Software Development


	A standalone system for satellite data acquisition should provide the owner/user with full range of capabilities for data reception, from a satellite trajectory calculation, data registration and storage, to thematic data processing within short time after the acquisition. The range of operations is similar to that usually performed in major specialized receiving centers. The processing system should meet the following main requirements: 


be inexpensive and work on the most popular in this country platforms (personal computers);


provide maximum automation of both receipt and processing of data to eliminate need for extra personnel to maintain the system;


be sufficiently flexible and support re-configuration and upgrading by the user to provide capabilities for handling specific tasks;


be reliable and steadily supported.


	Considering these requirements, we have developed the basic software package which may be used both by owners of acquisition stations and individual users of satellite information. The basic package comprises of the following software units: 





	PREDICT. The program calculates the satellite orbit using ephemeris data in either predict-telegrams (APT predict, TBUS data) or 2-line NORAD format (TLE data). It determines the start and finish times of acquisition session and stores the data for antenna control during the receipt onto the hard disk. The program creates session schedules, supports selection of specific regions for observation and automatic filtration of satellite passes over the selected regions. Fig.2 presents the general view of the program user interface.





	XV-TRACKER. The program controls the data acquisition according to the specified schedule of the sessions. The telemetry data flow from the interface controller is unpacked by the software in real-time mode, visualized and recorded onto the hard disk. The calibration of AVHRR instrument data is performed during acquisition in accordance with the procedures specified in [5]. The program can be started in parallel with the satellite pass visualization, that allows the user to monitor a session and store data only relevant to specific regions in manual selection mode. The general view of the program interface is given in Fig.3. 


	XV-FRAME. The program provides possibility to browse the full session telemetry data, perform geographical referencing of the telemetry, select a fragment of arbitrary size (fragments of AVHRR, HIRS, MSU, SSU instruments data for a region of user’s interest, along with acqiusition time data per telemetry line), perform calibration of HIRS, MSU, SSU data. The selected fragment can be stored into the archive in either one of standard graphic formats or in specialized TDF format (the TIFF specification extension developed for storage of data for local tasks [6]). The fragmented data can be mapped to geographic coordinates using satellite orbit data. The grid of coordinates can be saved into the corresponding data file or overlayed to the satellite images. The program features also automatic selection of fragments using specified geographic coordinates. The general view of the program
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Fig. 2. General view of the program PREDICT
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�Fig. 3. General view of the program XV_TRACKER


�
interface is shown in Fig.4. The procedure of data acquisition and pre-processing using PREDICT, XV-TRAKER and XV-FRAME is described in details in [7].





	XV-GEOREF. The application is designed to perform high-accuracy geographic referencing and calculate geographic coordinates of satellite data using orbital data. The average estimated error does not exceed one pixel when using up-to-date TLE-predict elements for calculations. The method used is described in [8]. The program performs conversion of satellite images 


into conic or equidistant projection and overlays the coordinate grid over it. The objects (coastal lines, rivers, etc.) from a mapping database can also be laid over the image. Moving the cursor the user can get geographic coordinates of any point on the image. When necessary the program allows for setting control points for correction of the reference. The general view of the program interface is given in Fig.5. 


	XV-AVHRR. The program is designed to process the specific AVHRR instrument data for calculation and analysis of temperature fields on the sea surface and upper level of clouds. It performs brightness correction for visible channels with regards to clouds altitude. It includes procedures for estimation of relative humidity, normalized vegetation index, calculation of various statistic parameters of cloudiness and temperature fields. The program features a wide variety of classification algorithms (including two-dimensional histogram analysis) and enables to construct personal procedures for classification. The general view of the program interface in shown in Fig.6. The detailed description of the program capabilities can be found in [9].


�



� INCLUDETEXT H:\\WORK\\HELP\\PICTURE\\EX_FRAM.DOC ��


�


Fig. 4. General view of the program XV_FRAME
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�Fig. 5. General view of the program XV_GEOREF
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	XV-SPEC. The program is intended for spectral and correlation analysis of satellite images. It contains an large set of spectral and spatial filters. It may be applied for interpolation and data analysis in areas with incomplete information. It allows for approximation of spectrum and correlation functions.


	XV-MULTI. The program processes multi-band images to detect homogeneous areas and perform image classification. It includes a number of segmentation algorithms. The classification can be performed using various methods - nearest neighbor, normalized distance, estimate calculation. The description of the program capabilities and examples of application can be found in [10].


	XV-IMAGE. The program is a powerful tool for multi-purpose image analysis and processing. It operates on files in main standard image storage formats: TIFF, BMP, GIF, PDF. The program contains a rich collection of operations for visual image quality improvement: linear and logarighmic normalization, equalization, brightness transformation by arbitrary look-up table, etc. A powerful set of filters includes median, average, spots and morphologic filters with user-definable thresholds and choice criteria. Among other image analysis algorithms realized are: image thresholding, selection of connected objects and analysis of their statistics, morphologic operations, a number of differential filters, convolution in 3x3 and 5x5 windows, calculaton of brightness profiles, calculation of image statistic parameters. All operations can be applied to either the whole image or arbitrary area of interest. The general view of the program interface is presented in Fig.7. Ref.[11] contains more details about the program.
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�Fig. 6. General view of the program XV_AVHRR
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�Fig. 7. General view of the program XV_IMAGE. 
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	The software described operates in Microsoft Windows 3.1 environment and conforms all the standard requirements for a Windows application. Additionally, it features the common style of user’s interface for all programs that enables fast training and getting acquianted with the package, as well as easy use of standard tools and utilities coming with the Windows operating system.


	The software is equipped with extensive on-line Help system, which along with explanation of keyboard functions and menu items can be used as a quick reference on satellite data processing techniques. This enables the users who are not yet qualified in computer methods of satellite data processing, to get a quick start with the software. Thus, a user can focus on fulfilling his task without need to go into full technical details of satellite data acquisition and processing. 


	The programs can be run simultaneously in multi-tasking environment and interprocess communication and data exchange both via shared memory and disk files. Thus, the user is provided with an opportunity to perform complex data processing using different programs concurrently. The processing can be visually controlled by the user. 


	The basic software package enables a user to solve a wide range of tasks. However, special attention during software development was focused on achieving sufficient flexibility and updatability. Each program supports creating macros for automation of frequently executed operation sequences. To implement specific processing, a user can develop additional programs, using supplied dynamic libraries (DLL), which include a wide range of input/output procedures, frequently used dialogs, various data processing routines. If the user follows certain rules and restrictions listed in documentation, the newly created applications will be immediately capable to communicate and cooperate with the existing programs. These facilities deliver the required flexibility to the basic software, thus providing ways to apply the package to various tasks of satellite monitoring. The details of a strategy for software extension within the basic package is given in [11].


	At present this software is installed in several centers for satellite data acquisition and processing, established on the CIS territory in last years (see Fig.1). The support of their operations is performed on the basis of global computer networks, which are rapidly developing in Russia (see section “Support of users and access to data” and ref.[12]). This valuable experience provides essential information to increase reliability and robustness of the software. The latest version 3.0 of the software package has been released in September 1995.


	The software testing and debugging is performed at the receiving station from meteorological satellites, transmitting data in 1700 MHz frequency band. Currenlty it works with data received from NOAA satellites in the HRPT (High Resolution Picture Transmission) mode. However, the software possess capabilities to handle information from prospective satellites, that will be launched in the nearest future [NOAA-K (USA), Meteor-3M (Russia), Feng Yung (China)]. IKI RAN is presently involved in development and installation of the equipment for such systems. The information acquired from the IKI station is also used for development of methods and algorithms of satellite data analysis and processing for solution of specific problems of environmental monitoring. 
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