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(Fast Multi-Resolution Exhaustive Search Algorithm
Based on Clustering for Efficient Image Retrieval)

XKFEH, &HM®, K BEH
(Byung Cheol Song, Myung Jun Kim, and Jong Beom Ra)
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Abstract

In order to achieve optimal retrieval, i.e., to find the best match to a query according to a certain
similarity measure, the exhaustive search should be performed literally for all the images in a
database. However, the straightforward exhaustive search algorithm is computationally expensive in
large image databases. To reduce its heavy computational cost, this paper presents a fast exhaustive
multi-resolution search algorithm based on image database clustering. Firstly, the proposed
algorithm partitions the whole image data set into a pre-defined number of clusters having similar
feature contents. Next, for a given query, it checks the lower bound of distances in each cluster,
eliminating disqualified clusters. Then, it only examines the candidates in the remaining clusters. To
alleviate unnecessary feature matching operations in the search procedure, the distance inequality
property is employed based on a multi-resolution data structure. The proposed algorithm realizes a
fast exhaustive multi~resolution search for either the best match or multiple best matches to the
query. Using luminance histograms as a feature, we prove that the proposed algorithm guarantees
optimal retrieval with high searching speed.
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Fig. 1. Inherent problem of conventional cluster-
based algorithms. In this example, N=11
and K=4.
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Table 1. SUR comparison of CMSAS with the
existing TIA for various K's.
CMSAs TIA
K=1 | K=500 | K=1000 | K=1500
SURavg | 259 | 382 401 409 55
SURmax | 530 159 159 159 12.3
SURMiN 155 187 199 199 15
E 2. CMSAS?| 7zt AlZelX A= TR
59} vl
Table 2. Percentages of the candidates that
are examined at each level of
CMSAS.
Ploysa (%)
K=1 K=500 | K=1000 | K=1500
=1 100 69.0 61.5 571
=2 396 285 26.0 24.5
=3 125 36 83 80
=4 40 19 19 19
=5 16 051 052 053
=6 0.89 0.22 0.23 0.23
=7 066 0.14 0.15 0.16
=8 0.39 0.1 0.1 0.1
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The_number of cand}%lz_i{t‘eiT examined at level / i KL

Plewsa.= ‘The number of candidates examined at level £ . .
N .

(20

F 2 doleo]2ddlA] CMSAsE K719



10 47 2 2H7 7]

Felze] FAMHEE A 2alse) ] o],
Pusa 8] B5E K+No| Hrkh olF Bof, K=1500
o o] CMSASE BAR R AR AlZol4] 01%2]
FHETRS AR oAl s, VR 999%] 34

2 319 AFEoM 25 AAL H, S
EMEVI & dlojejHjo] ok ) Axfe} w|wd o,
Fej2e3kE diolgfrlo|2ellie] 39 AF Poysa,
o] AhA ez =l 2%7] Wi, FezelskE o]

Epiolzolll oS WE P SEF A% 5 ek

3]

‘O‘

3. CMSAm & A% 37}

M=5, 10, 15, 20% Wl 7}¥ 7% dls]l CMSAu

o] A%S Frlsigdct (£ D). <& 891 K = 1500°]
I M =59 1, CMSAwE ESART} i 25v) A=
w2} @, mo] 271l o SURS hadit
o]8 #AHE Hole wle F 71 olfvt b=dl, st

r

g 918 Aol Mol wlElsk] wireltt

2 shls  d.IM-11% Mo ulEEiA Z)slr] ol
Foll 7+ AZellxe] Azl A4t wizr)t E7] wiEolch

2Eih, OMSAwE 48] ESAnT 34 WE S5
HASKL

E  3.98 M3 Kell H@ CMSAx® SUR
v
Table 3. SUR comparison of CMSAm for
various M’'s and K's.
CMSAM
K=1 | K=500| K=1000| K=1500
M=5 | SURavc | 171 | 229 242 246
SURwmax | 303 159 159 1272
SURMw | 118 | 110 118 116
M=10| SURavc | 136 | 202 206 208
SURmax | 219 | 1272 | 1272 106
SURvin | 94 95 9.5 86
M=15| SURave | 116 | 177 176 180
SURmax | 177 106 1272 106
SURmin | 81 88 78 76
M=20| SURavs | 102 | 159 158 158
SURmax | 1438 106 106 909
SURM | 7.2 75 7.0 6.9
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