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ABSTRACT

This thesis proposes a content-based image retrieval system (CBIR) using HSV (Hue,
Saturation and Value) color histogram. To retrieve similar images to the query from the database,
color histogram of the query must be compared to those of images in the database. However, if
color histogram is uniformly quantized, one color may distribute to more than one color bin.
Therefore, using regular distance measurement, which performs bin-to-bin comparison and does
not consider relationship between neighbor colors, may not be efficient. In this paper, distance of
each color incorporated with neighbor colors are proposed to improve the retrieval performance
of the proposed CBIR system. The experimental results using the proposed CBIR system show

good retrieval performance over a variety of image collections,
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2.3.2 198D Sural HazAe [17]
9 ¥ .
AITuv04 Sural nazamz UM IIVUINEINUATULAT I (Segmentation) YBININ LAY

3%z uazalSoufoy Iiimudefveauuuiaesduyy HSV Wsufuuuuinead RGB

»
=)

oannuuuiiaosd@iuy HSV JAnuuana 199 1nuuu$1aedfiuy RGB 5N uuuinead
wuy HSV 1AuunA21a319 (Luminance) 00n91nd0yad (Chromaticity) taziilogioyaduu
unudeyadaounuudrnznuhiinaiimg (Hue) @190 9205000 UAUAIMIANAI
Al a ' A = o ) n' o & o a ) = n’:
TairudaninilenfSouiivuiumnueuiiuesd (Saturation) SniuuAagNnEaveIn NIy

o - ] = = - b = o v ¥ 4; LK
wihmsiensgnindvesinanioanuduiasvosinaadiudnyuziau destiuegium
" ¥ "
ANUBNAIveIdVeINAatYY Tudauveanisuaaun i Iaonissaunguinisani
AuanyazmiounuTay148ano35u K-Means Clustering
¥
Tunpu$rasediuuy HSV 1iu 1 H szgnilomdaoy 0 - 27 Tasilanuduiussuunud
| | .y ¥
uas Aovziiuduasiiyy o Wuddvafiyw 2713 Wuiiniuiig 4713 uaziluiuadansai
o ar ' A = - = = 3 o o
yu 2 dmuar s Aeanudnnieniuuignivesd uazgasaniuszesiaiinn
' ' 4 o £ 4 a o
uAUNA ABMsENI1e 0 Futlugagudnais Tleuda 1 Fuiuveuduuen ieanudui
= : ' @ o 1 A A. q' o
vosii$lnd o inaiidameussnaududmuniousu uadleunuduivesdsuly

Fov ywilu 1 anueariueziiudeTavesdniues uandsgili 2.2



' ' | o {5 @
g1 2.2 msnfasuulasvesd@nmusinmsnasumanududivesd

(a) (b) (c) (d)

31]% 2.3 MssunguussiinsamoutaveuivavenIn
(a) MMAURITY
(b) Mmsszanmadie HSV
(© mslszanmmdiy RGB Tasfuuanndaduiiv o

(d) Mmslsznamdie RGB Tavimuanniaduilu 1

(d)

U 2.4 msfunguitnivavesd

(a) AAuniiy
(b) Mmsszuaiaie HSV
() MMmsdszuuaidie RGB Tavsmuanniiaduily o

(@ mmsdszanuaidae RGB Tavsmuanniaduily 1

Tuglfi 2.3 uozuldi 2.4 dumsdsznaumiteutianguivosinealunm nvuidioy
MusEnImsdsznumddlsuuusiaosd HSV uazunuiaesd RGB

nnravomsszinuma g 2.4 ssiu1dh nsdszanamddouuinesiuuy
RGB 1y vz lienusashnmsdszinamanianuaiianng 18 savzsiu1den gﬂﬁ 2.4 (c)
uazglit 2.4 (@) Asouinng v himnsausnoenviniumdsveann’ld uagali 2.4 () F

¥
mﬂmnmﬁﬂszmmmﬁ’;mmuﬁmmﬁ HSV uu ﬁ'lll'liﬂﬁ']ﬂ'liﬂi3”1&“‘1‘1’31#&'“00“;
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Tuamdsuil1hmsutisdvesuuyitaosduuy HSV Taei3smsutiedaaisail fo
929U (Hue) gruniseamilu 17 929 Aosaduas $rathdies wazgraiiiiu Aoz 17 92ed
wi fu Taofmuaudazsaevesdinamnieuestae 7 san Seezl8aaeianun 51 ngu
wenuniidaiinmsutagen e (Value / Intensity / Brightness) ooniiiu 17 323 u
A 1Tinss eI B R wesd (Saturation) 1AfudauvesnuuIqnivesduas
anuduuas Taolufinadifidinaududivesdioondi 02 wededuiugndivaiuiy
anudars dalufinaiifannnnd 02 szsmsugannuuignivesd Audasiaet
msiegaad 13l 2.5 Taogulii 2.5 (a) uansIet s eEves luaniAsuil dowgl
1 2.5 (b) Metrmsuisgaedunnuuignivesd uasdrennudunasoonainiu Faiid
Wavua 68 929 utuugaad s1 930 uazgrefidumadin 17 429

MNINFTUT neieteveimsuend i Idnamatisiedveadsold dalugili

2.6 Tavgait 2.6 (a) iunwduntiy uazgili 2.6 () lunan 1dnnnsiisseddanan

(b)

31N 2.5 M151119929@v09 Sural AR
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(b)

U1 2.6 wain 18onms1msiissaedves Sural uazame

(a) DNAURITY
(b) nmAgMisdUAIBRUANYUT HSV

(©) MmignivdIuAILRUANYNZ RGB

luglii 27 uannlszininmmsduiunmaingideya 14,500 am TaunSouiioy
sen e Taunsuiuy RGB uazdaTaunsulmifl Sural uazamz Vuaue Taoiigalaunsy
Tnsifsims 19152 Tominn3uTad (Window) sail Hsvo Ae'lifisulad dauHsVs Aevsy
a3 Ta iy 5 uaz HSV10 Aedsuvnaiuladiu 10 uazwunmsdSvvunaiuiad

viouq vz maianhms lidu TaduaziduTatvina najinuly

—1i5V) =
0.8 1. 08 pp——
— 06 HSV10 T g 06 ~ HSV10
-:-_‘ - = \ — e [ GH
5 04 = £ 04
= 92 £ 02
0 T T L T T ] 0 T T T =T T 1
2 5 10 20 40 2 L 10 20 40
Nearest Neighbors Nearest Neighbors
(a) (b)

31 2.7 WSvuivulszansnmvesda Taunsy HSV uazdd launsuuuy RGB

(a) 3 voamsisondy  (b) nsvesn UL
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233 moanufalumatannadseminaue
{ Y - o ] { [ 1 >
mAsuiminaueiinann TanlszgndlddoAvesnuitoane flddnundade lUi
4 -4 - ~ Ll 1
910914 IYY0 Chen INONIAIMINTOUAUYDININAUAIAIBITNITAII9 WUTINS
° . N v - L a da 1 aa A v e Ve s A
fUINUAI  Euclidean Dlstancc‘l‘HN'c\ﬂﬁﬁuﬂuﬂ'IWWHH'mnﬂ'JTJﬁﬂ'ISEJu AIUUKIVY I

uMIAATIIZAIMANN15999 Buclidean Distance 111)52gnd 195 uani3sudduduunin
an'lyl

dwiumainafiez 1 lunsdnaienSouiounuuand 199090 1633 Euclidean
Distance 11 ifumsnfFouifiondlusaTaunsuuuydaed Taolifilsdennuduiuives

a 4 iy 1o o w o
foyaddhafosdlugalaunsy tlosnnmsithidmilsfinuduiusvesdoyaddafvsly

A

v
a o a a P ) 1
galaunsuiiiuildifanuiawnin1d lunsdindnaulvisfeduddvaiunsznveglu
r-% =y dd‘ ] -y d‘ L ; L] o -y -1
vawiuvesda launsu dnnsgneeyluiudug mariise ligminnfivisannSeuiondae
v '

ilvendaldmamsfuiunimlifiin dniudidedaflinnfanezliulydimsnouiou
- s o - J ] o
galaunsud Taoms Idanudidgdudoyaddraufvsdludalaunsuuindu g i

- - J
Uszantamlumsduduaunmasudie

a o o - | .0 =1 o = A2 a Py P

INIV0U09 Sural vu 1A NS 9T Taofriiedenn AMMVT NIV ANw
BUAWeId nazaNudes iy m3lFuuuiiassduuy BHSV lumsutsduninaise
udsdaunm lddanuaniims Muvusiaesduny RGB 1n uaztilssanininlunisicon

v
AU (Recall) tazAIMIIILG (Precision) AnTins 1Hiuirassduuy RGB Fuifuf3iusad
wwafisiannmsduaunmIao1d8nuae msuw9#d035v0e Sural Taoluuusiansd
v v
HSV 1l 1091091135090 Sural 1almsIimiinddedoelumsiSowiieuTasnsddy
= o o o ar =
vnavesiulad udlaona udadeyadvesnmeziidnuazmsnssnodnuung (Normal
i = = d . ™ i - 2 '.' v a @ 1

Distribution) H30UUVIMTIFUY (Gaussian Distribution) =1Nnﬁ‘lﬁumun'suiﬂ'ﬁ'wﬂﬂmu
mmammnUumwa‘lﬂwamsﬁuﬂumw'luﬂun muumwmnumﬂﬂﬂmﬂ;amﬂw

umumu Iﬂ')ﬁ”mﬂ'l?ﬂiu%‘lﬂﬁ'llmlllﬂ1ﬁl“lmu 'N'I"Il.;TH Nﬁﬂ'liﬁUﬂNﬂ'IWﬂﬂﬂ'J'llﬂuvlﬁ



UNN 3
v & A AA Y W av
ﬂ'nil?'wuﬁ1u1ulﬁﬂﬁﬂ!ﬂﬂ'3‘|lﬂﬂﬂn~ﬂu3‘i]ﬂ

[

) 3 o

¥ " 4 ' s 1 -4 Y
Tupnilvzaantennuiiugiuaieg ineadestuandse 18un anufiliesdudums

=t

Uszuranann nuuiiaesdnldluauidse msmaaTaunsud msnlSoumsuanuuanaia
o A e . - . o
YDIMN UAZATNTLIWAIMV UM TIFOU (Gaussian Distribution) Tuua luamlszuiana

AN 1Az IalsEANSMNYITZUUMSAUAUNIN

3.1 madszanawamw

nszuaumsdszanananmiugausn Guiunldaudmiumsinsannmdwaaiion
voennduns uazdounldinsaemymainnmansmulniiden Digital Image
Processing Hﬁw1nﬂgmm‘nNﬁ'mmsﬂizmanamwﬁﬁwmfua?aﬂq uagldiuodis
ahaunedmivanlunaog fu fedgumedumsdeas Insaunay madmay
domsmaTnaitm! medmmsiind medmnniln dumsunnd uazmsdundima
Innmans

A1 Digital Image Processing 3¢ivatumsminadoyanmiiogluzluvuvesdoyn
AImeAa (Digital Format) °'i'f'¢1mmsnﬁwﬁ‘lmh’fﬂgaf:ﬁ'mhumzmumi@hqq AauAtAna
AONIIADS 1A TSz UVYDIAIADA §uwmmsmmmmsznmzag"lugﬂuuuﬁ'ﬁmmﬁnfu

d@1m7UA1U Digital Image Analysis vztﬁmﬁuﬁmmﬁmuuazmsﬂm‘hﬂ’faganmﬁﬁmaa
FedunavoeszuvezihudoyanmaiasauaziemarzifuniesmuneilFunudeyanin
Asneamaniu lumsTinneinmilegnaisiidioiui 1dimnamshanvesanud
(Human Vision) Hufieamm 19§11 Computer Vision #aiiludnuaizivafy Digital Image
Analysis Wuies msuoaituveanpiiviniunszuaumsidudeu Fidnuazmaiinlas
w19 T lunszuums Digital Image Analysis 118% Computer Vision 9AU4 195 U0 UNY

udnvazdidunudnvusiivyydaansovouiulRidusaiiaa o axluadiosud 18
winuanvazdinlFlumsWannmsdufunmguiy éemmi’f‘fugmﬁwﬁnmﬁumm:

UsznevlUde nuuiiaesd dalaunsud uaziszinnveanmaiaea
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3.2 1UU1a03d (Color Model)
wuiiaesddeTnssaaiitmuasuitesaszuu@liiflusaioy Tavilanavenszoy
tﬁmhu’lﬁ’ﬂ"1uummzﬂmf]nmsxﬂﬁuuuﬂmﬁ‘lﬁéwi’fu uazqﬂfﬁwi'fmﬁmhﬂ‘lumsﬁmuﬁ
iy lmwmasgiu@oaniu émuvﬁmmﬁﬁ‘l%muﬂvqﬁu'lﬁ'a‘?nﬁumsﬁmm%’u
gunseinfeTusunsulszynaaag Taouuuinesdiiion1918ua uuusinead RGB Fuil
snudmiuiFlunuaamamaneidined ndeadwam fludu nudiaesd cMY uay
emyK fugduuuillusdiud uazuvuiioosd Bsv ifunuuiinosdficnsonsn
pantlsznoudeanvinainnuidune 14 naznuuiiaesduuy HSV d1lndiRvanumsiuiuas

= o P
wlannumunedveanuinnnga

3.2.1 HUUS12098 RGB
o = = ) o 9 L= |
HUL$1809711UL RGB (Red Green Blue) iumsesuioddisnsnauanan 3 aldun &
- | = o’ =Y [ " 1) [ ° Y a aa' .: o .’f S A 3
uae e uazthinduludasdiudieg tu MidAadudivanaeiiy aniudasonang
¥ ¥
Er- ey ° a o o
3 @119 (Primary  Colors) HUVT1009% 1958 UURAANT MY (Cartesian  Coordinate

o o J
System) lumsadrwuuaosdduanslugii 3.1

Blue
0,01 Cyan

Mage!
(1.0.1)

Black

514 3.1 nuuiraesd RGB uuRnAMIAIFoY

a:i Y o 1 ' o o Y :::
g 3.1 Admualdmddiiunisuesuealad (Normalize) #ariugnunan lugi sy
' £ ' ' - - - a ' ' o
MUIAAVIANTIINUIY gMYDaduAd FWed uazminiuszlinioglusie [0,1] Tashduas
:’ = Ve c'n’: o o 1 ay
Aidle) oz @induezagNyugNUIANTA 3 30 udUINY R G uaz B muaau dudidoni

131 (Cyan) §11291193 (Magenta) uazfmavsazogiyudn 3 yuiimao dmsuigasuiasiiy
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o 1 Ve i 1 o A ] y i ' 4
i daudvnezegnyuieglnaganingaduia Falunuusaesdiidunanszninyuh
dhuddwudapidudunsaihudumnaveadin (Gray Scale) Tagludumisiinanguu
4 ar L 1 = : = 1 o & 1 o U’
Fuanadimilveiidadivvemauas o wazmindumaiuaue ¥z laseavaua
anuduuaanniosiiga (@81 Seovuiudim uazanuduuganniiga @) dmivd
A o :;’A oo -i a oal o = ' d’ s
9 veanvuiaesiifofinaaieg Hegmolugmnani ldnnamsiuerdmartiumaniuly
o L dl. | o
dadmiuanaianulyl
0 ] v
Taoa ludanmiunudonuuiiaesd RGB 1 luudazszavdezgnunumalediny
YUIA 24 1A H30NFoNNANE 24 1A (24-bit Color Image) AV ZUNUMTNAL TVv) Az d
¥ ¥ L
WiRudar 8 Ua aniuszannialdumuivesnnidnmun %’ = 16,777,216 & nieilszinm

=) é a ' o i
16.7 & smswauiuveanidlugduuugniaiamnsondaslafegli 3.2

U 3.2 uuuiiaesd RGB 24 1in

91NN15390Y03 Gong ttazanz [3] Témuilgwininmsldunudinesfiuuy RGB 11
annsavsenanuvIneiiuieiswesd 18 uoznuiuuusnesduuy HSI (Hue, Saturation,
Intensity) 130 HSV (Hue, Saturation, Value) iifutinudinosdilnditostunisividveauyud
mamdriidtegnieue Iulasnmeiniuinesddug Willuuwusiaesduuy Bs1 wie
HSV nou d M5 uuuu1a03duyy HSV i";qnmiaaami‘lwmaq mad HazaINITniINe
fymidssununazanuaiiineisninaredalaunsud faii Gopal nazaue [4] ldnan
%41 doyanmlunvuirnesduuy Hsv  Sanuamusemsuwdvuaniizuas lunsdd
swnmluanuiideafuuddandadema i miuiugaaiaidei tuuiassduy
HSV
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3.2.2 uUU91a03d HSV

mssuidvoanyud uyudezeFureddemd (Hue) A1DWAIVOIT (Saturation) Az

a a -

A210919 (Value/Brightness/Intensity) [22]  Taofimd ilugudnvazfiofuodnuteis
\ A —_ ﬁ( 1 i =
Tuvmzianududesinsdszauauuignivesd dauanuaielfessanuduues

o _ o o

(Value) Mndnyazmisuidvonnuiuazdosiiavesuuiiansd RGB Asosuieluriade
U 2 o A A LA
Aeunthii s ldimsievennuiiaesd Hsv Faldusnanudunaoenaindoyaddalduna
fuazanududivesdeonviniu Taouuuiiaesd HsV  1dszuuiinansensaonnmaoy

. ¥ 3 =) & = "
(Hexacone Coordinate System) Tumsadranuuraesd ¥alavdndudrszuanaseglugings

nINNMasNAIZUN 3.3 uanauuuiiasadiiuy HSV

V (Value)

Cyan
Hue 0-360"

//
V= 0- 1 K€ Aneh B ) 2 Saturation
{Black) S (Saturation) Value 0=100 0-100
(M) (v)

31 3.3 uuuSmesduny HSV
(M) nuudaead HSV lussuunnansnsunnmaoy

(¥) A0019 T lHuu1a09d HSV

el

wuudiaesd HSV Usznovlidae 3 edisznen 18un H Aemuesdndn (Fuas Siden

= 1

¥ ] '
waziindu) Wuduuszuanay Taofeznldoumlasmuyuiinnal@siisoglusaa (o,

ﬁ' z Ll :’ L) 0’ =Y 1] o or d
360] ISUAUATIAY TMAD TV07 FWeNIUIU T1UIY FUIWA WNTZNINAVIINTUAD

r 1 o A U = q" r= |
dIM5VU S lﬂuﬂ'lﬂ'll.lﬂ"J'IllU'I'JSﬂ'll‘llﬂs'l‘i514'lll'Nﬂf\ﬂ‘]f\‘lﬂﬂﬂaﬁﬂ']ﬂ’l'mﬂiﬂﬂ‘ﬁﬂﬁﬁﬂ HIna Ny

L ]

oA

s1vessaltesruisanuMHiuimseedudredimineudiauin drsaien 1w adu
v o

-] | a a .: o _ o o @ 1 A
YoUVBINNAUNITMINdITIUTA YT gnFnYumua Ry dmSua v uie 1 Wuan
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4 ]
asvwan I uaavesd Tasdha ezt lndddr uaaimiiuinanlanszitludynn

= 1 9
INIIEUMANIVULTININ

o

v
71904 Hue Saturation 1182 Value @130 170 149052 00d RGB Aail

+_ (G-B) : R=max(R,G,B)
max(R,G, B)
Hue=i120+60*— 2R . G_nmx®G,.B) (3.1)
max(R,G,B)
240+ 60+ —R=G) ;  B=max(R,G,B)
max(R,G, B)

\

i o 3 i 4 a 1
Tunsdl Hue R ATATeun Iigud THuanmadaua 360

max(R,G, B) — min(R,G, B)
max(R,G, B)

Saturation = (3.2)

Vlue = max(R,G, B) (3.3)

3.2.3 uuudaesd HLS
HuUIa0IduUY HLS (Hue Lightness Saturation) WA 1Ay Teletromix Incorporated il

o o o 3 o ) ; T o @ 1
dnvaizadeiy HSV Asilfie Fueswudiassdvzuegivamesdlszneudsgili 3.4

Luminosity 0-100

Saturation
0-100

3U% 3.4 nuusaesduuy HLS

87091
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o \ ¥ s & » = 1A
MM aesd HLS sznouday Hue AoArveadindndaiidiniueyh o esm d

A

A - " et o . ' v A =
Woregih 120 8ar uazduasegh 240 0af @115 Lightness  ABAINIIWAINTIIZIM
wlasumlasmuuuanny L Taoh L=0 sziiluddr L=1 szidhudv snsadan lddsaums

o . A a q" ¥ r.:'
7 (3.4) Saturation ﬂammmq‘nﬁ‘umﬁmminm'lﬂinn'dumiﬂ (3.5)

max(R, G, B) - min(R, G, B)
2

Lightness = (3.4)

max(R,G, B) + main(R,G,B) . | __os

R,G, B)— main(R,G,B) ‘
Saturation = max( ) mam‘ ) (3.5)
max(R,G, B) — main(R,G,B)

2 — max(R,G, B) — main(R, G, B)

otherwise

3.2.4 nyudaesd CIE XYZ
I 4/ &\ . :
uuuiaesd CIE XyZ 1uszyuddagnimualay The Commission International de
, & = o " ° ~ w
L’Eclairage (CIE) 991938 muadaiondnas (X, Y, 2) uazuuuiiaosd CIE XYZ 83
° ad o o a & o A ¥
ansofmuadnuypdansoneauiiuldnad Fuilunasgui ldainnisnaasuieaie
AanFumsnsaiuvesd (Color Matching Function)
d. ~ o =i 4 - é
Tuz17 3.5 uaaslaeznsy CIE Chromaticity 1931 TanwugadwilninTosliudeudasd
A | ] A A 1 Vv s — L
nnq @neglugasadunaunsoveunula Tasauavnlsnguuvsuveudulaszunsy

= A - G ¥ - v ' o '
1’1ll_mﬂﬁﬂ'n1.|U']QﬂauﬂﬂQliﬁQﬂﬁ1u15ﬂ”ﬂ‘lﬂ"u1ﬂ Iﬂua’l!ﬂﬁﬂgf]qnuna']\iﬂl'rlﬁl'dﬂ'lﬂzﬂgﬂfi‘,

¥
a

Yoy nagiihiiuszegasayuandioves laezunsuy

51 3.5 laez1nsY CIE Chromaticity 1931
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q .
3.3 3alaunsud (Color Histogram)
] o oA = 3 as A a'q l-'i 1 = sl [ i
dwmsvdalaunsu@imidudsmaniantonld eudasnmlnnsanludnyuzves
FaTaunsw 1wy amiilunnsdudn (Gray-Scale) amnsowasliiudalaunsuvosd
- @ 9/ 1 ¥ 1 a Yy d 2 o = "
mnszaua1ee 14 Taoauaazunavesda Taunsuazuaas Mmud i IuveInnaa (Pixel)

> i 4
nanuaiiluddeatuninluginm uaasiiediedegii 3.6

Counts

Pixels

!Itlll || » Grey Level
s

255

b
~ e
Darker Lighter

510 3.6 Fa TaunsuszAudm

Swain U2 Ballard [5] na12'1391 FaTaunsuveanwlanmmiiadiuai lin/aouuas
aimenisnyu awsuuesiin/asnli wienumstanavesnin sufumsidalaunsy
un1Funugudnyus Tausmvesnm uazinsandannumiloususeniunmaing Juily
dafiensoi 1 FaTavndudanmuisnmesiidaaunsufinivousguilsgaTaunsy
wazudheziunmavaznmionisalaunsuiindiondeiunsomieuiuld 6]

molunmezdsznou 1A wdszavnieg uinue Tavdalaunsudsz1dlumsoiuu

[ = A o v xdl.
ANHUSNITINIZNYAUDININ mmmmmmm"lmnﬂﬁumm (3.6)
h(r,)=n, (3.6)
- o d'c o a & @ A
Tavh 7, Wuszdu@ndmua uaz 7, Wusnouvesiinealunmaslszaumilu r,

o ' L4 L4 a 4 @ 1 = [ ] o
msfnnumuesyea lagvesda launsuiodSuavesda Taunsuliogluaa [0, 119

v
o _y s e ‘i
18Taumsvns A(r, ) A28 mIURNIBaNIMUATINN 77 AIaumMsN (3.7)

h(r,)

p(r) = (3.7
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a a ' - A &
gaTaunsudaziinnunumudonsulasuyuuesveanin issninmsnaouyuueans
1 ° o a a i o " a A A
hildm IR i muinrasiwvesdiiansn/dounasnmin uddmivguisvesnwiiodl
] ! a o or 4
mswasuyuueadazlinvesmwiznlasunlasliing salaunsuduilenduildlunms
a ' = ! 4 4 o ' o a4 w
afvwnnningiluvesdindsingeglunn dsmvesdifuriuezegluszdvvedidoaniu
a ] 9 A' = o - 1 "y ] ot
salaunsudiioylfieeuiogudnyazvesniw mszdmngudmui msndndanglu
= Y A o 9 1 o . S A o o 1
amiinnuih leannileduinadendiey vldnguuesdidsing lunmidoud sy
' da 1 a a4 A a 4 ¥ v v 4 o aw o a
uanansznuniaodalaunsudsziifoudandoomniu ¥ ldnisduninimdanadl
UszdAnsnmia ld
a = ° ¥ o o - n’; A [Y
lumsmmaalaunsudawisai 1d Tasmsdudwauminmanimuanegluszauany
¥ b 4
Wanerariug iduaeunsaail
¢ o a ° a L A
1. ad 1901515 0veedd Taunsy musmauiiy (Bin) Ndoans
a i ¢ de =
2. INAYTAIDITITONINNAVOITA Taunsy
o o = - oo ¥4 a & P [ n’: S
3. dmFunne Aina o 10a x, y 109 Iuinmumaa Taunsuiszauanuduunaaiu #
a fi
azNiIm
daTaunsuddmiunwilduuuiinesd RGB wiliznoudivdalaunsy 3 GaTaunsude

[ d
= = = o= o n‘
aa launsuduad Wed uaziihidu Aweaslugilin 3.7

317 3.7 e Taunsuvosnmd

(M) nmalunyuiaesd RGB

v
(v) Fa Taunsuveeduas M7 uazdriudu



3.4 Usziamveannnanea

mwﬁ%‘ﬂaﬂﬁagjﬂmnnmuﬂssmﬂ 1% Binary Images, Intensity Images, Indexed Images

¥ ]
1A% RGB Images Taommuaazlszinminesgiimanudunasvesnmiuanaiaiu

3.4.1 Intensity Image %30 Monochrome Image EL) Gray Image

W Intensity ¥30 1MW Gray unminaastamanudunas o udazduniaves
- 4 o o =S 4 v ::
Anaanelunin Fanmeziidnyazily Inudin (Gray scale) Tasmanuduuasiicnnse

J L") L] - d‘ ' 4
uana 14 (Gray Levels) vzvuagiuinuianldununmluudozamlden L =2 e L fie

o

o

TAY

v ]
m 1@ anua 256 szau uazamiiu 11'14fe [0-255]

sTAUTM 1A k ApATIIULAN 1 FUNUAIN 1FUAIN Gray scale YUIA 8 TATINTOUAAIA
=
G

rZool  0.2157 0.2828
775342 0.2251 0.2563 0.2826
0.5342 0.1789 0.1307 0.1789
4308 0.2483 0.2624 0.3344

3344 0.2624 0.3344

0.3822
0.2828
0.2051
0.3344
0.3344

U.4q
0.4381 0.4
0.3256 0.2483
0.2624 0.254

g‘ﬂﬁ 3.8 ADU1MN Intensity Image 110% m Gray scale VOUIADLNAIYD
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d 3
3.4.2 Binary Image 150 Black and White Image
¥ v ; & i
UARZANIFAVOININ Binary 11U annsouaasmnuana1anula 2 A1 fe 0 (@d1) uaz 1 (@

¥ ]
¥12) IR LN 3.9

fafaieiniadsislaja]:
141 ljl
T st s " 1
IEENERE ofo]o
_ Ml L1 g o_ 0
r‘—.- IESSEN 0 | 0 0 -
- RENEY o | 0 nnl
B L e
1| AEnEnE!
P P B ’L'. . ,
L b fafatafefe 11
e ot et o

51N 3.9 2006197 Binary ag M luuAaZNNITAYEIN W Binary

3.4.3 Indexed Image
[ a o J A 1 c:dy @ o a o 6‘;’
LAAS WAL AUDIN TN Indexed 3€INUA Index Number mauﬂumwﬂﬂmﬁiumﬂm AIUU

tdeamsvznsudlunaazinga szdeeldgmalun1sed@n index assnum lunnads

h.

31U 3.10

M 17 21 21 53

31 3 18

31 N

317 3.10 A206197 10 Indexed L0z MyBANARZ AN
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3.4.4 RGB Image 130 Color Image
- 1 o 9 1 1 -~ 1 = oS A
AN RGB 130 7 Color HAazNNazlsenoudload 3 A1 Ao MYDITLAY A

b H
uag ey Aagui 3.11

4 .5176 0 1622
0.5176 0.1294
0.5176 0.1608 0.0627
6490 0.2235 0.5490 Red 0.7412
$80 0.23882 0.5176 0.5804 0.5804 0.7765 0.7765[196
Q 0.2588 0.2902 0.2588 0.2235
,2285 0.1608 0.2588 0.2588
Qg 0.2588

UM 3.11 MoLanIn RGB uaz mluuaazneyavesnIm RGB

3.5 mstfSeumounNauuAnmIveInn

3.5.1 Amnnsmiiew uaz mandlimiien (18]
AANuINOY (Similarity) 18z AR TMiIeY (Dissimilarity) @Az 3.12 inm
E

ANIDYNINVA 4 NN wituhnm () tnilouiu am ) Tasnm (n), (v) uaz () 1 Tunm

Ao ' w - J Mo dd® ol o O '
Anntivamg fu i (), (1) 1eg @) Wunmanhildfead dniusznuhvna uag

[ & A o 1 e " v n’: I
Aihudnuaznian 14 lumsianinnumileu (Similarity) voann'ld uadinnumilewiuia
v ]

180 TasaanumilewiuiulSinanasioudadids (Strength) vosnnuduiussznig
3nq (Object) 2 Tnq nToAUANYUEL (Feature) 2 Adnvay Midmualdainnumilouves
r . o L, A e 0 -] ad ) k- MJ LK)
Jaqi dudags Ae S, ezawnsolamanumioudanisane lavanvawisuuegiu

doyniiiiey
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(M () (M) ()

51 3.12 Wred1an A

9 o 1 ' 5 0,: Y A w1 i | S i . 4
TIHIUAINNULANATS (Distance) uusl‘mwmﬂmﬂ'nu'lnmuau (Dissimilarity) 63A1A7214
Tumileuszilumsiannuuanaanusennaesdsinsszmilouny (Discrepancy) 1Ay

o/ o/

] ¥ ¥ ]
Wogadnyuzyesiiaiu uenvniimar himiloudiunsoldmodaanuialndszning

o]

a 1 ]

3
agaesiag nienmasininlddndis dmivitTamnumleunazainnudiaiull

oJe

e

o

an & 1 aad a o ' ad w 9 iy ' = .
AWAUNDIVIT BILADLITNISUANHUZINWIEVDIUAASID Tur290H920219049 Euclidean

v
Distance INTUU

3.52 MIMIAIANUUANAIS VY Euclidean Distance
Fuclidean Distance 1u35nmsmmnnuuanaiahition1¥iunin 1ay Euclidean Distance
Humafinsansnvowaaidaessenhainauesiagaesiag awnsa@ouiluauns

lddsaunisn (3.8)

dy = (xfk _xﬂr)z (3.8)

lagn 4, ADA1 Euclidean Distance 5211307 i g iag j

o

- 2 <
x, DI Tauh WX, X Xigs -- - Xy

M oW T ;.-i
x;, f09Af) ﬂtmxj=(x. x5 xjs,...,xj")

1T

3.6 ﬂ‘l‘iﬂiz%‘lﬂﬁﬁlluvlﬂ'l&!‘%‘ﬂu

AUNITVBINITNTLINOA MV VNI FIFOU (Gaussian Distribution) [19] H3i5undnos1ai
MINTLWAMVVLNA (Normal Distribution) zi'lumiﬂwmuﬁﬁnﬂaﬁmaﬁNﬂﬁ'wszaY@ﬂ%
naziiAundoegasanans Fammnsodnom lddaaunsi 3.9 uae luaunsii 3.10 dums

AUIUFINITY 2 UA
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x2

f(x)=e 2 (3.9)

xP+y?

f(x,y)=e 2 (3.10)

4 " oA .. ' o q Ys
Tavii o AoANDoanUMIATIIM (Standard Deviation) NsdifilA1 o w1n9 sz lv lAsvons v
fluuianha uazdiilar o desnsmezlidnyauzunuas naaaladagyin 3.13 mInszawid

upumddounanaslu 1 36 uazgU 3.14 uaaalu 2 64

() )

4 W o aa
UM 3.13 msnszneduuumdiBsunanlu 1 63

(M iile o IMn (@) e o anley

1 ) d _aa
51N 3.14 msnszneduuumddeuuaaly 2 Ia
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3.7 Tusualualszananammn

Bob Bailey [26] na1luamiszinananmiiasiflumsfinnsanTumud (Moment)
S3usnae 19mssnamaed uazdniiniliie 19andunsdadule (Arbitrary Functions)
U fx) M50 fix.y) Taosa wavea Tumud amnseeueidunnmileds Saluiadeiiee

1 = Y o N a o't a aa a ¥
naneamsnesan Iuwua luasawufonnsan luwua luFatauazisamsyszanaum

3.7.1 finsenlunmaluBaadn
o o @ o o' a an ¢ o o w A '
Adinanwves “Tuwua” e msmamast luFadaveslanfuaveniasiuivuou
o 1 § 4 1 a & { Coll o 1
voadaulsgy Tumudnugungafonimas Fuilumii ldninmsmamsaimvesdulsqu

£
ISTTRGR AR

p=EX)= [xf(x)dx (3.11)

-0

&4 ) Ao HedFuarumuuiuvesnainzify (Probability Density Function) voadus
dudeiiios X Taovaluds Tumudvesdrdup = o, 1, 2, ... aunserwnaldvnaumsi
(3.12)

m, = E[X’] (3.12)

o A = s 4 [V - | o A A 9
TunuAReLiaTendNod1ania21  Raw  moment uazdall Tuualugluundungnly
d v u’: P c’: L4 &
sz Tomingiioonsa nazwitaluiiuae TumuAyaguUana1a (Central Moments) ¥a111491n

aunN1T (3.13)

#y = EL(X= 1)) (3.13)

be

=

o o Ay o o - o w Aad . A a o
Tumuagaguinannsniuannigane TUAMAIT0INTi¥e Variance Faliaumsaail

o= [x-w F(dx = my—pr) (3.14)

¥
or

a A = = aa A 3 v & 1 0w °
i.llﬂ‘iBiﬂﬂﬁﬂﬂﬂlﬁlﬁﬁﬂﬁﬂﬂﬁﬂ\‘mll'ﬂﬂﬂ ﬂ']"llll‘lJllﬂzﬂ'ﬂ”iﬂﬂ‘lﬂﬂ'I'[ﬁﬁnﬂﬂ'!ﬂ'lﬁﬂff'lllllﬂ$ﬂ1ﬁ~1ﬁ
o o
V93 TULUAAFUINAIS
Y ¢ o , ' o ¢
i)’Eﬂﬂ'ﬂﬂI'U11i)ﬂqﬂ‘b"l«lﬂ"J'llJH'N'IlL'IJN‘UBQFI’J'IHH'W:I.{]NNH Tnxnummminw1u

v
pon liiiluaesdiansoninniniuldlasds dretavu
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My = ELX7Y)= [ [ 37 f(x,y) dxdy (3.15)
4 flx,y) o yasmveailanduanumninvesaminii

3.7.2 NosanTumualugamsyszanan (Estimation)

1 o a1 1 U U [ o e °
pon15nmu Tuwuadisaemsdszanumonngueeantsia x, uuadIAua p Mins

dszaldnnaums

i=1 (3.16)

a0 n’: “a o o A o o o w o y
(U1pBATIN A1 1IN 92NARDDNINANIN) Haz TumuAaguinaaIaui p Usznald

INTUNT

M, =—]:[—Z(x,—f)” (3.17)

& _ A - 0 ' ]
¥ ¥ = m, AeAundoveamiia Fuiumsinnumimaouuysisum
Tunudyaguénanaduiiaealia Variance vosngudoyamugns s* = u, dmsy
o = U fo o o & o w o 9 'd
Tumudniinatefienise dluwudddoinidwazdduiasssslsznaldnnnnmes

¥
4 =]

U, 4 = o Y, i 1 o w o an
ANRAY (Mean vector) HAZINNIT N IA2UT VU (Covariance matrix) AR 19UV IUIUATOITA

b

o [ S ' Yo a ' ' P
¥anmualay prq dmiulumuaniinimnni 0 sz 1ad1avves Tumuds v

(Y 1 1 4 u’: o d ¥ | o o Y
ADUFU my,, m,, 102 my, Ny TumuaTilimyesdwus i 2

3.7.3 mynNun tazamlag

U39as 271 18nandanisdannuti(Skewness) tagmsianu 1ae aaea Tumud 1391
Taova Weznudoyaitfimsusnussnnudifudu TRaguszatanhdnnnn fanemadonds
duIRandorndudulRssiaaumnas wiehimunasdld @uldsnfviaaumaniy
minedla duTRefidmdhonnzdmvnnninaveadu Isiisnuazmiousunnlszms
wazinananaveadulds Ao unas (Mean) A5 (Median) A2 1MTT03 (Mode) Hatie

phfunsenuiuain uaddeyaniianvauziduThsria hisunasieeidnuaznil)dala

1Y) A r Py ar = =1 s 1 [ [ d”
1ani AR WBUFIM uazFIUHoNAEIMANAY uaasRgaail
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Y scale

X scale

Mean=Median=Mode

51 3.15 duTRaln@Ansdindeyaiinsuanueeriauasg i

() AUIAT (@) iy i (M) Widw

31U 3.16 m3danu

3.7.3.1 M3IAANNT (Measure of Skewness)

ar o - or J ot
m3¥anun Aemstardu IfsnAahlianymzaninas g wionlvar ¥ai35ms

“E
=,

1. M3InANlaeIEves Karl Pearson
TAugMANVLANAIITZHIII Mean-Mode fail
1 Mean-Mode =0 foyaiimsusnussiiennng

Mean — Mode < 0 Soyaiimsusnuasiiitldne

Mean - Mode >0 Yoyaiimsusnuasfiniya
lunsdifidosmsulSouiouanudsenhedoyanain gasedosatradulszans
wosnmut] (Coefficient of Skewness) 1 duszAnsvesnuialdnndasdausznia
amuandveai¥diuauadia (Aunde) fugniouazdudoaumasgu 1¥doyanual
a; ﬁqmﬁaﬁy

1.1) Pearson’s first coefficient of skewness

W =) n’ _— d et 1]
dudszanianul (a,) = r_n_ga%g_g (lifivvian) (3.18)
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1.2) gl liihnaiuly eezuasgas 18Tau14qas Pearson’s second coefficient

9
of skewness ﬁd‘ﬁ

dulszansanun (a,) = 3(mea;;m°de) (lifimine) (3.19)

¥ V Y a A yd Y o a & e o Yy A
fnfn5lﬁlﬂll“qﬂBQﬂﬂuﬁﬂ'ﬂﬂﬂ'nul'UlﬂﬂuﬂU ﬁ”ﬂ'i3ﬂ“ﬁ1lﬂ\1ﬂ')1“lﬂ“ﬂ1qu'lﬂﬂzu

1 " ' > oo ' v Ao -] 1 " A
aogluras 21 hdeyaruiidnvuzaoudhad mndwnaldnelndifivs £1 uddan

¥
LY 1 a

Annaldnnnd 1 niedoundt -1 nanshdeyaiuthnndalnd

2. m3daanulagi5ues Bowley
ad a " d ar ' 4
Tar3snnsanaisegu nazade Ina dagilae il

1
I

-1 — ——

I
1
I
!

be [ i

01 Med. Q3

t

' 1

| ]

SN
Q1 Med.(Q>
) (M)

Ui 3.17 m3nanusanudves Bowley

o ' a o P v ]
vu 19 Simsusnusanudegludnuazaunas e Q1 uag Q3 vl
JTUTHNVINANIBYF NI AU
1.1431]11 3:17 (M) Q3 — median = mediam — Q1
(v) Q3 —median < mediam — Q1

(M) Q3 — median > mediam — Q1
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gasdulszd@nsaanuives Bowley Asil

_ (Q; — median) — (median— Q)

- (3.20)
. 0,-0,

a d
3. MIIAANIAEIB13NUA (Moment)
t 4 ] ] i i
msdannuidwisiiduisnanga msz1dldyndwesdeya Jeldauniveun

b4
= o

=, A' ar = ﬁ‘, 9) asd o
Aouq gasdulszanianunl Tae s lumud dal

(3.21)

. 3
) Zf(x mean)

2.

(3.22)

= [ (d‘ @ A a
3un m, N Tumuai 3 seuiadivavadin
mMsnsananyazvoudu Iae nindulszansanuniiael
a o
tdwlszantanud =0 w1diduTfgilszaianuauning (Symmetrical bell shape)
o o -
dulszansnnud > o Whaduldsn@den nienduan

_ Q( -y
Sdulszansanmd <o whuduldnndnide nseutay

3.7.3.2 MIIANNIAY (Measure of Kurtosis)

duTAsiiundnduTAanA (Normal curve) wonainithudu Reiifizszaiantiia
avas lituds fedeathuduldsitinulawmudmdaveuiudndle §uldeiTasia
nnd szidhudu TRei linlnAnady whedigsedandiamnnasiam

1) dulAsitinnuTauihulnd Bond dulRewiia Meso Kurtic sxiimdulszdng
¥oanW Iaeszam 3

2) duTAsiuuuswnhng Sondh 1du1Rswiia Platy Kurtic wilmdnlszanives
anulaaiosndn 3

H 1 1 =y ' ) 1 o - n“
3) 1duTAeN Taen11nd Sonan 1duTRewiia Lepto Kurtic sz iimduilsea@nivosnnu

Taunn 3
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/\

Meso Kurtic Platy Kurtic

—

: Lepto Kurtic
U1 3.18 m3danu A

o

W oA P Y 1A v 1Y - Ao a JA
msdannulas Ao Mdadu Iaeniiany lasunismiesla J3N5A91 Ao

1. m3Tanulaslae s Quartile 1az Percentile

Sutlseansnolay = k-—2
P90 vy I,IO
A 1
e Q=E(Qs"Ql)
vqﬁlu K LF l (Q} = Ql) (323)
2 (P = Fy)

NINDITUINN A
& k=0263 1du TR unuy Meso Kurtic
K > 0.263 tdu T uiyy Lepto Kurtic
K < 0.263 1# 1At uuy Platy Kurtic

2. ﬂ]i%ﬂﬂ?]ﬂiﬂlﬂﬂﬂ Moment Dimensionless
o a ) o ] P
msmduilszansvesnnulanhldTaverdo Tuwud uazdnudoavumasgv Tae

lddadnyel o, inudulsza@nvesnnuiag



FulszAnduosnniae (o) = — ;
(S.D)

=4

P - =M
! N

¥
Taod5i  dudulfalatinnnlauthuln@ez 1 «, vy 3

dudulfalainolaannniniades 1da «, unni 3

dudulfalatinnulasiosninndee1dm o, voondn 3

3.7.4 Yszlovviveamannenlusiua

P 3 of i g ' a - a0 v qy
VINNANENNINUA 2N TNUAA1 souRuRdulYse Towineg Al

2
Tuuan 1 1dasdevanuaumnasvesdeya

Twiuad 2 19iansnszawvesdoya

o a
Tunmad 3 1§3annunivesdoya

o [ )
Tuuan 4 19¥3anTawesdoya

o a s Y A
3.8 m‘i‘JGI‘IJiz&"l‘lﬁﬂ‘m‘llﬂﬁzﬂ‘l.lﬂuﬂuﬂTﬂ

’m=wa—ﬂ=0

N

_ =2
P oc il

N
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(3.24)

Y - oa - - o d’ o adw 1 9/
ﬂ15’Jﬂ‘ﬂi3’CTWEﬂTW‘IJ?)\'I‘i3‘1]'1Jﬂ1iﬁ’uﬂuﬂ'lﬂ1u0'lu'iﬂtm\lﬁ.‘u'l’]ﬁ’.lﬁﬂ1 ANMRR [20] 1y

& Y-\ 4 Y H o ! 1 4 r ) Qdd’
#995n3thiu35n MPEG-7 18Wmniiu udiiloaninnisdasea@ninmaledsiidumss

o = A LI ] 1o o ' = a 9/
©Imsianmsisonfuuazanumiud 3 lusuder vl lawise s vl Idunaveanis

Aun'1d 3iueitnisdadseansamlasl¥nsSonAuuaznuusus (Recall  and

P A L} - s ﬂl J o
Precision) [21] i 1#iwerrolunmsdinszinavesmsdumIdidi e 1ddanudaiiy lunsia

a = u’: ad a 4 o
YszdnBnnna 2 5ezi5unnmsiongavean mdailsznoudiun mA10 (Query Image)
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" H £ ' 4 @ o o
HOENGUNIWAQNADI (Ground Truth Images) Famunudanguueanwiadoiuiunmanm

S Wy y 4 A ) v oA oI Yo @
'N'N"Jﬁ'.l\‘lﬂ'u'l WiﬂTTlﬁﬂﬂ‘ljﬂ'ﬂaﬁﬂTWllﬂﬁzﬂQHU‘ﬂgﬂ'l ﬂUfj'NU

381 anmasveamiliuljsimmisvesmsduaulvegluyiani (ANMRR)
inTesialszainsnmuaimsduauninie Aundoveanisdimlgsdumiaveamsiuiu
slﬁ’ﬂmu‘lh\iﬂﬂa (Average Normalized Modified Retrieval Rank: ANMRR) TavAnioonn
=S A ey =1 d'el 1 o a a 9 nddy Y o ad
winudailiguani@lunisdufuiand msdadszdninmanisiezldmmimuannis

SAHaYDY MPEG-7 Saaumshi (3.25)
|4| = min (4*NG(g) 2*GTM) (3.25)

Taudmuald

|4 fo eI mHAINT |4 AL ARSI
GIM f® $12UV8 Ground Truth Image ﬁmﬂﬁqmawﬂmwﬁmmmﬂam

q A9 NNAIM ¢

NG(g) 0 373103 Ground Truth Image Y9N0 ¢

k 10 Ground Truth Image mwﬁ k

Rank(t) 0 #1M19904 Ground Truth Image MWl k fignAudueglugas |4 amusn

=

d94 Ground Truth Image 711M0gluae |4 miwusnvesnmisaufuIzAanm
fumdaily (|4]+1)

- [] [3 : 4:{
0 fio mveIMMMIUNIuanlinaaes

314 3.19 fedemsalsz@nnmdau3t ANMRR

{ ot 1 (-] 1 o ar 1 _ 4 A
1103109 3.19 uanaiiodmsimuam Iddudndiaeg Tavauydliglamasuudas

slumunmwadnsvnmsauduTaoSsuiluddueindrelilvn glamdondiduie Ground
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Truth Image Faudunmindefusunmiinm g Falusetniiiisnau s nm fude NG(g)
=guazswzld k£ =1,2,3,4,5,6,7 uag 8 MUMAY
uazauyAlEe |4 amusnitvziinisande |4] = 9 sxildis1dfumisves Ground
Truth Tmage W30 Rank(®) =1, 2,4, 5,6, 8,10 uaz 10 mMudwy Taseziiundumisves
Ground Truth Image 2 NMEAMUIAUINT | 4] afamdwmianiy |4]+1
VN9 aitldna g iy sremnsams ANMRR 18 Tavdunouusn

1 C; o 1 o e o 4 ] e §
MINURAVVOINUNUI AVR(g) TMIUMNMDN ¢ Faausaina ldasaumsi (3.26)

NG(g)
AVR(q)= >, ——=2 gt (3.26)
m  NG(q)
nnhiimssulyatdnnamauminesmstui ddmmsi (¢.27)
MRR(q) = AVR(g)~0.5— ﬁ%@ (327)

v ¥ 1
Aumisvesmsauaui 1805 uilgaudaiitieeiian MRR i 0 diomsduduannsom1d
voad 4 & e
819ABYN UUAD Ground Truth Tmage NavuAag U uIMUVUgAYBIMIAUAY
¥ [
vimiuhinsdsudpemdumidsvesnisduauldeglugialnd (Normalized) Aserunsi

(3.28)

MRR(q)
|4|+0.5-0.5* NG(q)

NMRR(q) = (3.28)

lyl d o | § o 3 ar
uazduganioniensAuauauRfoyes NMRR  voanmmnuianun @ 1IN @

quMIn (3.29)

ANMRR = 0 Z NMRR(q) (3.29)

q_

A v yﬂ aﬁ'{ ar a A - =] 1 P ar o '
ﬂﬂﬂ'l?ﬂ‘!ﬂ umsm'mﬂixﬁmmwvmmsﬁ’uﬂumvma ﬂ'llﬂﬁU‘lli)\iﬂ'l'illi'ﬂﬂi\'lﬂ'm‘ﬂuﬁ

¥y A Y 1 ' a
yoanmsauau ey lurng
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3.8.2 MIISENAUIAZAINNIUEN (Recall and Precision)
o o oa Y A A ad ¢§ :ia YA [ 1 =1 P ] o
msialszansvesszuuduaudnisnilanionldfe msiammsGunaunazanuniug
(Recall and Precision) M3i3unfAu ABSATIAINYBINITAUNLIBNAITNYNADINNT NI
' 3 '
inmIsTignAnsianua tnzanumiuiResas dmIMsAuNUINMINIgNADININT NI
¥ 1 E "
nasnanuanimsduiu saiuaansadonliegluglaums 1ddsaumsn (3.30) uay
(3.31) wazannsauanalugluunvosmunwladagii 3.20- 3.22
[Rd
Recall =— (3.30)

IR

Precision="— (3.31)
|4
wamnuald

A foavotHaawin 1a91nn15AUAY (Answer Set)

- ] :: v M v w do o,: 3

R ADIgAY0INQUNINNYNADI ﬂiﬂﬁﬂﬂﬂﬁﬂﬂﬂ@ﬂﬂﬂlﬂi‘mﬂauﬁ (Relevant Documents)
A o & da o o d - a

|A| Aosaunnluen 4 FINADIIHIUVDINNHAONT |A| MNUTANNITU

IR fedwounmluan R

A o Aa ¢/ d w ’ '
|Ra| ADIIUIUNMNNDUADIIFNFY (Intersection) TEUNBA R uazish 4

Ground truth images
in Answer set

|Ral

51l 3.20 uwunMMsAUAUBNS
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e
e
Eeind
s
e

Ry
—
=

A o - o y o A vy
X Ao TI']N’.I‘LIlﬂﬂﬂ"ﬁ'ﬂﬂii‘lﬂ'].lﬂ'ﬂllﬁf]dﬂ'ﬁﬂﬁ'uﬂu'lﬂ

A o U -
Y Ao Swamenmsi hignAufu

X
X+Y

RECALL = x100%

U 3.21 uwunINURIMTITUNAY

=P

Ry
v
\J

A o = @ 9 — 2 9
X no 'B'Iu'.lulfJﬂ’d'ﬁﬂ‘i‘l‘iw‘lﬂUﬂ']'lUﬁB\‘lﬂ’liﬂf?l‘uﬂ‘l.l‘lﬂ

A o AR 1 o v A - v
Z N mu’mmﬂmsn'lummummmmmmﬁ'uau‘la

PRECISION = x100%

+2Z

JUN 3.22 uHuNMYBIANUINUE

221U Recall #98A51091¥098 149U Ground Truth Images fiogluiynvesnadnine
97U9U Ground Truth Images Wiann @1 Precision ABBAT1EIUVDIS I Ground Truth
Images ﬁag"luwmmwaﬁ’wfﬁai’hmumwwnﬁ’w{fmm

Fr0619i 1 masmamnsGoniuazanuniué Taohnsduiunn Query g uaz

a v dao o e
auydliin R, Uszneudimenmsinuidemeduiusiu g Asil
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Image Retrieval using Color Histogram in HSV Color Space
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Abstract

This paper presents a content-based image retrieval (CBIR)
system using HSV (Hue, Saturation and Value) color histogram. To
retrieve similar images to the query from the database, color histogram
of the query must be compared to those of images in the database.
However, if color histogram is uniformly quantized, one color may
distribute to more than one color bin. Therefore, using regular distance
measurement, which performs bin-to-bin comparison and does not
consider relationship between neighbor colors, may not be efficient. In
this paper, distance of each color incorporated with neighbor colors are
proposed to improve the retrieval performance of the proposed CBIR
system. The experimental results using the proposed CBIR system show

good retrieval performance over a variety of image collections.
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Abstract — This paper presents a content-based image
retrieval (CBIR) system using HSV (Hue, Saturation and Value)
color histogram. To retrieve similar images to the query image
from the database, the color histogram of the query must be
compared to those of images in the database. However, if color
histogram is uniformly quantized, one color may distribute to
more than one color bin. Therefore, using regular distance
measurement, which performs bin-to-bin comparison and does
not consider any relationship between neighbor colors, may not
be efficient. In this paper, the distance of each color incorporated
with neighbor colors are proposed to improve the retrieval
performance of the proposed CBIR system. The experimental
results using the proposed CBIR system show good retrieval
performance over a variety of image collections.

I. INTRODUCTION

Nowadays, a great number of pictorial information
distributed over the internet has increased rapidly. This causes
users difficulty in retrieving images from such a large
database. Commonly, the CBIR (Content Based Image
Retrieval) system, which utilizes the content of images such as
color, shape, texture, or any other information derived from
the image itself, is implemented. Color information is usually
widely used as a representation of an image since it is strongly
related to the underlying objects and robust to background
complications, scaling, orientation, perspective, and size of an
image.

Nevertheless, the techniques used to filter the important
color characteristic of an image such as histogram generation
are significant since it is the key to identify whether the
retrieval results are matched to the query correctly or not. The
regular histogram generation method is to compute the color
distribution. However, if color histogram is uniformly
quantized, one color may distribute to more than one color bin.
Therefore, using regular distance measurement, which
performs bin-to-bin comparison and does not consider any
relationship between neighbor colors, may not be efficient. As
a result, among the retrieved images, only few images are
similar to the query image. On the other hand, if the
relationship between neighbor colors is considered, the
retrieval results could be improved. Therefore, this paper
presents an alternative distance measure, which computes the
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distance of color incorporated with neighbor colors to improve
the retrieval performance of the proposed CBIR system.

II. THE PROPOSED IMAGE RETRIEVAL SYSTEM
USING THE HSV COLOR SPACE

A. HISTOGRAM GENERATION

In this paper, the HSV color space is chosen for histogram
generation. The HSV color components consists of Hue,
Saturation and Value (sometime called Intensity or
Brightness) [1]. The HSV color model is shown in figure1.
Hue is defined as an angle of colors in the range [0,2 7]
relative to the red axis at angle 0, green at 2 77 /3, blue at 4 77 /3
and back to red at 2 7. Saturation is the depth or purity of the
color and is measured as a radial distance from the central axis
with value between 0 at the center to 1 at the outer surface. For
S=0, as one moves higher along the intensity axis, one goes
from black to white through various shades of gray. On the
other hand, for a given intensity and hue, if the saturation is
changed from 0 to 1, the perceived color changes from a shade
of gray to the most pure form of the color represented by its
hue.

The histogram generation is to uniformly quantize the color
space into two sets of total 68 histogram bins: 51 color
histogram bins and 17 grayscale histogram bins [2]. A
representation of the generated HSV histogram is shown in -
figure 2. The number of components in the feature vector
generated based on Hue is given by:

N, =[22MULT _ FCTR]+1 (1)
Here MULT_FCTR determines the quantization level for the
Hues. We typically choose a value of 8. The number of
components representing gray values is:

W N

Here Ipax is the maximum value of the Intensity, usually 255,
and DIV_FCTR determines the number of quantized gray
levels.

I

DIV_FCIR @
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Figurer 1. HSV color model
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Figure 2. Representation of colors in the histogram

B. THE PROPOSED IMAGE RETRIEVAL SYSTEM

The proposed image retrieval system is presented in figure
3. To retrieve the similar images compared to the query image
from the database, first, a 68-bins color histogram of the query
image is computed. Then, the candidate search is performed
using techniques that will represent in the next part. The
smaller value of the distance, the closer image to query image.
The most similar images will be retrieved and ordered
according to their distance to the query.

HSV color
P"e"' ‘ histogram
megn 68 bin
:' I f < -
il
Sort Distance ‘ Retieval
histogram oot

Figure 3. The process to retrieve images from the database

C. IMAGE RETRIEVAL

To retrieve similar images, color histogram of the images in
the database and that of the query will be compared.
Generally, the distance obtained from histogram comparison is
computed based on bin-to-bin basis.

The bin-to-bin comparison considers each color bin
separately as if they are different colors. However, colors
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usually are shaded and could be distributed to neighbor color
bins as shown in figure 4.

Figure 4. Color distribution of color histogram

Therefore, if the distance measure does not consider any
relationship between neighbor colors, this can cause errors in
the retrieval process. Therefore, in this paper, the distance of
each color bin incorporated with neighbor colors are proposed
to improve the retrieval performance of the proposed CBIR
system, Nevertheless, the difficulty is how to adjust the
suitable weights and the number of neighbor colors to be
considered. Three types of the distance measure are presented:

1) Euclidean distance of Color Histogram (ECH)

D=y ()= hp )’ @
i=0

2) Weighted Euclidean distance of Color Histogram (WECH)

D=3 Sw G+ N-hpG+ ) @

i=0 j=-m

3) Euclidean distance of Weighted Color Histogram (EWCH)

N m =Ll ¥ | . |
D=Z{ij(hn(i+j))" ij(hn(i"'j))}z (3)

i=0 j=-m j==r

Here D is the distance between color histogram hy, and hp, N
is bin number of histogram bins. The size of neighbor colors
(windows size) to be considered is 2m [-m, m]. w; is the
weight at position j, where its value depends on the position
and the size of neighbor colors (size of window). ECH is
regular Euclidean distance, which computes the bin-to-bin
distance between two color histograms. WECH is weighted
Euclidean distance while EWCH is the distance of weighted
color histogram. WECH weights the difference of the
interested color bins and that of its neighbor color bins. On the
other hand, EWCH calculates the weighted color histogram
prior to measure the distance. The proposed WECH and
EWCH not only measure the bin-to-bin distance between but
also consider the relationship between its neighbor colors in
order to improve the retrieval performance especially in the
case of images with shaded colors, which are usually the case.

In this paper, Gaussian weight and different sizes of
neighbor colors to be consideredare tested. The Gaussian
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parameters of zero mean and standard deviation of 1 and 2 are
evaluated with the window size of three and five.

III. EXPERIMENTAL RESULTS

We have conducted the experiments using the proposed
image retrieval system using the image database consisting of
10,000 images chosen from many different sources [3]. To
retrieve images similar to the query image from the database,
the 68-bin color histogram of the query image is extracted and
matched with those of the images in the database. The
matching process aims to find the images with minimum
distance compared to the query. Three types of distance
measure (ECH, WECH, and EWCH) are evaluated to
demonstrate the retrieval efficiency of each technique. The
weights used in WECH and EWCH are based on Gaussian
distribution, which could be defined by its mean and standard
deviation. The number of neighbor colors to be considered
also has been tested by varying the window size from three to
five.

In this paper, the retrieval performance is evaluated using
two types of retrieval measure, recall-precision relationship [4]
and an objective measure called ANMRR suggested in
MPEG-7 [5]. The ANMRR combines recall and precision into
a single value.

Ground truth images in Answer set
Answer set

Precision =

©)

Ground truth images in Answer set
Ground truth images

Recall = 0]

To calculate ANMRR, a set of ground truth images that are
most relevant fo query are identified. The query and ground
truth sets were chosen manually. For each query a set of
ground truth images were specified a rank. The average rank
AVR(q) for query g is computed as follows:

”%‘:’ ’ Rank(k)

AVR(g) =
@= 2 N6

®)

where
- NG(g) is the number of ground truth images for query gq.
- Rank(k) is the retrieval rank of the ground truth image.
- K is the top ranked retrievals are examined.
where K = min (4*NG(q),2*GMT)
and GTM = max{NG(q)} for all g’s of a data set.

The modified retrieval rank is computed as follows:

NG
MRR(q) = AVR(q)—O.S——E(q—) ©)
Note that MRR = 0, when the NG(g) ground truth images are
the top retrievals.

The normalized modified retrieval rank is computed as
follows:

MRR(q)

NMRR(q) =
K +0.5-0.5* NG(q)

(10)
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Then compute average of NMRR over all queries

ANMRR =-é-f NMRR (q)

g=1

(11

The average normalized modified retrieval rank ANMRR is
used as the objective measure to evaluate the retrieval
performances. The ANMRR not only indicates how many of
the correct items are retrieved, but also how highly they are
ranked among the retrieved items. The ANMRR is always in
range of 0 to 1 and smaller the value of this measure is the
better quality.

An example of the results obtained from the proposed
image retrieval technique is presented in figure 5, while a
comparison of recall and precision is shown in figure 6 and the
ANMRR and average time from 50 set of query images are
illustrated in Table I.

(b) A result of image re:neval using ECH

(c) A result of ¥ mgc retrieval using WECH3s1

(d) A result of image n:meval usmg W’ECH3s2

(c) A result of image retrieval using WECHSS]

(f) A result of image retrieval using WECHSs2

(g) A result of image retrieval using EWCH3s1

(h) A result of image retrieval using EWCH3s2

(i) A result of image retrieval using EWCHSs]

(j) A result of image retrieval using EWCHS5s2

Figure 5. The sample result of image retrieval
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where ECH: is Euclidean distance of color histogram
techniques, WECHms is WECH technique with the number of
neighbor colors (m: window size) and standard deviation (s),
and EWCHms is EWCH technique with the number of
neighbor colors (m: window size) and standard deviation (s).

From figure 5, the results of using ECH are similar to
WECH even though the weighted distance of neighbor colors
is incorporated. However, the results of using EWCH
outperform the other techniques. The EWCH technique can
retrieve all the sunrise images even though the position of the
sun may be different from the query image. In contrast to the
other techniques, if the images are a distorted only a bit from
the query, these techniques will fail to retrieve those similar
images.

--ECH —+— EWCH3s1 —«— EWCH3s2 —— EWCH551 —— EWCHS5s2
------- WECH3s1 —— WECH3s2 —— WECH5s81 -+~ WECH552
120
100
80
13
]
860
3
a
40
20
0 T , - -
0 20 40 60 80 100

Recall
Figure 6. A comparison of recall/precision of query image

Figure 6 presents the graphs of precision versus recall from
the query image in figure 5. At the recall level between 10%
and 30%, the precision values of every technique are identical.
However, after the recall level greater than 30%, the precision
values of the EWCH technique (window size 3 and 5) are
superior to the others especially in the case of EWCH3sl,
which achieves the best result.

Table I shows the ANMRR of the proposed image retrieval
using all three measure techniques. The experimental results
show that the ANMRR of EWCH technique is better than that
of the other techniques while the retrieval time is not much
different. The best EWCH is the case of window size 5 and
standard deviation 1.

IV. CONCLUSION

This paper presents the image retrieval system using
weighted color distribution of HSV color histogram.
Generally, the distance obtained from histogram comparison is
computed based on bin-to-bin basis. However, colors usually
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are shaded and could be distributed to neighbor color bins.
Therefore, if the distance measure incorporates the distance of
each color and its relationship to the neighbors, the retrieval
performance can be improved. The selected weights are
distributed as Gaussian distribution. Several Gaussian
parameters and number of neighbors to be considered have
been examined. The experimental results show good retrieval
performance using the proposed weighted color distribution
over a variety of image collections.

TABLE]
The comparison of performances
Technique ANMRR
ECH 0.521
EWCH3 s1 0.480
EWCH3 s2 0.498
EWCHSst- 0477
EWCHSs2 0.501
WECH3sl | 4
WECH3s2 0.522
WECHS sl 0.523
WECHS s2 0.522
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