiiadoud lunisdiuunsudng
an3geuin lgfinnsanan 4 suvunmsudasifidiaviiudnutusifudnusiduyes
sudnsuazlddaneiiiulownule (Eigen Faces) lunsiduileuszananasinsudng Seimun
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Tanunsaldanuuussuuuianisaudeu (Symbian) 911338 [2] WawwaunaLatudwun
sulnsddudlngldnsiissufisuadalaunsudiduislunmsdiunaiinnaglduadusoonun
Jwdeana 911338 [8] Wamueundndudmsuiuunsudnsduie Tngodunisaienin
nnndesfiifuulnsdmindeuiiudhnmsudasilduussanalaensulsdunniungs
20NLAUINIMIAUTNYELAUAIBTT Scale-Invariant Feature Transform (SIFT) wag
Speeded-Up Robust Features (SURF) wag3319188ana3u Bag of Words Lﬁais‘q%ﬁm
sutnsuaglinadndeonunludsyn

PNMSANYINaENUNILOITERINE wanadeansad 2-3 uazsnsned 24 wut &
fidmnaztoatneanuide (and1ililuund 1 %ade 1.2) Tudunisussutanawasnis
nanaNadns fiveilundnlunisiaunszuuidisutnsinevulnsdmindouiidmsugfinig
N9a1en lneedunalla Haar-like feature n37a3unINsUURT WisULeuA1BalnswNIUE
iioduunvila wazudastemududsamavenviiasutng uansfsmsnad 2-5 Litols
ansasesiuLazasUaYssANaIIsINTIdusEUUULInIAnvindouivesfinsmg
a1 densaiedunuuneundinduisisudnsinedldaude wazazain ieliaiunss
T8ITULALADUANDIANAINTANITIENUVRIANTN A8

AT 2-3 AT uUNMBAUENYIEGE

NUWY wAllAEN13 aunsal N1SUEAING

Device | PC | Mobile | Beep | Screen | Speech
[1] T dumasnsiadu 4 4
ALiiasuAn RGB

RNFUURTULAZOIU
PRIGENGE
CALEHERN
(WAILUUUDIA
Arduino UNO)

[2] ALY 4 v
Wisuiguasa
1asunsud lnaweu
PNANAIINFUNUS

29ATELATHLNTY
FENINYANIN
SUURIHIAULAY

AMNATUINNNEDY
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UIY

MANAISNIS

aunsal

NIILLAAINEA

Device

PC

Mobile

Beep

Screen

Speech

(3]

T duwesnsiadu
dlunsszye
suUnseazyia
waglnaans
panunJusiades
(Beep)

v

FWUNTYLASUURT
g inannanaded
RGB wagld3s
BGENIILN

¢ A
QUAFRINTRIGI
NAANSYRASUUNS

[y

A519% 2-4 U39

BYIUUNAINTANDITIUDU )

MUY

MANAISNIS

aunsal

NIILLAAING

Device

PC

Beep

Screen

Speech

Raunsaudidfny
VUAIMNSUURATUN
vJu feature 1oiu
wag3IeeY
danesny
Ecienface Way
PCA

v

Tdwannwasalun
Nl lunig
MFEALIAR

l99ane37iu ORB
Tunshanmuanyne
A MEUTASTLS
IINNABILAY
Wiguieguiu
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MUY

MANAISNIS

aunsal

NTILLAAING

Device

PC

Mobile

Beep

Screen

Speech

AANYULLAUYDS
AnsUTRIAIAY

l9oanesyiu SIFT
wag SURF Tunshs
ANWULLAUYDININ
wag3ee
9ane3iiy Bag of
Word

v

[y

a a ad a dy
M99 2-5 INAUALLEEITNITVDINIUIIYU

wAlAISNS

aunsal

NIILENING

Device

PC

Mobile

Beep

Screen

Speech

IAULALA Haar-
like feature
AFIVIUNINSUUNS
= = 1
Lagtdsgungum
Falpswnsuany
AWSUURNTAINU
WBIWUNTUR LAY
Towatiakuad
2 < =
RGP RTEENTT
B UBNIUATUUNT

v

v

2.8.2 NuRefatiunisUssiunadiuanuaansalumsldanu (Usability) wau
wanduuulnsdniiindoud
nmsAnEWITeRgItUNsUsEfuras uA N salumsldnuLeUnaiady
vulnsdnsindeud uanslumssdl 2-5 wui 33nsvedeuntseaniiu 2 sULUU AB N3

NAFDULTINAADY (Experiment Study) kay N1snagaun1AaUIN (Field Study) s1uaziden
LAZTUNDUNITNAZDULALUSELIUNATNNITAIMUAIIUNABIYVIN (Task) [9][14] wuUABUDY
(Questionnaire) [10][11][12] mmamamua Laaﬂ{]f\]ﬁ]wmnmmummamWiaium{lmm

e TauazUseiliuna mwasﬂu,a mmm{]%amm@muauuﬂlﬂfmﬂi sifiunadl 3 dusadl
Ao arulszdnsaan (Efficiency) Aruai1uiianwala (Satisfaction) A1uUszaNsua
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(Effectiveness) [10][111[13][14] a7n9u3de [13][14] lana1971 n1ssdendadefldinniu
AMNAILTOLUNITITIIU YU AUAN WAL VDILDUNALATULAZ INOUSLAIATNIABINISNAADYU

Y

9

mAteiiden 3 fwdindalidreiy Wesnifuilideiiugiulunstn daiionisTanad
gonpdesiuweundnduidisudnsuuuisealnduasnadnseonunludsayndmsugfinag
yaanem §ideTadeniladesttafiminie nsdeudnisldan (Leamability), faidunis
14970 (Functionality), feRananaiiindy (Errors) wazaselnanvesnisldeu (Cognitive
Load) fauanslupsnadl 2-6

A15197 2-6 UITBLAYINUNINAdBULaEUTTlUNaAuALENsaluns I uYe e

a (% o ¢ o d'
NAATUUUINIANTLARDUT

it | ¥ T auaudi nsUseiaiumg
[9] - AseRALUULAgIaY (Design ) ﬁmum:u (TyaSK) fiazyiinis

Layout) naaeUiuRly

- msldeudie (Ease of Use) ) maau‘lmazﬂ%ﬁﬁgmiﬂu

- flengunsldeu (Functionality) | Usgilunamemiavinmun

- msiseuimsldnu (Learnability)

- anuenelanislaau
(Satisfaction)

- msiulueunan (Future Use)

[10111] | - Usganswansldau - il

(Effectiveness) - RJWGWTWLLUUE‘IEJUE]’]&J

- UsrAvanmnsldou Efficency) |~ Alinumaseuliiuszuy

- anudanelanisldau - dunmwelfldauuuuaeud
(Satisfaction) oiaealld )

- msdeudmsldo (Leamability) |~ Ussiiumuda@ines

L el WUUTI@a9n15Igeu PACMAD
(Memorability)

- YoRanain (Errors)

- msyluannslgdeu (Cognitive
load)

[12] - {esenisisens (Ease of T InnuuuABURT

leaming) - fldnunaaeuldnussuy
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sy | dadie/auaudi nsUseiaiumg
- UszAvsamnsldon (Effidency | - dunwalfldmauuuasud
of use) w3euld
- anudanelanisldau - Uszfiumusida
(Satisfaction)
- Wadzviounau (Feedback)
- enaINsIYU (Help and
documentation)
- SRS (Accessibility)
[13] - UsgnSramsldnu - wisssuuivadey
(Effectiveness) - flinaaeuldnuszuy
- UssBvBammsldnu Effidency) |~ HuTuTasdeyainms
L eiienglantsldey dunualuavdanegldunugld
(Satisfaction) M ,
- AegviRaInteyala
- FenshitTaeuaunsansld
NUALANYULVDILDUNELA
Funay Tnguszasdimagoy
[14] C nsaesamslay - funinguszasAuasdyvnd
(Memorability) ENnEey

N159AIINTIT9U (Learnability)
Useandnnnisleenu (Efficiency)
N159ATINTLUIU
(Memorability)

YoRawain (Error)
ANUNanelanisleanu
(Satisfaction)
Use@nduanisleau
(Effectiveness)

nsleude (Simplicity)

N139711U418 (Readability)

- yegeuluriomnaniuay
AAFUIY

- Benitiedimnzausuuey
waladuuay IngUsrasAv
Avuald
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UIY

o o/

AU/ RSN

ASn1sUsTIliUNG

- UsganznmlunsiSens

(Learning Performance)

Y o

A5199 2-7 FTIATTUTELRUAUAUAINNTO NS ITIIUYD9UITeT

Aa%3n Jgazidyn n15UszIliung
Usgdvsnamsldon | anuannsavesglinannsae | dalaggindldvirauasunn
(Effectiveness) 91U (Task) TlaSamsuiou NITUIUNITVONLUY 9

anysalluusaztunau

93kl

UseANS AN ITIU

AUEnsavesldlunis

Jaannantunisvinanuli

(Efficiency) ununiddnadaldsng | eselundanu
Lazgneasiedln
anudianelansldan | sedumnufieelefifidensld | Saannvirundvesilidile
(Satisfaction) UITUY LU
msBeuimsldaon | anwamsalumaioudnisly | Saannnaniigldvihauls
(Learnability) sszuilunfausnileld Saauysallundiusnues
nsldsEuy
Handunisldan endunisidauniglussuy TolpensaeunIuaNg 93
(Functionality) Heanduvesszuuinisldau
Nevivedudeunintey
wiesla
fofanannfifiedy | avwansalunisvhauliad | auanidedazinan
(Errors) lnglinudatinnainvselin $ruaudeRanaiaiiiaty

RN GV RENEG R

PnMsldnulaegly

A5 IRAVBINT LTI
(Cognitive Load)

AMUAILITAlUANS I USEUY
TuvagyinauegadusIume

Tanmsdunaglddn
aunsalrausyuulapgns
sruduluvashaudus
salrunntasLiiedla
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LK)
ASanduuive

nsALuadeUsEnaule 5 Yunau fagui 3-1

1. dveanmdagdu 2. fnwivaliauas
Yymuaznumu C:> LLuDMTﬂumiﬁﬁuu’l@ 3. WAIYUU :> 4. Yszdiunaide E:> 5. d@3Unan1side
NUABMATITDY YUY

. on nufjuasmaialunms e oy
Fuamalfinismanen JsyiluUszAvisnwAnany asUnan 153 douay

Usganananm

UMATTUNTIINGY QNADIWBITHUY Jovinenans
nuAdeiAedes viqwf] Usability . -
Uszilunu Usability 113
Fnwisnsldnuneundia weallalunsuuasdormnu Tnuszuu
Fuveafinsmaanem Hudewn
R ; Awszuudninduuay Y e
AWATAUATBBNUUUTZUY o o AImGNADIWBIMIET
) o Geudsulng .
duuszanuiugly (UN) . ) sudng
) HuuszUUdILNTINED U
AATAUATONLUUNS . .
! sulhs mwazmnlunslda
Thnuvesszuy Faunszuudimnulas

o .
FU@'F\’A'IMLUuLﬁUGV‘V,ﬂ

Ui 3-1 FBdndumside

Funoudi 1 drsreanmilagiiu dam numuwenasuazissunsuiiiieades d159anm
Hagtunazlymiieiunsiuisutnsvessinsmmamomeeisnsdunwaifunuvesy
fimsmsanean ensuitagtiumsiuisutnsvesiinsmsaeniiisnslathe Sam
videguassalunslinuegidls numuenansuazissansmiliedesiumaluladuagis
THlunsudledgmlunsiuisutasvesiinismeasn Wedunumdunsinszsiuay
PONLUUTEUU Janadnsmsnumutenansuazlssanssufitisadesanunsagseazdunldly
unil 2 druvessAdeiiiedes uazvaBunnadnivosnisduntualiunuvesdiinng
yaanenazegluuni 3 ¥t 3.1 duvensieesitazeenuuusTUY

Sunauii 2 Anvunadauazuuamislunsiauszuy Anviasiensinguiuasineda
elvlduumslumsimuissuviazuumislunaasuuazUszsiiuna lnonadnsann
msfnwansngIeasBuanguiuanmaieildlunuideilfanund 2 nquiuaznuite
AT



24

Funauf 3 WaIu152UU Asivitaresnuuumuuuinfilédnwiuasimurssuy 3
s1eazduansTUILA IR SEUUTITLAaznatluund 3 Ustneusie nsitasizvinay
DOALUUTZUU NMINAILUITEUUEIUANNY WazluInsnIsnagoutazlseiiung (Wde 3.1 -
3.5 YEIUNTI 3)

sumaud 4 Usnfiunadse nadeuuavUsulunadndily Tnoudinsuszdiunasanidy 2
g Aie NsUsHEINUTEANENINAIANUYNABITBINITITITUTNT UazUseiliuauauazaIn
Tunsldauszuudugld Tasdutazndriluund 4 Usedunaise

Sunaudl 5 aUnan1sIde agUnaiilivesnuidenieuininaueilymuszteiauanusding
INUIY

3.1 AATITIHALDINLUUITZUU

n1soenuuusEUUlTaImIsnesiunsldiuresdinsnisaeniiu fos
f-ﬁ’ﬁﬁaﬁammavmﬂlumﬂ%’mmﬁuwé’ﬂ Lﬁaqmﬂm%lajmmm?%amw%aﬂﬁé’mﬁuéﬁu?a
seushdnenisueadiuly ety nmslinsizsiuas E)E]ﬂLL‘UU?"U‘U&’]‘MiUNWﬂ’ﬁ‘Vl’Nﬂ’]ElG]’]fNL‘U‘Ll
fumeuiidrdntuneunililunsiamissuy msdieseiuazeenuuuszuudmivanided
AIAulavannIsLuLTIaemeeuAn (Mental Model) inUssandldlunisiiainudila
LazTIUTIANLFeIIINgFnsenuuusEuuLe s uuATaaz LAz sesiUMS
Tsuffinamsansm eiduneudei

Y o ¢ A

3.1.1 Anwnsuduiusiuinsdniiinfaunvesgiinisnisagm

FifelivinnsAnungusiedndadunguasiniouanlsaiouasununuensssy
anamelve) 0.melve) 9.8wa1 TamuasIaL 5 Ay Inesn1sduneauazlinguéiegiauen
dnAgafulszaunisainsldauseundiadusing o Aldauvesvulnsdniindoud lae
anansaagudeyaanngusiiegdldfemsned 3-1
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M19379% 3-1 Tayangusiieguneliulszaunmsaimsidueundintuuulnsdnyiiadou

dayanguddeeng | Aui 1 AU 2 AU 3 AU 4 AU 5
LA %18 VTN AN ald AN
1Y 37 31 16 17 16
AUV A3 A3 niseu Uniseu Uniseu
Uszaunisalnis SayText, Barcode SayText, Barcode Barcode
THwannaatuuy | LookTel, Reader, Barcode Reader Reader
nsaniadiaun Barcode CamFind, Reader

Reader, Voicekye

CamFind
AUUNNI DY UDAFUN UDAFUN UDAFUN UDAAUN UDAFUN
NIIN1TUDILTY

2191999 3-1 Wudn weuwdladuiinguiiegisldsunnaufe Barcode Reader %4
Funeuwdiaduitlildaunuunsldn Weaunuudueundinduszudastoyanieluunsldndy
Foanendadld daunfeusuniadu CamFind uay SayText GwisansuoUndinduduuet
wandulildanegudennunsethamiunissingg wazeueonunludesauiieaiy oz
diuliuendinduiinguiegsldsnuazilosdusenovvesndesuunsdmsiindeuiinas

Tinaansidudsmadunfeidesiieodiuieanuazainlunisufduiuswazldauvesy
WNIV9EEeN

3.1.2 iusausaudaya

davelavihnsinusiuudeyamenisdunival F938nsdunivaluusesndu 2 dw
e 1) dunrwalifedfuisnisiwunvinsudng way 2) dunwaluazlvingudlegsanse
Basldnuweundintuiiindenlussiuszneu

Hun1walinganUISNIsIUNBASUTNS

v o

Juduntvallagnislvingudiegaiazauesu1eIsnsInunyilnsudng wagnou

e
o))

o

ANDIUTL

[

YIVDININ

)}

1) AailIsnsegielstndlunsiunsudnsusavyiing

2) Aaumeldnuneundindunsuasudnsnseli? mnegldeuneundinduliuiinig
Tgaueeals?
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Y

3) auilvinuweyiseusraunisallumsldnundesuulnsdnwiiafounvielil agnals?
a ¢ Y 1w ' a ax v a o da w < I3
dunwaluasliinguitegnaninisnisldnuneundintuniindeuluasdusznay

Yaw g Y 1w oA % a o Ao v & s a ao o
WIdelvinguiegsmagldnuneundindunindestuesduszneu ansnisnisldau
LaneAsIUN 3-2 viaanntiulvingusiiegesmaumaiunall

1) Sdgmmsldnuteundnduinldnasaduesruszneunioli aesls?
2) MInenneenassuunsdnvideunnulgmivisll el
3) weundtunisduunyiasudnsiumiufavesnanduetials?

4) Heidunisldnudnvaglaluanufnvesnuiinsivarosnidvuweunaiadu

NITVIMUNTUATUTRNT?

5UN 3-2 Jldansnismsldnuneundinduiiferiundesuulnsdnmiadoun

3.1.3 Apszvidaya
MaIaINTURBUTRINISUToya §Id85IuTINAnaULAzToIEUBLUZH1Y 9 NLARIN

nsdunalardunvalnguiiege ulaeiieseniuuRuluUkaUNALATUTIIN s AU UY
fiN1IMeaen wuinIsnsiingusiiegnsldduuneiinsudnslutagtuiiey 3 75 Ao

1) Wisuilsuivruesudnsidey 38n1sfe wivsudnsnnelalilunssdianied
d' Yo v 8 a Y + = ] A o ' LY o [
dislasusudnsunlniivdusudaslunsaidundssuiisuieduundsudnsfuun iy
sulnsyilaln
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2) lgvinwganuAuagdumlunsdudasudasiioduunsulng

3) lussiininvuasudnsdmsuginismeanen Wunsiavualagaensuingid
Wlulsiussin felvianuasduiagnsnusiusadiuouuuliivssindivuindenan F5nsindy
freg1ananrin Huismsdlinruuiugganinistu uitlymie nidegunsaivdaildenn
mumanaiily

wazdlified 1 auannausiegsdudung weneaedlduuneundndusiuaisudng
%o LookTel Money Reader Fufunoundiatufidualdaeuusyuuuifnig los lnefinis
Senldnundeuazersudnsesnundudsmawslisesiususudnsine

nnsansansldnundesiiesuulnsdwiindeuiinfeuidlingusiegsadung
Tymmsldanu wui Jyvndnlumsldndesareguie nsdunning (Focus) Ineiliiesns
1 pudifivinugnsanenmdiainsadunimesnanldd druiivdenniliesnsnivasuazlsing
futngiidients eaziiuldin ﬂ'm"wLLuﬂﬁuﬁ’msuaqﬂ&juﬁaasmﬁ'ﬁuaQﬁ’uﬂwaummﬁuas
TINUEUBIUARZUAAR

fAdeldRsanInauuanisazUszaumsallunslteninsdnsiindeudivesily
LagnuUUitasmanuAnvesgliiliannismeudin wuigldeenlitieidunis
yhauadetuseundinduaunuuslin Adsudauenndiaduiunudidodumutngg
anansnszyrlnsudasliviui lidesnmsmshauilsituidudeu wazesnlisesiuglda
Alifiuszaunsaflumsareanlédde mnmsieseideuaild {idulfeenuuulasaing
an1UnenssuvessEuy (Architecture Design) lﬁﬁﬂgﬂ‘ﬁ 3-3

Embedded Camera

Detect Image Event
Handler

Image Processing

Banknote
DB

JUN 3-3 lassassantnenssuvesszuy
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AuLUUTassEUUgNRIUEInsAwiindeuillaelandnenssuvesssuudsenauly
MmgdIUnANGIail
1) napvulnsdnyipaouil (Embedded Camera) fagunsallunisduiinninsudng

2) Event @5299UNW (Detect Image Event) Aodiuiiltnsia3unInuaazinsuaeg
naes Wetuusznanaluduneudaly

3) NsUsEINANANIN (Image Processing) Av @auiitinnnsulnsuiuszulianalive
$viasutnsindusudnsviinla lnserfewmaiianisUszaiananimlseuiieudoyasuing
ALY (Banknote Dataset) Tun1sssuriinsudng

4) drudnsderugldnieidusn (Vocal User Interface) ien1sufduiusseninegly
funeundindu lagldniuaiunsavesgeniuisnisuvasdennuludeann (Text To
Speech engine) Tunseummaansvessdnsulng

3.1.4 29AUYTENAUVRITEUUITISUTNAS

IINMTIATINUALORNRUUTTUUTNAY T8UiTsudnsUsznaulumenisinau 3
daundn e drunsvihauiundes, msddisudng wazniswdasteaududema degud
3-4

1) n1svinudundss Wudlusenldaundssnielulnsdnitaaoun saulddanis
ARUAAIFI LA NITYINUTBINARY laRsnmsudnsunltlunisussuananwaaly

2) N53315uUnT (Banknote Recognition) Ae d@iuvasn1siinnsudnsilaanndes
ynUszananatiasuntie Taediudidun1svinaundnvesseuy

3) nMsulaadennududeamn fe msudastennunadnsiilannnisisvinsudng
Juwdeayn Jaldrnuanunsaves Google Text To Speech Engine lunisudasdoaiiuiu
deoamnnwlngludadiinismsaneni

Camera App Code

(Preview, Activity,

Event)

Banknote 20 v
p==image Frame=P>| F=—Classified Result=P Text To Speech [t=———————p| )
Recognition

5UN 3-4 peRUsEnaunanvaesEuuiIsulng
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3.2 15998 N I I UN1SNAIUITZUU

o

Tumdeiliinsldinsesiionazgunsaliadeluil
3.2.1 1AT043i9

1) Android Studio 1385%u 3.0 \HuiadasiionmuIn3e IDE (Integrated Development
Environment) ﬁgﬂa%ﬁqsﬁumlﬁamiﬁwmLLaumaaﬁLLaﬂwﬁm%’u 1R8I0 Preview ALY
walATuFyamoiuAnesiuUL TN SANYiLAA B UTILsEE UL AN TOLARSHAUL Emulator 7
funlitusiesesdielddnee

2) OpenCV for Android 13839y 3.1.0 Wulaus13fisusuiladdusiigg dmdunis
Waunlusunsuiieadestunisussanananin lagnestunsunsasdaiinsaionlda
flafugaaniun Java Snvtadalausdanansafmulavislussuuu ARt windows uas

5EUUUHURNIT Linux wazUszananan nddnaalavisniniawaznimaaoulin

3) Opencv-haar-classifier- training-master Lﬁum%aﬂﬁam%mﬁﬂNULLazL‘%mﬁ
foya (Training) Freimaila Haar-like feature loa¥1alunaingueaniniisravla lag
w3aallolddmmionansuridmsunsvhaulv vl lddendenatluniadeu code 1o
Tann WlEdumeuns Training avanuarsInisatety

4) Google TTS #e insesdiolunisuuasdornududsmn figniauilag Google 3
5995UNANYNITINTAIN T N

5) Image Tools @8 w3asilolumsuszamanmdedu Wy n1sge/vens (Resize),
nsandIu (Crop), MskUasnmluguuuusiieg lnganuanansamufe a1unsaiinisuszana
wuumanenw (Multiple) fieo @nsaussaananans 9 nwluadaien

3.2.2 aunsal

1) 1AS99ABUNIADSNTNAILLBUNALATUAIUNITHTIVADUSUUATILHAILUIUULAT D
ABNTIEATUNTEUUULURNIS Windows Inein3asmauiinnasiamaudainiumsnei 3-2

o wa r-ﬂl a ¢ (% a [
$19719N 3-2 @mamummmeﬂammLamiﬂs{ﬂuﬂﬁwwmLLaiJwamsuu

Hardware Specification
Processor Intel(R) Core(TM) i5-7200U CPU 2.50GHz
Memory (RAM) 8 GB
Harddisk 500 GB
VGA Card Intel® HD Graphics 620
Operating System Microsoft Windows 10




30

2) wsesnaNImeslgn1sindussussudng (Training) diunsyuiufnHuSe U7
wuusudRg seauivussuuljuanig Linux Inglutunsutiazldninensaseddunis
Uszaananoud1aun JaRanURvoLaTouanInansIem 3-3

M13199 3-3 AuauUAveunIsneuenillunsHnduTeusiuwuusuing

Hardware Specification
Processor Intel Xeon(R) CPU X5660 @2.80GHz 16 core
Memory (RAM) 12 GB
Harddisk 100 GB
VGA Card Gallium 0.4 on llvmpipe (LLVM 3.8, 128 bits)
Operating System Linux Ubuntu 16.04 LTS

3.3 ATZUIUNITNAIUITSUU

Tumsimunszuudisutng dundniidifyiianie dauvesnisuszanana
A Tnenszuiunsiisultinguszneuse 2 dundn Ae 1) nszuaunsilnduiSoudiieadn
FuuUsUTRT (Training) WA¥ 2) NTLUIUNIIATIVABUAMSUTAT (Testing) Tasdumaunis
yhauuansdsgUil 3-5



(a) Training

FUFUAMEUTATNG 5 Blia (MW Positive)

l

susmnminmdilifisutnseglunm (m Negative)

I

aaldifiugann Positive

I

a5aldiiuganm Negative

I

#5319 Vector File mnlwéqgmmw Positive

l

Haar Training Lﬁa Generate W& xml

l

Cascade.xml

(b) Testing

Funw Stream a1nndasuuaunilniy Query nMwusaz

Frame

, P o o
wlasnnudas Frame Wunwssaugiom

]

4{

Load Haar Cascade né

w v v <o
nsa93uUsUURTAE Ty

Detectmultiscale

Ty

v

a § o a v
mniauﬁmaﬂmammq

AunulSeuiisuan Histogram vasudazyinsulinsiu
AwsuUnsAeiY

UM 3-5 NsEUIUNS3sUTAS

A1 Correlation 9843
Wisuifisuaglutne 0.5 B

Ty
+

ylasulns

wasrdemuviinsudasdudsn

31
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3.3.1 nszuumsEnauEsuineaiedauuusulng (Training)

TunszurumsiiniuFeudteya iunszurumsilniuFeudnmisdesnsiiieatng
fuuuniediienit Tuea vesfngaieluninidy 4 Juun e luldidulueaduuuyly
nszvrumInTnaeuiagaoly Inglusdded Winstindudsuideyanmsudasine.ie
aalumanwsudnssnemaiia Haar-like feature ilordulumaguuuulumsnsaaeunin
suthsvesoUndiady SlunAfelasvhmstinduSouddoyagnnmsutingsiuau 5 via
F591n3U7 3-6 Pic.20 unudeyaganmsutingvia 20 UM , Pic.50 unudoyaynnMEUTnS
¥ila 50 UM, Pic.100 unudeyayanmsudnsvila 100 UM, Pic.500 WudeyaganIn
sudnsvila 500 UM wag Pic.1000 unudeyayanInsudnsvia 1000 v w1y
nszuIuMsEnsuGeudfemaila Haar-like feature islldlumanmsulinsusasviinlag
Foyavzgninuluguuuu xml Ingd

Dataset | | Trainning Feature Model
Pic. 20 Haar Like feature > Bank20.XML
Y J
Pic. 50 »  Haar Like feature * Bank50.XML
N I v/
Pic. 100 »  Haar Like feature * Bank100.XML
Y J
Pic. 500 > Haar Like feature > Bank500.XML
N I v
Pic. 1000 Haar Like feature > Bank1000.XML
Y J

JUN 3-6 Bunalazievinaflaannsinduiteuiveyanme Haar-like feature

lngnszurunsindussudeyanvuaresnuifedviuussuuuiinig Linux ala
WIENNTNeINTVaLAToINNbassyliluiate 3.2 uavlaAnns OpenCV 11a54u 3.1.0
v o A a L. o = vy 2 o P
WipuviaAIedile Opency-haar-training-classifier L3luiAToduan FatunaunszuIunsingy
a v Y @ a9 o = = = b o &
Seusiiteasieiuuusudng dTuneuragun 3-5 (a) InvaziBenvestunaunsdl



33

JUABUTN 1 HNUTIVTINAINSUUATNS 5 ¥lA (AW Positive) tudunouiusius
LaTUSULMSEUNINEUURS tneauddedldninsutng 500 nnee 1 3100 Lngs1gasdenuad
YUADULIAIT

1) fansandvassulnsiiadantdainuds Ineldannnuasdunilunisangninsuing

2) TnanaRaneanen nsuuns Usenaumesuinssia 20 Ui, 50 uIn, 100 U,
500 U kag 1000 U A8SUURTHNISUURT MLLAZHIUNITITIULILAD

3) ANEAINIAY AN AUATEILUNNTEMININABINUSUURN S AL Lo ATLYINAY hag USUAI
anusitmnasTunisaren nudaznmlifiduansneiu Tneanusidmnesodlugg 20 -
100 welrlanwiitinasainaivainvane

4) dndiunming (Crop) eandnawitundslindaamenmsudnsuazuiuaun
99037 50 x 100 Ainwa lagldiasasdie Image Tools Tun1sdnnns

5) USugusuunnliegluguuunimssauadmiiewseudmsutuneusialy wana
JUN 3-7

JUN 3-7 fegunmsudnsiiunmsusumseuiieldlutuneu Training
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Yunauil 2 susIWNNNUVaN lsilisudnsaglunin (1w Negative)

AN Negative §338n120lnann1manunasdeya hitps://code.google.com/

archive/p/tutorial-haartraining/source ndunmiundsilifisudnsaglunin laun am

fnenmns nmnneluiesinau amlasmadu nwenans drefiduaieg Wudu fadu

a 3 v a Y o o o vl
AU skUasduninssAudimindidnuau 1500 A iandsuvauavesninlian 50 x
100 fina TivinAunIw Positive

Yunaudl 3 adreludinuganin Positive Lindadsiedalndaninsudnsaslng

positive.txt Tulnlawnas positive_images neldi@da

find ./positive_images -iname "*.jpg" »> positives.txt

Yunaudl 4 adr9lndinuyanin Negative Windansiedalianin Negative Tnsou
17a3ld negative txt Tulnainas negative images laglards

tind ./negative_images -iname "*.jpg" > negatives.txt

Yunaui 5 a519lWa Vector anlWayanIw Positive Jumauilazyinnisasield

] o Ly

Lnwes dmsunmsudng (A Positive) 13U Wguiuiundanladinmsudnsyngy (am
Negative) wazazlalvlduuana vec Yuun 1 g lagldaas

perl bin/createsamples.pl positives.txt negatives.txt samples 1500
"opencv_createsamples -bgcolor 0 -bgthresh 0 -maxxangle 1.1 -
maxyangle 1.1 maxzangle 0.5 -maxidev 40 -w 100 -h 50"

il
- bgcolor A N13AtA1EV8IFU Negative gy Positive ArUNALTY 0 Fefonn
TRV

- bgthresh Aa AMYI191U5UAU bgcolor Iaeiiniafildegsening bgcolor +/-
bethresh axgnyilitlusdla (transparent) sAunfilu 0

- maxangle f® yunsvyulunieLsAey
- maxidev fia A1AMULTEAUNYDIANUNUIRILAIAAYRITY Positive

-w, -h A9 NMSMRUAVUIA output Tumges pixels


https://code.google.com/%20archive/p/tutorial-haartraining/source
https://code.google.com/%20archive/p/tutorial-haartraining/source
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neasae 1Ulna positive.txt @usunInsudng wag negative.txt d1msun Ny

v ) % < 3 6 I3 = [ Yo & w 2/ 4

naanlifisutng nulndnnmes 1lulwawmes samples Gandsanldmdssunas Tulnames

samples aglaluduiuana .vec 31uau 1500 3U ndanuuldArdesu script lnd
mergevec.py Wiasllig vec Tulwanesflaasneld Thdulwdinemeds

python ./tools/mergevec.py -v samples/ -o samples.vec

Yumaudl 6 Haar Training twaa31alua xml \uduneugninevenszuiunis lag
msthlnannmesvesnmsudng dulwdyadeyanmiundanlidfisudns luvihnisaeuiveli
Iolumasudnsegluguwuu xml g IneSenldanuileidu opency_traincascade mgnds

Jusr/binfopencv_traincascade -data classifier -vec samples.vec -bg
negatives.txt -numStages 12 -minHitRate 0.950 -
maxFalseAlarmRate 0.5 -numPos 500 -numNeg 1500 -w 100 -h 50
-mode ALL -precalcValBufSize 1024 -precalcldxBufSize 1024

lny

- data szyunanAulng xml

- vec sxyelndnnmofiiu samples.vec

- bg seylWEMiAvAaFeTelWdnmiumAs negative txt
- numPos $MUIUFUVBIINY

- numNeg ﬁi’wmusumgﬂmwﬁwé’qmajﬁi’mq

- numStage S¢6U Stage TunisAIuIu

-w - h U WAL TUNITAIUIN FUYINAUTUIALAEINUN LG UTUADUNITAS
nNWasha

- precalcValBufSize wag -precalcldxBufSize AnunvuInvastninesduinsiuiu
udliAsuInnINTIwIL RAM Almaeluld
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@ = @ suriporn@suriporn-linux: ~fopencv-haar-classifier-training-master

Training until now has taken 3 days 11 hours 20 minutes 40 seconds.

TRAINING 6-stage

: consumed 1600 : 1112
: acceptanceRatio 1500 : 0.00891266
Precalculation time: 7

.983| 9.488|
bt Fom - +

=

UM 3-8 waansnnandluseninaminiuseus

k4 1 U

PN U sav v i = = Y =t v & |
Qqﬂgﬂﬂ 343uﬁ@ﬂmaaWﬁﬂlﬂigﬁﬁqﬂﬂqﬁﬂﬂNi&iﬂug %$hﬂ3@7ﬁ@ﬂﬂqﬁuqumu@QﬂU

USinaudeyauazninginsveansaneuinimesntd dduanddedldnatlunsiinduieus 1

Y
v s

giig 1 ld T6nan 1 Ywhy dleszuuvinnisfnduwseudiasaieusosazusinglud

[

cascadexml lulwawes Classifier iiothluldau fidelauaeuvelnd dutosinsudngds
JUN 3-9 Galud xml wanlavihluldiunssuiunsnmaasusudnsiely

bank20.xml bank50.xml bank100.xml

bank500.xml bank1000.xml

5UN 3-9 lold xml Alda1nnsyuInng Training Yoyaninsuldng

3.3.2 NTTUIUNITATIVADUAINGUUNT (Testing)

luduveanszuiunsnssaeunmsudng idelaiauiweunsesnuaundintuuy

a

Insdnindoun laensi9aeunMsunsHIUNGRBRUNNLAasLIsUUSINaNANRTE YT LA
Y ! ! [ = = a v A ¥ [ =i
sutnsuaverudreenunludemn Faweundinduillaswaiauanasiagui 3-10
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Android SDK OpenCV

Activity
Convert to gray scale

Database

Bank20.xml
Bank50.xml

CvCameralistenner Bank100.xml

Haar detectmultiscale Bank500.xml
Bank1000.x

Image Frame C

Calculate Histogram

Compare Histogram

Classify Result
Google TTS b=

Classify Result
(Audio)

CE—

5UN 3-10 laseasnavesunaunantuidnsulng

Y

Tneuwsazdrulsenavasuielanail

1) Android Code Ag @iumuANN1TINUTaseUNaATY AmuANNsSentdunaes wag
SuBunpnmiedwalUUszaana

2) OpenCV fig d@uivinminnussalanan niieduwunsinsuing
3) Google TTS fie drumssenideuiiiduiieuastoruriinsudnsdudsamn

4) Database fio grudoyaiuuusudnsnliainnssuiunsinludeuduiuds Jafvedly
sUwuulnE xml

[

WAZNITUIUNINTIFAUNNSUTRSHTURBUMIFUN 3-5 (b) uinztuneaullsgaziBunsiail

pA ]
(4 ]

TUABUN 1 NFFUAININNGDY SEUUTUAMBUNALAENITTUAINAINNA DAL A
MnusazsuiUsEnanatuusealngd deilvantunsunisnagenmeesldausenty

Vunauil 2 uUaen wszuud RGB Wunmszaudmn wuasnmszuud RGB Wunm
seavdmielndunmguuuuieatuivtuneuflineudeus

JuAaUN 3 Ian Cascade Ia U1 TUSLUULNBLASBUNTIVFBUSUUNS Cascade
s Aelvdlumasudnsnlaninnszuiunisinduiseus Fedidiuau 5 lid Ao bank20.xml,
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bank50.xml, bank100.xml, bank500.xml thag bank1000.xml %amﬂulws?amﬁuamﬁﬂwmg
WUNID Feature Y90 NsUUATH

FuADUd 4 asradunnsuTRsEIEHeiTy detectmultiscale Faduiladdulunng
nraaeuningiu feature llng Cascade Tnsluduneuiaziin ndlduvaadunin
SLAVFNILAINNTIAEDU feature AUlULAASUUATANNING xml YBIUAaIRA KINATITNU
feature finsafuazinnsMansevdasuseusutnslunniinsrany

sunaudl 5 Aulnuasdeudisuaidalaunsud ndsnfinsanusudnsudaus
nadnsTlsdslignieasiniics Wesmnsudaslnefananednunsiindrofiu uidnyasieu
funndrsiuededaauiedsudns fafufiseinimaieuisuabalaunsuduifuanm
Qﬂﬁaﬂumia‘i%mmﬁ@ﬁuﬁmLﬁuﬁﬂwﬁa%umu Tnathamiinsasulaniglunseudinaey
Wi dalaunsuduasiusouiteuiuansalaunsudaesnnsulnsiduusazedn 39vi
nsseuisulagldWendu comparehist 58139 2 A1 dlAulndlAssiunIndeidle
Tnedifaasa (Metric) TunsiSeuiieuliiden 4 A de wWisuiileuen Correlation, A Chi-
Square, A1 Intersection LA¥A1TEYE11Y Bhattacharyya I@aﬁgaﬁaiﬁﬁaﬂmjﬁ?%’?mm
Correlation 1Hasa1niduidtaiilianugndasuazidudigs Fan1siuieuifisudoe
Correlation ausafuIldauaNns7 3-1 Imamaé’wa‘ﬁaaﬂmﬁmagiwdw 0-1%n
Flng 1 uaneinmiSouiiouiuiuiisalaunsudlndifeatiumin wagmnandilddnlng o
wansaniSeuiieuiuisalawnsudnlndiieetutioy

2 (HI[U Hy ) (Hz (1) — Hy)
VZa(Hi (1) = Hi 2 X, (Ha (1) — H)?

d(Hy,H;) =

(3-1)

dmsunuASeivinsissuiieusalaunsud seninsAnsalaunsuavesninsudngi
asaduldfuansalaunsudindsvesnnsutnssediu Tnenmsudnssduariuinasals
LNSUYRIN IR 20 Aw/n Rllan mEsuTRsuanssTulaud sudnslmitassutnsiin
Frunsldeuanud udnhumaedaielilsasalaunsudueanindadu anndurinnis
Wisuleudalaunsudsening 2 an Lﬁa@mmmé’mﬁuﬁ‘ Correlation %ﬂéﬁ%’&iﬁﬁ’mumﬂu
n1591uunvlia (A1 Threshhold) e n1nA1 Correlation agluyae 0.5 - 1 fodalaunsud
amsutnadudlunduifientuy ffulsuunsiasudasmurmdalawnsudvesnmusas o
Tnadmualidutaniiu “20 vn”, “50 vIn”, “100 VN wag “1000 UM~ Mnlied
Tugia9An Threshhold wansinsudaslaldeiinfeniu Fenszuiunissuunedasutngs
%gumauﬁqguﬁ 3-11
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ANAIRY

AMniinsavdau

N s . A s AnuAdalaunsu
annuadalaunsy —H1 Wisudeuddalaunsy [« H2—

iy

'Y

0.5 > Correlation > T lildsudnsvliadaaiu

4

sutnsviabeaiy

5UM 3-11 Juneun1sdwunvinsudnssmensiuieuiisusalawnsud

& = v a v & A o - o v v & o

Yunaun 6 uuastaanuvtnsuinsdudemn Wedwunviasudnslawa favi
Toanusinsudnsiliuulantudomn lnedenldauilaidu speak voe Google TTS 1
sruriinsutnseanundudomanwilveludaldeu

3.4 YUABUNITTINIUVDITZU

ludiuvesnmsinuvesieundiaduidnsuing Insvihnudnvazadieiy
woundiadusiuuilan @a1115085U18A15M1UTUBUNTLATUAIEUNUAINAINTTY
(Activity Diagram) m113U#1 3-12 lagmisvinuisuduainglénadldanuseundiadusiu

v Y 7 a o = o v X Y wa o
n1sunglensunntie ndwintduueundinduasisenldnunae@uundnlud® dldaunu
sudnstukuineu mnszuvanansaisudnsls wwlievinnesnuiludema minldlday

Whgnisuanusuinsivddnas



[ Jldunzlonsuiaduaundiadu J

.

—

y
[ waunaatutalderundo sTuun

.

[ Fléuueunfinduliuanusudng

laitam

Sasulng

QD]

§lW ade wadwsvlinsulngan
uaUwaLATY

JUN 3-12 UHUNINAINTTUYDITZUY

3.5 n1IvnaaskazUssiiiung

nsUszlluralunuITetagyiinsusediu 2 diu fe 1) Ussliununig
9NABIYBINITINSUTNT wag 2) Yssidusuauaunsatunisidnuueunainduveyly
(Usability)

3.5.1 N15VAABILAUTHEUANYNABIVRINITFTSUTNS
Q’i%’alﬁl,t,ﬂqmimam@amﬂu 3 MnaaediioinAugieweINITITsuTnsall

1) MineaesinAnugnAein1sinsulnmemaiaUseuiieudalaunsud

40
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2) MInAaeinAugnAeIreIN1TIsulnImenalian1ngIaduing Haar-like
feature

3) NMINARBIIAAINYNABIVBINITITsUTRTMEMALANIINTIITUTRG Haar-like
feature waglUsguiigudalaunsud

Ingneaesiusudnsng 5 viia aufssudnsanimin nil sudnsdeuiuy udnsm
1) wagdngililisudng Wetannugniearen1siin nedteulunisageununisen 3-
4 wazaunsalnldlun1snaaauRnsen 3-5

A15199 3-4 anneasutazaulvlunisnagey

waulunisnagau S18aLLBYANISNATBU

waaananeluiag aaauluINlnasaInaiNgans (AN
A9719521719 200 — 500 &neh)

ANS95UURNS nasutasinlulusuiusu luusung

SYYLNADY $1199705UURSIUSZEE 10-15 WURLUAT

gunsalilglunisnasay

1) Wsdnvipdounlanasauaundiadunissisudnsilananuw Faiininensnies
ANUAITIN 3-5

2) suUnsine via 20 U, 50 un, 100 v, 500 un wag 1000 un
3) sUURSLALULUU TA 20 U, 50 un, 100 v, 500 un wag 1000 un

4) nsEANwaNLaLnaLAgaUsUURSLAazY T

A ) o & A PR
A1519% 3-5 NSNYINTVBINTAENLARDUNTNIBLUNSNAdDU

Hardware Specification
Model Alcatel Flash plus 2
Processor Octa-core (4x1.8 GHz Cortex-A53 & 4x1.0 GHz Cortex-A53)
Memory (RAM) 2 GB
Camera 1.3 MP
Operating System Android 6.0 Marshmallow




a2

n1sUsELluNa

N15UsEEUUTEANSHANUANYNABIYBINTTIINTUTRT A8IINNANTNIUIE VDS
¥ilasuting Ingthnanismaaeufilsiunfiansanauniss Confusion Metrix [261[27] fap1579
7l 3-6 famsuamindiidumsvssdunadnsmsviunesunadnsiiAntuaie ndmindui
AU TrINgU AU AIANLGNEABY (Accuracy) A1AINLLILET (Precision) AR
ATURIUY (Recall) WagA1AINE99a (F-Meature) @131509M10819M13AUINATUSEENS AN
fananlsmumsnsd 3-7 Gaddananannsaduinldmuaunsi 3-2, 3-3, 3-4 uay 3-5

mi%‘lﬁ 3-6 Confusion Matrix

Predicted Class
Actual Class Class = Yes Class = No
Class = Yes TP TN
Class = No FP FN
, D TP
ANAINULNUEN (Precision) = ———— (3-2)
TP+FP
. o TP
AIANUATUNIU (Recal) =———— (3-3)
TP+FN
. , 2 XPrecision XRecall
A1AINUD1AE (F-Measure) = - (3-4)
’ Precison +Recall
. 9 xTP
ANAUONABY (Accuracy) = (3-5)
Y TP+TN+FP+FN

'
=

bl®

TP (True Positive) fie Iuunvhuensaiutoyadsslunaranigeiansan

(%

TN (True Negative) Ao F1uruiviruneiudeyaaslunaranlilanids
W50

FP (False Positive) A8 31uiunvinuneiisduaatanninaanansa

A o

FN (False Negative) Aie Sruaunvitneiiailunananlalamiasiansun
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M1319% 3-7 fegan1sAmuAUsEaNEAMIIsudnsuiia 20 U

Confusion Metrix Naﬁwéﬁ‘l@]’
20 um | 50 um | 100 U | 500 UM | 1000 UM
YUASUUAT | 20 UM 18 2 0 0 0
sy | g0 | 17 0 2 0
100 un 0 0 16 1 3
500 um 0 1 0 15 4
1000 Uy 0 0 2 1 17

WaNa1saun suUnsuile 20 U MU Confusion Matrix asle

. Do 18
ANAULLUEN (Precision) = = =0.9473 =94.73 %
184+1+0+0+0
! o 18
ANAIUATUNIU (Recall) = =09 =90 %
184+24+04+04+0
. , 2%X0.9473x%0.9
ANAINUDAEA (F-Measure) = =0.923 =923 %
! 0.9473+0.9
. o oo v 2 18+17+16+15+17

WAZAIANYNABDY (Accuracy) VBINITFIITUUATYNVAA = 100 =83 %

3.5.2 Managaulazyszlivanuansan1sidauneunaindunugly (Usability)

nsvadaukazUsTluNan uANENTalunsIduLeUNaIATY vinisuseliulag
thueundiedulunaaouldnuiugfinismeanenmdiau 5 au Afuszaunsaiuaziinuyly
sl uneUndiadulnsdniindouiiiunnsieiu InenadeuldiuLaznausuuaauni
mmﬁqwdaﬁﬁ%&iﬁm%mlﬁ wazandunsiananuianelaainnislduuvasuanu lag
il 2 dau fie dail 1 Yeyavialuvesmaaey wazdrud 2 dawiaeaianelalunis
T uuwoundiedumtiadesi¥ammamsonisléausts 7 du dud madouinmsld
(Learnability), Usz@nsain (Efficiency), Usz@ndua (Effectiveness), flandunslaany
(Functionality), Uafanana (Errors), Aauiiawela (Satisfaction) waznnseluannislaay
(Cognitive Load) Tnesuddeiilaldnisinunnsnauaniisn (28] (Likert scale) uidunaily
NMFTNALLULIINUUUABUN Y %QﬁmumgmwuaamﬂuizﬁuﬂzLLuummﬁmﬁuma@Q’mau 5



aq

TEAU MIUA1TI9T 3-8 LNAUIINITUUAANUNUNEVDIALUUUTLANUANTINN 3-9 UAEA1T19T 3-
10 fig YawuUdUNNMLNeUTEIIUANNAITaluNSIdaY

A15199 3-8 LNUNNISTARZLLUY

JLAUAUNIND TR STAUAZLUU
AN 5
0 4
Yunang 3
1oy 2
Togan 1

i ¢ av oy
M1919N 3-9 Lﬂm%miLL‘Uaﬂﬂiﬂ‘wuwmﬂﬂmmuwlﬂ

SZAUAIUNIND TR d9AZUUL
AuIN 4.21 - 5.00

A 3.41 - 4.20
Uunang 2.61 - 3.40

oy 1.81 - 2.60
UaguIn 1.00 - 1.80




A157199 3-10 wuvasuanuALRanalanisita UL UNALATUSINsUTRS IneuY

INsENNLARDUN

Y

snensUsEiuaunanelalunisdaussuu

(v =
STAUANUNIND 1A
f | wn | U | dey | day
170 nang 170
5 4 3 2 1

1. mM3Bsuin1sldau (Learnability)

1.1 yhuanunsaseuiisnisldnuladig

1.2 vimuausaseudisnisldnulaegisansy

1.3 inuAndwdeayanlddennumanglviaunse
Wnladny

1.4 vinuaunsadntakasldanuwaundedule
AILFAATILINALY I

2. WeAdun151997u (Functionality)

2.1 MantuUszulanan InwuULsua lneeln
ASINUELAINTU

2.2 eidunansnadndiludemnanunse
doansinlaladng

2.3 Handun1syinanulnesiulidudeu Toau

318

2.4 MINTUN1SRUTl AN UMINEANR NS LY
U

3. Yaiawann (Errors)

3.1 kaUNAPTUINITInNISAUTDRANAIA LA
Y1 UNT AL

3.2 waunawtuldanulaag1ssusulaeld
YDNANAG

a5



s18n15UsUAMUNIND 12 Tun1s Idaussu

STAUAIUNIND 1
) un | U | dew | dew
170 nang 170
5 4 3 2 1

4. Uszansnw (Efficiency)

4.1 woundaduanunsaseyriinsudnslatum
Msnzay

4.2 upUndaduanunsaguesnidesntuingla
gnAoIdnLau

5. Uszanswa (Effectiveness)

5.1 waundnduansnsassyviinsudnslagndes

5.2 vhuanunsaldnuneundinduladisagans
AILAULD

5.3 YINUARILLAUNAATUAINITONIUATUNIU
auysal

6. MszInann1slyau (Cognitive Load)

6.1 Vinuausa g ukaUnamtuluuei
audunsouiule

6.2 iuasaldnuweundindulalaglisdn
ATHE R

6.3 vauzltaunamturulsniselnannisy
SUVDIYINUL DY

7. aunanalan1stgeu (Satisfaction)

7.1 vinuidanunenelalunsidauneUnawaty
SPsudnsinewazussawvzwusiliauduly
U

a6



s18n15UsUAMUNIND 12 Tun1s Idaussu

STAUAIUNIND 1

= v v

A un | Y | Ues | Uay
u1n nag uIn

5 q 3 2 1

7.2 vuAnweunanduidnsudns ineause
dllderuluiinusedniuld

7.3 viugnlakeundiaduidnsudnsineuinnii
MITUNTUTATIURUULRY

7.4 vinuianuianwelalaesidlunisiaauey
walAduiTsudnslve
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un 4
NaN158LagaNUs1gNa

Tuuniingnde N15NAaRY NANTSNAABILALNITUSEIUNATDITEUUNI AU
anugneslumsidnsudnsuazanuasainlunisldnuvesldsinfwadnsilaninns
NAIUITEUU

4.1 M133AAUYNABINTTITISUTNS

Aidelannfiunisnaaes wialu 3 nsveaes Ae 1) n1snaaesinAugn
Aeans3sulnsmemealiaIouieudalawnsud 2) N15MaaeinALYNABIYeINITIN
sulnsmemallAn15nT193UTng Haar-like feature uay 3) N1sMARBITAAINUYNABIYBINS
SPsutnImemAiaNTnTITUIRG Haar-like feature waziUTouieudalaunsud

4.1.1 MnaaaianugnaanIsidnsulnsiiematiaieuieudalaunsud

nsnnaesdvhmsfanugniesnisisisutinslnsieudiouddalnsunsudieds
vosnmssiuiunwingIvaey adilldainnisiFeudisuiie A1 Correlation (A1daa
mnalndiAssiuvesdalnsunsud) Gafidelsimuadn Threshold lunissauun fe mne
Correlation 8gluy39 0.5 - 1 uansd" awiinrsaeudusutinsedafefunmisiusudas
yintu nsamilinanagoufonmsutnslneusasin amsultnsdounuy uagnszay
filndiAesiuwsazsinsuting vinay 20 A umadey FegranIansIFUT 4-1

5UT 4-1 sregunmildlunmeass
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NANTISNAABISUUATIUA 20 UN

f78819HANSLUTBUEUABALALNTUEVDIN NS UUATNATINFBU NUNTNHIAUIUA
20 U UAASAIRNTIN 4-1 JUN 4-2 uagran1539suTnsuin 20 UM waRIRIN1S19N 4-2

A1519% 4-1 F19g19NANTSHUSIUNEUAITALALNSTUFVDININSUTASNNTIVABU NUNINAINU
FUA 20 UM

AMiinsIaseu A1 Correlation
SUURTIUA 20 UM 0.7612
suvnsuila 50 UM 0.2125
sulns¥ln 100 UM 0.2354
sUURsVA 500 UM 0.1478
sulnssiin 1000 UM 0.2298
sutnsasuLuuTila 20 UM 0.5214
NI¥ANEELTY) 0.4308

A1 Correlation

NILATYELTYY
BEULUU 20 UM
1000 U

500 UM

100 umn

50 U

20 um

o

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

M A1 Correlation

3U# 4-2 1 Correlation #ildldlaiUSeuiiiguiusudnselin 20 um
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M1519% 4-2 kans3sutnsgmallanIsuiisudalawnsudvesyia 20 v

AMuiinegou Suauaed n3intuviia 20 um
suUnsUA 20 UM 19
suUnsUa 50 UM 1
suUnsuia 100 UM 0
suUnIUA 500 UM 0
suURTULA 1000 UM 0
SUURSIREULUUTTA 20 UM 8
NILAWALYEN 2

d‘ =l = Qll U :.’/ % o a

NFUN 4-2 uanawani1siUTeuiigunniinsiaaeuiunmasnusuingeiln 20 um
szfiuladn sudng 20 v 1A Correlation geanfe 0.7612 uazsesadunfasulng
Wenwuusiia 20 Um 987l 0.5214 uavnseaudidied 0.4308 diusudnsyinduianiilng 0
d‘ aa all 1 Y U %} d! = % 1 o
Wosniidalawnsudldlndmesiusudns 20 v Femnniiguniual Threshold Tunnsawun
WU sulnsideusuueda 20 U ssuuiszydu sulng 20 U Ll nsudnsidauwuy
Javeaan nlnaPesiusulnssie 20 un LLa“wams%ﬁmuﬁ’mmmmswﬁ 4-2 U LU
mmmimﬁuumwm 20 U lﬁmmﬂm U 19 ﬂia LLauimmmwmmmﬂﬁuummmGm
Sudusudnseiia 20 v laun ﬁuuml,aamwu $1U7 8 AYa NTEANYALTE S1UIL 2 ASe
Larsutnsailn 50 UM S1aU 1 A

NANISNAABISUUNSILUA 50 U

f798190aNSIUSBUTIBUABALALNTUFVDININSUURNTNATIFDU NUNTNAIRUINA
50 UM LAAIAIRNTI99 4-3 JUN 4-3 uagran1s3sutnsuiia 50 Um uanefen1sei 4-4
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A1519% 4-3 198 19NANSHUSIUTNEUAITALALNSTUFVDININSUTASNNTIVABU NUNINAINU
FUA 50 UM

AMiinsIaseu A1 Correlation
sUURsvin 20 UM 0.2112
suvnIsvila 50 UM 0.6925
sUUnsvn 100 UMW 0.2181
sUURsvN 500 UM 0.2878
suURsviin 1000 UM 0.2249
sutnsasuLuUTila 50 U 0.5107
nsvAwALNGY 0.3886

A1 Correlation

NTYAYAUIIU

|
Weuuuu 50 v I
1000 vy I
500 v I
100 unpn I
50 Uty
]

20 um

o

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

M a1 Correlation

35U 4-3 dn Correlation #ildlilaiUSeuiiiguiiusudnsyiia 50 um
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M1519% 4-4 nan1s3sutnsgmallaIsuiisudalawnsudvesyia 50 v

AMuiinegou Suauaed n3induviia 50 um
suUnsUA 20 UM 0
suUnsUa 50 UM 18
suUnsuia 100 UM 0
suUnIUA 500 UM 2
suURTULA 1000 UM 0
SUURSIRYULUUTTA 50 U 9
NsEAEATIEY 4

93U 4-3 LamamansFeuiisunmiinsaaeutunmdadusutnsiin 50 v
ziiulidn sudng 50 v A1 Correlation gegnfie 0.6925 wazsetasuifosulns
Beuuuueiia 50 UIn a9l 0.5127 uaznszaudnndu 0.3886 drusudwssdsduiiandlng
0 tlpannifsalaunsudlilndiAvaiusutng 50 v Gemnufisuiue Threshold Tunns
$1uun nudn sudnsideunuuria 50 v szuuAssydu suthg 50 U Llesnsutng
HeuskuuddvesninlndiAssiusudnseia 50 v LLavwamﬁaﬁ’wsuﬁ’mmmmswﬁ 4-4
wui sguvanansnidsutaseia 50 v ldgndes 1uau 18 afa uas 91HANAIN9N
ﬁuummaamaumuawmwm 50 U Lo sutnafiouiuy 91w 9 A¥a nszavdth
Fu 117w 4 ada uarsuinsaiin 500 U $1uu 2 ASe

NANTSNAABISUUASTLA 100 U

f798190aNSIUSBUTIBUABALALNTUFVDININSUURNTNATIFBU NUNTNAIRUINA
100 UM UARIAINITIN 4-5 JUT 4-4 Laghani133375utnsviln 100 UM LAAIAIAISIEN 4-
6
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A1519% 4-5 F19819NANSHUSIUTNEUAITALALNTUFVDININSUTASNNTIVADU NUNINAINU

FUA 100 U

AMiinsIaseu A1 Correlation
sUURsvin 20 UM 0.1932
suvnIsvila 50 UM 0.2943
sUUnsvn 100 UMW 0.7211
sUURsvN 500 UM 0.2866
suURsviin 1000 UM 0.2449
sutnsasuLuUTia 100 UM 0.4987
NITAUELAY 0.4014

A1 Correlation

nszawduey I
@ouwuu 100 vy I
1000 yyn I
500 vy I
100 vy I —
50 v I
]

20 um

M a1 Correlation

U 4-4 f Correlation #ilalilaiUSeuliiguiusudnsyiia 100 um

0.8
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a

M1519% 4-6 Kan133NsUTRIMLImMAlaIsUgUFalawnIUEvewila 100 UM

AMuiinadeu é’ﬂuauﬂg’aﬁiﬁ%ﬂu%% 100 UM
suUnsUin 20 UM 0
suUnsUa 50 UM 0
suUnsuin 100 UM 19
suUnIUA 500 UM 0
suURTULA 1000 UM 0
sUURSIREULUUTEA 100 U 6
NILATWALAS 5

MN3UT 4-0 uanmansdsuiieuniinasouiunmdsiusudasda 100 U
aziiuladn sulng 100 v 1A Correlation gegnfe 0.7211 wazsesauldosulng
Beuuuuviia 100 U agil 0.4987 uaznsyAwALAT 0.4014 dausultinsvinduslantilng
0 ilosniiBalaunsudlilndiAsaiusutng 100 um Femuirsudnsidounuusia 100 U
naznszawAnasdAndilnde Threshold Tunssiuun uazsans31sutnsnumsei d-6
wuin sruvannsidsutaseie 100 v ligndes S1uau 19 afs wagdsAanainan
sutihsvdeingaudusutngeiin 100 Um kA suthndsuwuy S1uau 6 ads nsvaudung
F1uau 5 ads

NAN1IINAABISUUATYUA 500 UM

f79819NANNSLUTBUIE UABALALNTUFVDININSUURNTNNTIFBU NUNTNHIAUIUA
100 UM KARIAINITIN 4-7 JUT 4-5 WagHan15335udns¥in 500 UM LaAIRINISI9N 4-
8



55

A1519% 4-7 H19819NaNSHUSIUNEUAITALALNTUFVDININSUTASNNTIVADU NUNINAINU

U 500 U

AMiinsIaseu A1 Correlation
suUnsvila 20 UM 0.2276
suvnIsvila 50 UM 0.3155
sUUnsvn 100 UMW 0.2192
sUURsvN 500 UM 0.6987
suURsviin 1000 UM 0.3161
sutnsasuLuUTia 500 UM 0.4829
NITANEALN 0.4421

A1 Correlation

NITANWEN
LBUULUU 500 UM
1000 un

500 uwn

100 U

50 um

20 um

o

0.1 0.2 0.3 0.4 0.5 0.6 0.7

M a1 Correlation

U1 4-5 fn Correlation #ilalilaiUSeuliiguiusudnsyiia 500 um

0.8
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a

M1519% 4-8 Kan1s3NsuTRIMLmalaIsuigudalawnsudvesila 500 Um

AMuiinadeu é’ﬂuauﬂg’aﬁiﬁ%ﬂu%% 500 UM
suUnsUin 20 UM 0
suUnsUa 50 UM 2
suUnsuin 100 UM 0
suUnIUA 500 UM 17
suURTULA 1000 UM 0
sUURSIREULUUTTA 500 U 7
NILATWAU 6

a bl ) d' [ :.I/ v LY a

NNFUN 4-5 wansranisilSeuiisunmnnsiageuiunmasiusudnsyia 500 um
aziiuladn sudng 500 v 11 Correlation geande 0.6987 wazsasatufesulnsg
WeukuUYia 100 UM 8g#l 0.4829 uarnTeA1udNIe 0.4421 diusulnsyilndudandilng
0 WanniFalawnsudlilndifesiusudng 500 v Fanudsudnsideusuurila 500 U

T I ° ¥ o o =i

wanszawdlAndlngan Threshold Tun1sdnuun wasnan1339sudnsnums1en 4-8
WU sEUVAINNTn3Isudnsulia 500 um lagndes 91w 17 A9 wazdTianaInaIn
sulnsseingdudusuinsuia 500 um Town sudasideunuy §1uau 7 A9 nszawdilng
11U 6 AT

NANIINAABISUUATYUA 1000 UM

f79819HANNSLUTBUIBUABALALNTUFVDININSUURNTNNTIFBU NUNTNHIAUIUA
100 UM KARIAINITIN 4-9 FUN 4-6 Wagkan1539sutnsuiln 1000 UMM LARIAIAITINN
4-10
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A1519% 4-9 1Y 19NANTISHUSIUNEUAITALALNTUFVDININSUTASNNTIVABU NUNINAINU
1A 1000 U

AMiinsIaseu A1 Correlation
SUURTIUA 20 UM 0.2445
5UURTTHEA 50 UM 0.2342
sUUnsvA 100 UMW 0.2397
suUnsvn 500 U™ 0.3011
suUnsTiA 1000 UM 0.6867
sutnsasuLuUTiia 1000 UM 0.4331
NITANWELNI 0.5025

A1 Correlation

NITAYALNI
LBYULUU 1000 U
1000 un

500 U

100 U

50 um

20 um

o

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

M a1 Correlation

U1 4-6 /1 Correlation #ilalilarSeuifiguiusutnsyiia 1000 Um
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M1519% 4-10 nans3nsulnsmewmalaiyuiigudalaunsudvesuia 1000 U

awiinagau a‘hmuﬂ%\iﬁiﬁﬁﬂlﬂwﬁm 1000 UM
suUnsUA 20 UM 2
suUnsUa 50 UM 3
suUnsuia 100 UM 2
suUnIUA 500 UM 3
suURTULA 1000 UM 18
sUURSIREULUUTTA 1000 UMW 4
NILATWALN 7

mﬂgﬂﬁ 4-6 uanananisiUIeuisunmiinsieaeuiunmssdusutnseda 1000
U azLiuledn sudng 1000 uam 1 Correlation gegnfe 0.6867 waz3etadulfe
nsEANNAY g7l 0.5025 uazsutasidounuusia 1000 UW 8gfl 0.4331 drusudnsvile
dudandnlng 0 feseniizalaunsudldlndidesiusudns 1000 v Famnifisuiuad
Threshold Tun1sd1uun wua1 nszatwding szuuissydu sudng 1000 U warsulng
Aouuuueda 1000 v Sandalndan Threshold Tunissuun esannssawamiuas
sutinsdeuuvuithumaasuidvesnnlndidssfusutasvda 1000 v wazkan133s
SUURIAILAITIT 4-10 WU sruvasadTisulngeila 1000 um lagndes $1uiu 18
A wagdianarnansulnsmieingdudusudnsvda 1000 v ldun sudnsuin 20
UM §1u9u 2 ASe sudhselia 50 U §1uau 3 AYe sutnseda 100 UM Sauau 2 A
sutmsiia 500 UM $1U7U 3 A% sUTRSEIULUY $11U 4 At nsEawdTII Sauay 7
A9

dyuNan1INnaas

PNNsMeaed WevnisnsaaeuninsutnsdenisiSeuiiuadalaunsudiu
amsutnsRsuuiazaiaunil wull sadwsnsdidnivysrysingnieadonsadeuiu
sutnsa3s uidlethlunsiaaouiunmsudnsidsunuuuaznszaud wuin wanisdin
RananfeUsyanananinsinaesnundurdasutnsauiy 1wy sulnsdeuluu 20 um
wagnIzAwiille nansineenulusuinguia 20 vm FanuRananefiintwilosan
sudnsideunuunienseauifithunedeuiiadalaunsudilndideetuiunmisiuves
ﬁuﬁmﬂﬁmﬁ?m
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4.1.2 MNAaa9IAANNYNABIYRINT3 IS UTNTAIEImMALANTIATIaTUINg Haar-
like feature

nsneaasiiiinstamnugniosnisiisutinsiemaianiingaaduing Haar-like
feature Tngnnasinsnndunmingiidusudnslnowsazeia wiaas 20 A mamsaduny
yiialv Wuanssanisisniusuinseiatu Smansmnaesiliuanaiansd 4-11, g
7l 4-12, 9197 4-13, 115797 4-14 WagAa7 4-15

M1319% 4-11 wan133sudnsmemaila Haar-like feature Yaeuin 20 um

Awilnagay Sruauasenssuduniia 20 v
suUnIUia 20 UM 20
suUnsUin 50 UM 13
suUnIUin 100 UM 10
suUnIUn 500 UM 8
suUnsUia 1000 UM 8
sulnsaguLuLYin 20 U 0
NILAWALTEN 0

M1319% 4-12 wan33nsudnsmenaila Haar-like feature Y@ewiln 50 U

AMuiinadou ai’wauc-n%ﬁiﬁ%ﬂu%ﬁw 50 U
sUURTTHRA 20 UM 11
SUUASTHEA 50 UM 20
suUnsUin 100 UM 10
SUURTTHEA 500 UM 7
sUURATTEA 1000 UM 9
suUnsaeuLuuYdn 50 U 0
NsYAWALEY 0




M1319% 4-13 nans3sudnsmemaila Haar-like feature Y09ila 100 UM

AMuiinadou é’ﬂu'auﬂ%’aﬁj’; i duviia 100 um
suUnsUA 20 UM 8
suUnsUa 50 UM 9
suUnsuia 100 UM 20
suUnIUA 500 UM 9
suURTULA 1000 UM 10
sUURSIREULUUTEA 100 U 0
NILATWALAS 0

M1319% 4-14 nan133sudnsmemaila Haar-like feature Ya9ila 500 UM

Awilnagay Sruruadsiissuduriin 500 vin
suUasUin 20 UM 10
suURIUA 50 UM 12
SUURSTEA 100 UM 9
suUnsuin 500 UM 20
sUURASTEA 1000 UM 10
sulnsiaguluuvia 500 UM 0
NILATWAL 0
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M1919% 4-15 nan133sutnseiewmaila Haar-like feature ¥@9wila 1000 UM

awiinagau Sruauadd #33nluviia 1000 UM
SUURTYUA 20 UM 9
5UURTYHEA 50 U 11
5UUATYHEA 100 UM 13
5UUATYHEA 500 UM 9
5UURTYHEA 1000 U N 20
sulnsaguluuTia 1000 U 0
NITAWELN 0

dyunan1INnaay

NHaNIIMARY iUl sulnsdeusuukaznszavdlignasiadunazidndu
ilasuting dddvinadnsiignaeailofiouiunsveaesd 4.1.1 widmunadnsnsiasudng
szﬁmmq Wud’] LﬁaﬁﬁmimaﬁuLLaz%ﬁﬂﬁuﬁ’mﬁuﬁmﬁmaau wuuiﬁmaé’wéﬂﬁ%fﬁwﬁméfm
AsUIT 20 ASe uailerinsaTiadunas Ssuthsuiadunuin mmmumwammwamm
Huydasudnsiinageusvaunanende 1wy I1N153315uTRYEN 50 U Luamaamu
sudnsyn 500 Um UsIngin izwgmwmwmmﬂuﬁuumwm 50 v 1w 7 asa iudy
ImamamiiﬁﬂﬁﬁmwmmawLﬁfﬂmﬂ ananesutnsiadendaiu FeinlissuuUssanana
ponunlurdiafoaiu

4.1.3 M3NARR9IAANNYNABIYRINTITIIISUUNTAIEIALANITNTIATUING Haar-
like feature wazSeuieudalauwnsud

msvanosivhmsiaaTugniosnssisutinsdemaiiansnsaduing Haar-like
feature uazSouiivudalaunsud lnevaassisrnmingiidusudasineusazsin viaas
20 n i Bseansnaaesiiliuansdansned 4-17, a9l 4-18, M99l 4-19, Ansi 4-20
LaTANSINT d4-21
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M1519% 4-16 Nan33sUTRIMeIATlA Haar-like feature wagiIsulfigudalaunsudves

FUA 20 VN

Awilnagay Sruauaseissuuniia 20 v
5UURTYHEA 20 UM 20
5UURTYUA 50 UM 1
5UUATYHEA 100 UM 0
5UUATYHEA 500 UM 0
5UURTYHEA 1000 UN 0
sutnsdsuLuUTila 20 UM 0
NITAWALTEN 0

M1519% 4-17 nan33sudnsmenaila Haar-like feature wagiIsuifigudalaunsudves

FUA 50 UIMN

awiinagau ai’ﬁuquﬂ%y'aﬁiﬁ'\ﬁ]wﬁm 50 UM
suUnsUin 20 UM 0
suUnsUin 50 UM 18
sUURSTRA 100 UM 0
sUUATTHEA 500 UM 2
sUURASTRA 1000 UM 0
SUURSIRYULUUTTA 50 UM 0

[%

ASTAEALNNY
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M1519% 4-18 nan33suUTRIMemAila Haar-like feature wagiIsulfigudalaunsudves

FUA 100 U

v

Awilnagay Furuasissndusiia 100 um
5UURTYHEA 20 UM 0
5UURTYUA 50 UM 0
5UUATYHEA 100 UM 20
5UUATYHEA 500 UM 0
5UURTYHEA 1000 UN 1
sutnsdsuLuUTiia 100 UM 0
NITATALAS 0

M1519% 4-19 Nan133suTRsmemAila Haar-like feature wagiIsulfigudalaunsudves

FUA 500 UM

awiinagau itl’ﬂU’JUﬂ%Qﬁi 3 Juaiia 500 um
suUnsUin 20 UM 0
sUURTYRA 50 UM 2
sUURSTRA 100 UM 0
sUUATTHEA 500 UM 19
sUURASTRA 1000 UM 0
sUURSIREULUUTTA 500 UM 0
NILATWAL 0
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M1519% 4-20 Nan33sUTRIMeIAila Haar-like feature wagiIsulfigudalaunsudves
¥1im 1000 UM

Awilnagay Sruruadeiissuuniia 1000
5UURTYHEA 20 UM 1
5UURTYUA 50 UM 0
5UUATYHEA 100 UM 0
5UUATYHEA 500 UM 0
5UURTYHEA 1000 UN 18
sutRsduuLuUTiin 1000 UM 0
NITATWELN 0

dyunan1INnaay

nmavaaed e 2 wadlansuiu Ae nveduingilusutngie Haar-like
feature waziSsuifleualaunsudiunwsutinaisiu wui ansnsoasaduingiiiu
sutnsasauariinquiasvialdigndosnnnitnismaassil 4.1.1 wag 4.1.2 1ilesannms
Uszananasemadia Haar-like feature avhnsnsaaduingiidusudasaiavindu vhls
Pefnnsessulinndsuuunieingililvsutnseenludeuarihmwsutasilinduun
yinsudnsmensiUseuigudalaunsud

4.1.4 MmsUszliunaiiainuszansuavainisidnsuinsdismaiianisnsiaiuing
Haar-like feature waziUSguiieudalaunsud

1NN1INAaeIfIng1Iteay gidglaifenldinatinnisiansudnsaiumaiiannig
n5393UTR Haar-like feature wariUSeuiiisuiieudalaunsuduiauiweunfiadusid
sudng wasiin1sUseiliunanisidnmenalinfind1ilagn1siaIsuIHadNSn L1519

a a 1

Confusion matrix \ileymeUszanENanag ledun Araugndes (Accuracy) ArALUiLE)
(Precision) A1ANAIATURIY (Recall) Andana (F-Measure) v83n33iusazviinsudng o
wadnsaguldmunsnsil 4-21 AUszavdravesnisidisutasusazsinnuniseil 4-22
waznsUIeuguAIALLINgT A1ANATUNIY LagAIAINERaN1T3IsUTRTILsRY

wiln waneiegun 4-7
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M13199 4-21 Confusion Matrix A NHANSNAARUIITUTNT

Confusion Metrix Naﬁwéﬁ‘lé’
20um | 50 um | 100 U | 500 UM | 1000 UM
YUASUUAT | 20 UM 18 0 0 0 2
finsadou | g o 0 17 0 2 1
100 un 0 0 18 0 3
500 um 0 2 0 17 1
1000 U 1 0 1 0 18

M13197 4-22 asUA1UsEansavensIsulnTuiazile

wllasuUng AIANNLLUEN(%) | AIAINATUAIU(%) | AIRINEDINE(%)
20 um 90.00 94.74 92.31
50 um 85.00 89.47 87.17
100 um 90.00 94.74 92.31
500 um 85.00 89.47 87.17
1000 um 90.00 75.00 81.82

Classifier evaluation metrics

FUA 20 UMW WU 50 U ba 100 U wHe 500 v stia 1000 U

100
80
60
40
20

M Precision M Recall M F-Measure

3UN 4-7 nellUTeumeuA1AULiug A1AINATUNIY LagAIAINE AN 3T UTRS
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NHANITNAFBUTAUTEANTNANITIINsUTR VRO UNFIATY Wud1 sutnsyia 20
U uazsutnsuia 100 v Teisansualunssdunniiga fo faarmusiugl 90.00 %
AIAIUATUIY 94.74 % uazeIAINNANAA 9231 % F99adUnAR suUnTYlla 50 UM, 500
U™ uag 1000 U lngsutinsia 1000 vm Wamnuasuiutesiigade 75% iasani
sudnsulnduiLoundiatuisiiawaralusudngvia 1000 v S 7 e eauvniin
Nnanmadeninaaouiuaiuanisty lunsdiiuaesdmalvisudnsfinsaaeuiiand
Inudmidaduendfindefuiusutingda 1000 v vioanmsutnsiaaeusunsly
i ldvessudnadsuluanifu SeiliAnnsisiifanarntuld wazainuanis
yAaed AATMgNHEsBINT I suTaLnDET 88 %

4.2 mydaanuannsalunislidauvesglyd (Usability)

duilfenatszifiudruavannsolunisléeu lasgfnismsaronndi
naaaun1stdauneundindu Fe¥ananinufianeladuaiiuaiunsalunisidamude
wuudsuninseuagu 7 Hadesadia dun madeudnisldam (Learability), Uszansam
(Efficiency), Use@ndwna (Effectiveness), #endun1slee1u (Functionality), ToRanann
(Errors), Auiewela (Satisfaction) wazn1seluannslyau (Cognitive Load) HARNELUS
pantdu 2 dwde Guauamlﬂsuammauquaa‘umm WandIn3197 4-3 wazarufianeladiy
mmmmsalumﬂmm WARIFIAS19T 4-4

A1519% 4-23 %@gaﬁﬂﬂmmﬁmaau

= a = v
WA | 218 | 913w | qdimsAnwn | Uszaunisalldanu
waUnwaLATU
Insdniiadaun

Knageuaunl 1 | g 39 A3 YTy w3 5
Knagouauil 2 | v 15 | dnBeu | dseudnw 2
HNasauaun 3 | v 17 | dnSeu | dspudnw 37
Knagouauil 4 | s 14 | dnBeu | dseudnw 2
v tdl v A C% = |
{nagauAunl 5 | e 15 | dniseu | sTspufne 3%




A15197 4-24 anseeULUVABUNINANNRINelY
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sensusziiuaunawelalunisldaussuu X | S.D. wlana
1. mM3Bsuin1sldau (Learnability)
1.1 inuanunsaseuiisnislidaulaing 4.8 | 0.45 AN
1.2 Minuanansaseudisnslidauleegng 5 0 AN
599657
1.3 yhufnindeayailddeniumangli 48 | 0.45 AuN
aunsanladng
1.4 vinuaunsadtakasldauwaunawtuls | 4.6 | 0.55 funn
AILAASILINMLYIIU

Aeae | 4.8 | 0.36 Ay
2. HeAgunslgaru (Functionality)
2.1 Wanduuszanananmwuuisealniiely | 44 | 0.55 AuN
ASNUEEAINTU
2.2 Manduuanmadndiludomaaunsn 4.6 | 055 AN
doasnlaledne
2.3 Hangunisviraulaesiulddudauy Ty 46 | 055 funn
978
2.4 Wangun1syinaulianumunsausenistd | 4.6 | 0.55 funn
U

AaaY | 4.55 | 0.55 AN
3. Yaiawann (Errors)
3.1 kaUNAPTUIN1SInNISAUTDRANAIA LA 34 | 0.49 )
Y1 UNT AL
3.2 waunawtuldanulaag1ssusulaeld 3.8 | 045 )
YDNANAG

AwaY | 3.6 | 0.47 A




s1ensusziiiuanunawelalunisldaussuu X | S.D. ulana
4. Usgansaw (Efficiency)
4.1 woundrduanunsaseyriinsudnslaiu 3.6 | 055 7
VAN T AL
4.2 waUndpduaiunsaaueandesnisine | 4.8 | 0.45 funn
Ipgndestniau

Ay | 4.2 0.5 f
5. Useanswa (Effectiveness)
5.1 woUnalatuaunsnssysinsuinsla 4 0 AN
gnAeg
5.2 vinuanunsaldauwaunaaduladnsa 46 | 055 funn
QEIMEAULDY
5.3 YIUAAI LA UNAATURINITOVIN9TU 38 | 0.45 A
ASUNIUANY T

AaY | 4.13 | 0.33 AN
6. N521%aAN15MU91U (Cognitive Load)
6.1 YIuausa kI ukaUnaATUluIMEN 3.8 | 045 A
audunsauiula
6.2 Vinuanusa g ukaUnaetulalaell a 0 funn
JAnuiuNTe
6.3 vauzltaundndurnulsniselvannisty | 3.6 | 0.49 7
IUVDIVINULIDE

Aweae | 3.8 | 0.31 f
7. Arunanalanislyeru (Satisfaction)
7.1 vinuianuieanelatunisidanuwaunaia 38 | 0.45 A

Fuidnsuinsineuazussawvzwuzilviny
auldausig
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sren1sUsiiuauNena lalunisldaussuu X | S.D. wlawna
7.2 iuAnhweundiatuidnsudnsing 38 | 0.45 )
aunsathiulrnuludisuseariule
7.3 vugnlakeundiatuidsudnging a 0.71 )
WINAIINTIMUNSUTRTFULUULAY
7.4 vnudianufianslalaesidlunisigau 4.2 | 0.45 )
weundintuidnsudnsineg
Aeay | 3.95 | 0.52 f
1 ‘SI =l
AnRAgnneNu | 4.15 | 0.43 f

STAUAZHUUAIIUNIND 1D

Satisfaction
Cognitive Load

Effectiveness

Errors
Funtionality
Learnability
0 1 2
B Learnability  ® Funtionality Errors

B Effectiveness Cognitive Load M Satisfaction

UM 4-8 WisuiilguseiuazuuuauianalavausazJady

M Efficiency

v Ao

FIVINAINUEIUITINATT

|
|
Efficiency e —
|
|

1901

nuakuuasuntuauianelakeundintuidisudnsinewuuisedinduy
Tnsdwviladouiidmiugiinismaaemainansied d-24 wuin {ldfianufiewslasnunng
Boudnisldan (Learability) fisnn Jenzuuuedsiiléfe 4.8 sesaandesuilaidunisly
914 (Functionality) auuse@nsain (Efficiency) Aruussandna (Effectiveness) ATuAINa
Wewelalunisldenu (Satisfaction) Arunszlnannisldsnu (Cognitive Load) wagAmanung
welatiosiigade suteianain (Erors) Ifnzuuuiads 3.6 wanmsiUSsuiouszdiunzuuy
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ANUsnalaLanfanTINgUR 4-8 nseiuaziundgvesladeimyinaiuaunsalunisly
Nunneny daziuuanuiianelalaesiuaiuegi 4.15 Swnzwuuanuisnelasgluszau §

ilefiansannisnszaeivesteya wui1 Andesuudiuansgiuvesseiiumany
fiAeaduttafomat tadunmsldnuganirdadesitadudug  (SD. = 0.55) Teuansigles
AuAnfiufiuand efu vadenadusgfutszavnissilunisléeuusundinduuy
Tnsdwiiadoufivosusazau sosaunfefuarufielamsldou (SD. = 0.52) Fduagiu
AnuAaniaanaadnsiuandeiuresliudazay ludruvesussifiudaimvesiiads
Fd¥adumaioudmsldn, JssBnsnin, Ussdniua, smselnannisldnuuasdefinnain
fimsnszaredvesdeyaes wanvidulvgdlddnnuaniilulufianadeaiu

4.3 NAANSNITNAIUITSUY

HARINNIHRUILeUNERTUFINsUTRIsUTRT InswuuEealniuulnsAng
Lﬂ?ﬁ‘auﬁﬁm%’ué’ﬁmimmam mmiaﬂizmaNaé’wéé’aéf'gaémmmﬁqgﬂﬁ 4-9, 4-10, 4-
11, 4-12 uag 4-13 AUaIAU f"fﬁmamﬂmaa%’ammLﬂuLﬁammzw%Lﬂa'al,?iaamu
TomNYInsuTRUTINGUUNTIA89INNTUTZLIAHAN TN

Sk - s |

JUN 4-10 Hadwsvessudnsvlia 50 um



1 sosg a0

100 Eaht

JUN 4-12 wadwsvassutnsviia 500 um

Lt
1000 3ght

JUN 4-13 wadwnsvessudnsulia 1000 Um

71



72

unN 5
AgUNaNITITeuazUaLauaLUY

5.1 #3UNan15Y
AN I inusl laussqinguszasdnisiaunsuiuuieudindunis

q
o

o o Y a ¢ ¢ A A o Ya q v
E‘UWﬁu‘Uf”]{LVWLLUULiEJaDL‘Vlll'U‘UQ‘UﬂﬁﬁuLﬂa@u‘Vlﬁ'TVii‘UN‘Wﬂ'ﬁ‘Vl']\‘iﬁ']EJm'] I@EJ ﬂ'?iﬂi%q‘ﬂ@]lsﬁ
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<

madla Haar like feature 1ldlunisnsraduingiifusudnsuvuiioaln Mmadanis
Wisuiisuardalaunsudiiiedwunvinsutng wazsuarsuinsildmeomaianisulag
Foanududsmn naannsadunuidenui

1) M3dunAtinnI33uTng Haar-like feature wazAnUSEUWEUAEaLN
un3ud wuszgndldlulszsnananinuuuiiealnsiiileduunsutnsusazyia uazuana
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Abstract— This study examines the blind users’ experiences
of Thai banknotes recognition to develop mobile application for
them. The investigation is based on the mental model to find out
how their cognitive idea related to usability concerns of the
application. To conduct the study, the blind students and
teachers at the blind school in Hatyai, Songkla Thailand were
recruited as participants. In general, they were various in age
and having different experiences with smartphones and mobile
applications. The mental model for the blinds® mobile application
revealed the usability matters as useful, easy and availability for
the outcome of this study. The blinds’ mobile application is
preferred to be simple rather than complex. For example, the
application features should be automatic like the feature of
barcode reader application, which can scan banknotes and speak
value voice in a real time. Based on the findings, the prototype of
blinds’ mobile application, for real-time recognition of Thai
banknotes is developed.

Keywords—the mental model; blind users; Thai banknotes;
mobile applications

1. INTRODUCTION

The advancement of mobile technology has brought many
applications for blind people to get along with challenging of
their impairment in daily life. The mobile applications are
considered as very useful tools that have been developed by
different platforms of operations. Mostly, the operations that
support the applications are iOS and Android as contemporary
smartphones platforms, which so far have produced several
valuable applications for the blinds like Barcode Reader,
SayText, TalkBack, CamFind, VoiceEye. In fact, there are
various approaches that the system developer can rely on if
they want to understand the blind users’ experiences when
developing the related applications. One of the approach is the
theory of mental model, which system developer uses as a tool
to understand both the normal sighted and the blind users’
experiences of the relevance applications. According to the
concept of mental model, the blind users’ prediction command,
system actions, and usability perception concerns could be
understandable and acquired [3]. Although, there are some
studies have been applied the mental model to understand the

[86] 978-1-5090-2549-7/16/$31.00 ©2016 IEEE

blind users for several applications development [5][8][9][12]

however, the researches that are investigated to understand the
usability problems of mobile applications in particular are still
limited.

In this study, the researchers apply mental model to
investigate blind user’s experiences of usability concerns for
Thai banknotes recognition to develop mobile application for
them. The study explains the role of mental model and
illustrates how the model can assist to design the application.
The remained of this paper is organized as follows: Section II
discusses related works in investigating of how other
researches have applied the concept of mental models for their
systems and applications in general. Section III, describes the
applying method of the mental model for this study. Section
IV explains the development of application prototype. Section
V concludes the study together with future work details.

II. RELATED WORK

Generally, people construct their mind and predict the
future situation of reality by sensory system and enrich with
their past experiences, which developed through association
with others. According to cognitive science, this is known as
theory of mental model [3]. The theory of mental model is “a
mental image of the world around us that we carry in our
heads depicting only selected concepts and relationships that
represent real systems” [1]. In the field of computer, the
concept of mental model has been extensively applied to
investigate various aspects of the system environment which
are enormous. The definition of mental model in the field of
computer study can be defined as “the users’ understanding of
what the system contains, how the system works” and why the
systems work in that manner™ [2].

In fact, the mental model can be applied to investigate the
computer users both normal sighted and the blinds. For the
normal sighted users, there are several research works have
applied the model to investigate the computer related studies
in various aspects such as programing [1][2][11], designing
[12], developing [1][12], human computer interaction
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[12][6][10], environment of operations [8]. On the other hand,
there are quiet few numbers of studies to understand blind
computer users [12][8][5][9]. Among the studies are; applying
mental model to assist designing for system development [12],
investigating usability concerns for screen readers with the
mental model [8] [9], and using the mental model to develop
mobile touchscreen devices [5].

I1I. METHOD

This section is a part of examination the blind user’s mental
model for mobile application development. The section
describes the participants, tools and software, procedure, and
analysis of the blind users” mental model for Thai banknotes
recognition. The result of application prototype shows in the
next section.

A. Participants

Participants were recruited at the school for the blinds. Five
of them includes; blind students and teachers who had
experiences using touch screen Android smartphones in
particular. The purpose of this study required that the
participants must have no or very little experiences with the
camera application on smartphones. The demographic data of
participants are listed in Table 1.

TABLE L DEMOGRAPHIC AND APPLICATION EXPERIENCE DATA OF
PARTICIPANTS
Participants | 1 2 3 4 5
Sex M F F M F
Age 37 31 16 17 16
Position teacher teacher std std std
Experience | 5 3 2 2 1
with
smartphone
s
Experience | SayText, | Barcode | SayText | Barco | Barco
with LookTel, | Reader, N de de
smartphone | Barcode | CamFind | Barcode | Reader | Reader
application | Reader, ,Voice Reader
CamFind | Eye

Blindness Totally Totally Totally | Totally | Totally
type blind blind blind blind blind

* M: Male, F: Female, Std: Student

B. Tools and Software

The prototype was developed based on tools and
software as follow:

e Android studio tools version 1.4 with JDK 1.7 was used
as the main device to build the prototype, java
programing as language to code. The device model LG
L70 with 1 GB RAM, 8 GB ROM, 1.2 GHz, 5SMP
Camera, and Android version 4.4.2 KitKat OS as the
specifications.

e Text to speech (TTS) engine is used for the purpose of
reading aloud any text to speech result. There are few
TTSs that support Thai language are available, namely,
VAJA, SVOX and Google. Table II compared the TTS
engines mentioned above. The researchers chose
Google due to its free for development and usage while
others have some costs.

TABLE II. COMPARISON OF TTS ENGINES
TTS Language | License | Storage | Owner
Engine | Capacity required
VAJA | Thai + | Trial 1.IM NECTEC
English 14
Days
SVOX | Multiple | Trial 238M | Nuance
14 Communicati
Days ons, Inc.
Google | Multiple | Free Varies | Google, Inc.
with
device

C. Procedure

The researchers examined the nature of blind user’s mental
models of banknotes recognition into two activities; explaining
how is the nature of the blind when they recognize the
banknotes value, and demoing how to classify the banknotes
through smartphone applications. Therefore, the participants
were requested to explain their methodology to recognize
banknotes value in the first activity. Then they were asked to
demo how to classify the banknotes value via camera
application in order to describe usability problems while using
it. The interviewed technique was applied to collect data which
later was prepared to analyze mental model of participants
before designing the prototype.

First activity: Explaining, each participant was asked to
explain methodology to identify banknotes value by the
questions:

1. How do you identify the banknotes?
2. Do you use the application for banknotes reader?

3. Do you have any experiences or skills of how to use
camera on smartphone?

Second activity: Demoing, how to use camera application
on smartphone. Participants who had installed banknotes reader
or text reader application were pleased to use the application to
demo how they use them. The questions were asks to examined
the usability problems while using the application. The
question were as follow:

1. What problems do you face while using camera
application on smartphone?

2. What problems do you face while taking a photo?

[87]
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4. What is in your mind about banknotes recognition
application?

5. What feature do you think for a good feature should
have for banknotes recognition application?

D. Analysis

Each participant was interviewed separately. We got
various answer from them. The methodologies that they use to
recognize banknotes value were different, which can be
classified into 3 methods. First, participants who were students
normally use size comparable method to identify the value of
banknotes. They kept all type of banknotes into their wallet.
When they wanted to use, they would compare the size of
banknotes in their wallet. Second, participants who used their
personal skills to recognize banknotes value by familiarizing
the touching of the banknotes. Third, the participants who said
the best accuracy method is through measurement by the ruler.
However, this method takes time for the measurement process.
Since the blinds have to fold each banknotes, then insert into
the ruler and compare size on the ruler bar that provided braille
result to recognize value of banknotes. Besides that the ruler is
scarce, and not available in the market. This method is rare to
be used as the reasons mentioned above.

On the other hand, some participants also had experiences
using banknotes reader application called LookTel Money. The
application is embedded with camera on smartphone, which is
used to capture banknotes pictures and speak aloud the value to
users. However, the application is not supported Thai
banknotes. Thus, it cannot tell the real value but can only tell
that the picture of banknotes. These participants who had no
experiences with banknotes reader application yet they have
little experiences to use some other mobile applications such as
SayText, CamFind, VoiceEye, and QR/Barcode reader
applications.

In addition, the participants are pleased to demo how to use
camera application on smartphone and explained the problems
face while using it. The main problem of using camera
application is capturing the image. It’s very difficult for them
to focus on object, to point correct position, to point touch
button and control the lights. Only one participant who had
photography skill which he could capture a good image.
Whereas other participants took a blurry image and pointed
over the object. All of the above mentioned are the results of
the methods, which explain how the blinds recognize
banknotes value mainly depended on their experiences.
Consequently, the prototype should be designed and developed
to support those blind users who have very less experiences of
banknotes value recognition. This is because the developed
application will be able to meet the largest group of blind users.

[88]

Fig. 1. One participant who is a teacher explaning how to use camera
application.

As a summary, the mental model of blinds’ mobile
application for banknotes recognition should be useful, easy
and available. The application features should be automatic like
the feature of barcode reader application, which can scan
banknotes and speak value voice in a real time. The
applications should be very simple and avoid the complicated
functions especially for the camera. Based on the result of this
mental model for the blind users, the researchers will design to
develop the application of Thai banknotes recognition for
mobile application in the next section.

IV. THE PROTOTYPE OF REAL-TIME RECOGNITION OF THAI
BANKNOTES : THE BLINDS® MOBILE APPLICATION

Architecture design: the prototype was developed on
mobile system which use the Vocal User Interface (VUI) is for
users’ interaction with the applications. The embedded camera
function capacity on smartphone was used to detect the
banknotes images. Then applying image processing technique
to recognize the value of banknotes when comparing with
banknotes database. Fig 2 summarizes the components
architecture schema of the application prototype.
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® Vocal user interface (VUI) exploits TTS engine which
sythesizes the speech for result value of banknotes
such as (“500 Baht”) and describing how to use
application by saying (“Please point camera to
banknotes...”).

* Embedded Camera is the device which embeeded on
smartphone to take or detect photo into application.
The specification of this device affects to result of
images. We suggested that the resolution whould be
over 5 mega pixel.

® Detect Image Event Handler is the module that catchs
the events which detected images by the camera. This
module is detected image frames from preview
camera. Then, send it to image processing module for
processing in the next step.

e Image Processing is the module that process image
from camera to recognize the value of banknotes. In
this module, using image processing techniuge to
extract feature from image and then compare and
macthing with features of each banknotes template in
database. The researchers will implement the more
completed system in next future work. In this study,
image processing module was generated by mock up
code in programing.

e Banknotes Dataset is set of each banknote that stores
the future class of each banknotes templates in
database. This module works with image processing
module. The researchers will implement the more
completed system in next future work as same as
image processing module.

Interaction workflow design : Interaction workflow of
prototype is based on the result of user’s mental model in the
analysis section. The main features from the blind users’
mental model is automatic image capturing and real time
processing. Fig 3, shows the flow of launch application when
users interact with it. The appplication begins to initial TTS
engine and say welcome message to users. During TTS engine
is working, the background process of system is on the camera
function in order to set the preview camera on smartphone.
When preview camera is started, the instruction message is
spoken aloud to users such as “Please point camera to
banknotes picture”. Users follow up instruction message then
the system returns result value of banknotes to users for
example “100 Baht”. (Use mock up processing to code the
timer to 5 second.) The developed prototype can be seen as
Fig.4.

Initial TTS

Wellcome Message

g._

Blind User

,

Fig. 3. Interaction workflow design of the prototype

Open Camera

Instruction Message

Mock up Real time Processing

Result Message
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Fig. 4. Example of our prototype that follow up user’s mental model

V. CONCLUSION AND FUTURE WORK

This study has successfully applied the mental model to
look for usability concerns for the blinds when developing the
mobile application for them in the case of Thai banknotes
recognition. The researchers found that the mental model is
very useful tool to assist the system developer to understand
how the users cognitive idea when developing the application.
For the blind system users’ mental model, it should be useful,
casy, and available. For example, providing some automation
features which could facilitate their impairment challenges like
text to speech in assisting them for the direction of features and
functions related to the applications.

The researchers believe that this prototype has several
limitations that need to be improved for the better version in

the future. Therefore, it will be sent to the blind users to do
usability testing and find more usability concerns for the future
improvement of the application.
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