
ARCHIVE AND DATA FUSION SYSTEM FOR SATELLITE 
GROUND STATION



INTRODUCTION

Archive  and  Data  Fusion  System (ADFS)  for  satellite  ground  station  is  designed  to 
handle full  range of  data  storage,  processing and commercial  utilization  of  the Earth 
Observation  (EO)  satellite  data,  starting  from  archiving  satellite  images  and  up  to 
commercial  volume-added applications in the areas of environment,  disaster response, 
resource management and beyond. 

Design of ADFS software relies on the cutting-edge monitoring, modeling and control 
software design technology M2C, which was developed by the Canadian company AZ 
Global  Research  and  Engineering,  and  which  is  implemented  in  the  Visual  Control, 
Simulation  and  Monitoring  Design  Environment  (VisCMSE)  that  is  integrated  into 
ADFS.  Use  of  VisCMSE guarantees  ease  of  configuration  of  ADFS to  address  new 
commercial  applications  and scalability  of  the  system.  ADFS hardware  configuration 
depends on complexity of the tasks that it has to address for the particular ground station. 
It relies on high-end PC computers, and RAID data storage, and is always cost-effective, 
reliable and poses no logistical, maintenance or operational challenges.

ADFS includes several key components, that may be operated independently or as a part 
of the integral system. These are:

1. ADFS software
1) Graphical archive management software applications
2) Image processing software 
3) Value-added software applications
4) System control software applications
5) VisCMSE design and operational environment
6) Ground station control application (optional)

2. ADFS hardware:
• Operator workstations for value-added ADFS applications
• Operator workstations for data archive management and image processing
• Operator workstations for system control and operation
• Data storage
• Printers, scanners, digitizers, LAN hardware, etc.

The following sections will discuss these applications and equipment in greater details.

Besides  being  end-to-end  Earth  Observation  data  management  system  ADFS  also 
provides  interface  options  for  data  exchange  with  GIS  applications,  with  external 
databases,  with legacy software,  with third-party modeling applications  and hardware 
drivers, and with Internet-based applications. Value-added applications also support case-
specific  web  site(s),  and  provide  variety  of  reporting  and  notification  opportunities, 
including electronic mail and printed reports.



Operation  and  configuration  of  ADFS  does  not  require  computer  programming 
experience, use of scripting languages, or extensive specialized training. User interface of 
the system is fully graphical;  data representation relies on color-coding following the 
built-in automated Final State Modeling (FSM) analysis, with minimal,  if any, use of 
alphanumeric input by and output for the operator. 

The system software is developed using Java-2 programming language, which guarantees 
system performance and portability. 

The  following  sections  will  discuss  the  ADFS  hardware  configuration,  process  of 
receiving  and  archiving  of  the  new  data,  the  archive  management  interface,  image 
processing  software.  The  foundations  of  M2C  technology,  general  features  of  the 
VisCMSE,  which  is  the  core  of  ADFS  functionality,  value-added  applications,  and 
control software will be discussed in the separate documents.



ADFS HARDWARE CONFIGURATION AND DATA FLOW

The hardware for ADFS includes volume-added application workstations (normally one 
per 1-2 applications), additional image processing workstation, operator workstation, data 
storage (RAID array with double backup), peripheral devices and miscellaneous LAN 
hardware. The application workstations are built around high-performance COTS dual-
core CPU and interact with the “outside world” and with the data archives through the 
operator workstation over the Local Area network (LAN). 

System also includes separate operations control workstation, which monitors “health” of 
the system and of the network connections, controls availability of the storage space and 
notifies the operator if problem emerges or is likely to emerge.

The following pictures present the 2-workstation deployment of ADFS:

Picture 1. Two-workstation (4 value-added applications) deployment of ADFS. Left to  
right:  Operator  Workstation,  Data  Archive  (2X2TB  data  storage),  Workstation  1,  
Workstation 2.



Picture 2. Operator Workstation and Data Archive. The Workstation GUI presents color-
coded system diagram for ADFS.

Picture  3.  Workstation  1,  running  the  image  processing  application.  Particular  
configuration includes: 2.4GHz Pentium Core 2 Duo CPU, 1GB /800MHz RAM, 500GB  
hard drive and Mathrox GL-550 dual-head videocard with 2 wide-screen 19” monitors.



Picture 3. Workstation 2, the same configuration as Workstation 1, but with 17” analog  
monitors, running Water Resources Monitoring and Air Quality Monitoring applications.

Picture  4.  ADFS  dual-head  monitor  workplace,  analysis  of  the  10m.  resolution  
multispectral image.



The following Figure 1 illustrates data and image flow within the system:

Figure 1. ADFS image flow.

The process is organized in a way that prevents (even accidental) editing of the archived 
image. It includes several step:

1. When new image arrives to ADFS from the ground station output processing unit 
(or from another source), the operator’s workstation (OWS) archives the image, 
and launches image backup process.

2. Upon  archiving  the  image  the  operator  workstation  generates  the  notification 
message,  which  is  delivered  to  all  the  running  value-added  application 
workstations (VAWS).

3. Upon receiving the notification the operator of VAWS takes the decision either to 
ignore new image, or to import it into the system.

4. If the decision is to import, the given VAWS generates the request for archived 
image, which is copied to the local hard drive. The local copy becomes available 
for further processing. 



The results of the processing are then uploaded to OWS further handling.

It  has  to  be  mentioned  that  entire  process  is  fully  automated  and the  only  step  that 
requires operator’s involvement is selection (from the pre-generated menu) the action that 
is to be taken in regard to the new image.

The operators of VAWS is also able to request additional images or data from archive. 
These requests are generated by the graphical archive interface (see the next section). The 
requested image is copied from archive to the local hard drive and only then becomes 
available for processing.



GRAPHICAL ARCHIVE INTERFACE
Graphical  Archive  Interface  (Archive  GUI)  is  designed  to  support  the  following 
functions:

1. Geographical search of the archived images using the World map
2. Search of the archived images the archived images by name of the location 
3. Search of the archived images the archived images by coordinates
4. Managing of the local database. This function in turn allows to:

a. Add, edit or remove data entries
b. Add, edit or remove resource reference for the given data entry
c. Add, edit or remove the external resources for each data entry, and save 

these  resources  locally.  The  definition  of  resources  within  M2C 
technology includes satellite images, GIS and database files, and another 
software objects that may be associated with the given data entry.

The VAWS database  and resources  are  stored locally,  but  operator  has  an  option  to 
backup data  automatically.   The  Archive  GUI may be  invoked either  by the  system 
operator on the OWS computer, or by the operator of any of VAWS computers locally. 

The following Figure 2 presents standard Archive GUI, which is included in ADFS. 



Figure 2. Archive GUI

Archive GUI operates as follows:
1. Search of the image by coordinates or by location on the map. The operator can drag 

the pointer device until the wanted combination of latitude and longitude is found, 
and then click on the location. The coordinates are displayed in the text fields 2 of the 
GUI window.

2. Upon selection the software scans the image archive for available images, and if it 
finds the image within +/-1 degree from the point of interest, the area that is covered 
by image is shaded (area 1 on the Figure 2).

3. If  image is  found,  the  operator  has  to  select  the image import  source  (control  3, 
Fig.2). The options are: primary archive, backup archive 1 or backup archive 2). If 
there are several applicable images in the archive, the user has to select the particular 
image from the drop-down menu 4. The operator has an opportunity to zoom into the 
area that surrounds the selected location (Figure 3).

4. After  specific  archive  entry  is  selected,  the  operator  may  either  launch  image 
processing application (GUI control 5), or

5. Directly import image into the application that is running on the given VAWS (GUI 
control 6).

6. The alternative option is to use text search by name (GUI control 7, input name and 
click OK), or by coordinates (input coordinates into text fields 8 and click OK to the 
left). 

7. If image is found, the process has to be restarted from the step 3 above. If the selected 
geographical location has resource associated with it, the location of the resource file 
will be shown in the text field 9. The operator can launch the “Viewer” application 
for this resource by clicking the GUI control 10 (“OPEN”), and cancel importing the 
resource if necessary.

8. If satisfied by selection, the operator shall click the INCLUDE button (GUI control 
15), and the selected image and resources for the given location will be imported into 
running system.

9. The operator can also add new entry to the local VAWS database. To do so he/she 
needs to:
9.1. Provide the name of the entry (text field 11)
9.2. Provide coordinates (text field 12)
9.3. Identify the resources, that are associated with this database entry (text field 13, 

optional).
9.4. Following completion of these steps the operator has to click ADD button (GUI 

control  14), and database entry will be added. If the INCLUDE button is also 
clicked, this data entry will be imported into the application that is running on the 
given VAWS.

10. Finally,  the  operator  may  edit  the  local  database  by  invoking  the  database 
management application (GUI control 16, Fig.2).



Figure 3. Zoom-in into the covered area.

Archive GUI also provides an opportunity to go directly to image processing without 
importing the satellite image into the application, that runs on the specific VAWS. There 
are two ways to do this, either by clicking “View Image” button (GUI control 6), or by 
right-click on the area that is covered by the archived image on the enlarged fragment of 
the World map (Fig.3):

The image processing application (see the next section) will be invoked, and after image 
is  ready the operator  will  be able to  import  it  into the local  database as resource,  or 
directly into the running process using the above described Archive GUI controls.



IMAGE PROCESSING AND SATELLITE MAPS
The satellite image processing application (SIA) is integral part of ADFS. The default 
image  format  for  the  application  is  TIFF,  but  it  provides  an  opportunity  to  handle 
different image formats as well.
 
The SIA application within ADFS supports the following functions:
Precise identification of the geographical coordinates within image
Local spectral analysis 
Automated identification of the locations with the similar spectral “signature”
Zoom-in/Zoom-out and processing of the image fragments
Image scaling
Use of the satellite images for creation of the maps, including

a. Applying of the icons from the local library (buildings, roads, rivers, 
forests, etc.)

b. “Drawing” over the image using the pointer device
c. Association of the external resources (including GIS data) with the 

specific locations (through VisCMSE).
Generation of the pseudocolor images with and without mapping data applied
Scaling of the generated pseudocolor images
Print, save, send, etc. functions.

The following Fig. 4-9 illustrate these operations.

Figure 4. Standard image processing workplace of ADFS.



The designation of the controls at the bottom:
1) Zoom-box and mapping facility
2) Save and exports workplace
3) Import of the external data
4) Erase imported data
5) Generate coordinate reference grid 
6) Import another image from archive, and set it as resource for the VASW application
7) Activate local spectral analysis
8) Search for the areas with the similar spectral “signature”
9) Generate and export pseudocolor image with or without map elements, local spectral 

data and similar area selections applied
10) Erase mapping and spectral data
11) Close without save.
12) Enter/exit editing mode for mapping (right corner at the bottom).

ZOOM-IN / ZOOM-OUT AND MAP ELEMENTS

Figure 5. Selecting the area of the image for use as the map.

The user has to select the area by dragging mouse from the top left to the bottom right 
corner (the red rectangle will indicate the selection), and click control 1 at the bottom of 



the  workplace  window.  The  editor  workplace  will  appear.  This  workplace  has  the 
following controls (left to right at the bottom):
1) Export the editing results and apply them to the image, and exit 
2) Select the color of the drawn lines
3) Bring up icon library
4) Enlarge/reduce
5) Exit without save.

The following Fig.6 illustrates the result of applying the “Industrial facility” icon and 
marking the river using the editing workplace.

Figure 6. Results of the editing job.
The operator can also identify the location of the point with specific coordinates on the 
image (using the overlay controls window, see Fig.7), or identify coordinates of the point 
on the image (Fig.7):



Figure 7. Coordinates on the image.

Clicking  the  “Spectral  analysis”  control  brings  up  the  calibrated  relative  reflection 
intensities for the selected points on the multispectral image (Fig.8):

IMAGE ANALYSIS

Figure 8. Local related reflectivity analysis.



The user may also conduct the selection of the points that demonstrate similar reflectivity 
ratios across the entire image.

IMAGE EXPORTS
Following completion of all the processing steps at the level of the multispectral image it  
may be used to generate pseudocolor picture with all the changes applied. The changes 
may be applied to the entire image or to the selected area (Fig.9), e.g. – to the enlarged 
part of the satellite image:

Figure 9. Generated pseudocolor image.

This image may be scaled, and parts of it (or entire image) may be saved and exported 
into the application that runs on the specific VAWS.

After image is exported into the specific application the operator may use VisCMSE to 
associate as many different external resources (GIS data, video streams, images, database 
entries,  mathematical  models,  etc.)  with any location at  the image.  Please review the 
VisCMSE document for details.



SUMMARY
The  hardware  configuration  and  software  applications  as  described  above  form  the 
foundation of the ADFS and are used to provide data storage and data pre-processing 
support  for  the  value-added  Earth  Observation  applications,  which  constitute  the 
principal commercial value of the ADFS. Hardware configuration and image processing 
flow provide quadruple redundancy for image archives and guarantee low risk of loss or 
damage of the valuable satellite imagery. The Archive GUI provides variety of image 
access options, and includes database and image archive interfaces, that does not require 
intensive (if any) training and minimize the impact of the human error on the operations 
of the system. The Satellite Image Application that is integrated in the ADFS and in the 
Operator Workstation applications includes sufficient set of tools to support development 
of the satellite maps and of the sophisticated geoinformation and monitoring applications 
using the VisCMSE design and operations environment.   
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