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Preface

This book contains the reports of selected projects involving natural language commu-
nication with pictorial information systems. More than just a record of research resuits,
howeyver, it presents concrete applications to the solution of a wide variety of problems.
The authors are all prominent figures in the field whose authoritative contributions help
ensure its continued expansion in both size and significance.

Y.C. Lee and K. S. Fu (Purdue University, USA) survey picture query languages which
form an interface between the pictorial database system and the user and support infor-
mation retrieval, data entry and manipulation, data analysis and output generation. They
include explicit picture query languages that augment alphanumeric data query langua-
ges as well as languages and command sets which are implicitly embedded in a pictorial
information system but perform similar functions. It is worth mentioning that some
forms of query languages can be transformed from a given set of natural language senten-
ces by using ATN (Augmented Transition Networks), which consequently allows for na-
tural language communication with information system.

M. Hussmann and P. Schefe (Hamburg University, West Germany) describe a natural
language dialoque system for scene analysis: SWYSS (Say What You See System). Re-
cently, SWYSS has been constrained to include several modules that can serve as an inter-
face to a scene analysis system, the output of which is a geometric scene description. In
this system, a phrase-structure grammar is used, augmented by dependency rules to pro-
duce dependency structures for natural language inputs not constrained to complete and
well-formed sentences.

M. Yokota, R. Taniguchi and E. Kawaguchi (Kyushu Uaiversity, Japan), in their paper
“Language-Picture Question-Answering Through Common Semantic Representation
and Its Application to the World of Weather Report”, present methodologies for con-
structing systems which can understand both natural languages and pictorial patterns.
These methodologies involve preliminary analysis of linguistic and prictorial data per-
formed by corresponding pictorial data to linguistic from the viewpoints of syntax and
semantics. Their understanding system consists of six divisions, all of which are connec-
ted through the medium of meaning representation common to language and picture.
They also describe the applications of the understanding systems to weather reporting ina
system called ISOBAR (an Information understanding System of Basic weather Report).
The most prominent feature of ISOBAR is that its performance is based on the semantic
processing of the input. .

O. Eriksson, E. Bengtsson, T. Jarkrans, B. Nordin and B. Stenkvist (Uppsala University,
Sweden) introduce ILIAD, a comprehensive digital picture analysis system interacting
with the user through a high level language. ILIAD runs on a general purpose computer,
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but contains provisions for utilizing different kinds of special hardware. ILIAD’s high lev-
el language makes it programmable at the monitor level. Thus, different picture proces-
sing algorithms can be programmed directly using a PASCAI -like command language.
The system is equipped with a procedure facility: a self-contained piece of ILIAD code
which enables each picture processing problem to be expressed in a structured, thus sim-
plifying the use of the system. The full system can be implemented by an.experienced
user, althrough for novices it could be simpler to use the preprogrammed procedures.
We present this publication with the conviction that the problem it includes will help dis-
seminate the knowledge generated by research in the field of natural language communi-
cation with pictorial information systems, an area still too little known in the world today.

Warsaw, October 1983 ' v Leonard Bolc
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Query Languages for Pictorial Database System

Y.C.Lee and K. S. Fu

School of Electrical Engineering, Purdue University, West Lafayette, IN 47907/USA

Preface

To store, retrieve, and manipulate a variety of pictorial data of huge volume, a
pictorial database system is highly desirable. As the interface between the pictorial
database system and its user, a picture query language is to support information

retrieval, data entry and manipulation, data analysis, and output gencration.

The main purpose of this monograph is to provide a survey of picture query
languages. It includes languages that augment previous alphanumeric data query
languages and have been explicitly labeled as picture query languages. It also covers
lunguages or command sets which are implicitly cmbedded in a pictorial information
system but perform similar functions.

In Chapter 1, an overview of picture query languages is fcllowed by the discus-
sion on the design considerations of a picture query language, including existing
approaches, basic problems, and general requirements. In Chapter 2, related back-
ground is briefly reviewed in order to help the understanding of problems and tech-
niques that have been a;!dresscd and proposed respectively. Following the general
frame sketched in Chapter 1 and the background reviewed in Chapter 2, various pic-

ture query languages are discussed in groups.
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Since a picture query language is either explicitly or implicitly built on top of a
pictorial data management system, its design is influenced by the underlying system.
Accordingly, a query language is discussed together with its supporting system but
with a strong emphasis on the language aspects. In Chapter 3, several languages or
systems that mainly support the management of image data are reviewed. They are
EIDES, 1Q, ADM, and IDMS. Approaches with cither practical purposes or idealized
goals are illustrated. Moving into Chapter 4, another group of four systems, namely
MIDAS, GRAIN, PICCOLO, and an image database manipulation system, is described
in order to introduce how image contents can be incorporated with images themselves.
All four systems have distinctive features in system organization, data structure, u?d
user interface. Discussed first in Chapter 5 is the QPE language which featﬁrg the
query-by-pictorial-ezample concept and emphasizes the importance of geometric compu-
tation. Introduced later in the same chapter is the GSYSR system, a relational data-
base interface for graphics. Chapter 6 contains three geodata analysis systems includ-
ing GADS, IBIS, and a cartographic database. Each of them shows new and useful
design approaches.

The authors are fortunate to receive invaluable comments and encouragements
from Dr. N. S. éhang, Dr. H. C. Lee, Dr. Y. F. Tsao, Dr. K. Y. Huang, Mr. W. C. Lin,
Mr. M. A. Eshera, Mr. T. H. Chiu, and Mr. C. C. Liu. Mr. C. C. Liu and Mr. T. H."
Chiu also helped redrawing some figures from original literatures. The authors owe a
debt of gratitude for the support of the National Science Foundation. The text has
been entirely prepared using the UNIX! operating system at Engineering Computer
Network of Purdue University. ’

Y. C. Lee
K.S. Fu
Lafayatte, IN
August 1983

TUNIX s » Trademark of Bell Laboratories.



Chapter 1
Introduction

1.1. Plctorlal Dlhbm system and Picturs Query Language

' Kléng with the 'adva;xc;s in image -proca.sing andi‘conbxiﬁuter gra;phiés ti;xi-ing the
past two decades, many problems bave been addressed and approacbes proposed l’or
the storage, retrieval, and manipulation of pxcwnal data A major Fecent attcmpt. ns:
to incorporate, more or Tess, existing database manage'ment systcm (DBMS) tech-
niques[26,47,73] within a pictorial information system. A picloiﬁl database aystem’
{PDBS) resulted from this attempt is thus a da’tabésé"xna;xag;ﬁleht system whick pro-
vides an integrated collection of pictorial data for éa:sy access by a large nuinber of
usérs[20]. . A,

A pbs'cmrc' query ‘langua'gc is l;asically a Eomputer lahguage through whici) the uscr
of a PDBS can pose quenes related to plcuues ln addmon to supportmg thc !unda;
menta! tasks of lnformatlon retrleval a plcture query Ianguage nsually also provndes

facilities for the storage and mampuiatlon of plctonal data. It may fnrther include a



rich set of analysis and output generating functions, as the use of its underlying PDBS
is posaibly extended to support image processing, image understanding, and problem
solving, ete..

/ Pictorial data items from various sources cover a wide range of varieties and can
be encoded in various data structures. Each structure has its own advantages in
represeating certain types of data and in meeting requirements of some applications.
Although pictorial data are also stored in alphanumerical format at the physical level,
they are, in nature, quite dileren-t from alpbanumerical data. Spatial information that
is either implicitly or explicitly specified usually requires additional interpretations or a
large amount of computation both in displaying the retricved information and in pro-
cessing the queries. A picture query language is thus characterized mot omly by its
data structure but also by its pictorial manipulation capabilities.

As many PDBS’s try to take advantages of the existing DBMS techniques, many
picture query languages are desigued as augmented versions of various conventional
query languages{10). These picture query lggnges therefore have certain features
inberited from tbeir original query languages whose nonprocedurality and descriptive
power are beavily dependent on the underlying database models.

Although PDBS approaches in principle follow DBMS techniques, the result is
rather duamncd ibn all the existing PDBS approaches are examined with respect
to various developed DBMS disciplines such as data independence, data integrity, and
concurrency comtrol, ete.. This discrepancy is particularly significant in the aspect of
pm.m query language. At one extreme, some Janguages are simply composed of » set
of commands tailored o the existing system. At the other end, several languages
strictly follow the design requirements of DBMS. It can be observed that system-
tailored approaches usually :in‘n a short-term purpose and only stress practical con-
siderations while rigorous approaches emphasize theoretic foundations yet appear to be



somewhat unrealistic.

Strictly speaking, the area of PDBS has been very interesting but not yet com-
pletely defined and developed. It is due to several reasons. Fir:st., different applica-
tions which impose different processing requirements have been involved in this area.
The diversity of the attacked problems has resulted in different techniqucs‘that are
successful in a limited scl;se. Second, there is still a great need of efficient and reliable
techaiques for the processing and manipulation of pictorial data. Without these tech-
siques, none of the current PDBS approaches can be as disciplined or as feasible as |
conveational database management systems. And last,; like in other research prob-
lems, » PDBS approach may look appealing but is not necessarily the best way to ban-
die the storage, retrieval, and manipulation of pictorial data. But if the problem of
PDBS can not be handled by other ap‘proaches, significant modifications to the exist- -
ing DBMS techniques might still be needed.

Obviowsly, this is also why researches on PDBS as well as picture query
languages remain extremely important as the sumber of applications which need to be
supporied increases. In the following section, principal PDBS o-pw applications
are briefly discussed. Other applications are mostly based on these principal applica-
tions in the aspect of pictorial data management.

1.3. PDBS Supported Applications



Image Processing
Image processing has long been an important research area emphasizing metho-
dologies that code, enbance, and restore images for _hum‘an. _intqyprctation or machlne
perce.ptiop. Processing techniques, usually in the form of alggrithms, have to be,e;am_-
ined and ev;aluated on a set of diﬂ’erentr‘images. Accordingly, a database neededf_ﬁin
such an gqvix;oqmcnt is required of convenient facilities for retrieving, storing, manipu-
lating, ana displaying images. A query language associated wi»t_,!;,“:it_‘qften fo{gl‘;se_sﬂ on
the integration of image management qonpmapds’ a'nd basic img”e px:oceeﬂsing‘;q"uti_ng.‘
| In this kind of PDBS, Images or windowed subimages are the basicidata items.
Intricated relationships among data items, as in commercial alphanumeric. database,
are absent from this case 'fl_‘hercfore, the only aspect where the ,exisﬁn&DBMS_ tech-
niques can be directly applied is the mana'gement;o( image directory, or secondary.
registration information. Since only little consideration. that.is specific to .picture bas.
to be mage for this aspect, PDBS approachm fo; ivmavge P{chssip; purpose tend to
exﬁpb;sizé arcopvlcniéng; and uscful comxpgpd language which will practically religyg
the user of tedious i nnage ﬁlc mampulatlon and provnde the user suﬂiclently wnh van-
ous fundamental nmagc processm,g tools Thls ls qmbe dlﬂerent from tl;,e tgcnq;mg
poun of a conventional DBMS in wlnch databm content |s remeved w;th respect to

different selecting conditions posed on a large number of entities and relationships.

Image Analysis and Un'dersﬁn'iﬂné’_‘ k

One purpose of using image processing techniques is to support machine percep-
tion of images. Image analysi'a (and understanding) in this sense include all the
processes that utilize the results of image processing and extract useful information
from images. The extracted information in alphanumerical format can be used to sup-

port query-answering, decision-making, oc further processing of images. Thus we see a



strong need of a database management system capable of organizing both nonalphanu-
merical images and alphanumerical image descriptions. Furthermore, the interplay
between image data and their corresponding image descriptions necessitates a set of
geometric operators to interpret spatial properties.

PDBS approaches for this purpose include research-oriented and application-
oriented systems. Research-oriented systems are intended to support comparison and
evaluation of different algorithms. Application-oriented systems are aimed at reducing
repetitive information extraction tasks and organizing the extracted information for
practical uses. Both kinds of systems have fairly complicated system hierarchy in
order to achieve certain degree of data independence and to provide users with easy

and concise interfaces.

Computer Graphics

While image analysis and understanding are a process that inputs images and
outputs image descriptions, computer graphics implies an almost reverse process that
generates images according to the descriptions. It plays an important role in
computer-aided design and manufacturing. The design data which is interactively
produced and visually approved by graphic systems will be used by simulation,
analysis, or manufacturing programs. As a consequence, a supportive database for
computer grapﬁics is generally characterized by a systematic organization of data
items, a convenient tool for data entry, and a p;mer'ful set bf display commands. It
also serves as a common data source for various applications. .

Different from the previous two applications, nonalphanumerical image data
items are not included in this sort of database. The database is distinguished from
conventional DBMS's by geometric computational capabilities rather than different

formats of data items.



Geodate Analysis

~ In a comprehensive sense, current geodata analysis can be considered as a typical
application area which requires all the PDBS techniques for image processing, image
analysis, and comput;er graphics. Geodata analysis has been traditionally using grid
cell and polygon methods until when remotely sensed imagery was introduced. Satel-
lite images and aerial photographs are important data for obtaining time-varying
information about large areas. The combiuation of imagery data with existing maps
and census data is therefore a crucial ingredient for an advanced geodata analysis sys-
tem that is capable of extracting significant information from a vast amount of data

in various formats.

A complete geodata analysis system appears to be much more complicated than
those in the .previous three kinds of applications, namely, image processing, image
analysis, and computer graphics. It primariiy deals with input data in matrix (image) -
format, polygonal (graph) structure, or tables. Format transformation and processing

algorithms for each type of data are of particular importance in such a system.

1.3. Design of a Picture Query Language

In this section, issues related to the design of a picture query language are out~
lined. Three different design methodologies characterizing the existing approaches are
first discussed. Basic problems associated with the language design are then examined
with respect to these approaches. These discussions tﬁus suggest a list of general
requirements which can be used as a guideline in studying advantages and dindvan—

tages of an existing language or in developing a new one.



Existing Approaches

It is worth noting that some languages described in this monograph are not
necessarily initiated as database approaches, as discussed in the following. However,
these languages have dealt with the same problems that_distinguish a picture query
language from a conventional query language, namely the manipulation and analysis
of pictorial data, and some of the techniques employed can be of significant help in the
design of a pict,-ure query language.

l) System-tailorcd Approach - In order to facilitate certain data processing tasks,
. it is usually a straightforward and economic way to develop a set of frequently used
commands and/or subroutines by following the specification of the supporting operat- -
ing system. Without exceptions, such an approach, which creates very few difficulties
to a noncausal uscr with appropriate programming and system knowledge, is adopted
by many pictorial data processing systems. As indicated in the previous section, a
large pumber of 1/O rqutines and standardized primitive operations are needed to sup-
port the processing of pictorial data of which the size and complexity .are extremely
large. By this approach, the commands and/or subroutines are developed whenever
needed in .an ad hoc fashion that only short-term considerations are taken. Without a
unified communication between existing commands and the liberty for adopting new
software and hardware facilities, such an approach usually fails to establish flexible
and portable language packages.

2). Structured Top-down Design - The structured top-down design emphasizes a
disciplined software management technique that systematically organizes the hierarchy
of commands in order to localize the device dependence and maintain the flexibility to
include new facilities. This approach starts with the overall consideration of the sys-
tem requirement, which may rely on the experience accrued from the system-tailored

approach. After examining all the tasks that will be supported, the design basically



includes:
i). extracting common primitive operations from all tasks;
ii). defining a simple, unified format to be followed by every command; and

iit). constructing the command hierarchy.

In general, the resulting system, concerning the user, is still file-oriented even
though the format of each working unit, file, is well specified. In rigorous database
approaches, files, if exist, are under the control of the management system at physical
level and are completely transparent to the user. The following approach which ori-
ginates from conventional query languages is somehow different from the preceding
two.

. 3). Augmentation ;y/, Conventionsl Query Langusges - Image descriptions or other
alphanumerical yet spatially related data are regular data items and can be w;uéwd
and manipulated in counventional database management system. Naturally, a good
approach to designing a picture query‘langua;e is to enhanlcc an adequate existing
query language 30 as to include the additional facilities needed for picture query pro-
cessing, These'required facilities range from fundamental geometric computation
capabilities to sophisticated iﬁage analysis algorithms, depending on the applications
supported. Ideally, this approach tries to design a higix level, nonprocedural query
language which can handle different formats of pictorial data uniformly. For example,
the data items should not be limited to only alphanumerical data in specifying the

retrieving condition of a query.
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Basic Problems

Although problems of various degrees of difficulty have been associated with
different applications, most of -thém actually result from the fact that pictorial data
items are often not a perfectly ready source from which answers to picture queries can
be directly retrieved. This implies the need for a very rich set of operators a}miqg at,
bridging the gap between the raw pictorial d@pa apd the query answers. In fact, a
similar need also happens but at a much less crucml level, ln conventlona! query

languages in whlch aggregat,c arlthmetic, and ou!put generating functlons are reqmred

to enhance the manipulation capabilities or the appearance of query answers.

A common comparison operaior equal fo, which is used to ’specvify ccrtaip se!ecy-
ing coaditions, can be examined here in order to realize this pepd. lSuppose that A
and B are two im;ges and the i;ots'iiop = vst.an.ds for the o'perator équ;i to. A simple
expresswn, A= B will involve a tlm&con.summg, pomtrby-pomt matchmg problem
and ﬁrst. of all the use of this cxpreulon mll be meanmgful only when A and B are
identical images. Instead of tbls, an equlvalence in the sense of feature—matchmgr
scems to be more realistic and feasible. For example, A =(w.r.t. feature z) B can be
evaluated by a certain algorithm if provided. Such an algoﬁtbm may be much more
complicated than a poinb-by-point pmtcliing' procedure but is more realistic, consider-
ing all the possible translational, rotational, 'phd Briéht'ness differences when an’ identi-
cai scene Is pictufed repeatedly. If more distortion i allowed, the equivalencé may be'
defined on a simiiarity measure. A number of PDBS approaches chose to pre¢compute
several desired features so as to reduce the computation load of query processing.
This is part of the reason why image descriptions are the actual data items being
manipulated in several systems.

It appears to be that all problems are taised in an effort to achieving that images

can be treated uniformly as other data items while their contents cani also be accdssed



