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Abstract: In multimedia information retrieval applications, content-based 
image retrieval is essential for retrieving relevant multimedia documents. The 
purpose of our paper is to provide both effective representation and efficient 
retrieval of images when a pixel-level original image is automatically or man
ually transformed into its iconic image containing meaningful graphic descrip
tions, called icon objects. For this, we propose a new spatial match representa
tion scheme, called 27DLT one, by extending the conventional 9DLT(Direction 
Lower Triangular) scheme so that we can describe three-dimensional spatial re
lationships between icon objects accurately. In order to accelerate image search
ing, we also design an efficient retrieval method using a signature file technique. 
Finally, we evaluate the retrieval performance of the proposed 27DLT scheme 
in terms of retrieval effectiveness. 

15.1 INTRODUCTION 

Recently, much attention has been paid to Multimedia Information Retrieval 
(MIR) because we have had so many applications that should be supported by 
handling multimedia data, such as text, image, video, audio, and animation. 
The applications include digital libraries, advertisements, medical information, 
remote sensing and astronomy, cartography, digital newspapers, and architec
tural design. So far, text attributes in multimedia documents have mainly been 
used for supporting queries by content. The approach using text content(e.g., 
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captions and keywords) has a couple of problems. First, the original keywords 
do not allow for unanticipated searching. The other problem is that the cap
tion is not adequate to describe the layout, sketch, and shape of the image. 
Therefore, in order to support MIR applications effectively, content-based im
age retrieval is essential because it plays an important role in retrieving relevant 
multimedia documents. 

Given a pixel-level original image, various image processing and understand
ing techniques are used to identify domain objects and their positions in the 
image. Though this task is computationally expensive and difficult, it is per
formed only at the time of image insertion into the database. Moreover, this 
task may be carried out in a semi-automated way or in an automated way, 
depending on the domain and complexity of the images. An iconic image 
is obtained by associating each domain object of the original image with a 
meaningful graphic description, called an icon object. Thus, an iconic image 
representation can provide users with a high level of image abstraction. The 
iconic image representation has some advantages. First, the use of iconic images 
avoids the need for repeated image understanding tasks. Processing an original 
image for interactive responses to high level user queries is inefficient because 
the number of images tends to be large in most MIR applications. Secondly, 
the iconic image representation is useful in a distributed database environment 
where an original image is stored only at a central node and its iconic image 
is stored at each local node. Finally, the representation of original images into 
iconic images enables users to achieve domain independence and to deal with 
a group of icon objects in a systematic way. 

In the paper, we assume that all images at the pixel level are analyzed 
prior to storage so that icon objects can be extracted from their content and 
stored into the database together with the original images. The icon objects are 
used to search the image database and to determine whether an image satisfies 
query selection criteria. Ultimately, the effectiveness of MIR systems depends 
on the type and correctness of image content representation, the type of queries 
allowed, and the efficiency of search techniques designed. The purpose of our 
paper is to provide both effective representation and efficient retrieval of images 
when a pixel-level original image is automatically or manually transformed into 
its iconic image including icon objects. For this, we propose a new spatial 
match representation schemes, called 27DLT one, to support the content-based 
image retrieval in an effective way. The proposed 27DLT scheme can describe 
three-dimensional spatial relationships between icon objects in a precise way 
by extending the conventional 9DLT scheme. In order to accelerate image 
searching, we also design an efficient retrieval method using a signature file 
technique. 

The remainder of this paper is organized as follows. A review of related work 
done in the area of iconic image databases is introduced in Section 15.2. The 
proposed 27DLT representation scheme is described in Section 15.3. A new 
efficient retrieval method to accelerate image searching is presented in Section 
15.4. Section 15.5 provides the performance evaluation of the proposed 27DLT 
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scheme in terms of retrieval effectiveness. Section 15.6 shows user interfaces for 
iconic image indexing and querying. Finally, Section 15.7 concludes the paper 
with some issues for future research. 

15.2 RELATED WORK 

There have been many proposals for spatial match representation and retrieval 
in order to search symbolic images efficiently, satisfying certain spatial rela
tionships [1, 2, 3, 4] . In particular, there have been two previous efforts on 
spatial match representation schemes using signature file techniques, namely 
the 20(Dimensional)-string scheme [2] and the 90LT(Direction Lower Trian
gular) scheme [4]. 

15.2.1 The 2D-string scheme 

Chang, Shi and Yan [1] first proposed a 20 string to represent symbolic images. 
The 20 string makes use of a symbolic projection to represent a symbolic image 
by preserving some spatial knowledge of objects embedded in an original image. 
Here, a symbol in the symbolic image corresponds to an object in its original 
image. In addition, they defined three types (type-O, type-I, and type-2) of 
20 sequence pattern matching. For type-O matching, an arbitrary number of 
symbols, rows, and columns can be deleted from a symbolic image and can be 
merged together in order to make it the same as a pattern. Type-I matching is 
the same as type-O, except that adjacent rows or columns of a symbolic image 
cannot be merged. Type-2 matching does not permit any rows and columns to 
be deleted from a symbolic image. 

Lee and Shan [2] proposed a 20-string representation scheme to express some 
types of spatial relationships of symbolic images. In this scheme, they generated 
four kinds of two-level signature files by associating each symbolic image with 
a record signature and by relating some images with a block signature. These 
signatures are retrieved by either specifying a symbol or specifying a type
i match for i=O, 1, or 2. In addition, they adopted a superimposed coding 
technique to use the spatial relationships among symbols in a symbolic image 
as well as to filter quickly for any of the four types of queries. For convenience 
of signature generation, they defined a spatial string to represent the pairwise 
spatial relationships embedded in a 20 string. A type-i 10 spatial character 
V AB is a character describing the spatial relationship between A and B symbols 
in the 10 string as follows: 

(type-O) V AB =" 0" 
V AB =" 0" and "1" 
V AB =" 0" and "2" 

(type-I) V AB =" 0" 
VAB =" I" 
VAB =" 2" 

(type-2) VAB =" 0" + str(r(A) - r(B» 
VAB =" I" + str(r(B) - r(A» 

if r(A) = r(B) 
if r(A) < r(B) 
if r(A) > r(B) 
if r(A) ::: r(B) 
if r(A) < r(B) 
if r(A) > r(B) 
if r(A) = r(B) 
if r(A) < r(B) 
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VAB =" 2" + str(r(A) - r(B)) if r(A) > r(B) 

Here r(X) is the rank of symbol X, "+" denotes the string concatenating opera
tor, and str(X) is a transformation function from integer to string; for example, 
str(3)="3". A type-i 2D spatial string for symbols A and B when i=O, 1, and 
2, StB, is a string formed by concatenating A, B, and type-i spatial charac
ters VfB and V;B, where VfB is a spatial character along the X-axis and 
V;B is a spatial character along the Y-axis. Therefore, stB is written as 
A + B + VfB + V;B. Si is a set of stB for all pairs of symbols A and B in an 
symbolic image. 

15.2.2 The 9DLT scheme 

Chang [3] proposed 9DLT direction codes to describe the type-l spatial rela
tionship embedded in a 2D string. Therefore, nine integers(Le., 1, 2, 3, 4, 5, 6, 
7,8, and 0) are used to represent pairwise spatial relationships embedded in a 
2D string. Figure 15.1 shows the nine direction codes, where R indicates the 
reference symbol, 1 stands for "north of R," 2 stands for "northwest of R," and 
o stands for "at the same location as R," and so on. 

1 
2 8 

3 ----+--i I-+-- 7 

4 6 
5 

Figure 15.1: 9DLT direction codes 

Chang and Jiang [4] proposed a 9DLT representation scheme to express three 
types of spatial strings so that they can fully support the description of type-
0, type-I, and type-2 pairwise spatial relationships embedded in a 2D string. 
They also designed a quick-filter based signature file organization as a filter 
for spatial match retrieval of images. The 9DLT scheme describes a spatial 
representation between A and B symbols as follows. 

(type-O) STtB = (A, B, DAB) 
DAB = 0 
DAB = 0 and 1 
DAB = 0 and 3 
DAB = 0 and 5 
DAB = 0 and 7 
DAB = 0,1,2 and 3 

if DAB = 0 
if DAB = 1 
if DAB = 3 
if DAB =5 
if DAB =7 
if DAB = 2 
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DAB = 0,3,4 and 5 
DAB = 0,5,6 and 7 

= 0,1,7 and 8 
(type-I) STI B = (A,B,DAB) 

if DAB = 4 
if DAB = 6 
if DAB = 8 

(type-2) ST/,B = 
= ° if Irx(A) - rx(B)1 1 

SC1).B = 1 if Irx(A) - rx(B)1 > 1 
SCyB = ° if Iry(A) - ry(B)1 1 
SC:B = 1 if Iry(A) - ry(B)1 > 1 

Here, SfB represents the type-i spatial strings for A and B symbols, and 
(A, B, DAB) denotes the 9DLT representation of symbols A and B. and 
SC:B represent the spatial codes for symbols A and B in the X-axis and the 
Y-axis, respectively. Expression It I denotes the absolute value oft; for example, 
1-21 =2. 

15.3 A NEW THREE-DIMENSIONAL REPRESENTATION SCHEME 

For image indexing, a large number of known image processing and understand
ing techniques [5] can first be used to identify some domain objects and their 
relationships in an original image. Next, we can easily obtain an iconic image 
by associating a meaningful icon object with each domain object in the original 
image. By using some spatial match representations, we can finally obtain spa
tial strings from spatial relationships between icon objects. For image retrieval, 
a user query can first be transformed into an iconic image in the same way as 
that used in the image indexing. Next, we can represent the query iconic image 
as spatial strings by using some spatial match representations. Then, we can 
generate a query signature from the spatial strings and can get some potential 
matches by comparing the query signature with all of the signatures in the 
signature file. By excluding some false matches from the potential ones, we can 
finally retrieve some iconic images to satisfy the user query. The architecture 
of a spatial match retrieval system is shown in Figure 15.2. 

For spatial match representations, there have been two main representation 
schemes to search image results efficiently, satisfying certain spatial relation
ships [1,3]. However, both representation schemes have a critical problem in 
that they can represent spatial relationships between icon objects for only the 
two-dimensional(2D) images. As a result, they are not suitable to expressing 
spatial relationships between objects for handling three-dimensional(3D) im
ages. In order to support 3D content-based image retrieval, we propose a new 
three-dimensional representation scheme for iconic image indexing and query
ing, called 27DLT one, by extending the conventional 9DLT scheme. 
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Original Image User Query 

9'D 
Iconic Image Generation 

Spatial Match Representation 

Signature Generation & Organization 

Figure 15.2: Architecture of a spatial match retrieval system 

15.3.1 27DLT representation scheme 

To describe the spatial relationship between icon objects for 3D images, we 
propose 27DLT direction codes which extends the 9DLT codes for handing 
relationship embeded in a 3D images. Therefore, twenty-seven integers from 
-8 to 18 are used to represent pairwise spatial relationships embeded in a 3D 
string. Figure 15.3 shows the twenty-seven direction codes, where R indicates 
the reference icon object. The codes from I{North) to 8{Northeast) denote 
directions in a counterclockwise order on the same plane as R and 0 stands for 
"at the same location on the same plane as R" . The codes from -1 to -8 denote 
the same directions as those of 1 to 8 except that they are described on the 
inner plane of R. The integer 0 stands for "at the same location as R on the 
inner plane". Similary, the codes from 11 to 18 denote the same directions as 
those of 1 to 8 on the outer plane of R. The integer 10 stands for "at the same 
location as R on the outer plane" . 

Thus, an exact-match direction character, REAB is a character describing 
the 3D spatial relationship between objects A and B when the projects of A 
and B are represented as a point in a 3D space, respectively. The exact-match 
direction character is written as the following: 

REAB = 1, -1, 11 

REAB = 2, -2, 12 
REAB = 3, -3,13 
REAB = 4, -4, 14 
REAB = 5, -5,15 
REAB = 6, -6, 16 

if B is north of A in the same, the inner, 
the outer plane, respectively. 
if B is northwest of A in the three planes 
if B is west of A in the three planes 
if B is southwest of A in the three planes 
if B is south of A in the three planes 
if B is southeast of A in the three planes 
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Figure 15.3: 27DL T direction codes 

Table 15.1: Approximate-match direction characters 

REAB RAAB 
9 9 
1 1 and 9 
3 3 and 9 
5 5 and 9 
7 7 and 9 
2 1,2,3, and 9 
4 3,4,5, and 9 
6 5,6,7, and 9 
8 1,7,8, and 9 

REAB = 7, -7,17 
REAB = 8, -8, 18 
REAB = 9, 0, 10 

REAB RAAB REAB RAAB 
0 0 10 10 
-1 -1 and 0 11 10 and 11 
-3 -3 and 0 13 10 and 13 
-5 -5 and 0 15 10 and 15 
-7 -7 and 0 17 10 and 17 
-2 -1, -2, -3 and 0 12 10, 11, 12 and 13 
-4 -3, -4, -5 and 0 14 10, 13, 14 and 15 
-6 -5, -6, -7 and 0 16 10, 15, 16 and 17 
-8 -1, -7, -8 and 9 18 10, 11, 17 and 18 

if B is east of A in the three planes 
if B is northeast of A in the three planes 
if B is at the same location as A in the 
three planes 

In addition, an approximate-match direction character, RAAB is a charac
ter describing the 3D spatial relationship between objects A and B when the 
projects of A and B are represented as a point in a 3D space, respectively. The 
approximate-match direction character is written as Table 15.1. 

Based on the 27DLT direction codes, we propose a 27DLT representation 
scheme to express both exact-match and approximate-match of spatial strings 
so that we can support the full description of pairwise spatial relationships 
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embeded in a 3D string. The exact-match spatial string can be classified into 
two groups, i.e., general exact-match and distance-considered exact-match, de
pending on whether or not a distance between two objects is consideted in 
addition to a direction between them when we represent an iconic image as 
spatial strings. For expressing the distance, two distance degrees are used; 
N(near) and F(far-away). The optimal threshold value of differenciating be
tween IN' and IF' can be determined by a large number of experiments, but a 
naive value can be determined to be the average distance between two objects. 
The three-dimensional distance character between objects A and B over X-,Y-, 
and Z-axis, DAB, is shown in Table 15.2. 

Table 15.2: Distance character between objects A and B 

distance distance distance distance 
character over X-axis over Y-axis over Z-axis 

0 N N N 
1 N N F 
2 N F N 
3 N F F 
4 F N N 
5 F N F 
6 F F N 
7 F F F 

An approximate-match spatial string of objects A and B, STAAB, a general 
exact-match spatial string, STEAB, and a distance-considered exact-match 
spatial string, ST D AB, are expressed as follows: 

• approximate-match string 
SBAAB = {(A,B,RAAB} 

• general exact-match string 
STEAB = {(A,B,REAB} 

• distance-considered exact-match string 
STDAB = {(A,B,REAB,DAB} 

15.4 AN EFFICIENT RETRIEVAL METHOD 

In order to support fast searching of spatial strings for iconic images, it is 
necessary to construct an efficient retrieval method using a signature file tech
nique because of its main advantages: fast retrieval time and low storage over
head [6, 7]. When an iconic image consists of both icon objects and a set 
of spatial strings among them, we first create an object signature for each 
object in the iconic image and superimpose all of the signatures by using a 
superimposed coding technique. Then, we create an approximate-match signa
ture by superimposing all of the signatures, each of which is made from each 
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approximate-match spatial string for the iconic image. In addition, we con
struct a general exact-match signature by superimposing all of the signatures, 
each of which is made from each general exact-match spatial string for the iconic 
image. Similarly, we create a distance-considered exact-match signature for the 
iconic image. Superimposing signatures leads to reducing the disk space to be 
accessed dramatically. Using a disjoint coding technique, we finally construct 
an image signature by concatenating the object signature, the approximate
match one, and the superimposing one of both the general exact-match and 
the distance-considered exact-match signature. 

Therefore, we can offer a way to answer a variety of user queries effectively 
since an image signature is composed of three parts of signatures. For example, 
if a user query needs some image results, including icon objects A and B, we 
can access only a portion of object signatures, thus dramatically reducing the 
query processing time. Similarly, if a user query requires all relevant images 
satisfying a certain relationship approximately, we can access only a portion of 
approximate-match signatures to answer the query. 

15.4.1 Signature generation 

With a set of distance-considered exact-match spatial relationship strings 
(DESRs) corresponding to a given iconic image, we can generate a set of gen
eral exact-match spatial relationship strings (GESRs), approximate-match spa
tial relationship strings (ASRs), and an object list (OL). Given the OL, a set 
of ASRs, a set of GESRs, and a set of DESRs, we can also generate four 
kinds of signatures for the iconic image, i.e., object, approximate-match, gen
eral exact-match, and distance-considered exact-match ones. Then, an image 
signature for the iconic image is constructed by concatenating the object one, 
the approximate-match one, and the superimposing one of both general and 
distance-considered exact-match signatures. The algorithm to generate an im
age signature is illustrated below. 

/Algorithm 1} Generation of image signature 
Input: a set of DESRs for an iconic image, each being (A,B,RAB,DAB) 
Output: image signature, IS 
Variables: 

Sobj, Sopp, Sgez, Sdez : object, approximate-match, and general exact 
-match, distance-considered exact-match signature for an 
iconic image, respectively 

SOk : object signature for the k-th object of the OL 
sai, sgei, sdei, : approximate-match, general exact-match, and 

distance-considered exact-match signature for the i-th DESR, 
respectively 

si : approximate-match signature for the j-th ASR of the i-th DESR 
Begin: 

Sobj = OJ Sopp = OJ Sgez = OJ Sdez = OJ 
Compute the OL from a set of DESRsj 
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while(each k-th object of the OL for some k) { 
Create SOk from the k-th object of the OLj Sobj = Sobj V SOij 

} 1* while loop for k * / 
while(each i-th DESR for some i) { 

Create sdei from the i-th DESRj Sdez = Sdez V sdeij 
Determine a GESR from the i-th DESRj 
Create sgei from the GESRj Sgez = Sgez V sgei j 
Determine a set of ASRs from the i-th DESRj sai = OJ 
while (each j-th ASR for some j) { 

Create si from the j-th APRj sai = sai V si j 
} 1* while loop for j * / 
Sapp = Saw V Sai j 

} /* while loop for i * / 
RS = SobjllSawll(Sgez V Sdez)j 

End: 

15.4.2 Insertion and Retrieval 

When a set of signatures for an iconic image is generated using Algorithm 1, 
we can store the object signature and the approximate-match signature into an 
object signature file and an approximate-match one, respectively. We also store 
the superimposing one of both general and distance-considered signatures into 
an exact-match signature file. Therefore, the insertion of an image signature can 
be easily handled because it only needs to append its three parts of signatures 
to those three signature files. 

When a user query is given, it can be transformed into a query signature us
ing Algorithm 1. Depending on whether the query belongs to an approximate
match or an exact-match type, we can decide in what sequence three signature 
files should be accessed so that we may achieve good retrieval performance. Af
ter accessing the corresponding signature files, we can obtain some qualifying 
signatures to satisfy the relationship strings in the query. Finally, we can find 
iconic image results by examining whether the iconic images corresponding to 
the qualifying signatures actually satisfy the query. IT necessary, we can re
trieve some pixel-level original images given by the iconic image results. Both 
the insertion and retrieval algorithms are omitted because of their simplicity. 

15.4.3 Example 

We assume that we have four iconic images consisting of icon objects A, B, and 
C as shown in Figure 15.4. A set of approximate-match, general exact-match, 
and distance-considered exact-match spatial relationship strings in our basic 
representation can be obtained as follows: 

• approximate-match representation 
(Image-I) (A,B,1O),(A,C,1O),(A,C,17),(B,C,-7),(B,C,0) 
(Image-2) (A,B,3),(A,B,9),(A,C,0),(B,C,-7),(B,C,0) 
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(a) Imagc-l (b) Imagc-2 

(c) Imagc-3 (d) lmagc-4 

Figure 15.4: Four example iconic images 

(Image-3) (A,B,-7) ,(A,B,O),(A,C,I) ,(A,C,9) ,(B,C,lO) ,(B,C, 13) 
(Image-4) (A,B,1O),(A,B,17),(A,C,10),(A,C,17),(B,C,1O) 

• general exact-match representation 
(Image-I) (A,B,1O),(A,C,17),(B,C,-7) 
(Image-2) (A,B,3),(A,C,O),(B,C,-7) 
(Image-3) (A,B,-7),(A,C,I),(B,C,I3) 
(Image-4) (A,B,17),(A,C,17),(B,C,1O) 

• distance-considered exact-match representation 
(Image-I) (A,B,1O,1),(A,C,17,O),(B,C,-7,O) 
(Image-2) (A,B,3,O),(A,C,O,I),(B,C,-7,1) 
(Image-3) (A,B,-7,5),(A,C,I,O),(B,C,13,5) 
(Image-4) (A,B,17,O),(A,C,17,5),(B,C,1O,O) 

To create image signatures for the four iconic images, we assume that an object 
signature has 8 bits in length, an approximate-match signature has 16 bits, 
and each exact-match signature has 16 bits. In addition, we assume that four 
hashing functions are used to generate these signatures. Table 15.3, Table 15.4, 
Table 15.5, and Table 15.6 list the object, the approximate-match, the general 
exact-match, and the distance-considered exact-match signatures, respectively. 
Based on them, we can generate image signatures for the four iconic images as 
shown in Table 15.7. 

Figure 15.6 illustrates a signature file structure after we insert the four image 
signatures in Table 15.7. Here the SRS file is the one storing a set of DESRs, 
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Table 15.3: Object signatures 

object object signature 
A 00010001 
B 00100010 
C 01000100 

Table 15.4: Approximate-match signatures 

ASR approximate-match signature 
(A,B,-7) 00000000 00000001 
(A,B,O) 00000000 00000010 
(A,B,3) 00000000 00000100 
(A,B,9) 00000000 00001000 
(A,B,1O) 00000000 00010000 
(A,B,17) 00000000 00100000 
(A,C,O) 00000000 01000000 
(A,C,1) 00000000 10000000 
(A,C,9) 00000001 00000000 
(A,C,10) 00000010 00000000 
(A,C,17) 00000100 00000000 
(B,C,-7) 00001000 00000000 
(B,C,O) 00010000 00000000 
(B,C,1O) 00100000 00000000 
(B,C,13) 01000000 00000000 

Table 15.5: General exact-match signatures 

GESR general exact-match signature 
(A,B,-7) 00000000 00000001 
(A,B,3) 00000000 00000010 
(A,B,1O) 00000000 00000100 
(A,B,17) 00000000 00001000 
(A,C,O) 00000000 00010000 
(A,C,1) 00000000 00100000 
(A,C,17) 00000000 01000010 
(B,C,-7) 00000000 10000100 
(B,C,1O) 00000001 00001000 
(B,C,13) 00000010 00010000 

GE8Rs, and AMs. For example, suppose that we have a query to find such an 
iconic image as Image-Q in Figure 15.5. To answer this query, we first generate 
a set of 8M for Image-Q in our basic representation as follows: 
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Table 15.6: Distance-considered exact-match signatures 

DESR distance-considered exact-match signature 
(A,B,-7,5) 10000000 00000001 
(A,B,3,0) 01000000 00000010 
(A,B,10,1) 00100000 00000100 
(A,B,17,0) 00010000 00001000 
(A,C,O,I) 0000100000010000 
(A,C,I,O) 00000100 00100000 
(A,C,17,0) 00000010 01000010 
(A,C,17,5) 00000001 01000010 
(B,C,-7,0) 00000000 10000100 
(B,C,-7,1) 00000000 01000100 
(B,C,10,0) 00000000 00100000 
(B,C,10,1) 0000000000010000 
(B,C,13,5) 00000000 00001000 

Table 15.7: Image signatures for the four example iconic images 

Image ISo"; ISapp I Sgez V I Sdez 

Image-l 01110111 00011110 00010000 00100010 11000100 
Image-2 01110111 00011000 01001100 01001000 11010010 
Image-3 01110111 01100001 10000011 10000110 00101001 
Image-4 01110111 00100110 00110000 00010001 01101000 

Figure 15.5: Image-Q: A query iconic image 

• approximate-match representation 
(B,C,lO) 

• general exact-match representation 
(B,C,lO) 

• distance-considered exact-match representation 
(B,C,lO,l) 
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Object Approximate-match 

signature me signature me 

01ll01ll 0001l1l0 00010000 

01ll01ll ooollooo Oloolloo 

o III 0 III 0 Il 0000 I 100000 II 

01l101ll 00100110 oolloooo 

Exact-match 

signature me 

0010001011000100 

01001000 11010000 

0000011000101001 

00010001 01101000 

Pointer file SRS file Iconic image file 

Figure 15.6: New signature file organization 

Next, we create the object, the approximate-match, the general exact-match, 
and the distance-considered exact-match signatures for Image-Q by using Ta
ble 15.3, Table 15.4, Table 15.5, and Table 15.6 as follows: 

= 01100110 
I Sr: = 00100000 00000000 
I Sfz = 00000001 00000000 
ISdez = 0000000000010000 

Hwe require some distance-considered exact-match answers, we can compare 
ISZz with the four signatures in the exact-match signature file. we can ob
tain one qualifying signature because the second signature in the exact-match 
signature file satisfies the bit pattern of I sZz. However, it is proved to be 
a false match because the corresponding DESRs for image-2 does not actu
ally contain the DESR of the query. On the other hand, if we require some 
approximate-match answers, we can search for only the four signatures of the 
approximate-match signature file. We obtain two qualifying signatures, i.e., 
the third and the fourth of the approximate-match signature file, because they 
contain the bit pattern of Thus, we can access the ARS of iconic im
ages corresponding to the qualifying signatures so that we can find out some 
false drops. As an approximate-match answer, we finally obtain two qualifying 
iconic images, i.e., Image-3 and Image-4, because both the ARSs of Image-3 
and those of Image-4 both include the ARS of Image-Q. 

15.5 PERFORMANCE EVALUATION 

We assume that an iconic image consists of icon objects, each having its icon 
name and its position. For our experiment, we generate the following iconic 
databases [8] . 

• Icon objects have 25 different types. 
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• An iconic image consists of two to ten icon objects. 
• The total number of iconic images used is 10,000. 
• A query iconic image contains two to five icon objects. 

In order to evaluate retrieval effectiveness [9], we make use of recall and 
precision measures. Let ffiT be the number of iconic images retrieved by a 
given query, mL be the number of iconic images relevant to the query, and IRR 
be the number of relevant iconic images retrieved. The relevant images can be 
determined by computing the similarity between two iconic images, based on 
their spatial relationship. The recall and precision measures are computed as 
the following: 

IRR 
Recall = IRL 

P .. IRR 
reCISIon = I R:I' 

When 1000 different queries are executed, Table 15.8 shows the retrieval 
effectiveness of our 27DLT representation scheme, in terms of precision mea
sure. Here, "Exact" means a query type for the general exact match and 
"Approx." means one for the approximate match. Our 27DLT representation 
scheme achieves nearly the same retrieval precision, compared to the 9DLT 
scheme. When the number of icon objects in a query is small, it is shown 
that the precision values of the exact-match query are higher than those of the 
approximate-match one. As the number of icon objects is increased, the preci
sion values of the approximate-match query are closer to those of exact-match 
one. This is because the number of qualifying iconic images is dramatically 
decreased as the number of objects in a query is increased. 

Table 15.8: Precision measure of our 27DLT scheme 

# of icon objects 9DLT Scheme Our 27DLT scheme 
in a query Approx. Exact Approx. Exact 

2 0.12 0.19 0.13 0.18 
3 0.39 0.52 0.41 0.48 
4 0.45 0.50 0.50 0.54 
5 0.47 0.53 0.52 0.53 

Precision 0.35 0.43 0.39 0.43 

In order to verify the correctness of our experiment, we also implemented our 
27DLT representation scheme using 100 real interior design images. The iconic 
images corresponding to the real images were obtained by manual transforma
tion. Iconic objects forming the iconic images have 20 different types related 
with an interior design field, such as, bed, chair, desk, sofa, table, armchair, 
standard lamp, bookcase, dressing table, wardrobe, oven, refrigerator, and so 
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forth. A query iconic image contains two to three icon objects. When a variety 
of ten queries are executed, Table 15.9 shows the retrieval effectiveness of our 
27DLT representation scheme, in terms of precision and recall measures. Our 
27DLT representation scheme shows approximately the same retrieval effective
ness results, compared to those in Table 15.8. In case of the approximate-match 
query, the precision values of our implementation with real images are a little 
lower than those of our experiment with imaginary images. This is because we 
don't have a large number of real images enough to obtain sufficient qualifying 
images to answer a given query. It is shown from the results that our 27DLT 
representation scheme holds about 0.3 precision value in the approximate match 
and about 0.5 in the exact match, while their recall values are kept one. 

Table 15.9: Retrieval effectiveness of our 27DLT scheme 

retrieval 9DLT Scheme Our 27DLT Scheme 
effectiveness Approx. Exact Approx. Exact 

Precision 0.2 0.38 0.22 0.44 
Recall 1.0 1.0 1.0 1.0 

15.6 USER INTERFACES FOR ICONIC IMAGE GENERATION 

As shown in Figure 15.2, some original images are transformed into their iconic 
images through the iconic image generation step, prior to their storage to the 
database. In addition, a user query can be transformed into its iconic image 
query through this step so that we search for qualifying iconic images to sat
isfy the query. In order to make this step easy-to-use, we implemented user 
interfaces for both image indexing and querying. 

15.6.1 User interface for image indexing 

For image indexing of a pixel-level original image, a large number of known im
age processing and understanding techniques [5] can be used to identify some 
domain objects and their positions in the original image. For example, the 
MBR(Minimum Bounding Rectangle) technique can represent the positional 
relationships among domain objects in a precise manner because it can pre
serve the size of the domain objects. Though the image processing and under
standing task is computationally expensive and difficult, it is performed only 
at the time of image insertion into the database. We provide a user interface 
where a pixel-level original image can be transformed into an iconic image by 
manually associating each domain object in an original image with a meaning
ful icon object. Figure 15.7 shows the user interface for image indexing. A 
set of domain objects surrounded by the six rectangles of the original image in 
Figure 15.7(a) can be transformed into their corresponding iconic objects by 
using this interface. In Figure 15.7(b), the iconic objects of the upper left, the 
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upper right, and the bottom left indicate those appeared in the inner plane, the 
same plane, and the outer plane, respectively. Therefore, an iconic image of 
the bottom right in Figure 15.7{b) is made by combining all the iconic objects 
in the three planes. 

-- -_. - -- r - --

a b 

Figure 15.7: Image indexing interface 

15.6.2 User interface for image querying 

For image retrieval, a user query can first be transformed into an iconic image 
in the same way as the image processing and understanding techniques. The 
traditional user interface is not appropriate for users to retrieve relevant images 
in a convenient way. Thus, it is necessary to make a visual user interface where 
users can easily construct their query being expressed as icon objects. Therefore 
we impliment a query-by-iconic image interface in order to provide users with 
a more convenient tool for writing their query. In Figure 15.8(a), the query 
consists of three iconic objects each of which comes from the inner, the same, 
and the outer plane, respectively. As shown in Figure 15.8(b), we obtain only 
one qualifying image to satisfy the query since we use a small database with 
100 real interior design images. 

15.7 CONCLUSIONS AND FUTURE WORK 

Recently, much attention has been paid to Multimedia Information Retrieval 
(MIR) because there are so many applications which require multimedia data. 
In order to support Mffi in an effective way, content-based image retrieval is es
sential for retrieving relevant multimedia documents. For this, we proposed our 
27DLT spatial match representation scheme so as to support three-dimensional 
content-based image retrieval in an effective way. Our representation scheme 
accurately described three-dimensional spatial relationships between icon ob-
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Figure 15.8: Image querying interface 

jects because they could make use of 27DLT direction codes. To accelerate 
searching, we also designed our efficient retrieval method based on a signature 
file technique. 

In order to prove the superiority of our 27DLT scheme on retrieval effective
ness, we evaluated its retrieval performance in terms of both precision and recall 
measures. We showed from our experiment that our 27DLT scheme holds about 
0.3 precision value in the approximate match and about 0.5 in the exact match, 
while its recall values are kept one. As further work, our 27DLT representa
tion scheme should be applied to real application areas using three-dimensional 
iconic images, proving the efficiency of our scheme in these areas. 
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