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ABSTRACT

Generating image descriptor is a crucial initial step before performing content-based
image retrieval in a large collection of images. In this thesis, a content-based image retrieval
system uses 63-bit binary Haar color descriptor incorporating with statistical pruning technique is
purposed. The binary Haar color descriptor is compact and can be effectively used for fast image
searching. However, the retrieval results may contain images, which are much different from the
query. Therefore, statistical pruning technique is introduced to filter the candidate images similar
to the query image from the database and ignore the rest that are not likely to the query image.
The descriptors of the candidate images are then matched with that of the query. The most similar
images will be retrieved and ordered according to their distance to the query. The experimental
results show that the retrieval performance using the proposed retrieval technique is comparable
to that of Haar color descriptor over a variety of image collection nevertheless can help reducing

the retrieval time and the storage space.
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WagAveY £ NNNA (x,y) 1amulunImfenIAUuuaIveIn I (Intensity) NAMHU
u’: A = ' o w . 2 J-
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(0,0)
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B
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(0.0,1) Cyan
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Mage: )
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(1.0.1) ’J-’ (11.1)
l-l
" Greyl(050505)

Yellow
(1.1.0)
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[ o - v ' a w -t 3
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3.2.3 mamlasmainuuudiaes RGB il HSI
msudasmaneglugdveanuuiiaes RGB Weglugivenuuiiaes HsI aunsnild
t 4
Tavldaunisae 11l

A H ansont laanaumsi (3.2)

) if B<G
H = , (3.2)
360-6 if B>G
Taoi
J(R-G)+(r-B)
6 =cos™ v (3.3)
(r-G) +&-B)G-B)|
i S awsem ldnnaumsi (G.4)
3
S=1-——|min(R,G, B 3.4
(R+G +B) i ) @8
wazs 7 aunsont ldnnaumsi (.5)
1=X(R+G+B) (3.5)

~3

Taotmualdal RGB ldgnyimiusiuealad (Normalize) 1ditlusineglugas (o, 1]

4 a
ud1 Feennsam ldnnaumsn (3.6) f4 (3.8)

Normalize R = ———R—-—- (3.6)
R+G+B
Normalize G = —G— 3.7
R+G+ B
: B
Normalize B=—— (3.8)
R+G+B

i 6 Wuyuiiasunamiduasdadadlugdi 3.4 uazdmivea # Tuaumsi G.2)

s ldegluaia (o, 17 18 Taomsmisaau 360°
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3.3 Falaunsna (Color Histogram)
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(¥) For Taunsuveediag MII uasTiNy
o
3.4 mauaaavidauuy Haar
a - Y o - o' = ar -’4‘
msansivnida ldgniadunasiann Taninadarmanas 1ull a.q. 1980 nasnmiuld
° s ] [ - o i = o
gminnldanuduediaunsnarnudl 1990 mszndidasunseilflumsiinzvdyau
' a 9 o a ¢ a4 o 3 o w3 o vy
A9 nieudnsenanisansiziamuiotd ld1$lumsivsadeya deyanldvinmsuilas
d o o " ° " e a d ar - lﬂ.q;
liaaszgniaualni Tavhnsuonamidulsz@nin ldvindansesnnudganazaiudm
o e o ofd & = " -
ppnIINAU Mdulszdndn ldvnmsudasndidaninuaszisumiinudeyadunm
s ' o o ] = -
aegrmninaiaalllszgnaldanudunisdszsuianagdnmigu mainudeyamoiiziie
¥94 FBI n 15aadgygnusuniu msiiudadoyazidnin uazmsadndmdinaniuvesgdnm

Hudu



dfnversanma wizeouniiaiansz oh

o [ S = -] = .:

dmfunidauny Haar [13] Suoidauuuiuguigaveanviaa ldgnaaduiulas
o a o o o - ¢ o a4
Snnfiar AR I5I1350 Alfred Haar i) 1909 Taofandu vidauuy Haar uaaalu

aumsn (3.11) uagenunsauaaslugnam 1adagili 3.6

1 0<x<0.5
w(x)=1-1 055 x=1 (3.11)
0 elesewhere
w(x)
A
1
1

' TQ] "R
_1j

17 3.6 Hardurvhdauuy Haar

-] oo = c\( l:l\ . O‘J =1
mMssmammduseaniMEaUUY Haar 131910073 Scale #ag Shift Handuridauuy
& o ar o o o P o 1 '
Haar 398015 M50 Scale Handunidauny Haar naas 13 luaunisi (3.12) snaleiauyu

dunum j =-1 9z 1dnsmlAsgin 3.7

v, (x)= w(2’ x) (3.12)

Wi (%)
A

1;
T lzé S
a9

317 3.7 MadFuidauuy Haar iifogn Scale (j =-1)

d2uns Shift Mandunidanuy Haar aunsai1dlaonsiiy Delay & 19hl)ez 14

Faaumsi (3.13) vndaetrawu dumua j=-1, k =1 w1dnsmdsgin 3.8
v, (x)=y(2 x-k) (3.13)

67417
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42 B l4
o

51" 3.8 WariFunvidauuy Haar 11i0gn Scale uag Shift (J =-1, k=1)

) o o o 1 Y LY < w Y
Aduszandveanidauuy Haar udazarvs laninmigudoyaiaoanisnlasaie
HafFunidauuy Haar fign Scale uag Shift Avaumsii (3.14) iile f(x) fodoyandesns
' 4 T ;
wlawaz N fovinadeyaidesmsulas Tuglit 3.9 uaasilandunlidauuy Haar ¥ign

Scale 1z Shift dmSunlasdeyanivuia 8 v

N
¢,y =2 f(x) (%) (3.14)
x=0

U7 3.9 Marndunridauuy Haar dmivilasdeyaniinnmuen 8 mio

sdetsu didl f(x)=[9 7 3 6 8 5 2 4]aunsammdnlszdnives

¥
o =

WAL Haar TAdatl

Co= ';_[9(1) +7(=1) + 3(0) + 6(0) + 8(0) + 5(0) + 2(0) + 4(0)] ol
Cy= %[9(0) +7(0) +3(1) + 6(=1) + 8(0) + 5(0) + 2(0) + 4(0) | = -1.5

shtre %[9(0) +7(0) +3(0) + 6(0) + 8(1) + 5(—1) + 2(0) + 4(0)] = 1.5
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C,y= %[9(0) +7(0) 4+ 3(0) + 6(0) + 8(0) + 5(0) + 2(1) + 4(-1)] =-]

C.po = %[9(1) +7(1) +3(=1) + 6(=1) +8(0) + 5(0) + 2(0) + 4(0)] = 1.75

C, = %[9(0) +7(0) +3(0) + 6(0) + 8(1) + 5(1) + 2(-1) + 4(—])] =1.75

o= %[9(1) +7(1) +3(1) + 6(1) + 8(=1) + 5(=1) + 2(=1) + 4(-1)] = 0.75

C.eo = %[9(1) +7(1) +3(1) + 6(1) + 8(1) + 5(1) + 2(1) + 4(1) | = 2.75

=1 1
3.5 manfSsumeuaNuIANAIYRIMN
3.5.1 AIAMNIIOY (Similarity) uaz Analimileu (Dissimilarity) [14)
P - ' n’: vy - o
nngiami 3.10 igUnmanegimua 4 nw iswen 1A w a milouniu nw ¢ Taw
aa ¥ o - Ao a =1
AW a, b uaz ¢ HunwaRivAMI i v a, c uag d iunmanndid@feiiuseriu
U =S ar A Ai' o . . - - LA
18919 nazdmudnvausnitan ¥ lunsiasinnumidou(Similarity)voan ' ld  uas
¥ ¥ [
anumiiowinialdon TasaanumidewiuiiviSunazRoudafida(Stength) voa
AT sEn1aTag (object) 2 Ing nFonmdAnyUE (Feature) 2 udnumz Miimualds,
anumileuvesdag i Audagj fe s, ezannsaiamAnumiloudrsiTa1en mnue

adcg ' ar 9 d‘d U
HanruawIsvHoygnuIBanuoy

« “u

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

317 3.10 AvdanImAn?

1 i 1 = u’: 9 o o e 1 L] = o - 4 [
AUAIAUA1 (Distance) Wu lFdmiviannnuy lumilou (Dissimilarity) Faa1n21m 'l
wilouszitlunisiannuuana1anusErIIaesdaninlsezmilounu (Discrepancy) 1auo1fY
o &5 4 " . o Y A o a a N e
AuAnyuzYesdaiu uenantamnny himiloudansa lamedannuralnasennaing

¥
avaing nienmaeanm1ddndls dmivitasnnumilounazmanuamaiuiiadoiu
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v
a ' =4

an & ' a v ' a o A
a3t FauaazIsNelanyuzmwizvedazis Tuauitetizna1nfunmnie Euclidean

¥
Distance 110 Hamming Distance 11114

3.5.2 Euclidean Distance

Euclidean Distance ilum1nnudsiiion1diunin Tasia lililenadasinnudsnuday

-4 % ¥ = " - 1 o a
Ingjf9ed13ila Euclidean Distance 1A Euclidean Distance 1M 3AnNI a5 1nueanan1aid

apsznINRnavesingaesiag munsadouiuaums lddeaunsi (3.15)

d, = Z(x& —%ig )2 (3.15)
Taui

d, #®f1 Euclidean Distance 53111930 i uazing j

L

® ﬁﬂ}fﬂq i lagn B R K i 50 Ry

1

A o -I a
X, ADWMYj mNx =(x, X, X, ... X,)

3.5.3 Hamming Distance
T “A1” (Word) Andduvesar luuns o uag 1 Alvouvas1ia (Finite Binary Sequence)
~ o o d'd l a ar -3 o ' J 1 ar o ' = ar d'
f1iif1 2 Mndanuerminy sy s wmiadsiaduav ludumiafeadun

uana1aiu14 A1 14veiFond1 Hamming Distance eansaeuiluaums 1ddaunisi (3.16)

d,=q+r (3.16)
Ta

-

uh
d, f9A1 Hamming Distance 531119309 i uaziag j

-

fl

-~

f

i

1 ¥
g fedmauvesdwmisifia luduminiug veedag i W 1 dadag jilauiuo

" H‘ﬁl

r o feswauvesdumisiiia ludumiaiug vesiag i il o daudag j liauthu 1

uNAIBLIATY
audnvazvewald | gUsunay MU e QR
llﬂﬂt‘ﬁﬁ Yes Yes Yes Yes
ndae No Yes No No

fMU Yes 11U 1 waz No 11 01519z 1dmiinaves ueditlade (1,1,1,1) damdnaves

¥
ndaufe (0,1,0,0) Aa1TY
¥
WORDI1 (ito1)ila)
WORD2 (Nd21)

111 1
0100
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=

virudndl 3 AundaRisaieiu (g =3, r = 0) VuA© Hamming Distance (1Y 3 U194

Re

o " ' 4 2 ' a o o o o o
9214310151171 Hamming  Distance 531319309 2 Taguudaainisonla laverdoda

Vv

¥ [l
Aiiums XOR Taums1hmnuanyuzia 2 ANl XOR Auudniusmiualaveanadnini
AW 1° BNAIDLINTY
11001110

XOR
1 0911111

0.1-0=1 0.0.0] vz 1amm Hamming Distance MINY 3

3.6 mydalszanEmwvesszuuauaugUsn

td
= e qvly. ad o U

msialszaniamussszuududugiamluanuisei 1didsias ANMRR [15] nl¥
A oy g Qdﬂ' o z L} 4 o - - qﬂﬂ’
F935mstiludsn MPEG-7 TdWaundu uditiosninmsiatseaninmaaeisiidlunissoy
™ " e ot A Y 1 - o 1 a L3 v
wimsdannuuudwazmsGonau 3 luaudior i ld lianunsedmsizvuur Tlusaveans
Aun1ld 3niue13smsdalszansamlasldanuuliudmaznisiSonAy (Recall  and
4 L] -y ar q. J
Precision) [16] W1 1diAes 1w lunsAnsizinavesnsaumlddnla ldsamubaiu
ar a a n’: =Y a é o
Tumsdailszdninimne 2 Bezisuninmsidengavesnnaslsznoudlonimainiy
' -4 4 ' { @
(Query Image) uazﬂqumwngﬂﬂ”m (Ground Truth Images) "JNHuwaQﬂquBQﬂ‘lwﬁﬂgwﬂu
Aunmmaniuiarmih damsidengavean milh iy Manual
n‘;‘ Y A A =] 1 e o _ w 1
viniulunsaudugdnmezisuannmsiumminannuvesglnimudazninm 14l
gudeyaalranmih dislimsduninim Msnannuvesnmdinwezgniin uaziaim

o s

Sinaanuveanninin llulSsuisuanuuananduiiiinannuvesnmlugudeya

n’: o o 1 ¥ 1 A\ A o i
gamenmwianuagnissadwuamusinnuuanmenndifives i unn Fanmweadnsn

b4
=4 = o

= o @ o s Jc; -y
gnLs Uﬂﬁ'lﬂlll.lf’huﬁzﬁﬂiuﬂ1iﬂ1ﬂuﬂ %114']1.1'"0#1311‘“Nﬁﬁﬂﬁﬂﬂz'ﬂ?'ﬁﬂnﬂ?ﬂllﬂﬂﬂﬂﬁ Taums
v

Jarlszaninmna 2 3502143 5mshruamuis Ianaves MPEG-7 faaumsn (3.17)

9 - o o o -a
W |4 #o Swauvesnmeadng |4 mmusniaisan

|4| = min (4*NG(q),2*GTM) (3.17)
Tauii
q Ao NINAI0M ¢
NG(g) 8 $7U2UUDI Ground Truth Image YBINWAIN ¢

GTM  1® $147UY03 Ground Truth Image NNNNTAVBIFANINNIINITNAADA
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3.6.1 ANMRR
fmuali
q fio NINAI0 ¢

NG(q) fio $742UY93 Ground Truth Image YDINNAINIY ¢

)

o w d

|4| AD ITUIUVDINIWHAANT |4| AL TS

Rk

k A9 Ground Truth Image MR k

I3

Rank(k) 0 #111M13909 Ground Truth Image N k NgnAuAuegluyi |4 amusn
1 J=I ' L 1 9 - = 1
d7U Ground Truth Image M1Nogluyae |4 nmusnvesmsAuAuIzAad

dumuaiiu (|4]+1)

Rank(k) = 1 2 4 5

LS

19 3.11 Aeoremsialszansnmalnis ANMRR
3

517 3.11 uaasiedmssmuam Idnudulsaig Tasauyaligd@masuusaz gy

unugnminilunadwsnamsduiulasGoailudrdunndiolilyn ldmdsudiduie

l& 4 o ar o & ar L) ﬂ’d o ﬁ'd
Ground Truth Image Futunmiadodudunimmnin ¢ Faludredretitisia 8 s tufe

NG(g) = 8 uazis19e 18 k =1,2,3,4,5,6,7 uag 8 muday

uazauyAliea |4 nmusniiszAinisande |4] = 9 i lis1 1ddwmiaves Ground

Truth Image ¥3® Rank(k) = 1,2,4,5,6,8,10 1z 10 Mud1ay lasaziiun@umiaves Ground

Truth Image 2 MWIAMOIRUIINGN |4] SesRamdwmuaniiniy |4]+1

[ L ¥
@A aui ldnanudniv isaunsaoma ANMRR 1dTaoduusnma

' 4 o " o o o é o s {
AuNdoYIRMNUY AVR(g) dmiunmfmny g Feannsomurn laasaunish (3.18)

N4 Rank(k)
AVR = — (3.18)
D= 2 N
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¥ ¥
Nl iuljadssnnamdumiaveansauiu lddsaunisi (3.19)

MRR(q) = AVR(q)—0.5 -i(;—@ (3.19)

Fumisvesmsauiui 8 uwdaiitesiia MRR 1 o demsfufuaunsodild
0619AiBuM 171D Ground Truth Image ﬁqummj‘luﬁumﬁmuqmmmif’{uﬁu

nnfuihmsulgsmdumisvesnisfuiuliegludinlng (Normalized) daaumsi
(3.20)

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

NMRR(q) = (3.20)

g’: d o U { ° n‘: ar
uagdugaMenisnsAuIunuRdsYes NMRR  ¥93n WA 1n1uiavua O 21n Ag

aumsn (3.21)

Q
ANMRR = éZNMRR(q) (3.21)
gq=1

v

1A A4 o a a A dAa = o ° )
s lfithuaTosiallsz@ninmusanisduaunie Aumdoveanisiiuljadumisves
Y

e 2.

13

>

uﬁuﬂlﬁaéiuﬁhdﬂﬂa (Average Normalized Modified Retrieval Rank: ANMRR) Tava

v ' =2 a e Y A Ha
uﬂﬂﬂ']1“u1ﬂﬂ\1uﬂﬂlff'l.l'UFﬂunTiﬂuﬂunﬂﬂ’n

3.6.2 Recall lla¥ Precision

o v

fvualn

R ﬁawmmﬂdumwﬁgnﬁaa (Ground Truth Images 130 Relevant Documents)
IR Aedwaunmluma R

o de

A ADIFAVDINAANE N 1ADINNI1TAUAU (Answer Set)
|4

3

Dk

3 4 dA o w o aa
mm‘mmw'luwe\ A BINADVIUIUVDINWHAAND lAl DINUIONNDITU
A

A o da sl & 2 '
|R,| AR MIUNNNDUINDSIFNTU (Intersection) TYMUTA R 1dzIvA



24

Ground truth images
in Answer set

IR,

Collection

Answer set
|4]

g‘llﬁ 3.12 Precision L0 Recall

AT DUAAHUN WY 5A199 TARa317 3.12 TAUA1 Recall uazA Precision

ansamuln ldnnaunsi (3.22) uaz (3.23)

Recall = —|R— (3.22)
Precision = M : (3.23)
|4 ;

o 1

W21t u31A1 Recall A08AT162U0981147U Ground Truth Images fiog lunvenadnae
31424 Ground Truth Images YaMuA G2 Precision ABSAIIAIUVDISINIM Ground Truth
Images fiog TumyeRadN RS NAUNMHATHTHaMIA

uspd s Tidesms SanaveamsAuiuiilsingoglu Answer Set 4 Wanualy
At uRvd uAdeIN3 IANAYEINIAUAL TAONEAIMINAINU 1Y Ground Truth Images 7

2 - s ' o
Usinglunavesnisduiu #1921 19A1 Recall 1az Precision tlasumlasmumsiianian

a ar "
WAGNWS 14 Answer Set 4 ™ 52AU Recall 7199

I
Rank(k) = 1 | 4 8
=] ia I (e
!

AT | A4]=1

gﬂﬁ 3.13 128191 IA Precision ¥ 5¥AY Recall = 12.5%



25

minlddetafuIfuiuA1901399935 ANMRR 3£ @13150A1UIMUAT Precision AINTZAY

Recall Gi14”]151ﬂ01]31?11ﬁ Ground Truth Image Nk=1 ﬂugﬂ‘ﬁ 3.13 52n0UN ¥ 52A Recall =

. i A - 2 2
1 1259 92'14#1 Precision =%= 100% tiodou1UNe15a & 5¥AY Recall = = = 25.0%
8
] A 4 — ar Ll
¢8R Precision — 2 =100% Waziiiodonlfinssn o 524U Recall = %: 37.5% 92 1aA1
2

Precision = % = 75% 1Hudu (gen31af 3.1)

15199 3.1 AID619N1TNIAT Recall 1AL Precision

k Recall Precision

1 l=12.5% l=100%
8 1

2 2 _25.0% g=100%
8 2

3 ot 37.5% 32 75%
8 4

4 3, 50.0% 4 _80%
8 5

5 -5—:62.5% 2 =83.33%
8 6

6 6 =75.0% i = 75%
3 8

7 %: 87.5% 0%

8 8 0,
o 100% 0%

UATISEAY Recall = 87.5% LAz 100% 9LIUIINT Precision 924114 0% 11199910 Ground

3 1 ¥
Truth Images Y14 2 NINgANBOGIALINTN | 4] mwiiNnsan Aagilin 3.14

Rank(k) =

k=

31/ 3.14 @106131 Precision = 0% 1i1® Ground Truth Images DYIAOIINYAN |4| nMLsH

1

2

; o
%9 | A n1usnnweIsu (14]=9)
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A L Adl: L) e
an15 1971 Recall 1Az Precision 3541309 TUIANUNINGYDINANTAUAY B TZAY
Recall 139 1819y N52@D Recall = 37.5 % MuoANNIUNBI1A03MN5 1A Ground Truth
Images 1510911 Answer Set 11lu 37.5% 92119 Ton1aN921997 W Ground Truth Images 1u
' P ar VoA ¥ 9
Answer Set r‘ﬂu 75 % AIUNTLAY Recall = 50% NUWANUINIDITIADINT I Ground Truth
Images ﬂsmg"lu Answer Set R 50% 92117 lom a0 W Ground Truth Images Tu
0 v kY
Answer Set 111 80 % 171189 dMFUTN LAY Recall = 87.5% 11U T Precision = 0% 1318A1
'l Tomaiagin I Ground Truth Images 115107 11 Answer Set 1111 87.5% ‘1difipasinnm
¥ v I
Ground Truth Images 2 NWgaMouag ludumLsineINF 9IRS
s ] = 9y a dy o " - Y A 4 n’:
1Ind0g1a 1A e un1sAuImaT Recall 1ag Precision 31ANTAUAUNTIINTS
\ ¥ ]
HoMMIAUAUTIUIUNAI ASI92ADINITNITNIAT Precision IRAUINHANITNAADIAUAY

& & o =
NIAVINHUA BITTWT0A m’mm"lﬁ’mnﬁnmw (3.24)

P(r)= éi P,(r) (3.24)

Taon
. - " - 3 - as
P(r) a9 AuURQY Precision N3¢AY Recall r
P,(r) #i® f Precision ¥9INMFA0M g N52AY Recall 7

- = ° o n’: g ¥
0 fio IuveImmA NN Inuan ldnaaes
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Abstract — This paper presents an approach to manage a
large database using a compact color descriptor and a statistical
method for accurately pruning the database. A compact color
descriptor adopted in the proposed content-based image
retrieval system is 63-bit binary Haar color histogram, which is
very compact and can be effectively used for fast image search.
In addition to fast searching using this compact descriptor, we
further improve retrieval time by applying pruning technique,
which looks for the candidate images similar to the query image
from the database and ignore the rest that are not likely to the
query image. The descriptors of the candidate images are then
matched with that of the query. The most similar images will be
retrieved and ordered according to their distance to the query.
The proposed retrieval system can efficiently retrieve the most
similar images from the database while can help reducing the
retrieval time and the storage space.

Keywords — Compact descriptor, image retrieval, pruning.
1. Introduction

As the availability of images has been significantly
increasing, this crates a need for efficiently organizing and
managing of image storage systems. Several low-level image
content descriptions are proposed [1] [2]. Among the basic
low-level features used to index each image in the database,
color is the most effective feature for representing visual
information since it is local and independent of view and
resolution. Color histogram is the most widely used color
descriptor to represent the color content of an image [3].
However, it is not suitable for some tasks in image such as
search, filtering and retrieval since color histogram need a
large number of bits to represent color information which
becomes a difficult problem and requires large amount of
processing time in matching images.

This paper presents an image retrieval system using a
compact color descriptor obtained from Haar transform
coefficient of the color histogram [4]. Each coefficient is
quantized to a binary number. This results in a color
descriptor of 63 bits long, which is more compact than
regular color histogram. The binary nature of the descriptor
allows simple matching metric based on Hamming distance.
This compact descriptor is useful for applications where the

ISBN 89-5519-129-4 - 818 -

computational resources are limited and there is a need to
stream the descriptors through a bandwidth-limited channel.
In addition, to further reduce the searching time, the
hierarchical search using statistical pruning technique is
proposed in this paper. The objective of pruning is to remove
images from the database that are not likely to be of interest
to the user while retaining all or most potentially candidate
images [5]. This is useful since the reduced size of the pruned
database makes it easier and more effective to search through
the database. Then, the descriptors of the candidate images
are compared to the descriptor of the query. The most similar
candidate images are retrieved and ordered according to their
distances to the query.

The organization of this paper is as followed. Section 2
presents a process to generate a compact binary Haar color
descriptor. Section 3 details the proposed image retrieval
system followed by experimental results in Section 4. Finally,
summarize and conclusion is presented in Section 5.

2. Binary Haar descriptor

In this paper, a compact color descriptor called binary
Haar descriptor [4] is adopted as an index of an image.

The algorithm used to compute the binary Haar descriptor
can be expressed as followed

2.1 Obtain the color histogram using a suitable color space
and quantization table. The histogram can be one, two or
three dimensional histogram. (In this paper, one dimensional
uniformly quantized HSV color histogram is adopted.)

2.2 Compute the Haar transform coefficients of the
histogram by using Haar wavelet function (1). Since the Haar
wavelet function [6] contains only values of +1 or -l.
Therefore, the computation does not involve any
multiplication.

1 0<x<05
wx)=4-1 05<x<l (N
0 elesewhere

The Haar transform coefficients are obtained by taking the
inner product of the basis functions with the given histogram.
For example, the second coefficient is positive if the sum of
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the left half of histogram bins is greater than the right half
and negative otherwise (from the basis function 2 in figure 1).
Similarly, the third coefficient is positive if sum of first
quarter of histogram bins is greater than the second quarter
and negative otherwise (from the basis function 3 in figure 1).
Also note that the first coefficient is always positive.
Therefore, this coefficient is not used in similarity matching.

Function 1[ .............................. ]_ Fmsi_l

T

Figure 1. The basis functions for Haar wavelet transform
of input 8 bits long

2.3. After that each of Haar transform coefficients is
quantized to binary, the Haar coefficient is quantized to ‘1" if
it is positive and is quantized to ‘0’ otherwise. -

The Haar transform coefficients are hierarchically
computed. The first level, the 64 bins of histogram is divided
into two halves. If the sum of the histogram values in the left
half is grater than the sum of the histogram values in the right
half then the first bit of descriptor is ‘1’ else it is ‘0’. The
second level, the 64 bins of histogram is divided into four
halves. If the sum of histogram values in first(third) half is
grater than the sum of histogram values in second(forth) half
then the second(third) bit of descriptor is ‘1’ else it is ‘0.
This is repeated recursively at third, forth, fifth and sixth
levels resulting in 4,8,16 and 32 coefficients. Therefore, the
63(1+2+4+8+16+32) bits binary Haar descriptor is obtained.
After calculating the binary Haar histogram, this descriptor
will be used as an index of each image.

3. The Proposed Image Retrieval System

The proposed image retrieval system is presented in Fig.
3. To retrieve the similar images compared to the query from
the database, first, a binary Haar histogram of the query
image is computed. Then, the candidate search is performed
using pruning technique. The objective of pruning is to
remove images from the database that are not likely to be of
interest to the user while retaining all or most potentially
desirable images [5]. We look for some specific bits in the
binary Haar histogram to prune the database. The specific
bits from the 32™ - 63" bits of binary Haar histogram, in the
sixth level of the Haar transforms, are computed by
comparing the histogram value of adjacent color histogram
bin. For example, the 32™ bit is computed by comparing the
color histogram value of 1* bin with 2™ bin. The bit 33" is
computed by comparing the color histogram value of 3" bin
with 4™ bin and so on as shown in Fig 2.
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Figure 2. The bits 32™ - 63" of binary Haar histogram

Bits used for filtering the candidate images are selected
based on the most important color in the query image as
followed

Let H is the binary Haar color histogram and j is the j bin
of the binary histogram while i is the i bin having maximum
histogram value.

i = arg(j) max(H(j)) (2)

The rank (i) of bin which has maximum histogram value is
used to define which bit in the descriptor is fixed. For
example, the 32™ bit of descriptor is fixed to ‘1" if the rank of
bin is the first bin or fixed to ‘0’ if the rank of bin is the
second bin. The 33™ bit of descriptor is fixed to ‘1° if the
rank of bin is the third bin or fixed to ‘0’ if the rank of bin is
the forth bin and so on. The images in the database having the
same specific bits as those of the query are defined as the
candidate images. The binary Haar histogram of each
candidate is then compared with that of the query. The
distance between each candidate and the query is calculated
using the Hamming distance. The Hamming distance is
computed by taking the XOR of the two 63-bit binary Haar
descriptors and counting the number of ‘1’ bits in the result.
The smaller value of the result, the closer the image to query
image. The most similar images will be retrieved and ordered
according to their distance to the query.
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Figure 3. The process to retrieve image from the database
4. Experimental results

The image retrieval experiment using the binary Haar
descriptor was performed using a database of 2,997 images.
The images are chosen from many different sources [7] and
can be categorized into 7 groups (e.g., human, animal, natural
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view, etc.). The binary Haar descriptors of images in database
are pre-computed and stored. In this experiment, we use a
64-bins color histogram in HSV color space. Figure 4 shows
the process to compute the binary Haar descriptor then stored
in the database.

ey s
1::> HSV color |:> Haar ::> Database
Images histogram hist =

Figure 4. The process to compute the binary Haar descriptor

When an image is selected as the query image, its 64-bins
color histogram is calculated. The histogram of query image
is transformed to the binary Haar descriptor. The rank (i) of
bin which has maximum histogram value is used to define
which bit in the descriptor is fixed as described in section 3.

Searching images from the database as candidate images
is performed by considering these bit positions and values as
the criteria. As a result, some images in database are pruned.
After that, the descriptor of query image is compared to the
descriptor of the candidate images using the Hamming
distance. The retrieval results are ordered as ascending sort
and presented to the user. The retrieval performance using the
pruning technique is as efficient as the performance of
matching the descriptor of the query to the descriptors of all
the images in the database. Moreover, the proposed image
retrieval system can reduce the retrieval time while saving
storage space. Figure 5 shows the sample results of 2 queries.

(b) A result of image retrieval using binary Haar descriptor for
Query image I

et : | s
(c) A result of image retrieval using binary Haar descriptor
with pruning technique for query image I

(d) Query image II
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(e) A result of image retrieval using binary Haar descriptor for
Query image II

(f) A result of lmngé Vretdeval using binary Haar descriptor
with pruning technique for query image Il

Figure 5. Sample results of image retrieval

To evaluate the performance of the proposed image
retrieval system, we use an objective measure called
ANMRR suggested by MPEG-7 [4]. A set of ground truth
images that are most relevant to query were identified. The
query and ground truth sets were chosen manually. For each
query a set of ground truth images were specified a rank. This
measure combines the precision and recall measure to obtain
a single objective value.

The average rank AVR(g) for query g is computed as
follows:

Moty Rank(k) (3)

AVR(q) =
@ & Now

where
- NG(q) is the number of ground truth images for query g
- 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 ground truth images are not in the first K retrievals is
assigned to (K+1)

The modified retrieval rank is computed as follows:

MRR(q) = AVR(q)—O.S—iaa(-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) (5)
K +0.5-0.5*NG(q)

NMRR(q) =
Then compute average of NMRR over all queries

ANMRR = éi NMRR(q) (6)

q=1

The average normalized modified retrieval rank ANMRR
is used as the objective measure to evaluate the retrieval
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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. Tablel shows the ANMRR and the reducing time
from the experiment (50 set of query images and ground truth
images).

Table 1. The comparison of performances and reducing time

ANMRR | % Reducing time

Binary Haar descriptor 0.41 -

Bmary.l-[a.ar dgscnptor 0.44 46.69
with pruning

From the results, we have proved that using a compact
binary Haar descriptor with statistical pruning technique
gives the retrieval performance as close as without any
pruning technique while can save searching time by 46.69 %.

5. Conclusion

This paper presents the image retrieval system using a
binary Haar descriptor and pruning search algorithm. The
proposed retrieval system performs candidate search using
pruning technique, which considering the bit position and
value corresponding to maximum histogram value.
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Then, the binary Haar descriptors of these candidate images
will be compared with that of the query using hamming
distance.The most similar images will be retrieved and ordered
according to their distance to the query. The experiments show
that the proposed retrieval system can efficiently retrieve the
most similar images from the database while can help reducing
the retrieval time and the storage space.
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