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Abstract
This paper gives a survey of an efficient image storage system with integrated data-
base functions.

Storing the physical image data on external media causes mainly two problems: stor-
age capacity and access time. An intelligent disk controller for disk arrays which tack-
les both problems will be presented.

The management of images can be done in easy cases with a conventional DBMS. Ex-
tending such a DBMS by a specialized search hardware to a DB Machine allows a fas-
ter image retrieval. A higher level of image retrieval demands a semantic description
of the image content.

1. Introduction

Images are a very important source of information in many fields (e. g. remote sens-
ing, meteorology). In nearly all cases images and related information must be stored
and managed. A concept for an Image Database Management System (IDBMS) has to
offer solutions for the following problems:

» On which media the huge amount of data (e.g. series of raster data, maps)
should be stored? How is it possible to guarantee a required data transfer rate?

» How isit possible to access to the image information fast and in a user-friendly
manner?

For applications with extreme time requirements we concepted an image storage unit
with high storage capacity and data transfer rate (in MByte/s range). The image data
management is done by an integrated IDBMS which allows a very quick access to
image annotations. In chapters 2 and 3 a detailed description of both components
(storage unit, IDBMS) is given.

2. Storing of physical images

If short I/O-service time is a goal implementing an IDB then direct access storage de-
vices (DASD) as hard disks or optical disks are often used as storage medium. They
have a sufficient cost per bit ratio , an access time in the milisecond range and an ac-
ceptable storage security. The data transfer rate is in the range of some MByte/sec.

If demands for retrieval are very high the so called “access gap” between primary
memory and disks limites the system performance. Because there isn’t any new stor-
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age technology to overcome this limitation it’s worth while to implement systems in
disk technology with better properties. There are two main ways to improve these
properties.

The extremly raise of the access and transfer quality of the devices results to high per-
formance memories, for example IBM 3380 model AK4. This way is connected with
growing technological difficulties and exponential increasing costs.

The other way joins the knowledge, that technological limitations can be by-passed on
the architecture level, with the fact, that the development on the pc-market produce
inexpensive disks, which follow the high end disks in rapid succession.

If it is possible to organize an array of inexpensive disks as one unique device a new
level of access behaviour can be reached by low costs. A theoretical comparsion of the
IBM 3380 model AK4 with an array of 100 3.5 inch pc-drives Conners CP3100 is
shown in figurel.

A needed array controller not only will satisfy higher demands for organisation and
control of I/O requests.

If logical connected dataitems spreaded over all drives of the array the MTTF is :
MrITFanay = Mmsinglc disk / array size .

That means, already atrays of small size haven’t a sufficient reliability. The reliability
of the array must be improved by using redundant information. The volume for redun-
dant data can be little

in practice. The enor-
mous reliability shown

in fig.1 can be realized Unit High-perfor- |Array of
by 10% of check in- mance 100 inex-
formation. So the con- drive IBM  |pensive
troller must include 3380 AK4  |disks
parts to  generate capacity MByte |7500 10000

needed redundant in-

g data rate MByte/s |12 100
Lo O-rat 1/0 / 20 3000
With such a controller iy e
it is possible to accom- Ponst kW Z ;
phsh not Only a cheap cost $ 100000 100000
and powerful storage cost per MByte $ 13.33 10
df"’lce .but also a fie‘ volume cub.feet |24 10
teos gunthe ey deiigopron gl h 30000 820000

reliability usually

without backup. Fig. 1: Comparison of SLED with RAID Level 5 /1/

Figure 2 shows the

basic concept of such an array controller. The controller computer receives orders
from the host. It generates partial tasks for the other components of the controller,
supervices and synchronises their work and apportions them data from the total data
volume.

A possibility of data partioning would be into small components (Bit or Byte divided).
That results in a high data transfer rate and a short response time for big amounts of
data (images and sequenzes of images). But if a large number of small transfers are
ordered seek time and rotational latency dominate in the response time of the array.
That leads to growing response time in practice.
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A better method

hiese dividing data is
Into component§ Disk 1 Disk 2 Disk n
par- match some physi-
4 cal sectors of the
D?SI})I Th:l? 2; Single Disk Single Disk Single Disk
- paralpl WOIX .9 Controller Controller Controller
e some single disk 1 t
controller on dif- l 1
‘., ferent [ trar}sfer Disk Array Connection Correction
i tasks 2. POSSlb.le- Controller component unit
' Every single disk
)0 is

controller services
only one disk, Fig. 2: Disk Array Controller Configuration

and stores  intermedi-

ately the data, de-

tects and corrects soft errors of the data stream. Instead of it an intermediate memory
pertains to the single controller.

ility The correction hardware generates addi-
k. tional information to the input data
stream, needed for prospective recon-
g Image Data Storage "
structions and restorates destroyed data. Units e AnnoRmy :
piey It is possible to store the needed redun- T T :
v dant information on special disks, called i anaial
i check disks. Due to several reasons these [ Conleolluk DBMS
‘ check disks are a bottleneck and deterior- T T
ate the system performance. Therefore in )
i our project we distribute the check data S Tl;?é) - Query Analysis
across all physical disks. Then the disk T T
array is a level 5 RAID system from the Image Processing Lk o
classification of /1/. wischemcecming
The connection component links all con- Fig. 3: Standard IDBMS Configuration
) troller parts. It can be implemented by a
bus. But there is the disadvantage that
such a structure couldn’t fit to the needs of the actual transfer tasks.
’ In the first step of implementation we will build up a controller for 16 disks connected
by a modified bus structure. It should work with a reliability of 60,000 h. Performance
§ort estimations show a transfer rate for large amounts of data from 10 MByte / sec and a
I/O rate of 300 I/O per second.
ders
ller, 3. Image Database Management System
g The term “Image Data Base” (IDB) is often used with several meanings. The most
simple IDB is only a collection of images (image archive) - the question how to access
ed. to these images is not solved. In this sense the above described storage complex with
ot high capacity is a well suited device for installing such a simple IDB. It should be
;r:;e mentioned that sometimes it is possible to use “intelligent” data distribution methods

to reduce sub- image retrieval time /2/.
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A true IDB Management System

(IDBMS) is an IDB and a collec-

tion of tools to handle (store, de-

scribe, retrieve ...) these images. | Segmentel 1. Rasjor Image

(see fig. 3). It is able to discgern Data wwhim/: e

two qualitative IDBMS levels. Sroctup badl
Definition

At the lower level the images are I

managed by annotations Object [* | Scene gz‘;’fl‘_’e |]mage Object

(e.g. satellite, date, processing eRAE B Tevatien Selection e

state). This information might be . l—l 1_'

managed by conventional Prototype [

DBMS which are available on e Data Object F‘(’)a;‘.’::

the market in a great number. e Mana;emem

Such low level IDBMS fulfil the l

functional requirements for

many applications using image- ’Tﬁ; S o Mglbcﬁ:g Shee Jteeton

like information but the speed of

information retrieval is not al-

ways satisfactory. In order to Fig. 4: IDBMS schema using semantic features

meet the efficency of the de-

scribed storage unit a specialized

hardware was developed which performs searching operations in DBMS’s very effi-
ciently (see Chapter 3.1.).

Higher level IDBMS manage semantic image information. The geometric structure of
the objects in an image and their relations (e.g. neighbourhood) are stored in such an
IDBMS (see fig. 4). An overview on this rather complex task may be found in /3/;
advanced applications are explained in /3,4/. Research activities are concentrated on
the introduction of background knowledge in the process of scene understanding and
on developing adapted query language (Image Query Languages). At present we do
some work in testing description methods well suited for non- exact object matching.

3.1. Main Memory DBMS with hardware accelerator
A relational DBMS was concepted based on the hardware architecture shown in fig. 5.
A detailed description can be found in /5/.

Due to the intended applications of the whole system the DBMS was concepted as an
Main Memory DBMS,i.e. that all annotations are kept in the main memory during the
working phase of the system. The external memory serves only as a backup medium.
Main advantages are the fast data access and the independence of physical data dis-
tribution from the user access behaviour.

The most important algebraic operator in a relational DBMS is SELECT. Presumed
the data in a MMDBMS are organized in a sequential manner it is possible to con-
struct a rather simple but very efficient hardware to perform the SELECT operator. A
simulation shows that such a functionally adapted hardware is faster by a factor 2-20
compared to a pure software solution using well known index structures (this state-
ment must be not true for hash support) /6/.
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