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p ’ opt-
n- ,on- ‘n- - b
: TP311,TP134 A
, (content-based image retrieval, CBIR)
.CBIR , . )
) .CBIR ,
CBIR . , ,
L, . , (metric space, 2 ) ,
, (query image),
( ) . , k (K-NNSearch)
(similarity indexing). k-d R (28],
“ 2 , .Uhlmann!®
1991 VP
, FQ-tred GNATE  M-tree!®
* : 2001-03-23; : 2001-07-18
863 (863-511-920-001);  * " (15.4.1)
(1946 ), , , , , GIS; (1963 ),

(1965 ),
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( VP- vantage points),
opt-
n-
1
:M=(D,d), D d D
d(X, y) = d(y! X);
d(x,x) =0;
0<d(x,y)<oo, X#Y;
d(x, y)<d(x,2)+d(z V) ( ).
4
Sd Q
Query(Q,1): t, S d(Q,h<t
Query(Q,n): Q n
[10]:
I S K=Ky, Ks,... Ko} (K; ), ,
d(1,Q) =max [d(I,K,)-d(Q,K,)|. @
o s(1<s<n), d(1,Q)z[d(l,K)-d(Q.KJl I Q
S:{ |1,|2 ..... |n} K:{ K]_,Kz ..... Kn} . S t(lSSSr‘I,
1£t£m), Is Kt d(|51Kt)7 Query(Q,t) ’ {d(QlKl)vd(Q1
K2),....d(Q.Km)}, (1) . d(ls,Q)>t
s Q
m+u (u ) O(mn)
mHu<n,
2 n- opt-
1(n- ). D d . C1
c2(Cc1 c2 D, D), D D1 D2, D
X, d(X,C1)<d(X,C2), X D1 ; D2 .
(1), * " 7>0, D ),
“n- Cl C2 “
(1) abs(|D1]-|D2)) , D1 D2 , o] .
2 D'1={ X|d(X,C1)-d(X,C2)<2nrXe D2} ,D'2={ X|d(X,C2)-d(X,C1)<2nrXe D1}, D'1u
D2 .
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(3) d(CL,C2)> 7.
1 . .o

[11] [12]

, n- , opt- (
)-opt- n- : I .
) . ,opt-
: .opt- :

Node:(C1,C2,Rytr, L)

,Cl1 C2 Ror  Lprr
opt-
Leaf:(Ey,E,,...,EQ),Ei:(D4[i],D[i],P),
P, k (k (fanouts)), Dii] DJi] P,
k , 2k
2.1 opt-
| n 1=(04,0,,...,0,),d ,opt-
|
opt- 'V
(1 11=0, :
2 :
(2.1) n- I D, D
Cl C2),
D/={ 0] d(C1,0,)<d(C2,0,)A0;el},D,={ O; | d(C2,0))<d(C1,0)AO !}
(2.2) DI D \Y .
(23 D Dy , d(Ci.Qy), Dilil .
(©)] D D , opt- V.
opt- ,opt- , ,
( p. kk opt- ).
, opt- O(nlog,n).
1. D d D1 D2 n-
4C1L N C2 . Query(g,t)(q t ), :
d(g,C1)<d(q,C2) , xeD2, d(x,C1)—d(x,C2)<2t , D1 D2
Query(q,t);  ,Query(qyt) D1
d(g,C2)<d(g,C1) , xeD1, d(x,C2)-d(x,C1)<2t , D1 D2
Query(q,t);  ,Query(q) D2.
: 1 , d(g,C1)<d(q,C2). d ,
:d(q,C1)+d(C1,x)>d(q,x),d(q,C1)+d(g,x)>d(C1,x),
d(a,C1)=[d(q.x)-d(C1.)|, 2
d(g,C2)<|d(g,x)+d(C2,x)|. (3)
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2 O ,d%(0,C1)2[d(a.)-d(CLX)]*  d*(q,C2)<[d(qx)+d(C2x)]°.
d(q,C1)<d(q,C2)

[d(@,x)-d(C1X)]*<[d(a.x)+d(C2.x)],

—2d(0,X)d(C1,x)+d*(C1,x)<2d(q,X)d(C2,X)+d*(C2,x),
2d(g,%)[d(C1,x)+d(C2,x)]>d*(C1,x)-d*(C2,x),
d(g,x)>(d(C1,x)—-d(C2,x))/2.
(4) , d(x,C1)-d(x,C2)>2t d(g,x)>t. , D2
d(x,C1)-d(x,C2)>2t, X
Query(q,t). xeD2
t, D1 D2
, 2
1 1,
(1) d(q.C1)<d(a,C2)
Query(q,t); ,Query(q,t) D1.
(2 d(0,C2)<d(a,C1)
Query(q,t); ,Query(q,t) D2.
: 1 , d(q,C1)<d(q,C2).
6'=d(q,C2)-d(q,C1), xeD2,

d(x,C1)-d(x,C2)<2t

Query(q,t).

d(g,C2)-d(q,C1)<2t , D1 D2

d(q,C1)-d(@,C2)<2t D1 D2

d(x,C1)—d(x,C2)=5>0( 1).

d(g,%)>d(x,C1)-d(q,C1), d(gx)>d(q,C2)-d(x,C2),

2d(g,X)>[d(x,C1)-d(x,C2)]+[d(q,C2)-d(q,CL)]=5 &',

d(q,x)>(0+5")/2.
0'=d(q,C2)-d(q,CL)>2t, d(q,x)>(5+5")/2>t+52>t.
,Query(q,t) D1.
6'=d(q,C2)-d(q,C1)<2t,
2

d(g,x)>t , Y D1 D2

2.2 opt-
1, opt- . opt-
opt-
opt- V
; result
1) ;
2 , Pi,
(2.2) D1 D2
(22)  max{|d(q,C1)-D1[i],|d(q,C2)-D2[i][}>t, P (
d(g,R). d(q,P)<t, result
(2.3 ;
©)

(3.1) d(a,C1)  d(q,C2);

d(a.x)

xeD2 q

(4)

Query(q,t).
O
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(32)  d(q,C1)<d(q,C2),
d(g,C2)-d(q,C1)<2t,

(3.3)  d(q,C2)<d(q,C1),
d(q,C1)—d(q,C2)<2t,

1 1

opt- ,opt- ,
: : . opt :
. « ) . , opt- . opt- :
opt- (fanouts) )
( opt- , ). & Ppt-
“‘n- " 2, Query(q,t), d(q,C1)<d(q,C2)  d(q,C2)-d(q,C1)<
2t, 1 , D1 D2 . n 72t,D'1
D2 q . L Query(q,t) D1 D1 . (2),
“n- " “oom D1 D2
. , : Query(q,t) D2 . opt-
DI D2 . n2t, t ,
n, Query(q,t) =t ?
B n .
Query(q,t), ( ), ,
t : : , t C I
d, n oopt- , 7 (
n 3 )
23 n-
, opt- —n- n- :
3M- ). DD1D2C1 C2 1. D'1={x|d(x,C1)-d(x,C2)<2nrxe D2},
D'2={ x|d(x,C2)—d(x,C1)<2nAxeD1}, D1 D2 D1 D2 ,
DL D2, Dl=DluD1,D2=D2uD'2. “n-
3 ' n- . ,
n . n- , d(C1,x)-d(C2,x)>2n
d(C2,x)-d(C1,x)>27
; ., 2.

2. D,D1,D2,DL,D2,Cl C2 3, Query(qt), 2t
d(g,Cl)=d(q,C2) Query(q,t) DL Query(q,t) D2.
d(g,C1)<d(q,C2), Query(q,t) 51, 3 : D2

xeD2, xgDI1, x q
3 , xeD1xeD2 d(xCl)-d(x,C2)>27.
1 A@X)>(5+8)12(5,5" 1).
,d(0,X)>n+92> >t d(gx)>t. x q . Query(q,t) DL.
. d(g,C2)<d(q,C1),Query(q,t) D2. O
4m- ). | , 7, n-

© PEBREBALTU bt/ www. jos. org. cn



1683

DL

R = DR u DR'.

(1)
(1.2)
(1.2)

(1.3)
(2
2.1)
(2.2)

Step 1.
Step 2.

T.

Step 3.
T
Qurey(q,b),

Gaussian

n=T+3o.

256

DR, n- DL DR
(DL DR)
“ L DL(DR)
n-
opt- , , 2 , n-
; n-
( Query(q.t)).
result
) P,
D1 D2
max{|d(q,C1)-D1[i]||d(a,.C2)-D2[i]}>t, P,
d(q,P|) d(qui)Stv result
d(g,C1)<d(q,C2),
d(g,C2)<d(q,C1),
n ) )
n on-
; n,
. 3
n n
, T n
t : t
N(T,c).
; n }
n- (
3 -opt- n- VP
' DS 10 000
DS( Internet i
; L)

, DL =DLuDL",

DL'=DR(DR =DL),

(
n
i
T.
1t
c 3o- ,
n
) , VP
windows C
1/10
10 ,
HSV ,

© PEEREBEAD

DL(DR)

1150

http:/ www. jos. org. cn



1684 Journal of Software 2002,13(8)

DS, DS, opt- n- VP . 100

100 , 3 o1 2 DS
DS, 3 ( “ " 50000 1150
) M- )
,opt- VP
Comparing the query performance Comparing the query performance
of the three structures of the three structures
' *  \VP-Tree ¥ - *  VP-Tree 4
5 o opt-Tree .% "5 opt-Tree .
B n-Tree = n-Tree
S u - o [}
3 3
o 8
o
g - - 3
B = a
[a) L I
Query range Query range
e & ; , 3 )
Fig.1 The comparison of retrieval Fig.2 The comparison of retrieval
performance on DS, performance on DS,
1 DS, 2 DS,
5
, « " "
opt- , . opt-
, ) n- ,
’ n,
n- )
) n- ,
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A Multidimensional Index Sructure for Fast Similarity Retrieval*
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Abstract: A typical example of similarity search is to find the images similar to a given image in a large
collection of images. This paper focuses on the important and technically difficult case where each data element is
represented by a point in a large metric space. As distance function employed is metric and distance calculations are
assumed to be computationally expensive, it is necessary to index data objects in the metric space such that less
distance evaluations are performed to support fast similarity queries. Based on the optimal partition method that
uses representative points to partition the data space into subsets in a hierarchical manner, a novel distance-based
index structure opt-tree and its variant n-tree are proposed. In order to fully support the content-based image
retrieval, the optimal strategies for the partition of data space and data redundancy storage, which are called
n-optimal partitioning and n-symmetric redundancy storage respectively, are adopted in the n-tree index structure
to achieve the high performance of the similarity retrievals. In this paper, the decisions and the algorithms which led
to opt-tree and its variant n-tree are discussed in detail, and the experimental results show that thisindex structureis
effective.

Key words: high-dimensional index structure; similarity retrieval; metric space; distance function; distance-based;
content-based image retrieval
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