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Abstract. A system for managing a database of satellite images for the
study of natural object monitoring algorithms has been developed. The
prototype of such system consisting of seven interconnected tables was
created using Microsoft Access 2007. These tables contain the satellite
name, sensor type and its characteristics, information about the snap-
shots, their parameters and, the image area information, the availabil-
ity of the vector and raster maps for the snapshot, and information on
sub-satellite measurements. For the forest vegetation, a technique for
field measurements has been developed to determine its species compo-
sition and coordinates using a GPS receiver. An example of filling the
database with information on eight types of vegetation for the sites of
the Sverdlovsk region and the environs of Yekaterinburg, as well as satel-
lite images of Terra, Aqua, Landsat and SPOT-4 is given. The developed
database allows to solve such tasks as selecting images of a certain area
and object for a given shooting time from the selected satellite which
is necessary for analyzing algorithms for monitoring and natural objects
classification by the remote sensing data.
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1 Introduction

The directory of the forest vegetation images is to be created for investiga-
tion of the remote sensing data processing algorithms solving problems of forest
cataloguing and monitoring. This also involves the development of methods of
collection and storage of information about species composition and the forest
areas location.

Creation of the directory of forest vegetation standard parts is possible if
there is information about the breed mapping of forest stands. The lack of such
information makes necessity to develop the methodology for selection of the
standard areas and conduct the field studies to determine their coordinates and
species composition. According to the results of measurement on the ground
by means of the GPS receiver, the vector layers (shape-files) are to be formed
that contain the forest formula and vegetation characteristics in the attribute
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information. By this, the directory is created that contains a number of stan-
dard areas with different species, age composition of the vegetation and satellite
images corresponding to them.

The present paper discusses a solution of these problems in Yekaterinburg
and Sverdlovsk region, Russia. To determine characteristics of the forest areas,
the measurements have been made in several terrain sectors located: near Shar-
tash Lake (Yekaterinburg), in the natural parks Deer Streams (Nizhnie Sergi),
Pripyshminskie Bory (Talitsa), and near Revun Rift on the Iset River (Kamensk-
Uralskiy).

Formation of such directory of vegetation standard sites greatly simplifies
the process of corresponding images selection. In the turn, this speeds up solving
the problems of processing the classification and vegetation monitoring on the
regional level.

2 Formation of the sub-satellite information

The areas with uniform vegetation structure have been selected on the terrain
during the formation of the sub-satellite information. The structure of tree types
on the percentage basis (the so-called forest formula) has been recorded for these
areas. Their geographical coordinates were also measured using the GPS receiver
Garmin eTrex Vista Cx [1]. The young vegetation was also characterized by the
density and height growth. Moreover, the character of the underlying surface
was recorded for the explored areas.

The measurements have been transferred to the PC memory. As a result, the
directory has been created for the shape-files grouped according to the type of
vegetation and their location. The fragment of such directory is shown in Fig. 1.

& Maranzino_beetroot_Various_ve... File Geodatabase Feature Class
] revun File Geodatabase Feature Class
& revun_birch File Geodatabase Feature Class
S revun_pine_3m_2009 File Gecdatabase Feature Class
= ShartashZpine File Geodatabase Feature Class
2 wheat File Geodatabase Feature Class

Fig. 1. A fragment of the directory of vegetation shape-files

For visualization, the created shape-file (vector layer) of labels made on the
route has been combined with the raster layer, i.e., the space image area, for
which sub-satellite measurements have been carried out. For more precise align-
ment of the vector and raster layers, the automatic or manual mapping by the
characteristic points (for example, on lakes or river bends) has been made.
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The most important parameter is the shape-file attribute information, which
initially includes the coordinates of the point, its projection coordinates, iden-
tification number, information about measuring device, the date and time of
shooting, the height above sea level, and some additional information (Fig. 2).

Attributes of "Deer Streems”

FID |_IDENT LAT LONG | Y PROJ | X PROJ COMMENT ALTITUDE | COUNTRY | CiTY | DTYr
0|29 55 535476 | 59,266011 | 55,535476 | 59268011 | Z7-MAR-11 13.19.07 280 1
1294 §6,535712 | 59.260795 | £6,536712 | §9,260795 | 27-MAR-11 13:08:42 309 1
z|237 55535584 | 59265285 | 56,535534 | 59,265285 | 27-MAR-11 13:16:05 279 1
3288 $6,530038 | 5,253071 | ©6,530036 | §9,283971 | 27-MAR-11 12:38:28 318 1
4254885 | 56525113 | 59236773 | 56525113 | 59238773 | 27-MAR-11 121851 3 i
5|29 $6,535012 | 59,263257 | 56,535912 | 59,283297 | 2T-MAR-11 13:13:34 2% 1
6300 £6,536502 | 59,263304 | 56,536503 | 59,263304 | 27-MAR-11 13:40:12 304 1
7]293 56,53510 | 59,257898 | 56,535109 | 59,257898 | 27-MAR-11 13:02:02 314 1
8| 288 56.532348 | 59,252632 | 56,532348 | 59252632 | 27-MAR-11 12.44:46 308 1
9284 55,508128 | 59,247572 | 56,528126 | 59,247572 | 27-MAR-11 12.30:26 320 1

| 101295 | 56,536001 | 59.262705 | 56536001 | 58.252705 | 27-MAR-1113:12:00 | 302 d fu
11290 55 532689 | 59,753557 | 56,532689 | 59253557 | 27-MAR-11 12.51:43 318 1
12 | 281 55,526724 | 59,242635 | 56,526724 | 59,242635 | 2T-MAR-11 12.25:02 3 1
13282 56527078 | 5924538 | 56527076 | 59.24538 | 27-MAR11 12.27:42 325 1

| 14285 S5,528908 | 59,248531 | 56,528909 | 59,248531 | 27-MAR-11 12.21:55 318 1
15 | 301 55536403 | 59,762062 | 56,536403 | 59262062 | 27-MAR-11 13:41:30 308 1
16 | 289 55,535681 | 59,264815 | 56,525681 | £9,284815 | 27-MAR-11 13.36:35 284 1

Bl 172w = 5za7rc] 59256864 | 55534769 | 59.256864 | 27-MAR-11 13.00:39 318 1

R $6,529504 | 59,249645 | 56,529504 | 59,249845 | 27-MAR-11 12.23:20 320 1

I 181280 S5.525268 | 50.226084 | 56,525268 | 59.226964 | 2T-MAR-11 12.05:20 0 i

Fig. 2. Attribute Table to labels (natural park Deer Streams)

The information about vegetation has been added to the attribute table
based on the records of its type carried out en-route simultaneously with the
location determination using the GPS receiver. At the next stage, the shape-files
consolidation has been performed according to the areas where measurements
have been taken. These operations have been carried out on the geographical
information system (GIS) ArcGIS [2].

The labels limiting the fields of the uniform type of vegetation in ArcGIS help
to draw corresponding polygons. According to these polygons, parts from the
space images are cut for the statistical and spectral analysis of their characte-
ristics. The example of polygons for the Shartash Forest Park with the attribute
information is shown in Fig. 3. Clicking any site, the line with the relevant
information is highlighted in the table; for example, the birch growth in the
selected blue area in Fig. 3.

Correspondingly, the information for any number of the standard areas is
formed and entered into the table. This allows creating the directory that con-
tains objects’ characteristics that are necessary for studying the properties of
their images.

It is necessary to have the appropriate database (DB) for the analysis of
effectiveness of the vegetation classification algorithms. The specified database
includes the images in vector form for seven standard areas in Yekaterinburg and
Sverdlovsk region. It also contains the forest formula and other characteristics
of vegetation for the areas as the attribute information. The Yekaterinburg re-
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Abtributes of Shartash Forest Park

f FID Shape Marm=
i 1 ~ciygon | Hine |
: 2 “clygon | Fine |
3| Folgon | Pine
4

Fobvaon | Fine+10% Birch I

12 Palygon Fines 1% Birch
3 1 | Palygen Birchi

Fig. 3. Selected site and the attribute table for Shartash Forest Park

gion includes the following park zones: Stone Tents (ST), Shartash Forest Park
(Sh), Russian Foresters Park (RF), Mayakovsky Park (M), and the Southwest
Forest Park (SF). Sverdlovsk region includes the following zones: the forest park
Pripyshminskie Bory around Talitsa (T) and vegetation areas near the Revun
Rift on the Iset River (R). The vegetation sites in the natural park Deer Streams
have been excluded from the consideration because of their small area.

According to this data, the directory containing a sufficiently large number
of standard areas with different species and age composition of the vegetation is
created. This data is presented in Fig. 4.

Territory
ST Sh RF M SF T R
Larch X X
Poplar X
Birch X
Pine % {
SP5B X X
TP3B
SP1B X Ve
SASB X

Vegetation type

i
1
i
i
i

Fig. 4. Composition of the directory of standard areas

As a result, the following vector files are formed with: pine in seven standard
areas; larch in 2 areas; poplar in one area; birch in 3 areas; 5P5B (50% pine and
50% birch) in 3 areas; 7P3B in one area; 9P1B in 2 areas; and 5A5B (50% of
aspen and birch 50%) in one area.
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3 Database creation

Using the known coordinates of the generated standard areas, a database is cre-
ated. This database contains the catalog of satellite images from the standard
areas and sub-satellite vegetation data. This information is obtained from mea-
surements on the ground, from the Internet, public archives, and other sources.
This database also includes information about the satellites and instruments
used to obtain the constituent snapshots. The database updates the informa-
tion, which is necessary for executing the vegetation classification algorithms by
collecting data from the remote sensors.

The database is created using application of the software Microsoft Access
2007. The database consists of several joined tables.

Satellite: contains a description the satellite name, sensor, its spatial reso-
lution, the number of spectral channels, swath, frequency of recording, the start
date, as well as a link to the source images.

Snapshots: lists the snapshots and their attribute information. The at-
tribute information includes the name of the snapshot, the date and time of
recording, the satellite, coordinates of the upper left and lower right corners of
the snapshot, the percentage of cloud cover, region, province or city, location in
the image, and allocation of the snapshot. The catalog includes the images of
Sverdlovsk region with the percentage cloud cover no more than 80%.

Objects: shows the results of the sub-satellite measurements such as exe-
cution date, forest formula, description of the site and its size in pixels, and the
name of territory where the measurements are made.

Territories: contains complete information about the natural object, in-
cluding the location, category, and characteristics.

Vector Maps: includes complete details of the vector maps.

Raster Maps: includes complete details of the raster maps.

Linker: links the tables Snapshots and Raster Maps.

By using this directory, it is possible to perform the following tasks:

- selection of images from a predetermined portion;

- selection of images from a predetermined time interval;

- selection of images from the selected satellite on a certain date;

- selection of images, where there is one or more targeted objects.

The developed database simplifies the selection of targeted snapshots, that
speeds up the process of their treatment.

Satellite table is shown in Fig. 5, and Snapshots table is shown in Fig. 6.
Objects table is shown in Fig. 7, and Territories table is shown in Fig. 8.

Next Vector Maps (Fig. 9) and Raster Maps (Fig. 10) tables are pre-
sented. They are intended to view maps where the studied object is located.
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Satellite

Code| Satellite | Sensor | Launch ml;h Insh“:rwﬂ Data source Technical remarks
1 |Landsat 7| ETM+ (15041555 185 16 htlp Mandsal usos aov| 7 spectral bands
2 |Landsal5)TM, MS5| 0103 1884 185 16 httpeMandsal usgs qov| 7 spectral bands
2 Terra | MODIS | 1812 1568 2300 05 hittp:Molovis usgs gow | 36 speciral bands

Fig. 5. Satellite table fragment

Snapshots

Code| Snapshotname Date Time | Satellite UL Corner BR Corner | Clouds

1 |LEMERR202004163 | 0607 2006 | 64457 | Landsal? | GOGE SE5N | 623E 568N | D%

2 |LEF1630202004220 | 08022004 | 6:44:45 | Landsal/ | 60FE 587N | 624E 567N 0%

3 |LEF163R202006142 | 2206 2006 | 6:4533 | Landsal? | GOGE 586N | 623E 668N | 15%

Fig. 6. Snapshots table fragment

Date | Objecttype| Object subtype {::: ) Territory name Object characteristic
27062010 forest Pine 140 Mayabovaly Park young forest
16082010 | foresl Lanch 10 Stone Tenls Larch + Shrub
16.08 2010 farest Birch 20 | Sharash Forest Park rare fores!

Fig. 7. Objects table fragment

Code| Territory name Category Location Description Vector map
1 Mayakovsky Park City Park Yekatennburg cily Gpen anes Mayakovsky Fark
2 Sfone Tenls City Park Yekatennburg ciby open area Slone Tenls
3 | Pnpyshminske Bory | Mabonal Park Talitaa ciby profeched area Svardlovsk requon

Fig. 8. Territories table fragment
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Code Name Scale Description Data location
1 |Sverdiovak regon 1400 000 Z iNeclor maps/
2 |Sverdiovak redgon 1200000 L iNechor maps/
3 |Yekatennburg 1401000 Z:iNechor mapal

Fig. 9. Vector Maps table fragment

Code Name Scale Description Data location
Swerdlovsk region 1:250 000 Foreal map Z_!ﬂt_aler ma_iﬂ’
2 |Prpyahmmnslia Bory 1800 000 LR asler maps/
3 |Yekatennbueg 133000 Z iR asler mapal

Fig. 10. Raster Maps table fragment

The link between the Snapshots and Territories tables is many-to-many.
Therefore, this link is carried out it through additional Linker table.

Three requests are performed in our directory. The first one is Vegetation
Type and Subtype Selection (Fig. 11). It forms tables of selected subtype of

vegetation (Fig. 12 and Fig. 13).

| 21 Vegetation Type and Subtype Selection
L]
Start day 01.01.1990 End day 13.05.2015

Object type [ Farest t:; Area not less than (sqm) 10
Object subtype mB | m| Area not more than (sqm) 10000

Upper left comer (N) Bottom right corner (M}
Upper left comer (E) | 57 | Bottom right corner (E)

| Search for snapshots | | Search for sub-satelite information |

Fig. 11. Vegetation Type and Subtype Selection form
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Date | Object type| Object subtype {::“::l Territory name Coordinates
01.10.2009 | forest 108 350 | Shartash Forest Park 56.86M 60.6TE
27.05.2010 | forest 108 630 Mayakovsky Park 56.81N 60.64E
16.08.2010 forest 108 500 Stone Tents 56.85M 60 66E

Fig. 12. Implementation of the request by clicking the Sub-Satellite Information
Search button

i““‘;;:““t‘f}hilct type | Object subtype|  Territory name Snapshot name | Snapshoot date
| 01.10.2000 | forest | 108 Shartash ForestPark | LES1630202007140 | 20.05.2007
[ 01102000 |  forest | 10B | shartash ForestPark | LE51640202007179 | 28.06.2007

Fig. 13. Implementation of the request by clicking the Snapshots Search button

The request Selection of Snapshots by Date and by Satellite is required
to enter the start and end dates, as well as the type of the satellite. The placement
of the snapshot and the list of territory objects displayed on it are shown in
request results (Fig. 14).

| Selecting snapshot by date and by satellite
L3

Snapshot name |'|.E15-mzuwwml [ Trantment I I~
. - * Data Source | A andsnt Ty
Cate | 30.00.1909 | e scription S
Clowds [ 109
Source [LaMDSAT 7 [«
Linker |Snapshotname | - [Temitory name | -
[LE7 1640201990181 Shatash Forest Pack |
[LE7 1640201908181 | Stone Tents

Fig. 14. Selection of Snapshots by Date and by Satellite request execution

The third request Territory Snapshots for Certain Period Selection is
required to enter a date range and territory name (Fig. 15).

The sequence for entering new information depends on the type of informa-
tion being added. In order to enter new sub-satellite data, it is first necessary to
check whether the Territories table already has the area where the measure-
ments are taken and, if not, add it. After that, the parameters of the objects
and their location are entered into the Objects table. Finally, users can link a
new territory to the Snapshots table or can link the snapshots to a specific site
in the Territories table. If the territory where the measurements were made
already exists in the database, the users only need to add the new sub-satellite
information for it.
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|- Date | Time Satellite |-

: 18.07.2006 LANDSAT 5
LES1650182005295 22.10.2006 LANDSAT 5
LE31630182007234 22.08.2007 LANDSAT 5
LES1650182010210 29.07.2010 LANDSAT 5
LES1bOULEIYILL S/ 04,10.1591 LANDSAT 5
LES1660132005173 23.06.2006 LANDSAT 5
LES1670182010175 25.06,2010 LANDSAT 5
LE7163020200418345N01 06.07.2006 6 :44:57 LANDSAT 7
LE7163020200422045N01 08.03.2004 6:44:45 LANDSAT 7
LE7163020200514 245N00 22.05.2005 6:45:33 LANDSAT 7
LE7163020200718045N01 29.06.2007 6:46:12 LANDSAT 7
LE71630202003163A5ND0 18.06.2009 6:46:22 LANDSAT 7
LE716302020002005G500 18.07.2000 6:53:33 LANDSAT 7
LE716402020011705G500 19.06,2001 6:51:38 LANDSAT 7
[ F7164020200424 245N 30.08.2004 6 :52:50 LANDSAT 7
LET1R3020200519745M00 19.07.2005 6:33:44 LANDSAT 7
LE716402020052004A5M00 19.07.2005 6 :44:52 LANDSAT 7
LE7164020200319245MN00 11.07.2009 6:52:30 LANDSAT 7

Fig. 15. Results of Territory Snapshots for Certain Period Selection request
for natural park Deer Streams

Upon receipt of the new images, it is first necessary to check the existence of
the satellite in the Satellites table and, if it does not exist, to add it. Then it
is necessary to add the new images into the Snapshots table. If cloud cover is
more than 80%, the addition of these new images is blocked, and the user will
receive a warning message.

4 Conclusion

The article presents the results of the development a imagery database for natu-
ral objects monitoring in Microsoft Access 2007. The database contains a catalog
of images from the satellites Terra, Aqua [3], Landsat 5, Landsat 7 [4], SPOT 4
[5] and Almaz 1 [6]with recording their location on an external medium. It also
contains the characteristics of images and satellites (satellite launch date, im-
age resolution, spectral range, etc.). Finally, this database contains information
about the parameters of the observed objects, including their size, location and
type of vegetation. The prototype catalog was developed for standard vegetation
areas containing information about their coordinates, vegetation composition,
characteristics of their state and time of field measurements. The catalog was
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filled with the vector files for eight types of forest vegetation for seven objects
located in the Sverdlovsk region and the city of Yekaterinburg. To fill the catalog
a procedure for creating vector layers (shp-files) has been developed, which is
based on the results of sub-satellite measurements by the GPS receiver. When
transferring data to a PC, these images are supplemented with the information
about the attributes containing the forest formula and the vegetation character-
istics. The developed database is capable for performing such tasks as selecting
images for a specific area, object, time interval or satellite. It can also help in the
study of algorithms for classifying vegetation and monitoring the fire situation
[7,8].
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