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A Method of Highspeed Similarity Retrieval based
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ABSTRACT

Feature-based similarity retrieval become an important research issue in image database systems. The features of image data are useful to
discrimination of images. In this paper, we propose the highspeed k-Nearest Neighbor search algorithm based on Self-Organizing Maps.
Self-Organizing Maps (SOM) provides a mapping from high dimensional feature vectors onto a two-dimensional space, A topological feature
map preserves the mutual relations (similarity) in feature spaces of input data, and clusters mutually similar feature vectors in a neighboring
nodes. Each node of the topological feature map holds a node vector and similar images that is closest to each node vector. We implemented
about k-NN search for similar image classification as to (1) access to topological feature map, and (2) apply to pruning strategy of high speed
search, We experiment on the performance of our algorithm using color feature vectors extracted from images. Promising results have been
obtained in experiments.

FI9E : HNHOIE{HO|A(Image Databases), U828 M (Content based Image Retrieval), XP|XZHH MY(Self-Organizing
Maps), H2® B (Nearest neighbor Search)
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3-neighbor
an] 2-neighbor
L] Gl T T 1-neighbor
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™= Winner node

az a4

s

(a) SOM space and node search

(b) MBR R for objects of winner node

Query point
P

(c) Retrieved Candidate List : RCL

(8 2) SXi==f Sr2Z2 8 4NN B

o dAsE == AYrtL, T =AEY A(City
Block Distance)(2]9l ¢j3te] ARgct, FAdl=, (24
2)9 (a)s} Zo] JHx=9 WAL Fos 7hEA FoA
Aol FAR FFE cAHeR AT PHA
gAgor & Ao AHFHY AL,
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< ZtZt MBR Rel oA 47 HE A3 Hdol He
4& veEhY,

i=1,2,3,.n
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oltt. &, (¥ 2)9] (b)s} #o], MINDISTE MBR&9 =
E A% ZF proY A Havt HE Mo AdE
ojul gl MINDIST®S] AzjAALE, S3wEZke) Ay o]
B2 L,E70Y FEE= AYE ol&dtl o Hurig
MINDIST (P, )& B@HAd] gae] BUQ3 9] Hito]
o] &g},
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HrEe] dolelE 483 A7 Yol F4E7] FaA
= HEH 999 a4t BAgsidan B4, ey
A= ZE dolEo did gAuTiE, gao) EYad
UlolEl & pruning Hel&ozs g e n&3E 4y
& + Aok

B eRdAE, g0 BHAF :=(visiting unnece-
ssary nodes)E& #9d7] YA 3 ¥& pruning
strategyE 2T (i) Y x=FAA AAEHE
stk 7HAR] gv Fxng SO Aot (@)
MINDIST(P, R)<D(RCL ,)°|®H &M 4e xxolny 13
A o gAgiA et osle|A RCLel, 4
AFH Y2E(retrieved candidate list)& ¥3ls, (19 2)
o (s 2ol F9Hd Mg 7t =E(FARE)ZEH
FAGRE Yoz gus stEA dold kN9 A
AZARE AR gy f2Eot 13ng FaFR g
2E RCLel UM RCL, & 34 A 714 7te
(BE ¥x3hE) Adl den, RCL & Addosry 7}
T 4 A e FAFRE Jehdd gE8d RCL =
HARGE wdste 7)FEo] ok ojdigo]l FAAe
pruning A2l st FMAZE H4E £ o
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Phase2 o]|Folx gt &4 d3e]E9 <9Alz = (pseudo
code V& (2¥ 3)7 (29 4) vehdc)
Phase-1 (2§ 3)lAM = WA SAEA QoziE Fo

Phase 1 : ComputeWinnerNode

Input : g Object
Output : WinnerNode, retrievedList

1: Nearest = © ;

2 qp * feature vector of g Object
311 node number on the Map

4 : forall Node on the Map do begin

5: Dist; = lichvi - qp Il ;

6: if ( Nearest > Dist; ) then
7: do begin

8: Nearest = Dist; ;

9: WinnerNode = i,

10: end

11: i=i+1;

12 end

13 : /* initialize k-retrieved Image List */
14 : /* from WinnerNode */
15 : update RCL with WinnerNode

(3% 3) Phase-1 : SA-S EMMIL ZHMBHo| X7(§

Phase 2 ' SearchNearestNeighbor

InpuE LY, gy KLNN
QOutput  retrievedList

¢ 7 tcurrent NN radius

: T ¢ maximum of NN radius

: gp * feature vector of q_Object
"R =(S T; /* MBR ¥

11 : node number of the Map
6:if (7 >T) then do begin

[ N I

7: retum

8 else

9: for (Node; € 7r) do begin

10: /* prune empty Node */

11: if (Node;i is emptyNode )then

12 do begin

13: discard Node;

14: end

15: /* prune visiting unnecessary Node */

16 : Dist = MINDIST(qs, R)

17: if (Dist > RCL{k_NN] Dist)

18: then do begin

19: discard visiting unnecessary Node

: end

update RCL with Node;
i=i+1;

y=r+l;

20

21

22

23:  end
24

25 call SearchNearestNeighbor( 7 )
26

(28 4) Phase-2 : v HHOl A0IMe] FAREY Ln2|F

X171 =Zo ¥ J1E SASHMZMO &8 8 519

A Aogde 7 e #RxEE FIHStep 4-12),
of A EfH de 34 Fo A A3
A kk>0ME Az AAFRIAN JYFR 2E
(RCL)l 3¥3ted AFech(Step 15). AT AEE
Aojgiol 74 7t FRIFE Y AFH AR
7V g, PAE &9 kA FHE AL FolA
dostge iy 7bg Azt W FRE A8 Ao
E o Ao WEe FAFor & Ao AHIY 1
7h e,

Phase-2 (28 9olME, $AxE8 FH02 AHYYY
By € S A H2d g4g s8dth o] Al
M FAAG gl A =% ukeh o] 27HA19) pruning stra-
tegyE HEUHStep 11-20). SIS o] EFHo)
A S 7T AAFH Z2EE BAECKStep 21).
°of Al y <rd U4 AAHE AYHATK(Step 25).

5 dedae D@

SOMell sloiMe] Hay &4 dneEe FENS 3
37 st ALF k-NN dngFE FAs A, 349
FAEAE 24 HeH7 488 #3940 AP A8
¥ HolHE 2HEE digdx FAHY A A
A4V HsoftAl2 9] $H4 HlolE & ated 40,000 SHAFe
2 7A4E g Y delEuo]ag] Ale|ze <¥
1>(Data set)ol] Yehd nist o], 7|7k M2 U2 6%
7ol deoly JdE FAAstal AgAch 2w, 7 34
HolE o] Alel=& 128x128 HAZ nAFh 7 3449
SR E 33 A Ve B3 Ao g 54
HE AL

CE 1> 2 Hlole] Egholl chEt o Ajo|=et Tr=

Data set Map size Empty nodes (%)
1000 2x32 434 42
5000 70x70 2634 53

10000 100 100 53%5 54
20000 140140 10819 55
30000 175X175 18377 60
40000 200 % 200 23706 59

Zt dlojefdol x| tidte] R Z HeF 20709 A9
g dEto AN HeEs 48e 9%, 1
HEAE EHAAE vk Teay dojs C++E ALE3}
& SUN MicrosystemsAte] Ultra5( CPU : UltraSPARC-1I
i, OS : Solaris8 Memory : 512MB)Ar| A 24 gch. 84t

1) http : //WWW -DB.Stanford EDU/IMAGE/
2) http : //www h2soft.co.jp
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dojele] e digt SAYEHE 4¥ diojgHz 3o
SOMol % gFS A SOMY #F9 Aoz
<E 1> (Map Size)o el d vleh o] Z} diote HiHe
et A BdsiA ARAY #E3Y 7 == A
£ 7Z15dEe 5AYEY Ad59 2EE AHARE 27
3 48249 dE ot sFIeE T=100028 31,
SaAe] gt as JPA"E 271AE ro=30, ¥
89 ZIIAE ao=098 ot

AFAFH gL gFe] FAsHE FdA AN
ANEE Zagsott. SOMY d¢dn 939 7 w5
o dutdom 1xto o 7o sido] WEHTE 2
olf-= dHolEulolx oM ME fAIG dido] E{H
o 17l wiojct wity, Wi w=4E doly A
A 553A AASNE BEe o ol itk B
FHA ¥ Tt AU B AdA g5 £
6%59 doly AFoRFE dojxl WEY T
£% <F 1>(Empty nodes, (%))l WEIT o] F=g
A9st W&o 2z o sl MBRE F3ch

Folzl Aosta tiste] A-NNHAE #dch 4
M= AMZHE ko g8 8FR(k=1, 5 10, 20, 30, 40,
50, 1000 oiste] HMAFE ok ¥ AP AE deolH
wlo]~ e 34 dlolHE Ay ez AL an
B k=19 A% 2Aadns Z93ds Ui

Ao zlda dlojgulelx W samte] AHAHEE L
T FEHE AGE AMES HEE ko @ diold
Fgtatol 9] Apo|R9] Frlofl uwhEbAl k-NN &4 dielE
o} F2t7} MINIDISTS] g8l tiste] HESHAT.

(29 5 7 dolg il distd k& Frtol w &
A% Bart gt =4 pruning nodes)E YERA Heltt
o] ZAAANNE FrE £ EH A 4t 2
olfrE F=EFE Bae Frolw, o7]ejA = MINDISTS
dae zAEEd 1 BFe] vl wiEold. (2@ 5%
(29 6)% vus 2y, AAFR k7t Frhetd gAY
WEe x=4E Z718HA 9, pruning 549 HEE A
A w=¢ 38%(Data set =40000, k = 100)9l A 57%(Data
set =1000, k=D& yelgdr o|AL& MINDISTH <&
pruning strategy E¥7F FEPctn B4 dvk E (1
6)2 k9 F7toll Wi BN E=FE B k=19 9,
dolel A 40,000 ol M A m=go] gAgitol
Hdck k=1009 A$E doly M 400009 K= HA
wE50) 27%0] GEte 108470 S HIPh of
F74al Adel oate] SOMol AolM k-NN 42 53
37 98t YT pruning strategy?l FrEAol FHH
Atk

k-NN 24 anaF9 AqATE (g Nl vedo
7oA FMA Lol @, Hesde distd sAx=9 H

Aap dH gl g k-NN g§4A17H 2alu garxto]
et ke ANARE ded 288 AL w9

ol dul go] A¥AANE 53l k9 gho] Frielx A
AE & £o7 B3x Edi HE E 47 dUE
). 2 olRE () AAER k7 FUHEE BHYEYe &
A28 FAoR 3 224 o dHHEZ galgior &
AL WA geves @1y Yy dH99y A
o). (i) WEE 7t = 2HEHA de s Ao
o] AzAAte] wWiRe YoM sysnz 1 AL
Aol BAHE 48§ 7 Ak

180
= 1 —e— k=1
3 60
X< 140 —— k=5
é 120 —s— k=10
2 100 k=20
S 80 —— k=30
5 k=40
< —— =
S 40 rd e

20

7‘ —— k=100
0 L )
1 5 10 20 30 40
Data set(x 1000}

(32! 5) Pruning strategyoll 2|8t EMMO| BEHRS L=F
(B=EE A9

No. of visited nodes

1 5 10 20 30 4
Data set(x 1000)

(38 6) k 2ol F710f WE Biz=s

5
—e— k=10
,)

Retrieval ime cost{sec)

Data set( X 1000)
(38 7) HMAZE



(E 2 k2 B2100 chst 2+ Hiole TEo AMAILl HMA|
ZH(sec)

Data set(x1000)
1 5 10 20 30 40
1 0.07 0.25 062 1.57 254 4.26
10 0.08 0.26 062 1.57 256 4.30
50 0.08 0.26 063 1.58 257 430
100 0.08 0.27 0.64 1.60 2.58 4.30

6

i

AT A=, SOMe] S sHde] fAAE

o2 e kNN 34 dugse ALt =
L&YY duEFe 7TE7] Ao, P2 4 k=
¥ MBRe] #4&, Foix dejys MBR#e HdAw s
4 MINDISTE A 9jstsict.

T AGY duAFE T, AAY FulelH
B ARSSt ALY A9 d¥e sdse 2 fEA
of tiate] HrHPe ol A& F3te] MINDISTS o
TAEHE HAe] n4ar AEE Aol FEHUT. = A
A2 AAFR k9] 7t BARlol A9 AolE HolA
FdchE Mol 2 o7t glem SOMel 28 k-NNEA
o Al AFHANT 2T RSl g HA7Y
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