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Abstract

The system presented in this paper supports image indexing, storage and retrieval of
(paper) documents on the basis of textual or pictorial information. Examples are electronic
schemas, architectural drawings and topographic maps. The system is called AMSTERDAM.
We present the architecture and algorithmic background of the system, together with a software
design lay-out. The main characteristics of the AMSTERDAM system are the following: (HA
semantic image representation query can be combined with a query on the basis of a pictorial
specification; (2) A new methodology, based on image contents, is developed to organize and
index the images; (3) New matching techniques are introduced for establishing the
correspondence between the query image and the images in the database; (4) A powerful user
interface, combining image processing functions together with database functions has been

realized based on tabular form.
As an illustration, results of the functioning of the AMSTERDAM system in the domain

of electronic schemas images are presented.

1. INTRODUCTION

While database technology has emphasized the management of textual data, in the past
few years the ability to manage non-textual data has increased rapidly. This interest from the
database community has manifested itself in proposals for various types of multimedia
databases [1], while from the computer vision community it has manifested itself in the design
of image databases [2].

We will define an image database system as a collection of images and tools for their
access. Most of the existing image database systems were developed for use in specific
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application areas such as geographic data processing, computer-aided design, remote sensing of :

earth resources, medical applications and office applications. Unfortunately, most of the
systems appearing under the heading of image databases are often image systems without full
database functionalities or database systems not directly dealing with images. Moreover, most
of the existing systems are application specific, that is, the way in which images are stored,
organized and retrieved is specific for a cenain application and cannot be generalized to different
applications. Some valuable surveys of image databases are presented in [3-5] and some
collections on papers in [2], [6].

The query of image databases is much different from the query of text databases.

Various image query approaches are being described. These queries can be divided into two

types of languages. The first are QBE (Query-by-Picture-Example) like languages [3], [7-8]
and the second are SQL-like languages [9-10], for managing pictorial database system. An
attempt to define a standard set of data manipulation operations that should be supported by
generalized image database management systems is found in the high level query language
PICQUERY as proposed by T. Joseph and A. Cardenas [8].

In the Amsterdam system the image indexing is defined as the search for pictorial
objects in an image database on the basis of a pictorial specification. This definition goes
beyond those approaches to image indexing where the pictures in the database are first reduced
to a textual and numerical abstract, and the search then is restricted to searching the abstract.
The pictorial component of the image indexing approach is based on hierarchically organized
image detail recognizers. Fuzzy mathematical mdrphology Hit-or-Miss operations express the
measure of correspondence of a pictorial search request with every location of the images in the
database [11-12]. The fuzzy operations allow for sli ght discrepancies between the target image
and the search request including model variation and scanner noise.

The textual component of our approach is based on a verbal description of the image
content, specified whenever an image enters the database. The description is placed in a
separate relational database. Textual components of the search request (currently limited to key
word and numerical codes) are matched on this database using standard database search
techniques. The query language in the system combines the features of QBE with SQL like
languages. : : :

In the next chapter we will present the architecture and functions of the AMSTERDAM

systbm. After that an example for the application of the system for input, storage and retrieval
of electronic schemas images will be given. :

2. THE AMSTERDAM SYSTEM ARCHITECTURE AND FUNCTIONS

The AMSTERDAM system incorporates techniques borrowed from image processing,
pattern recognition and databasing. The architecture of the system is shown in Fig.1.

Three levels of interaction are provided: domain definition; image entering; and image
retrieval and feature extraction. The first level is the domain definition, for domain experts, who
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Figure 1. The architecture of the AMSTERDAM system
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2.1. Image Indexing

The basis of image indexing is a semantic representation of images. The image indexing ;

approach proposed here is based on detail, object and relation recognition.

A detail is small patch in the image with descriptive power. Details are atomic in the
sense that they are the smallest image parts for which a recognition technique is applied. The
best choice for an ensemble details is to form a set from which the image is composed. For
geographic maps the natural set is the signs in the legend completed with the letters of the
alphabet at different fonts, and standard shadings. For electronic schemas an appropriate set of
details is the set of iconograms of components extended with details representing in all
variations. :

Details are entered by a scanner or a camera, or extracted from stored documents, and
are prepared by the user with the help of some image manipulation functions. In the database,
details are inserted as an image detail (which typically is anywhere from 10 x 10 1o 64 x 64
picture elements of pixels) and their names. In addition, dctail descriptions also include: ¢)]
information entered from outside sources concerning the detail and (2) information extracted
from the image in the topographical context of the detail. In the first case, for example, if the
detail represents a legend sign for a town, the user could enter the town population. In the
second case, for example, if the detail is a capacitor in an electronic schema, a number
(identifying the capacitor and its value) can be found to the right of it in the image.

The semantic representation of a detail is defined as:

detail = (detail_name( X, Y, art_name, att_value, add _inf, rec_degree)),
where detail_name is the name of the detail, X and Y are the coordinates of the centre of the
detail, art_name is the attribute name specified by the detail description, art_value is the
information entered interactively when the detail is recognized, add _infis a string of characters
extracted in the topographical context of the detail specified in the detail description, and,
rec_degree is the detail recognition degree.

An objectis a semantically meaningful composition of details. Note that the difference
between an object and a detail is that the latter are atomic and the former are not.

Objects are identified by their names, and by a hierarchically organized sequence of the
details and the relative positions with respect to the order detail in the sequence. The object
description may include: (1) information entered in interactive way, concerning the object and
(2) information extracted from the image in the topographical context of the object. The
semantic representation of an object is defined as:

object = (object_name(X, Y, ait_name, att_value, add_inf, rec_degree)),
where object_name is the name of the object, X and Y are the coordinates of the first detail
centre and the other symbols are similar to the symbols in the detail representation.

The image indexing method is based also on the relative spatial relationships elements
(details or objects) that are of interest for the application. The semantic representation of relation
is defined as:

relation = (relation(first_element_name, second_element_name)),
where relation takes value YES or NO, depending wherever the connection exists or not.

The total semantic representation of an image is defined as:
dj, dy, ..., dy, 0], 02) «» Om, T1, 72, ..., I, wWhere d; is the detail semantic representation, ojis
the object semantic representation and riis the relation semantic representation.
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these two elements.

2.3. Image Entering

domain definition,
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transform can be expressed as:
HOM(xy) =X & f= < T f(r,s) I(x-1,y-5) >,

rsef
where I is the binary image. The threshold operation on a function g, <.>,, is defined by:
<g > gx)<t =y <g'>=0
gx)2t = <g'>=1

So, the outcome of the operation will be a binary valued image with a value of +1 for
those places in the image where there is a good correspondence, and a value of 0 where there is

none. Consider the following example.
Let the search specification be specified by a small square box, represented as follows:

detail = 11

We transpose the detail in a structuring element of size 5x5 by assigning zero values to
the background and assigning weights, the more to the inside the higher value they receive.
(Usually details are represented by much larger neighbourhoods, but the 3x3 size suits the
illustration best):

fy) =

oo oo o
© = ==
O - N = o
O = ==
oo coo

where an "0" indicates that the value of the corresponding pixel in the image does not care, and a
higher positive value assign more weight to the corresponding pixel in the image. The
corresponding threshold value for such a detail can be sensibly put at 80%, in this case the value
of 8. :

Let a portion of an arbitrary image in the database look like this:

DL R T T ra ol
$ 3 3 3393 &
8.2 39 % 3 5 4
5 3323 syt
22 2 %3 9.9 & %
BT S 121 Y ) 3
3 3 % 1493 5% 3
b UG L T e
2L F ) 1a8
2 8% 7'y 3

Then, first it is transposed into a binary image by some segmentation operation:
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connections between elements. In the binary image the elements found are isolated and the
interconnections between them are labelled.

2.3.5. Store. Both the original image and the binary image, obtained after the
are stored in the Image DataBase. The Logical DataBase includes: Detail, Object

preprocessing,
ntaining the specific features of the elements are

and Relation DataBases. Also index co
generated [16].

2.4. Image Retrieval and Feature Extracting
The image query language in the system is a combination of retrieval by examplatory

image and by textual description of the image content. When a user's request can be expressed
in terms of the extracted image description, there is no need to retricve and process the original
images. If however, the textual information is not sufficient, all images should be processed at
the picture level to compare them with the image example.

Since the image retrieval by content is not an exact process (there is no exact way of

d even the user may forget to specify essential characteristics of

defining the image content), an
rch is an

the required search image, combining image retrieval by example with textual sea
essential moment in our system. It decreases the number of false ends.

2.4.1. Retrieval by example image. An example image is entered by scanner or
camera or interactively extracted from stored images (typically the ones used by the experts to
define the domain). The image query algorithm includes: (1) example image preprocessing; (2)
indexing the example image (i.e. transform the visually presented query in semantic image
description); (3) translation in text like query (i.e. include in the query the relation between
elements); (4) binary search in index tables in Logical DataBase; (5) binary search in Logical
DataBase; (6) comparison between the example image and the set of extracted images from
Image DataBase. :

The resemblance degree between example image and the images is defined as the

recognition degree in fuzzy Hit-or-Miss transform.

2.4.2. Retrieval by image content. The user specifies an image retrieval by
conditions in the form: RETRIEVE IMAGES <image_clause>. ;

The <image_clause> contains <element_clause> and <relation_clause>. The
<elem¢nt_clause> includes combination of <element description> and <position description>.
The <element description> includes: element name; attribute name; conditions to the attribute

values such as comparing with “=", ">=", ">", "<”, "¢=" "<>" relations for numerical value,
paring

and with MATCH operation for string value; and additional information, associated to the
elements. The <position description>s are "E", "W", mN© ee NN, "SW", "NE", ZSE’,
where “E”, “W”, "N”, "S", denote the four cardinal points. The position description is
interpreted from left to right not permitting brackets. The <relation_clause> expresses existence,

nonexistence or indifference.
The image query algorithm includes binary search for images fulfilling the query in

Logical DataBase and in the corresponding index tables. The resemblance degree of recognition
between the query and the found images is defined as: ;
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2 element degree recognition
number of elements

2.4.3. Feature extracting. These operations are designed to perform measurements
of an element by pointing at their images.

The user points at an element of special interest to initiate a measurement, The following
measurement functions are available in the system: AREA - the area of an element; ANGLE -
the angle of an element; CR - the contour ration; GRAVX - the X coordinate of the moment of
gravity; GRAVY - the Y coordinate of the moment of gravity; HEIGHT - the height of an
element enclosing rectangle, PER - the perimeter of an element; WIDTH the width of an
element enclosing rectangle; XMAX - the maximum value of X element coordinate; YMAX -
the maximum of Y element coordinate, XMIN - the minimum value of X element coordinate;
YMIN - the minimum of Y element coordinates.

3. AN EXAMPLE

The AMSTERDAM System manipulation capabilities are illustrated in the following
example for the application of electronic schemas.

3.1. Domain Definition

3.1.1. Detail entering function. All details and the corresponding description are
pointed out one by one. The details are entered with the detail write function, The entering of
the capacitor image is shown in Fig. 2. The detail read function shows the contents of the Detail
Description DataBase. Part of this DataBase is shown.in Fig. 3. Some of the details images are
given in Fig. 4., in the way they are stored in Detail Description DataBase,

3.1.2. Object description function. At this point rules for object recognition are

to be defined. They are entered with the object write function. Fig. 5. shows th
function and Fig. 6. illustrates the object write function for a part of the objects. -

Attribute Name: b

Additional Function: B @

Detail Name: liw‘ - j
j

Rectangle Height: 2 R o [T e
Rectangle Width: 2 N | " Jese
Max Number in an Image: 1w ] B

Figure 2. Detail write function.

e object read
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. detail_nene  attribute_nsne edd_inf t_val a_nun
1 resistor_s tpe sbove( 35, 20) S:‘!: 1:
! “ -t e, o &
2 parth =
' twe right( 25, 25) G049
3 mmm'_: - -C 0 O &M 1
7 ; m-: - - 0, 0) o0 10
g copacitor upe rigt( 25, 29 1098 10

Figure 3. Detail read function.

resistor_b resistor_ a

capacitor

art_c
part_a part_b p

Figure 4. Part of the details into the Detail Image DataBase.

No. obj_nase  obj_nime odd_inf . det_name X Y

o 0
opow type inside¢ 45, ¢5) part_s

£ - - il i part b 17 12
> : ¢ S S S T e

Flguh: 5. Object read function.
Object Name: [M

Detail Name:

Attribute Name: Im
Additional Function: [] [er] i s R |
Rectangle Height: B of | | Detail Name: E:
Rectangle Midth: © [ o[ | X: :

¥: =
First Detail Name: lrﬂ.; ]

K]

ject write function. :
Figmg.(l)gjeakelation description. In case the user wants to search for a direct
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. . * B B e chinwe sttneme attvelue  addinf degree | lo inagename  1-st argueent SnliR. e
connection between a resistor of type resistor_a and a capacitor, and also for a relation between 4 S e T ! A cpacitor  Yes
two resistors of type resistor_a and _b, the corresponding relational write and read function are . g A e o o s - o om ] i resistar b resistare . o fe
shown in Figs. 7. and 8. L E F 11. A part of an object description. Figure 12. A part of a relation description.

First Detail Name: l""‘*'»\ fo.  istaugmet 2 argment E Detail and object display function for the image in Fig. 9. are shown in Figs. 13. and
Second Detail Nome:  [caacitor, L | resistor_a capacitor : 3 14.
. 2 resistor b resistor_a A
" b o 0 ~ &
Figure 7. Relation write function Figure 8. Relation read function S e 12 u?
o
. = = bt
3.2. Image Entering 3 f
The image write function is shown in Fig. 9. R
: 25 . : ject image display function.
AL 1 Figure 13. The detail image display function. = Figure 14. The object image display
1
Input Image: @4 O DOc Do ) = sy EP i
Output Isage: 04 E» Oc 0o S ——m e ;

3.3. Image Retrieval and Feature Extracting ®
3.§.1. Retrieval by example image. In Fig. 15. an example of the searching by
example image is given. : 2
¢ 3.3.2? Retgll-ieval by image content. A similar retrieval but now specified as a
retrieval by text, can be specified as follows: e
relation(1st_element = "resistor_b", 2nd_elcment = "capacitor”) = INDIFFERENT

Dialog Image: O+ 0Os @@c O

LR e

Image Name: [M

Degree: 7 7 [[ o

oA N

RTY ST

Ed (T2) AND : G
IT 2 : = ;o - "
m relation(1st_element = 'resislo(_b". 2nd_clement = "resistor_a") = INDIFFERENT
i i g e
Figure 9. Image write function. v R

N e

clement(name = "re:istor_a“, attribute name = 'Qpe", omﬁon =MATCH, attribute valuc = "rr",
additional information = "") :

As a result of the image indexing phase, the semantic image dcsc'n'ption is obtained. Part
of the information is entered in an interactive way by the user. They are stored in the Logical
DataBase. Parts of this database are presented in Figs. 10, 11, and 12 for the image of Fig. 9.

NORTH : ey ' : ¥ P
element(name = "resistor_a" , attribute name = "type”, opcration = MATCH, autribute value = 5
additional information = ")

oy PRS0 b o

EAST . ; “ . »
. £ P . 3. 1! = 'aa
N s e Ty wee atieke Mt o element(name = "opamp " attributc name = "type", operation = MATCH, atributc value ,
.1 schese resistors 20 ¥ tupe ‘rr B o ; additional information = "").
«§ scheme reststor.a 5@ 106 type L M 0% s E 3
« 3 schese resistor_a 131 117 type L R 0.87 ¥
PaR | schese resistor_a 163 117 type re L] 0.87 i . .
« 8§ schese resistor.s 57 131 tupe re B o0 : g s : : ;
P ) schese resistor_a 214 167 type r A 0.9 . : : ST
s schese resistor b 238 ® tupe L A 1.0 1 e
. 8 scheme reststor_ b 182 83 type r A3 1,00 y
P | schese resistor b (46 &5 type r a3 0.5%
10 schese resistor_ b 181 183 type r u 095
8 scheme capecitor 150 165 type el 4
.12 schese capacitor 72 166 type 2 -

15. Exam >le query for retrieval by example image.
Figure 10. A part of a detail description. Figure p '

! . |
|
i
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3.3.3. Feature extracting. The way to measure the height and width of the :

capacitor and resistor_a is given in Fig. 16.

Iaoge Name: |“M-1. ]
Regine:

“@n HGAT  C_MERM G GsTv
15,0 10.0 176 12910 18,4
13.0 15,0 87.2 125600 3.9

Figure 16. The measurement function.

4. CONCLUSION

The main advantages of the AMSTERDAM system for document image indexing,
storage and retrieval can be summarized as follows:

- the image query can be given as an example image, as a textual query about the image
content, or as a combination of both forms;

- robustness to noisy recording and inconsistencies in the indexing due to the use of fuzzy
Mathematical Morphology;

- the possibility to handle different kind of images;

- fully automatically or interactive way of image indexing;

- resemblance measure calculation between the query and the retrieved image;
- simplicity of the query language;

- simplicity of the logical data representation.

Our present implementation includes all the functions described above. The system has
been implemented on a SUN workstation, under UNIX and has been written in C. It uses the
SCIL-IMAGE package [17], developed at the University of Amsterdam. The design of this
system uses the experience of an image database systems prototype [18], working with
graphical images and applied for storage and retrieval of house furnishing design drafts.
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