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Academic Year 2015

ABSTRACT

This thesis aims to design and develop the infrastructure for image retrieval
system to handle the increase of digital images due to technological advances in the future. The
system uses distributed processing system to support the storage and processing of big data by using
Delaunay Triangulation technique to store feature vector of images, Because Delaunay
Triangulation has special features for clustering that simplify the data by design the multiple
Delaunay Triangulation for various features vector.

The performance testing of data processing system is tested by extracted features
of color in RGB space for storage with double layers’ 3D Delaunay triangulation. The results
showed the efficiency, accuracy in image matching 100%, the time overall process decreased
99.13% and memory usage decreased 90.52% to compare with single layer 6D Delaunay
Triangulation. Using this approach on distributed processing system is more efficient. It can lead

to further development in other applications.

Keywords: Image Retrieval, Delaunay Triangulation, Image Matching, Distributed

Processing



(7

paanssulsema

&Y a Aa [ 4 d'd' a a Jd A 9
VDUDUNISANU AT ANVY naudAlssau Eﬂ"l]"lifJVl‘LﬁﬂBTJ‘VIEJ'IUWH‘ﬁ T]Ulﬂﬂiiu"l

q

v
ImsaivayuuazAndunivihiise aasasudamainszuiumsna nedsldmaslaagzionls

'
T o

' g ' Y 9 YIaw ) I o Yo & vy Ak &
Tailuediann nszquligive lananugaiulumshauldduiganaeaiGoon 5umns

q

t4

1 a a 9 Yo A <
mﬂmnmuuﬁmlmﬂmuwuﬁalﬁmmu"lﬂ%umi%ﬁuu"im

9

v 7 a s a I
VDVDUNIEAYU AT.DUUN YNYITNA 171'lﬂﬂimmﬂﬁnauﬂuﬂizﬁmﬂiiumi

q

s 9 e

a a s Y o 1A Aa Yo o A
AOUINYTUNUD VNENHJHﬂﬁﬁilﬂ']ﬁﬁ@llTﬂﬁ\‘]ﬁ'l\‘]')ﬂﬂ'luwu‘ﬁ W'i’emmalwmlﬁﬂymuzmmﬂu

4 ng!

d 0o Aw a a o
ﬂi$TEJGD"L!GI@ﬂ'l'i‘i/n’ﬁ]EJLLa$ﬁi’)%ﬂTu’JﬂﬂTuWﬂ‘ﬁiﬁ}ﬁﬂ’JﬁJﬁM’Uiﬂ!iﬂﬂﬂ YU

U

A 3 s Ay Y A I
YOYOUNTEAM ATIADUNY NFNTIFNIA N Iangagianaudunssuns
A a 4 o o . g 0o A w
govInetnus uazldmsnwwuzihniuilss Teriaenisiidsesaulddaasraniu

a Aa S0 Y td A2
3‘1’1Emeu‘ﬁﬂl‘HMﬂﬂWﬁMUjﬂ!Mﬂﬂd‘Uﬂ

YDVDUNTLAM AMULIAINTTUAEAT UHIINOIBOTIVATUATUNS NAFAU

afuayu “puiiadieAnImnssumans” LARITeIEHIIMIANYT

Q

a [ a 4 { Y a o 4
VBUDUNWITAYU UN1INYIAYAIVATUATUNG ﬁiwnuqﬂwuumimmﬁa

a a 4 = =
IMIUNUT Usgalnsany 2554

9 dy d Y 1 ~ a A Yy
gAMLYV UNIEAUDINTIRaDUNNNIY Nszansilszamanugaiuy
1 3’; = 9} a a a o’d‘ [
a3 9 N luefauazlagliu uazveYoUANNMAITIIAINTTUADNNAADIN 1HAINTINMAD
9 v I ] a A ) YA a Y 9 o
auae 9 1iuedned nvialildae venswveunszaadaazmsavesiind aseunsa
A ~ ] I o w = 9 =) g’.} I o w I
wou 9 Nadvayuuaziumaslunmsaneidrsdauon saunutumaslanaziluus
o o Y Y Y < a a o"dyd =y YA o Y I
Juaiale aumhIndslszauanuGg vinInednusiianuasule givsve iy
9
1l

a 1A J 1 1 a a 4 ~ '
NALINAUATAT NITAT HASYITNITYNNINIU LLG]E%H’J‘I/]EHHWUQ U ll"lT@“]JﬂW‘i’ENﬂ‘izﬂﬁclﬂ

Y o 9 [ Y 1A Y
@’Ji]ﬂell’f]u@ﬂ‘iﬂhl’ll,mmildQL@‘(’J’J

Y 9
gua unluned



t%
“in
TNTUT oot (8)
FUIMTTATTI oo e e oo e e e e e e e e e e e e s e e e e e e e e e e es e e oo (10)
TN NT AN TENDL oo oo e e e e e e s e e e s e s oo (11)
TITITE T UTIUY oo oo e e e e e s e e s s e e e e 1
1.1 AN AL AU IUBIEAVO IV oo 1

[ o Aa v
1.2 I0QUIZAIATUNITITY oo 3
13 UDUIURIIUIVY oo s e e s e s s s e s 3

4 H 1 [
R AT A1 R R oA (o 5 | R 3
d' = 3
VNN 2 NABRUOZHANNNT oooooeeeveeeeeeeresssseesseeeeseeeesssssssssssssssssss s ssssssssssssssss s 4
a dy Y A
2.1 UAANUT M IUMITAUAUDIN oo 4
Y A FY ds’ v W
2.1.1 MIAUAUDTWAIINUT TUNNATONHT oo 4
Y A y &
2.1.2 MIAUAUNINAIIUOMIUDININ oo 4
2.2 INARAT I AGUIADA NN —ovoeeeeeeoeeeeeeeeeoeeeeeeee oo 8
2.3 MIUTEUIAHATOYAUDUNTEDIY oo 11
2.4 MAPREAUCE ....veeniieiiieieeieeie ettt ettt ettt ettt et e te et e e be e beenseenseenbeenseenseens 12
2.5 AFUNQHRUATTHANNT covvvoeoeeeeeeeeeeeeeee e 15
A _ axo a av
TITIT 3 DO UIIUNNTIVY oo e e e e e e e e s e e se e 16
3.1 AN TAST IUITAUHUNTTIVY oo s s 16
A A Aqyu

32 AT G DTI U oo 17
321 TUTUNT U E IO oo 17
32210309 1 IUMITUTEUVRHNA oo 17
33 MITVURN I oo 17
33,1 UUINIINITNADDT oo e 17

2 -
3.3.2 UUADUUAE ITAITNADDT coveeeeeeeeeeeeeeeeee oo 18

®)



©)

15178y (AD)

Wi
3.3 MINAABIMITUTEUIANAUUUNTEDIY oo 31
331 HUINNNITNADDY cooovrverereeesisieseeessssseeee s ssssssseesessssnsneeeese 31

2 o
3.3.2 YUABULAZITMTNADDD cooorerssieneeeeeenssneeeeeees e 31
LN 4 HANTTNADE oottt 34
4.1 WAMINADDINITVURN TN weoevvvrrereeerereessisseseeeesssseseeeesss s ssssssssesssssssneeeeees 34
4.1.1 HAMSTUFA UL AN AOADAUUHANBTA ..o 34
4.1.2 HAMEFUG NN INATNIABANUTAVINANA1IHANE ) FU o 46
4.13 MANMEFUG UM IIMATIABAIY 3 TANAIETUIVUNTZND ... 50
4.2 HAMINAABINMTUTEUIANAUUUNTEDIY oo 51
42.1 HaMINAADINIUTEINARANLLNILNERATIUNIATOANANAY ... 51

A3 ATU oo 54
UNT 5 UNATY ORUTIIHAUAZTOIIUOUUL .o 55
ST UNATU oo 55
52 BAUTWNA .ooovvrvrreeeeeeeeeeeseessssessssssss s 56
5.3 VOUAUBLIUL oo 57
DT T O TLMIT A covevveeeeenesseeseseessesssesssssss s 58
SVVPUII DN oooeeeeeeeeeesesssesssessssssss s 59

MANUIN N Natthapol Kaewpontong and Somchai Limsiroratana. 2016. “Image

matching with multi medium Delaunay triangulation.” KKU ENGINEERING



(10)

INENIIMNIN

A P 1 o A A 9 A [} an
AN 4.1 NaRdsLazHUIeANNIIRAeN IFUssuanauUE AN a Y 3 UA .. ...... 3
A P 1 o A A 9 A 1 an
AN 4.2 NAIRDOLAZHUIANNTIRDEN 1 FUsTuIaNa U UHAsNRARA Y 6 A ....... 37
A P 1 o A A 9 A 1 an
AN 4.3 NAIRAOLAZHUIEANNTIRTEN TS T uIaNaUUEuHasNRRA Y 9 A ....... 40

A P 1 o A A 9 A 1 an
AN 4.4 NaRdOLAZHUIEANNTIRTeN IFUssuanauUE N R gAY 12 T ....42

AINN 4.5 HAMIAUAUMNATIUIY 64 NWVDIT VN ASUADAUUNAIVINA 1ovooeoee 45
d' ] o A:; d' 9 d' [] g‘;

AN 4.6 NawarvieANNIImasi 1¥szulanau U IUHAsNADAUUHAIT Y ... 47
v v H 9

A159N 4.7 HAaMIAUAUNINATIUIY 1,000 MIWVBIAWIHASIABAUY 3 UANAFU........... 49
v ] Y

MINN 4.8 HAMITUGMWUUTIHATWIADAUU 3 AT AWFUUVUNITLVN <ooovoe 50
A A Aq o = Y '

A15199 4.9 Na1RaeN 15 IumsUszuIanatuunsEENENINLIARONAN ) eoveeeeen. 51

= 4 Adqy ' A (o
A15199 4.10 Nawnasn 1sUseuanaves MapReduce uummuazuuumﬂiuﬂgﬁ ................ 52



(an

31ﬂﬂ15ﬂ11/‘|1]‘§$ﬂ9'ﬂ
t%
“in

= ) Y A y X

NN 2.1 TATIa51TLUUMTAUAUNINAIIUOTIUDIANN oo, 6
4. -

DI 2.2 EHBIEUDIT oo e e e e e e e e e e e e s e e oo e e ee oo 7
lﬂ' U 1

MW 2.3 ANHUEUDITUT N oo 7
v Y

DINT 2.4 BOEBZUDNUND oo 8
U -

DN 2.5 DOHUET RGB oo e e e e e e 8
4 o

DN 2.6 BHUNI LA TTUO oo e 9
~ A ' o

NN 2.7 AVUHATUADAUULIUUBUFT LI TTUDY oo 10
A:; 4 d‘ 1

NN 2.8 090U TENBUVDIT NN AIUADATIU e 10

MNA 2.9 QUANYULNAY EMpty CIFCUMCITCIE ..ooooovvvvvvveeeoeeeeeoooesees e 11

AN 2.10 AI0819AUNAIUABAUUN AT 19898 Qhull LibIary ....eeeeeeeeeeeeeeeeeeeee oo 12

AN 2.1 NTLUATOYAVDI MAPREAUCE ..orrooeeeeeoeeees oo 14
~ o A g 2

AN 2.12 MINIUVDS MapReduce NUUITUODNMYUBUIEAN  ovveooeeeeee e 14

MU 213 MapReduce AR UUUMTOY JobTacker 142 TasKTIaCKeT ........vvveeeeeeeeeeeeeeeeeeeeree 15
d' g).l 1 4

AN 2.14 TUADUNITONU TWEDIN HDES oo 15
~ 9 Ao

NN 3.1 TATIAT I TAIT IHUDGITHIDY oo s s 18
{ g’/ o o o @ 1 ~ 1 Aaa

AT 3.2 Tupoumsad e IladmSumsTugnIMUUEMAeNABA NUHAIONA .......cc....... 20
{ < o [ Y] 1 ~ ] aa

A 3.3 Joya luTldd mSumstugmMMUUEUHALIADAUUHAIONA .orreoeeeeee 21
~ o 1 9 J o o o 1 = [ aa

A 3.4 moeddoyalu llddmsumsiugnwuuaumasuaoa i 3 5a................... 21

NNN 3.5 NITUUIFIAFA TAUNTUUBIUAAL AT NI VAN AGUADAUY 6 UA oo 22

NN 3.6 MIUVIFIA T IAUATUVDABL AT NS VTN ASUADA U O UA oo 22

AN 3.7 MINNFIMFA TN TUYLAAE T TV IHATNABAIM 12 TR e 23
1 9 1

MR 3.8 VUADUNITNAADINIIUGMNUUT K ASUADDUUHANWUA ..ovovooeeoe 24
1 ] 9

AN 3.9 AIDENEINHAINIABA Y 2 HA (D) 3 A (V) 1AL 2 A WA ) FU (A) coveeeeen. 25

! gz d o o [ { ] aa gz
A 3.10 mu@ﬂumsﬁ%’n"lﬂammumiﬁmﬂmwuuﬁmmaﬂumammwammwmwu .26

v ] 9

NN 3.11 MIULNBIAFA TAUNTUVDIAALT AU LA UHASADA Y 3 WA 2 W ... 27
H @ ] o o [ [} 1 H ] Aaa g

2 3.12 eddoyaluldddmsumssugnmuuaumasuaeann 3 58 2 Fu.......... 27
v ] 9

NN 3.13 MITULNBIAFA TAUATUVDIAALT AU LA UINASUADAY 3 WA 4 WU ... 28

{ o ' J o [ [ : ] an
A 3.14 Medndoyaluldddmsumssugmmuuaumasuaeann 3 5@ 4 $u........... 29



(12)

s1wmsmnlsznay (nv)

NN 3.15 MTULNBIA T TAUNTUVDIAALT AU VA VIHATNADAUY 3 UA 8 WU ... 29
v H 9
NN 3.16 MTULNBIATA TAUATUVDIAALT AU VA VIHATNADAUY 3 WA 16 FU......... 30

v H 9
NN 3.17 MTULNBIA T TAUNTUVDIAALT AT VA VIHATNADAUY 3 WA 32 FU......... 30

NN 3.18 MTULNBIATA TAUATUVDIAALT AU UAVIHATNADA Y 3 WA 64 FU......... 30

1 A o e/ a

v H b4
NN 3.19 MIUUVIFNM T TAUNTUYDILAAZ T MS VT MIRAsNIADA Y 3 URA 128 FU........ 31

D

NN 3.20 MTULNBIATA TAUNTUVDIAALT AT UAUHASNADAY 3 WA 256 W .......31

] 9 ' Y
AINA 3.21 ‘ll‘lm’f)l!ﬂ'l'i‘i/lﬂ?lﬂﬂﬂﬂﬂﬂ?WUﬂﬁ?MlﬁaﬂNm@a'lluﬁa'lfJiJGIWﬁ'IfJ%‘L!LL’U’Uﬂiﬁ]TEJ .32

' ] v '

NN 3.22 TUADUNAADINTUTZUIANAUVUNTLENINUIUATOWANANIIOU oo 34
4 2 2 e :

MNA 3.23 VuaounaaoIn1slszutananuun s neNUsuUFa M 35
A A A Yy 9 A [} Aan

NN 4.1 RN 1B a3 1A N ATUADD U 3 TP e 36
d' d' d' 9 o 1 d' 1 Aan

MNAN 4.2 NAURASN TFIUAMNUUAMINREUADAUU 3 UG oo 37
~ ] o A A 9 = [ aa

NMNN 4.3 WA NUIURASN 1B TLUIANAVUF IR ATUIADA UM 3 HA oo 37
~ A Aq Y Y ~ 1 aa

NNN 4.4 DA URDINIFEAI 19T VUHDIUADAUU 6 U 39
d' d‘ d' 9 o 1 d' 1 Aan

MNA 4.5 NAURASN 1FIUAMWUUAMINREUADAUU 6 WA .ooooooe e 39

NN 4.6 NU2wANUI R AN 1FUTSUIANAVUAIADEUADA U 6 TR oo 40
~ A A Y 9 A 1 Aan

7NN 4.7 A URAN AT VN ATUADA U O TP oo 41
d' d' d' Y o 1 d' ] an

MNA 4.8 NAURASN TFIUAMWUUAMINREUADAUU 9 UG oo 42

NN 4.9 NU2wANUI R AN 1FUTEUIANA VU ADEUADAUU O TR oo 42
~ A A Y 9 A 1 Aan

NN 4.10 NARASN IFAT 1T A REUADA NI 12 TR -ereeeeeeeeeeoeeeoeoeeoeeoeeeeeeeeeeeeoeeseeen 44
A A A 9 v ' A 1 Aaa

MNA 4.11 2 URASN IFIVAN WU INASUADANU 12 TG oo 44
A ] o A A 9 A 1 Aana

NN 4.12 HUEANVTURASN 1FUTEUIANA VUM ASIIADA U 12 U eoeoeeeees 45
A A A Y 9 A iAaa 1 [

NN 4.13 NN ¥ T3 19N ASUADAUUNDALANATIDU oo 46
d' d’ d' Y o 1 d' Id'QQ 1 [

MNA 4.14 N2 URASN 1FIVAMNUUAWNASUADAUUNTAUANANINU oo 46
d' [] o d' d' 9 d' Id'QQ 1 %

NN 4.15 MU2eANUT RSN 1FUTE VIR VU INHASUIADAUUNNAUANANOY ..o 47
A 4 Aqy v a ' b

NN 4.16 NAIRASN 1 F A 19T ASUADAUUTDVIFU oo 49
4 2 dq e 4 . 2

AN 4.17 2R AN TFIUMNUUA N ASWADAUUNAITU ..o 49
4 . o A dqu 4 . 2

NN 4.18 MUWWANVTURASN 1FUTEUIANA VUM ASUIADAUUNANIFU oo 50

A = 4 ~ 9 1
NINN 4.19 ﬂiﬁ/\llﬂdiﬂULﬂUUWﬁaW‘ﬁﬂ'ﬁﬂiZM'}aWﬁlL‘U‘Uﬂi%%'lflﬂﬁﬂ'lwu')ﬂﬁ@ﬂ@n\? R [FUUURR 53



(13)

]
s1emsmndszneu (Ao)

t%
i

A A A 9 A 9 J [
NNA 4.20 NARAEN IFNTUTEUIANALVUNTZNNTNNIATONAN 9 52119 MapReduce
HUDAWAZUUUNUTUUFINNINTIUIU 20,000 DIW e 54

A A A 9 A 9 J 1
ANA 4.21 NAURAEN IFNTUTZUIANALDUNTZNNTNNIATONAN 9 52119 MapReduce

HUDAMAZUUUNUTUUFINNINTIUIU 200,000 AW oo 55



dy 1 = ) (% d' a o a o d‘ d' 9J
Glu‘U‘1/]1!ﬂﬂ']’)ﬂ\iﬂ’)']iJﬁWﬂﬂJuLLazﬂiJ']‘U@QﬂWi’J%fJ NTUHAININYIUD

Y] 4 a o a o I 1 Yo [ = 1 dy
GIQTJﬁZﬁQﬂﬂJENﬂﬁ’J%EJ VBUIANTTIVY Ltaxﬂﬁﬂwuwmmwz"lmu mawamaama‘lﬂu

1.1 ANudRaazinve Yoy
lugaaaissui 21 Iauimsmama Tulad ldvau Tduuudinse Taa
' Y1 A o ' @ 9y v ad A T < 9 ' o
nanlaniimsiauiegnniulasmmnzluduiaaiibe litezilundesniegil ginsal
a 7 @ s Y aa = v J A A ' s ]
AoNNIReS gUnTainmsunng ndosaanea sau ldsInsdninsenGenamsn Tru
o a 4 . . d 1 1
ldinadeyadonau(Multi-Media) tn5129Un3aiA1 9 druuaausnn1ennla Tasmniz
1 a aa g’/ aa o d 4 . 4
pgNBINNATARAd TN IdNINIIENINMIINNdBIATARa TnsANTInAEUN dunuLes

A s < < 9 ° Y aa A o 2 X ' = ' 9 9 ~Aq Y
DUINDIIUA Lﬂu@u ‘V]'ﬂﬁﬂ']‘Wﬂﬂ@ﬂall{l]']ujulwusllu@mqjjﬂﬁj ﬁqwaiﬁﬂwumﬂgaﬂicﬁii‘lﬂ'ﬁ

4
AA Ao &

v 9 ' Y v 2 = ° 9 EL kY '
danvudelinunsamuyinalnganlidre smaniudinmsii il 14 Temiluduai o
WINNIE 019 Y Tunansa teasIvdeUIAT0IMMIENIIMsAINVANITou (@15 1aa
a J s A o @ <] J o [ a 4
Uszang, 2546) Tunamsunnd e llduaunmaess@dnddmsuldlunmsinsizs
aa @ U { o s 4
e ludirenadreny (Avni U. etal, 2011) Tunasimaas ldauaunimivenidoya
= v o A . a 4 Y
MEINUANHULIANIZYOINWANTAN 9 (Cui Y. et al, 2014) naz Tunaglemaas 1d 14n1men
= A = A g v A ¢ P .
ardisuiednyinsnlasuuasveslannaludugiimansuazguunamans (Espinoza-
3
Molina D. and Detcu M., 2013) Fludu

o

A Yy 9 Y a Y Y A Y A
iﬂﬂ‘ﬂﬂaTHﬂ*UNG]u‘VﬂiWLﬂﬂﬂ’NN‘VH“VHEJ‘V]Nﬂ1ulﬂﬂuﬂﬂ1iﬂuﬂuﬂ1wm'€)\‘i

Yy A

a J KR YA o Y A 1 o A
szuuneunumes 39 laimsdszgnatihmsauauninldadeszuuiesaelunmsduiuau
Y A . A & Ave 2 A )
FEUVVAUAUNINW (Image Retrieval System) (301U UNFIANINVY 11DIVI19INAINADINS

A a Y =2 Y A P} Y A P
Useansammlumannsveyanminidsunamnnlugiuteya ssuumsauauninlusaniu
¥ v v 4 o
12 1¥MIAUAUN AN UTIUNIAIONYT (Text-Based Image Retrieval, TBIR) Taol5ao la

Yy A A Y o a A [ g’; A 1 = 4

TumsauAun I ¥ l¥am1eTUIeNIIN UMWY 9 LAl N INLAazNINNeIAlsEnO L
1 o 9y 9 v v Yo A v A @ [ [ 9 A
vanwedsh v ldnuuaaziulddidow lumileunu uaz limmnznugiudeyanimii

o v Yy A A o Y Yt A a = &
yualng dewaldmsduauamiassnuanudeanisvesdldtlszaninmanas daiu

9 [

FoTINAVOITZUUAUAUN NI MITANTTIUTOYUUULAY



o Y Aav o H as Yy A ' vy

ﬂﬂﬂUullﬂiJfni')ﬂfJ“V‘W’JJ“Ll']‘llUﬂfJU'J‘ﬁfﬂiﬂUﬂuﬂ']W’fJ’fJﬂiJ'm']ﬂiﬂfJL‘]fu NIIAU
A 9 a [ < (B A .
ﬂuﬂﬂ/ﬂﬂ‘t’JGlGIfL‘VIﬂuﬂ3'JiJﬂl!ﬂl@QﬂWillﬂa\u'J“V‘ILa@]LLU‘UlliJﬂ’t’JLu@Q (Discrete Wavelet Transform,
DWT) 8¢ Local Binary Pattern (LBP) (Mistry Y., Ingole D. and Ingole M., 2016), AMIAUAU
nwlaeldinatia Upper-Lower of Local Binary Pattern (UL-LBP) 4193 U109 8 NHULIANWE
HUUNINIINLaL 19 Scale Invariant Feature Transform algorithm (SIFT) N1®%U1ﬂﬂmﬁﬂym$
MW EIUA ) M81UIN (Douik A., Abdellaoui M. and Kabbai L., 2016), M3auaun1n Iag
THnaiin Improving Precision Priority (IPP) (Song J. and He Z., 2015), MIAUAUANINLT
YDIFNAUVOININ (An J., Lee H. and Cho N., 2014), Mm3auaunnlasldmaiiamspannaiy
o I % aw
NUUDY Color Moment 8¢ Local Binary Pattern (Choudhary R. et al, 2014) Wudu #9139

k) 2

aanaiu ldldmsauauninlasldiiioniveanin (Content-Based Image Retrieval, CBIR)
| Yy A g & Yan o o
L‘]Juwuj;m ﬂ'lﬁﬂuﬂuﬂ1WT@81‘Hlu@W1ﬂl@Qﬂ’lW i]ﬂmﬁmiﬁﬂ@ﬂmaﬂymzmww (Feature

. ~ 1 I @ 9 = [ [ '
Extraction) 10g lunimesnuniludiumulumsaun Gsnuanyuzang (Feature) 8111y

=~

I Y 1 1 ¥ a v 1< av g’;
nleldun & (Color) gﬂiw (Shape) ttag WUAIVDINN (Texture) a1 l3AmuauIvTenIviua

Y
Y

Y o ' @ { 4 o Y a % i
uu"lﬂwsnﬂmmmuaclumummﬁ]maﬂymzm‘w13ﬁmmzﬁmﬁaumﬂ%aﬁmﬂmw L!.Glﬂxivlllfl

v
o % [ v a

N9y InuinduaueduaouIs M VIVYAUANB UL WIABUDINIW (Feature Matching) &4

I g‘/ o w g’/ & Y A 9 dy
!,1J‘LlGII‘Llﬁﬂumﬂmﬂlu@muﬁuﬂumiﬂuﬂumWTﬂﬂﬂlmuﬂmﬂlmmW

o

Y
v = 1 o

k4
nuAtsiInhauemstugnanEuzmwIzYeIn v Iaeld Inssadenugiu

A o o o 2 Aa 9 Y o a .
ﬂl@ﬁizum‘W@%mﬂﬂﬂ‘maﬂﬂmzﬁﬂlﬂﬂﬂWWﬂuiu@uﬂJ@Nva IﬂﬂhlﬂHTLLuﬂﬂﬂ‘lJﬂﬁ Boris

. . a A ' = ' . . = a Y
Nikolaevich Delaunay Nt3gN N NN AYNUIADA U (Delaunay Triangulation) «mgﬂuﬂmﬂlmﬂu
a a 1 g a 9 A A Yo a A =
N5l madaawvasuAeaIU Lﬂu’l‘ﬁﬂ']iﬁi”lx‘lﬁﬁJLWﬁfJiJTlulﬂiﬂﬂ'anufJiJiﬂﬂ’ﬂq@]LWi”l%ll
g’/ Qdd' [Ny} 9 Lé [ [ 1 d‘ [ Yy Y
mummw"lu%um@u "“]Nfﬁiﬂﬁﬂﬁ]ﬂﬂTiﬂ‘Uﬂ%jlléllf’Ni]‘ﬂ‘ﬂﬂi$%ﬂﬂi$§]Tﬂll’Jﬂ’JfJﬂu (Shewchuk J.,

1 Y v
2012) Hauavemnueiitaueismsilumsivguienlieuien Tasmwizog1ee U390

Y A

mssugaeiaieieldszydiyanalasldimainaumdeumean (Yang W., HuJ. and

Stojmenovic M. 2012), (g1U¥ AUNYY, 2550), (Wang C. et al, 2006), (Liu N., Yin Y. and Zhang
H., 2005) g3 Al wHasuaoauds WA UeN @15 IoyaoAUAUN N (Dang Q. et

Av A U g‘/ vJq 9 ~ v 3 [ a A o ]
al, 2016) I@EN'lu’mflﬂﬂﬁ'l’)u'luuulﬂcl%ﬁ'lulﬂaElllm’ﬁ]ﬁ'llu3J'IL°]Juﬂmﬁﬂﬂm%WlﬁHlWﬂ%ﬂﬂﬂWW

9
Aaov A

X o Aa 1 [ o a o 1 o Y] 1
G?\‘]@'Iluuﬂ'liﬂ'ﬂ/‘l@l@ﬂ'lw ’GT'J’H\‘]'IH’N]Eluulﬁ}u'llﬂﬂuﬂﬂ\‘]ﬂa'l'JiJ'l‘]JigEJﬂﬁcluﬂ'li*ﬂﬂﬂQiJﬂ'lW Ulg]j

=

Wulassireitauanidanesdaildaumasuildaiendnualiinng Taoi 11452y

[ a d‘d [ Y A (% 9 1 a = (% 9 1T Aa
ﬂmaﬂymgwmymmmmmaﬂymﬂﬂamENﬂu1149g“lumnmmmﬂu”lﬂiml"lum@mi

'
[y =

v o q ¥ Y A ~ a a A2
PYOUNU C]Nﬂz‘ﬂ'lGl,‘Wﬂ’lﬁﬂuﬂuﬂ’lWNﬂﬁgﬁ‘ﬂ‘ﬁﬂ']wu']ﬂﬂﬁellu



9
v

N

Y Yy A

A o 9 Aa q Y
i limsauAumMnIINIIUIUMNLIa Tugudoyanlvina vy In

€ e

o

=) <3 da! I Y =\ ~ A Y [ o
UANUIIATWUNY U udealszUUNgNPONUULIND INNA NN ANAVNITTINY
] 4 1 A 9 = wa A 1
vuadamesyalvg NUNsUszuianatoyauunszay uazlguauianaanuaenIy
a o 9 d' 1 (% Lﬂ' = A da!
Hawaia Tagansamauluan1izuiadounaany ieve1sIanNua 1150 TuM SN
) YR av 4y Yo Y A L
youdoyaluouinald Beadten IdinaueszuuAuAUAINIVUNTZ BV UNUFIY
MapReduce (Zhang J. et al, 2011) tuaanuaalumsauaunmuugudeyanivuialng

o ' v A v 9y Ao 9 13 A a a A ~ o
Aanandaimstamnudeyanduden uantlssanininuinniuden/Teumeununis
o ' 4 : o
Uszmnamanuusivguiniinitelszuanaiisunioufed Fedlideyanmiuiunmaia
o I v { a a ] ° 1
udrsuiludeslimisedszurananiilszansnmgeanludae uamsizdisinwmari 1%l
Yy 1A A @ 9 v & = 1 A Ao o A Y
AuaneMoununs 1FmslszuranauuunIae A NI 1EINIhL AN 14
Y A a a 49!
1Aszuunfidsea@nimmwinniu
a a c’dyd = Ao A o A o [ Y
Wentinutudatinhvnelumsiseewannssuunmng ey dmsunsau
A P 1R 9 9 ) a o
aunmmlugudeyavuialvydlinslszuiranatoyanvunszaie Tasdszgndsiuny
a A T AA wa Aa [ ' 9 < Y
matadumasumeaud nlguantamaslunssanguusstoyaninuiulasiaiig

q

dy A 9 g‘z = a A Yy A
WUHITU o lvszyunulidszansmmuazaanal lumsauaunIn

[y d [y
1.2 Jagilszasnlumsiae
A = Yy A A~ a A
1.2.1 1NOANHILAZ 00 NUUUTEUUAUAUNNAYsEANTAINLVUNTLE
FIAVNAUAT NIV ASUIADA U

1.2.2 wenaasuilszansninlunslszulanavesszuy

1.3 YaUIVANUIVY
1.3.1 WANIZUUMIAUAUNNIDUNTZDI0T WA UINALATINMASUIA DA 1L
I [
Tag1lszgnAsaunuanImIAdouued Hadoop 18
= 1Y 4 ax d‘ o v Aad Y A
1.3.2 nffeuiisumadnivesIsms N uauen It MsAuALMINIUUNTZ 910

2
UUNUFIY MapReduce 18

d H -y
1.4 dslewanmanazlasy
Yy A A a A Y A
FEUVAUAUNMNUVUNTZENNUTZANT NN ansaaanar lumsduaunw

9 A VA % @ 9 A A dy
ﬂ’lﬂﬁ’]u"uaﬂaﬂi]ﬂlu’]@iﬂﬂ]ulW@if]Qﬁ'ﬂﬂ’]iﬂlfﬂﬂﬁ'J"Uf]\ji$‘L|1JLlagmﬂyﬂﬂlwuu'lﬂsllucluﬂu']ﬂﬁ

U



UNN 2

ngBUazHaNN3

2 = y A aa A 9

Tuuniinandaniseonuuy InsaaS1INUFIUVOITTVUUAT NGB NINYITD

o o ¥ Aq ¥ ¥ A Y y A ]
numswa lassad i ldlumsauaunin 1dun mseenuuuIaseadrenugiulaely
A ~ 1 & 9 o < o A y Y
matagunvasuaeand Wulassadnlumstanuauanyug NA¥UInINNIHa 13
9 o Y A = 9 . =
FIUAY LATMTNAUITEVUMSAUANNIN 533 118901519 Apache Hadoop (White. T, 2011) @4
I o o ad o v o v v Y A
AusoraussuasadivivdanutazlssuiarnadayanunIzeHazI0ITuTyanll

Y
Sannnaineazideans hli

a X y A
2.1 ummwugm‘lumiﬂuﬂumw

a Yy A @ Y ' @ Yy A Y
L‘V]ﬂ‘l‘lﬂGUENﬂ?iﬂUﬂUﬂWWEluﬁﬁ]i]‘Uu DULUNIATUANHUSHITAUAUNTINAIY

4 A Y A v

[ o Y [ 4 v
wamﬂmmﬁumui}zma 2 gﬂuuum&ﬂuﬁa ﬂ1iﬂuﬂuﬂ1W@38ﬁui1uﬂ1QﬁﬂﬂﬂH5 uag

a9 u

Y - = 2 9

Y A A [ ~ 9 = [ o
NITAUAUNTNAIYLUDUTIUDINTN clfﬂﬂmmazgﬂuuumamgazmmﬁﬂwﬂu

Yy A 14 &’ LYY
2.1.1 MIAHAHMNAIPNUFIUNIIAIONYS

Y
% 1

4
MIAUAUMNAIGNUFIUNIIAITN BTN 0TOA WU UNINUAAZNINIZYN

'
o o w o v A v o

a Y Y A It o o A 9 A
@‘ﬁ‘]J']fJﬂ'Jflﬂ']ﬁ']ﬂﬂJuL!ﬁS‘VI']ﬂ']ﬁﬂu‘ﬂuﬂ'W‘lTﬂfJ!fLI%EJU!fV]fJTJW']ﬂ']?f’]ﬂﬂ]‘ﬂ@lﬁ\?ﬂﬂﬂ'lﬁﬁﬂ"llﬂﬂ'l']ﬂ‘ﬂ

o

A 9

Y = o o w Y v Y 1 d’ o Y A Lé
qaUDIY %@Lﬁﬂﬂ@@]ﬂﬁuﬂﬁ‘ﬂ@uﬂTﬁTﬂiflﬂﬁﬂﬂﬂTWHﬂQi%UUﬂ@uﬂ%$ﬂ1ﬂ1§ﬂuﬂuﬂ1w BN
9 ' o o w Y v 1 (Y o Y Yy A k) dy v v
IﬁhlslfLWIﬁ$ﬂuizuﬂ”lﬁ”lﬂﬂﬂﬁﬂﬂgﬂﬂiwhliJG]iQﬂ‘Ll‘VlﬂﬁﬂWiﬂuﬂuﬂ1Wﬂ’JfJW1Jjj1u1/INWJ?JﬂHS

g’/ = a A Y
Hullszansnniosas

Y A y A
2.1.2 MIAHAUNINAIYHUBHIVIININ

' '
1 o

] a J [ (% (%

MNLAAZNINZYNIATIZHIIANHULIAUNIAYINOHIANUYBININ
o [ 9y = g’/ [ AR 9 2 A a o 9 a
dmsulsuaacnaniniy q Tagea Tudaveazainlums1¥au aelaudseunuielsnaiia
Y A y X < P A o Y A o
MIAUAUMNAIGUBHIVDINN VUL UNANAAULULND WA LN TAUAUNN 1A8TLUUIZI
2 =) &‘ 1 9 Y ] 1 %
MsuenfuanyasiAyiomveImnuaaznwlugiudeyasenui lieglugilveanidaa

A A 1 J o Aa A Y I v A o o v <
RUNTENI NNABIAMANYULNIAY (Feature vector) 1V 15Tl uawtid 1M unssamnun Il

Y 4 g Y A vg ¥ o A Y Y
FIUVBYA LUDADINITAUAUNTIN Eﬂﬂﬁ]g‘ﬂ”lﬂ"lilai’]ﬂﬂ"leTi’)”]JE]”I%JLLE‘I’JE‘Nﬂ”IWL“II"IQi%‘]J‘LI

[ a

9
AUUUNT il1ﬂuuizumz‘ﬁ1msﬁumnﬂma%ﬂm AHUSWIAYUYDININADUDINUINING

= = [ 4 [ a aA 9 d' Y A A A
L‘]Jiﬂ‘umemﬂmimmesﬂmaﬂymzwmmmmwmmﬂmmmam INDAUAUNTINNY

u ] U

o 9 [ A I v Jdax [ ~
ﬁﬂHmzLﬂW"ISﬂﬁ1EJﬂ1Jﬂ1Wﬁ@1Jﬂ1NN1ﬂﬂq@@@ﬂN1lﬂuWﬁaW‘ﬁ ATNITENNTINN 2.1



gIudoyanIn
o o A Ay Y A
ananMANYU Y AMNNADINIAUAL
. A g v e A
AUANHULNABVYDININ Y B - < ananmanyu Ay
AronuaNb U NIAY

Ay A v
anduauld

o 9 v A vy X
NN 2.1 1ATIa51NTLUUMTAUAUNNAIGUDHIUDININ

@ a kS A A l < (%
Iﬂﬂﬂmaﬂﬂmgv\llﬁﬂﬂlﬂﬁﬂ1wuu FIWITDUINTINN 9 ‘1/1E]gsluﬂmaamnulumgmuslumiﬁ}u

A = (% a

1 1Aq YNy 1 a ] A a
Au Feguanvauziaydiu vy 1dun @, 31519 uaziuivesnn
a g Y a Aa o Y A A a g A
- A dlugudnvasimyiiunumdiay lussouauaunw itesnnmiluas
{ [ o <3 o yo/ []
Alaaauausadanariy la¥anunmIvednIn wennnidiausasielumsuenies
3919 q melumneonaindu1da 1w Fhveanesiimsenzia Fiverveadu limsely 'l
P 2 2 v o i o A = v aa Y a o
Fuasvesuetitla Wudu A nd 2.2 dAutiuns lneaue1svadn lnamesnuesnu1anaIw
Me11N159A0gY (Cluster) 1agpIAINAINHAWNYHHITY NTUUAWDVOIT (Histogram)

Fludu



A @ = o S 1A
NINN 2.2 aNHUTUDIT (ugwm AUUYY, 2554)

1 I [ a o A Y A = 1 o
- g‘lJﬁN Lﬂuﬂmﬁﬂ‘]ﬂm%WLﬁHﬂlﬂﬂﬂWWlmU‘H‘LNVlnlﬂfﬂ‘ﬁUWﬂﬂﬂﬁ‘]JﬁNuﬁzaﬂﬂmz

U

swdsvnavesiagmelunim shldansoteniez sznieiaghiiydiuanasnuesnain

q

o Y

Y & 1 I 1 A = 9 A o = A
ﬂ‘lllllﬂ “Iﬁg‘ﬂiNlﬂuﬁﬁuﬂuﬁﬂﬂﬂ\ﬂﬂiﬂﬁi1\11’11J31ﬂ§]§ﬂﬂ?ﬁuﬂﬂﬁﬂﬂlﬂﬂlﬂlﬂﬂl@\‘]uﬁ\‘] BRERINE
o 1 (] 9 A [ 9 dy a = = A g o 1
AanHUSUD qﬁl‘]JiN LYY Lﬁuﬂjeuﬂmummum@wmﬁhuazwuﬂu avasunudadiuues
=3 1 A o U Y Y I Y [ A = A 1 dy o Y
AN DIA1TAN 9 Wiﬂﬁﬂﬁ’)uﬂl@\‘]@lu]lll WUAN A9 INN 2.3 %Qﬂﬂ!ﬁhﬂﬂiﬂﬁ’)ﬂﬂﬂ?h"ﬂ%’

o =S 9 dy 1 A "o Y ] =l s I
Uiz Temiunlumsasdoyavunugiuvesgisen lududou wu 29nan nie Inanow 1Ju
9 = = g’/ 1 9 [ o 1 2 A = A
au FelumafFeuiouglamiuglseezgnizylinden o dudumis FalinguHunuen
a11501111 15150 Wavelet Transform, Tensor Scale Descriptor with Influence Zones (F. A.

Andalo’ et al, 2010) Fludu

[ONSw G x =

falcate orbicular cochleate subulate

'éfﬁ

cuneate linear lobate flabellate

W

sagittate hastate panduriform lacerate and auriculate

A o 1 o d 1A
NNN 2.3 ﬁﬂ‘lﬂﬂ!%ﬂlflﬂg’ﬂiﬂ (ugwaﬁ AUUYY, 2554)



P
A a

3 [ a A Y Aa = A
- WURD Lﬂu@maﬂ]&lmg‘WLﬁHﬂi‘B@ﬁUTﬂﬂ'ﬂﬂﬂﬂTU ANMUDSIDIAN TTBDAIY

4
[ o =}

v 9 dy a o = 1 Y Aa a
mumaummwummqmﬂiumw “BQEHWLWIﬁ&’ﬂ1W§)1ﬁ]ﬁ]&’ﬂi$ﬂ@ﬂ1ﬂﬂ?ﬂ?ﬂi}ﬂn NHUSWURN
9

JA A 1

{ 1 (Y < ' { A [ a
nuanarnuesn i ifludiuidesonuildsuitennuian msimnzinuiiszyeld

Y
ga K

mmmuﬂmw:mmzmﬂ@hwaﬁm"lmmw U ﬂ'liLLEJﬂLLEJ$ﬂ’J'liJLLﬂﬂGh\‘li%W?lNﬂWWLﬁ’é)

Q

2 A I @ A A A &2 a g £ A o Yy A Aa
A1 °]f\‘13Jﬁ1EIL‘]JLli]‘ﬂ AULFOTHADUTINA 1Y UTINT B VY ﬂﬂﬂ%1ﬂﬂu"lﬂ HIDNINNU

=

o < @ A A o < Y o A = A o 9 @
anvazuniarsos oy YU 1uaun a9n1nn 2.4 Nﬂa']ﬂﬂf]}l%]ﬂu'lu'lbl%clUﬂ'lﬁaﬂﬂ
£Y

wa j’ a 1 . I
AUTUUANUNI 1¥U Fuzzy color histogram, Gabor wavelet transform Tuau

A @ . dy Q . @ ) d 1A
INN 2.4 AaNHUSUBINURN (u;ﬁWﬂﬂ TUUYY, 2554)

Y
aAav A

9o a v A y X o a )
\1’]u’)"l]ﬂuhlﬂu'llfﬂ‘ﬂu‘ﬂﬂ’]i?]UﬂUﬂ'lWﬂ')Ell,u@ﬂ'l"]]'E]\Tﬂ’]WiJ’lﬂ’]L‘LlUﬂ’]iIﬂﬂi“]f

wa a2 a3 [ A oA Y1 = 1 o o
ﬂﬂ!ﬁﬂﬂ@]%@dmﬂuﬂaﬂ lu'ﬁ]\ifl]1ﬂﬁ'lll'liﬂﬂ']lul‘lﬂ’lihlﬂ\j'lﬂllagllﬂj’lﬂllllufn Iﬂﬂ‘ﬂjl’lﬂ

[ [

a = 1 = [ a A (4 = %’ a2 A d‘
AudNYAUzNAYIVRININIZRY Iug U duanaduas dygrade) tazdya ity 3o
= 1 [ A A ) A Y Y 4 A
138071 “RGB Color space” A4NINN 2.5 LiJ’E)MWﬂTWiJT]JimJ’JaNﬁlW@iﬁ]lﬂL’Jﬂlﬂﬂi“ll’OﬂﬂWWﬂil

a 1T A o Y J a9 9 a [ 3’: 1 a 1 A Y=R
VYUIA 24 UANDNNIYA %m“lmmazamay,a"lﬂ 8 UM muuLmazwmmaamnmmuﬂ”la"lﬂm

16,777,216 @

255

White

(255, 255, 255)

[ 255

NN 2.5 aNHAULT RGB (Medialooks., 2015)



"9 o VoA A 9 o a . . [ 4 VoA A 9 =
LLG]01ﬁ1ﬂu1ﬂ1ﬁﬂ1@ﬂ1@1luuﬂ1i Normalization waawmmmﬁﬂ'lmzu

A 1 1 2 { ? o J
NAUYY 6 AU 'ﬁuwummuﬂﬂmweumazmw‘lﬁ’umﬁu TomMaNvzsINUYDIM AU

[

Y a dyd 9 (% = o A I (%
HBYUIN \ﬂu?%fﬂ!%Qulﬂlﬁu@ﬂﬂ!aﬂ‘]slﬂ!%ﬂlﬂ\‘]ﬁﬂWﬂ’lLuuﬂWﬁlﬂuW'ﬁﬂ

2.2 mAataaIRagNIAda Y
matasuvasaoanu lawmuununuia1115ue8 (Voronoi Diagram)
a dy d‘ @ = [] % a 9 o
HUAANUAANUF IUNeIN VAW ATNIAD A MULazUNUAY 1 T5ueey He TaglanisAiui
musviagia urura T Isussgnannulae Georgy Fedosievych Voronoi #aununia121510e
= v AN Y I ' = Y o Yt '
e ueuran Iduia Tamueeniunguuesglammaoy Tastimualdiigaaonislu
y A A a . Y
Tamu {Pk} k=1,...,n 19103083 WNUNVDIF U umasn (Region) {VK}, k=1,....n ADUTD1
o ' ' A A A Y} ~ a = o q ¥ '
9909081 TaguaaziuNvegUnalsmasyIzdonsauIANeganNe) $399 1NIzoLhIg
1 @ ~ I ~ g}/ ~ A =1 [ ] 1
1nyaae lldaenvesglvaemasusziiuszezneiduiga Woounuszezi1NaINgane

A A 4 A Y 4 o 1o <
ﬂqmmwummgﬂﬁmmafumammﬂwaugﬂﬁmmaﬂumﬂanmmwm 2.7

*
Y *

NNN 2.6 LHUAI T 15UDE

v
[ Y

a Y Yoy o
\1uuﬂWﬂuEﬂllGUNGIullﬂl,!,ﬁﬂQﬂ’JHJ‘I’TiﬂEJGUENLLWHWQI’JIqu)EJ Glugﬂwumm

aums IdaaumIi 1
o={0:|0=-0 < |0=0pVv #0 W

MInauns @1wsana1 18 uwuAi T IsuesuaazAIUIZADI1190gAT

MHNA1NsEHINgARDYAdoIganlveui iy dinynyaaeiognieTuumura T Tsueegn

FOUABNUAILIAUATI TAINMTAINIFUATUFOUADTLHI1IAADIATDIRANTUBUTINAY



A A a dy 1% ' = ' A [ A Y
gﬂﬁ?lllﬁafJiJ‘VILﬂﬂslluﬂ'lﬂﬂﬁ%ﬂﬂuﬂ'lﬁﬂflﬂa13%3gﬂlﬁfJﬂ'ﬂﬁ'HJlWaEJ?JLﬂfJa'lluﬂﬂfﬂWVI 2.6 19U

A = vy A o
UUINDA UL AIULIADA LU lﬁuﬂ']\iﬂﬂl!WHW\?I'JIﬁuﬂfJ

AN 2.7 UHASUADAUUDUUANUFT 12 15 UBE

{ 1 a9 R .
aumasaeanlgnanaulng Boris Nikolaevich Delaunay TUN19nguy
4 13 a PR X Y Y {
nsl dmasuaeaningniewldiilunsununiie Ysznonlidae 9 (Vertex), 1dui

. , . 3 .
ieunY (Edge) tagringdanumasy (Facet) A4 2.8

Edge

«—

Facet

Vertex

{ J A ]
ﬂWW‘ﬁ 2.8 mﬂﬂizﬂaummt‘fmma&mmaanu

A ' y v = v s A
LﬂJ@a1ﬂ’JQﬂaﬂJFﬂuﬂqﬂﬂaTﬂV]ﬁﬁTNﬁ@Ni@ﬂﬁ’]ulWﬁﬂu ﬂgﬁﬂ\julllilﬂqﬂ@uﬂwﬂllu
o ' v Z A A ] Ay o 2
WNWHNANAINAT ﬂﬂl'luﬂqﬂﬂﬁ1&'7]\1ﬁ’]‘JJGUi’)\?ﬁ’]i]lﬁﬁﬂi]‘ﬂ'ﬂQﬂulﬁuﬁﬁﬂﬁuﬂﬁﬂuﬁﬂﬂ ﬂmﬁﬂﬂmgu

1 o { @ & a I o a
ni3en11 Empty circumcircle A90 1M 2.9 auansuzdgniowldiilugudnyuziiayvos

Y

= ] 1 o Y a 9 v W = o 9N Y '
arutviaguiaeaLy LW'ZT"ISll‘JJ‘VI"IGLWLﬂﬂﬂ"IS“])'i’JHVI']Jﬂuﬂlﬂﬂgﬂﬁ]ﬂlﬁaﬂﬂ Vl"liﬁllﬂiﬂiﬂ‘ll"lﬂ

9y [ a ~

= A (% C4 o Y Y o X Aas 9
ﬂmmammmaﬂamgmmwwm”lﬂhwu“lwamaﬂymzwmﬂwﬂumw BIWITNITATI NN LY

q

Y
v A

[ 9 =K A a o d‘ o as =1 [ A )=}
FUHEO U %\1lNTLJ’J%Ellﬂﬂlﬂﬁl“l/luH’du’E]’J‘ﬁﬂ1§ﬂ1ﬂﬂ1i%ﬂﬂﬂi@£ﬂ%8ﬂl“ﬂﬂ‘u Iﬂﬂﬂ%ﬂq‘uull

' H H Y
uawwam%uwmﬂﬂizmﬂﬁﬁmmmaﬂm@ammnﬂ%’msu N1591904 miﬂigmmﬁum N7



10

@

o ' Y 2 3 Y dy = o 9J A a o o
wmnmmalﬂamm Wuau wonvni QMﬂWﬁuWNWi%iuﬂWﬂﬂWﬁ’lﬂﬁa'lfJ DINLBFU NITN

. . . <
Reconstruction, Path Planning, Mashing Fludu

AN 2.9 AUANYULNIAY Empty Circumcircle

an Y

a A [~ = A Yo a A
MAaUATINInagNIADA LY HJ“Ll’J‘ﬁﬂﬁﬁi1QﬁHJLﬁaﬂilﬂllﬂiﬂﬂ’JWMuﬂiJNWﬂﬂﬁﬂ

q

g‘/ g o A

= Aan A "o Y 2 A o = ] 9 I A
LWiwmumam*ﬁﬂumwyau FINWANMTAIAUAD A 1UHATNADAUUITARIT U WA

o

[ a

A . . o A 1 FI 9 o Y A A k) 3’/ =\
NUAUANHUSWIAY Empty Circumcircle A9NNATINILLAIVINAU wﬂwmumaﬂw‘lﬂuuumm

Fluenanval (Unique) (Yang W., Hu J. and Stojmenovic M. 2012), (Liu N., Yin Y. and Zhang

9 v
H., 2005) maiiafiguisoiwndszgndldlunisdug 18 TaslHidlulaseireiisauien

[

a 2 9 @ 1 @ a { v @

ft ﬂymz‘wmmmmwmwmiugmmauﬁammﬂqu I@]ﬂﬂ‘maﬂEm$WLﬁEﬂJ®Qﬂ1Wﬁﬂ618ﬂu
o o ' A Y A o &R o Y Y A = s X v A
i]zQﬂi]mwﬂ’i’iuml,mmmnmclﬂamt’Nﬂu G]Ni]zﬂﬂﬁﬂﬁﬂuﬂuﬂ1WMﬂ’Nhli’J"Uu Hagydy

[

AuIsen Iahauemsduiumsnuaumasmeant ludnyaria1ela A Iua19 9

v
S v

MsfAnyUNLINUVOLIUAvEId I dsuaoa i lulala 9 AuMINIZIIBYDIRAAIN 9 Az
Anuevesvey lunsiaiumasuaeaiieaanadaulumsmruadunianig
a o 1 o oA o
pimaaiuwAIea1e 15e18 (Esther M. et al, 2011) MIANHIVOLIYAUAZTIUIULHUNTINAY

I 1 VR g sd A A Y o o o aa A Y
Auuraoany uuisndunmnervesnuiugatazsuula e lslunisssna
' 1 Y 9 < Y & Y
AMANUHULUUIAMITUTAVDIVOYA (Shores R. and Wegman E., 2010) 11luau 1o lins
Y A 3’, = a A ag [ 1 o & 9 o A [ = 1
AuaunMUullssansmmunnIulumstug Sutludesduiiumsnuaiurasuaoailu

9

ANHULYA18NA (Multidimensional) M31uludnyauraeslianseaniaiesswae 1i

~ 1 o A o 1A Y ! o Y
L'WENW@@]i’)ﬂ"liﬂ"lluuﬂ"luﬂ"liﬁlﬂﬂw\lﬂiﬁﬂﬂﬁ"mLL?J‘L!EJ"Iqqllﬂ

E4
Aav A

il Idinauematiavesammasuaoatiymaassiugnmlulase
9 v 1 9

FIan¥aza q Nludnyuzaurasaea MUNaIeNa tazd UK asNABA U TAY ) B
L . L . . L

Tag14 Qhull Library ¥ uilunsesiinlumsadweumdeumoanu (@91 2.10) $aiu

H 9 H
Tilsunsusvaiila (Open source) NgNIlsLALAIIN 1 C Az C++ ATMs IFuumsnatsly



11

[ [ 9 9 d'd Aaa 1 = o o 9 1 ]
ﬂ'li%ﬂﬂ'liﬂUTﬂi\?ﬁiNﬂJ@HﬁﬂﬂJﬁﬁWﬂNﬁ Tﬂﬂﬁﬁuslﬁfgllﬂ'liu'lﬂJ'l‘]Ji%EJﬂﬁGluﬂWuﬂN q tBU

a d a J a J aa Y
MRS IFINTTUMAAT AdlaaasT uazaon uau

AN 2.10 Aegaumasumea N a319878 Qhull Library (Qhull., 2012)

2.3 msiszananateyanuunszag
A Y o w ) Y
1H93991nU010AVeIMIUszuiananuuswguIndedldwilelszutana
UszanSnimgedalisiniumns Tadeslinisnszaedoyanazninernsais q T l¥uiine
o 1 o o o Y = 3 d%' A
Uszurawanare q aasrenusinnumvmsdszuranalinniusiaGininiu lagh
a 4 A Y A 1 [~ A ] A A 1 A ] a 4
ADNNAADTNNATDIVEADUFOUADN T UIATOUIGNTINIT 1ATDUIIADUNIUNDS (Network
1 [ =g I . A A (B °
Computer) muﬂlwm%mﬂymmﬂmmu Client / Server 1A8NIAT0IUUYY (Server) 9NN
U @ a 14 (DR [ a o
uand1e1u Msilszurana uazdeyalinuneuiuaesudiiedrenupInionouN A0S
' Y o AY Yo 2 o 9 = < A 2
gnae T 1dsuveunine 39k linisUszuranalinnusiaEaningay szuums
I Ay Yo o % =
dszmranavuunszneidlumsdszuianai Idsumswannluduaent Taslinsnizaenisy
o A 1 A A @ [ A ] A 14 Y o o Ay Y
nulszuanalidunsosns q Miyeunuediiluniovisnoniames nanimaansn lau
v & and o qu A a a o
s 35U Il sgansmmlumsdszuranavesszuu lagsiu tazdiamisnan
° 9 A1 A o q 99 ¥ va X o o 9
snudoyandwiunionts i ld snaneuaues Idi @ uaumdsve g
. . . I H
maTulagdseuranauuunsz1e (Distributed Computing) 1 uma Tu Tagn
o a 14 @ 4 1 [ 1 [ [ :
WD INONNAADIFITUAT ) HA1Y 9 AINUFOUABNUULUVUIUINTNAUINMIUTEUIana &9

=Y a A = Y A v & A v ~ Y A d
uﬂizﬁ‘w‘ﬁmwmwmmumim Super Computer AU Y 58‘1]‘1]Lﬂi@sll']ﬂﬂﬂigﬂ'lﬂﬂuﬂ’l!ﬂu



12

J A A " Y Y oy o o =2 g A
AUILINS uazeuasiiIA8nUAIBAl sz aeAa1e 9 Au Tunasgiu TCP/IP Fuilun
[ < o 9y zﬂl g’/ zﬂl [ 9 1 [ 9 v A
gousunalan linseanavuaansodearsnnld Ussuianasunuld Tudegiug
> { ! o a 4 4 4 A
Tymisrwrunni ldawnsamidiaen ladisaeuiunesifisunsoudsd iesnnsunm
9 A A 2 ' ° = < = 0o
PoyannyuInYUeg1INIAa Mmyduna lulagmsdssuianaununszasdaanudiny
nnlumstunldaululgiv @ala qaen, 2550)
a0 X Y o 9 oA & Y o
et lahnisdszuianateyaununszaemduiums weldsedy
Y A Ao A Ya A 1o d‘ 1
MIAuAUMWATTINIMINNLaziie 1 TaNuEangudemslasuu)asmuanudazilszan
EY y & Y v g = o YA 9
AANABINSVeId 14 Nameaumsianuglamiansodiuves ldiiedesns uag
@ { a ua X I
namumsidsuledlasuulasdassadrevesszuul§iians Taeld MapReduce Hailu

matiaNTeg 1y Hadoop Y89 Apache

2.4 MapReduce

Y
Aav A

< ' { (& wa °
MapReduce 1 ud U §UANUUUTZUVYOI Hadoop 11u361 Ta1ian1d

= °

A Y o ° o U = I ad A a 4
e 1M A UM ININIUAINGIFY Hadoop Wumlsuasanmsmauuussuuneuimes
9 v o A o a o ) 7 = Y
puunszNedIMIuduTuMs AUt NN RFUUUAdMos NNV IA T Feaiayuns
WIUUU DY (Parallel) Tagligad1a (APD) 1DTI061UI0AINAZAINUATA WAL
a J a ¥ Y A A a P ' < A A
HOWNAATUNVL AT 1T VVAUAUNT BRI 1INV YavuIalre) Hadoop tiuszuung
Usgansaminanunsoud ludgmimsdauaunmangiudoyanlvualug 16 Taenisldau
] )
VUAN1IZIIARDUUDY Hadoop UIH0IN1910N51 520N ALUUNTZ 918909 Hadoop HUT
AuaulAnAImMuAsANAaNaIa tazasaauluganzmadenianui 1iveeia
Y A 1 3 ax A =\ a a A v ax
ANuamso I8 uazdeoiluismsnauazlilsz@nsnminnnilenSeunuasmsuuusu
¢ o v 3 v & o ) A
AU (Zhang J. et al, 2010) 52U Hadoop 411911 laanslumsdanumazmsdamsnudoyariie

19 Y9 A o o Y 1 ' a 9
"laflwm’e'maﬂmgmmunmmaqﬂmw"lﬂ Llﬁg’(,’ﬂiﬂii‘li]@ﬂTiclfﬂiJﬂ'ﬂiJ\ﬂﬂ@lﬂﬂ1iliﬂﬂ1ﬂ5\ﬂu

u

Y 1
a8 Hadoop dzuenuesndurudiu@n o wevi linarlumsyszutanariosad (Chang F.
and Huang H., 2007) Hadoop 1zttiapaniilu 2 @aulva) 9 Ao MapReduce Hludiuiidgiiaau

a d A v
TumsTmsizridoya Tanyuzms lvavesdeyananini 2.11 uazll Hadoop Distributed File

= v a3 o A v 9 " Yo A
System (HDFS) G]f\?ﬁ13J1iﬂ’ﬂﬂlﬂ'ﬂl,l,a$@’Iluuﬂ1§ﬂﬂﬂl@3sllaéllu1@clﬂﬂ]uul@@\3ﬂ1w1ﬂ 2.14



13

input map | shuffle | reduce > output
0067011990... ( 0, 006701299)..) (1950, o)
0043011900... 106, 0043012990.. 1953, 22
0013011990 |- | Enz: ooazm:ggo...g 51953: .n; e (1549, [111,78]) N (1949, 121) | 1949,112
0043012650 (318, 0043012650 (1083, 111) (1¢50, 10, 22, -11]) (1950, 22) L
0043012650... (424, 0043012650..) (1943, 78))

cat * | map.tb | sort | reduce.rb > output

NN 2.11 ﬂizua%gamm MapReduce (White. T, 2011)
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{ o - 2 £ g .
ﬂTWﬁ 2.12 MINNIUVBI MapReduce ﬁumqmaamﬂu%maﬂ 9 (White. T, 2011)
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2: get new job ID
—_ LA
M;&m:‘ 1:runjob . RTRCRRY | .4 submit job JobTracker i5: initialize job
<+
dient JVM Gremieve }
dient node input spits . jobtracker node
3:copy job 7: heartheat
resources (returns task)
v
Shared  *
FileSystem ¢ TasKTracker
(e.g., HDFS) 8: retrieve job
resources T
9:Iaun<h§
v
child JVM
Child
10: runé
h 4
MapTask
or
ReduceTask
tasktracker node

NN 2.13 MapReduce NAUUWNITNU JobTacker e TaskTracker (White. T, 2011)
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Yo ' o A
1389 Tnuasna o e 2.14

. Distributed 2: get block locations L
FileSystem (N NameNode
client

HDFS
e FSData namenode
: InputStream

dient JUM

client node

4: read

DataNode DataNode

DataNode

datanode datanode datanode

AW 2.14 TUaoUMID1U 118910 HDFS (White. T, 2011)
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Abstract

The Delaunay triangulation is well-known in the field of computational geometry, holography,
networking and fingerprint matching. In our case, a matching image from the image database

is proposed by using the Delaunay triangulation, which has the ability to perform

multidimensional in matching. To prevent problems on the complexity of the dimensions, we

proposed a method for the Delaunay triangulation matching with several medium dimensions

from all feature vectors. Then, apply to match all the image-s databases. In this paper, we use

the color histogram as a representation of multidimensional feature vectors to test the matching

in several environments and illustrate the main issues. The results in matching accuracy are

satisfactory.

Keywords: Delaunay triangulation, Image matching, Multidimensional, Image processing.

1. Introduction

The Delaunay triangulation approach has been interested in various areas of research, such

as computational geometry, network topology especially in images matching. The image

matching is mainly applied in biometrics whether face recognition, iris synthesis, hand

geometry detection, fingerprint detection, and signature recognition most of which as one-to-
one matching (1-2;. And also for a variety of advancement of digital image technological
evolutions, such as image retrieval [3].

The Delaunay triangulation brings dimension challenges and advantages, it is ideal to be

used in images matching. Since adding up feature vectors, which makes the result even more
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effective. While dimension increases, the several facets and rige in a convex hull gr raiI
for the identical number of vertices, including time and memory requirements.

This paper attempts to propose the construction the multiple of medium dimensional
Delaunay triangulation that extends to higher dimensions for the structure of image feature

vectors. For the present the ability of this method, we use the color histogram, which is well

known to extract color features of images for a representation of multidimensional feature

vectors.

2. Materials and methods
2.1 Delaunay triangulation
The Delaunay triangulation (DT) introduced by Boris Nikolaevich Delaunay in 1934, is

characterized by the empty circum disk property, it is no point in set P lies in the interior of

any triangle circumscribing disk. Each scattered points of the triangle are vertex and the
segment connecting the two vertices is an edge of a DT. Each triangle of the DT of a set of
vertices in multidimensional spaces corresponds to a facet. The circumcircle of each Delaunay

triangle does not contain any other vertex in the plane, which is a special characteristic for

constructing a DT. Incidentally, property maximizes the minimum angle. Among the triangular
the smallest angle in the DT is at least as large as the smallest angle in any other (4], as shown

in figure 1.
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Figure 1. Left is scattered points, the center is Delaunay triangulate and right is circumcircle.

The DT has a good simple structure, minimal data redundancy, and high storage efficiency.
These properties ensure that are stable and the accurate geometric relationship of the vertices
extracted could be constructed in triangles, even when the amount and position of vertex varies.

2
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2.2 Multidimensional Delaunay triangulation

The Qhull library is an extensively used high-dimensional convex hulls and Delaunay
implementation (5). These structures have applications in science, engineering, mathematics,
and statistics. It can approximate a convex hull and construct the DT by all vertices are within
roundoff error of a paraboloid and triangulated output should produce good results. The Qhull
library is used to construct for illustrating the dimensions and limit the ability of the DT.Firstly,
extract the color histogram of each channel of RGB image. Secondly, determine to each vertex
on the DT is the vector from the feature extraction. Thirdly, construct a DT by bringing the
feature vectors of all images in the database. The last step is matching (See also 2.4). The results

show that, when the number of dimensions increases, the factors, memory and time of the

execution are exponentially increased as shown in figure 2.

2500000 250
@“2000000 gzoo
%, 1500000 g 150
S 1000000 =~ 100
g 500000 g 50
0 0

3 6 9 12 3 6 9 12

Number of Dimensional Number of Dimensional

Figure 2. Comparison constructing multidimensional Delaunay triangulation (64 images).

In the dimension refers to the characteristics of DT. Each dimension represents the histogram
RGB color space extracted from images, such as DT 3-D. Each vertex is (R,G,B). It demonstrates
the effectiveness of high-dimensional DT construction. It brings to the method which we are

present.

2.3 Multi medium Delaunay triangulation

To reduce the limitation of multidimensional DT as described, we propose the multiple of

medium dimensional DT (MMDT) for image matching. The MMDT is constructed by dividing

3
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features (the values of the color histogram) into small group for the construction of medium

dimensions DT as shown in figure 3.

Tmages in Featur_e Construct

Figure 3. Multi medium Delaunay triangulation process.

2.4 Multi medium Delaunay triangulation matching algorithm

After generating MMDT, the matching process is a scoring and sorting the best matched as

described follow. The matching method is carried out by four steps.

The first step is finding the nearest vertex in all MMDT, it is a function that identifies the

nearest point on each DT to the feature vectors of aquery image. The result is the facet, nearest
neighbor vertices to a vertex. Repeat all of the DT constructed with query feature vector image
of each DT.

The second step is to compute each nearest MMDT Euclidean distance, the result

representing the distance of vertex (query image vector) and vertices of facet from step 1.
The third step is summary distance all vertices in step 2. And the last step, sorting distance

and show results, when it is nearest to zero, that image is the best matched.

3.Results

Experiments for performance evaluation of the proposed method are run on the Intel®
Corem i5@2.50GHz, RAM 8GB. The test images in the database are from the Corel Image

Gallery (6) consists of randomly selected 1,000 images from all categories. The sample images
are shown in figure 4. The test query images also are randomly selected 100 images from the

database.
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Figure 4. Typical images from the test database.

In our experiments, MMDT is constructed. Firstly the feature was extracted three 256-bin
color histogram from each image in the RGB color space. Secondly, MMDT were constructed
by the proposed method in section 2.3.So, MMDT is a three-dimensional DT as color histogram
are red, green and blue of 1000 images in a database according to the bin. For each test query

image was extracted feature by three color histogram matching by the proposed method in
section 2.4. The number of DT that tests are the bin of color histogram extracted.

To evaluate the overall performance of the proposed image matching, a number of

experiments were performed on various size of MMDT. The average results of memory and

time usage over 100 test query images matching is shown in figure 5.

600000 - 25.000 -
gsooono 1 = 20.000 |
24 400000 - § 15.000 |
& 300000 - 2
g 200000 - g 100007
2 100000 - B 5.000 -

0 L 0.000 L

AR5 v - - ”““Eﬁ%ﬁﬁ
— ] —
Number of DT Number of DT

Figure 5. The cost of the construct and matching execution.
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From above experiments, we have presented an image matchl MMDT of dlerent sizes.
In all experiments, the results are always accurate. But there are significantly difference in terms

of memory and time spent in the operation will vary depending on the number of MMDT used.

4. Discussion
We have presented such a way as to match the image. The results have shown that the time
to perform is satisfied, but the constructing still requires a lot of memory in higher dimensions.

Our proposed method can be applied to increase the number of dimensions.

5. Conclusions

In this paper, we proposed an image matching method that is called the MMDT. This method
has proposed the reduction of dimensions of the DT by multiple medium dimensions DT. The
experiments were conducted using a color histogram which is well-known to perform feature
extraction images to construct MMDT for matching. In all experiments, the results are shown
that our method can reduce memory and time and can construct higher dimensions. However,

significant differences in terms of memory and time spent in the operation will vary depending
on the number of MMDT used.
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