GroundMap, a tool to re-map APT and HRPT image files to a common projection.

A program by David J. Taylor.

Geostationary weather satellites, situated at an altitude of approximately 36,000 km, produce imagery as seen from a fixed viewpoint in space, covering a large portion of a hemisphere on earth. Although such satellites provide a view of larger and continents, their vantage point imply that images suffer significant loss of resolution and perspective skew towards the Polar Regions.

Polar orbiting satellites on the other hand move through space in a so called sun-synchronous 800+ km high orbit, looking vertically down to earth and scanning narrow strips of the globe passing underneath. The advantage is that true geographic information is provided straight under the satellite and that the deviation left and right towards the end of the scan line is following a straightforward mathematical model of a sphere (disregarding the effects of the Earth not being perfectly spherical). Loss of resolution and perspective skew towards the ends of the scan line are limited and fairly easily corrected.

The disadvantage of this type of recording imagery however is that during any one pass only a limited amount of data is provided corresponding to the width of the scan and the length of time the data from the satellite can be received by the ground station. Furthermore, no two single passes will have the same vantage point towards an area observed. Therefore two subsequent passes can never be joined without gross errors over larger areas without significant effort and consequently, larger areas exceeding the scan width can not be shown in one single image.

David Taylor has developed a tool that addresses this issue in a clever but straightforward way: GroundMap.

Although this program is still in a pre-release stage of development, it is currently being made accessible to a limited number of people for testing and experimentation.

As I have been working with this program extensively and have helped define functionality and User Interface, it seems opportune to provide some guidance on the use of it.

What does GroundMap basically do?

It takes any image file that has a so called Location file associated with it, which contains the actual coordinates of a subset of image pixels and maps all image pixels towards a pre-established projection. Two or more subsequent passes, each taken at a different time and from a different viewpoint get then re-mapped to a unified projection, allowing in principle for joining images flawlessly within that projection.

What is needed to start experimenting?

1. Get the latest Zip file from David, which contains both an executable and a small text file. Unzip and install in any directory you like, but a dedicated GroundMap seems practical. Currently the zip file can only be obtained from David Taylor directly as it has as yet not been placed on the web as formal beta. Contact davidtaylor@writeme.com 

2. Next make sure that the required libraries are in place for the program to run without problems. These can be obtained as a full bundle from http://www.satsignal.net following Software => Runtime Libraries => Library Bundle => Download the runtime library bundle. Unzip and install either in the \Windows\System (or System32) folder or alternatively in the directory where GroundMap resides. By default, the unzipped setup program will automatically install the libraries in the System folder.

3. Generate either an APT image or HRPT image with the associated *.lcn file. For APT the lcn file will reside usually in the WXtrack Results folder. It is essential that both the image file (bmp or jpg) and the location data file (lcn) are identically named and that they are located in the same folder. For practical purposes and to eliminate confusion, copy or move the files to the directory where Groundmap resides or preferably a subdirectory of that one as working area. For HRPT the lcn file is generated automatically in the specified target location next to the image file. It is ESSENTIAL that no geo-correction is applied in the process of generating the image as that would result in mapping relocated pixels to the wrong target place. The LCN file is hence only produced when no correction is applied. The filename format should follow the convention as normalized by WXtrack and ReadHRPT for proper Map List creation later.

4. We have now the program, the libraries, an image file and a location file sitting in place with for example N16test.bmp sitting side to side with N16test.lcn. As we are currently running the unregistered version of Groundmap, calling the program will provide the basic functionality only. Open the program.

5. Click “Options” and “output size”. In the unregistered version the choice can be made between Custom, small and normal. Choose “small” to facilitate the speed of processing initially.

6. Under “options” choose “location”. The unregistered version allows you to select either the Europe or USA preset.

7. Under “Options” select “Map projection” and choose any of the indicated clickable projections, which are self evident in their description. Limit yourself to a non-zoomed projection first, for example Cylindrical Equidistant (full). Then irrespective of the image content the image will be shown on the global view later. Please refer to the section “Projections” under “Registered Version” below for further clarification on the different types of projections.

8. The last action under “Options” is to go to “Setup” and “overlay” tab to activate the use of boundary lines and gridlines. Line width and colour can also be selected to personal preference. At this stage it is recommended to have borders and grids active to better understand and visualize the image generation process.

9. The “general” tab under Options => setup allows one to set the margin in pixels for the image. The purpose of this is to correct for corners that may go amiss during the mapping process. Initially leave this at 25 and close the setup tab.

10. Having done the initial settings, we can now move to “File” on the main screen and choose “open location data” and select the example N16test.lcn file. On the “Source picture” tab the original image to which the location data matches will be displayed and on the “map image” tab a remapped image will appear. Ignore that one for the moment.

11. Now close the program and check via Windows Explorer in the GroundMap work directory (where both the bmp/jpg and lcn file are located) whether a map_list.mpl file has been created. This is necessary, as the creation of this file is not yet guaranteed under all circumstances and this file is absolutely necessary for further working with GroundMap. If it didn’t appear try once more with the creation of a freshly created .bmp/jpg .lcn set.  

12. Open GroundMap again and now we are ready to go. Select File=>open mapping list and choose the newly created map_list.mpl to open.

13. Select now File->open location data and choose the N16test.lcn file to open. After some processing time the Mapped Image tab will show the original image re-projected to the projection as specified earlier via the Options tab. The grid lines and borders show for the whole specified preset region while the image covers the canvas partially (provided that the image corresponded to the region specified).

14. Look via Windows Explorer in the GroundMap working directory. A new file will have been created there, called remapped.bmp. This is an automatic save of the remapped image created in the previous point. The name of the save will always be the same, hence any other remapping instruction will overwrite the file preventing clogging the directory without need. If the image is OK and should be kept, just rename to a fitting name and location for further processing.

15. Be aware that currently only one single image can be remapped at a time, as opening more than one image would result in conflicts and complexity of overlaps, choosing between pixels with the same coordinate and other issues that are at present better dealt with in a separate and dedicated program. 

16. There are nudging arrows at the bottom of the Mapped Image screen that allow for a proper correction of mismatches between image and border lines. For large discrepancies (minutes) a course adjustment (double arrow) is available vertically. Hovering over the text left of the arrows provides information of the files currently in use and the zoom function allows one to see the whole canvas on the screen or the portion of the image that fits in the screen with the used screen settings.

17. The other drop-down menus are: Picture, Edit and Help. Picture will list the images that have been processed and are within the directory where the .mpl file resides. This information is only updated after having closed and re-opened the program though. Once several images are in that list, clicking the desired one immediately initiates the generation of a re-map without the need to call for an lcn file first. Edit allows you to flip wrongly oriented images to the desired position without going through the full remapping calculation process. The Help function currently offers Registration and program info only. Real Help will follow in due time.

 Up to this point that is all there is to GroundMap in the unregistered version. One can now feel free to experiment with other types of projections, larger image canvas size or location and prepare for further processing.

When, in the manner indicated above, two (or more) subsequent passes have been re-mapped onto the same canvas settings and the resulting files have been renamed, it becomes only a matter of being handy with your favourite image editing program to join images together, merge , use masks for fluent transitions and any other manipulative actions. That is an art in itself and I will not go into further detail here.

Registered Version

The registered version offers a pleasantly large number of extras, most certainly worth the price for the dedicated hobbyist and professional user alike.

All extras come under the Options drop-down menu. 

The first group of added functionality is found under “output size”. Here the options for Big, Large and Giant are added.

The respective canvas sizes are 1600x1200, 2400x1800 and 3600x2700 pixels. The essence of the added value of the larger sizes lies in the highly improved obtainable image quality and resolution. This is an issue for both APT and HRPT imagery but it definitely is most rewarding for the inherently high resolution of HRPT images. One should see the improvement to really appreciate the value at higher magnifications. Good to very good quality output can be generated for detailed prints on an adequate medium.

The next group of added functionality comes under “Location”. Besides of the earlier presets of USA and Europe, new preset regions become available:

· UK

· USA West

· USA East

· Atlantic

· Reunion

· North Pole

· South Pole

· User

The choice of regions has been based on the larger user groups and is in practice quite useful, but most likely specific additional coverage areas will have to be added over time. The advantage of pre-set regions lies in the consistency of reproducing results over time. Setting a location implies that the same canvas is used always, whether one adds to an existing image during the same session or maybe weeks later. In most cases, once a preset is available for the region that can be received from the home location, there will be little need to change that setting anymore. 

To accommodate the non-preset locations as well or to be able to deviate in the size of the standard coverage area, a User setting has been added. This also comes in handy for those subsequent passes that do not cover your local region but have been downloaded, for example, from the SAA.

In case “User” is selected, specific settings can be applied towards the desired centre focus of the image and the area to be covered. These settings can be made under Options=>Setup=>general tab. Please note that these functions only work under the relevant projection types. Global views and other combinations will have the setting field(s) either grayed out or non-functional.

On the general setup tab the first two items determine the centre focus of the image. The terminology Meridian – Parallel is used here where Meridian corresponds to the line of longitude and Parallel to the line of latitude. Usually one would tend to enter here the gross coordinates of the home location as normally this provides for a proper distribution of all passes that can be received from the ground station. One can deviate from this centre point in case an asymmetric view applies (buildings, obstructions) or when a specific vantage point is desired.

The next two fields on the General Setup tab are defined as Lon Span and Lat Span. The use of these two control fields is a bit trickier. 

1. They are dependent of the projection used

2. They allow for unnatural proportionality in a number of cases.

The Span defines how wide the view should be (number of degrees longitude) and how many degrees of latitude are to be covered. The values entered correspond to the total view and does not count twice from the centre focus point.

The User settings can be saved for future use, so it is recommended to rename it to a meaningful filename. Be aware that calling the saved settings at a later date only sets the values for centre and span. It does NOT recall other settings such as image size and projection used during creation. This may be realized later in the evolution of the program.

The last category of functionality added under the registered version is not new as such but becomes only fully useful once the User settings are allowed. This concerns the full use of the different Map Projections.

I suggest you experiment with the various projections and settings for some time in order to fully understand use and application but I will briefly go through the various options currently available.

· Cylindrical Equidistant (full): The version used in GroundMap shows the full earth divided in rectangular uniform boxes of 10x10 degrees with the Greenwich meridian being at the centre. Scale is true along the central line (the equator) and along two lines equidistant from the central line. Shape and scale distortions increase near points 90 degrees from the central line

· Cylindrical equidistant (zoomed): shows the same type of projection as above, but limited to the region specified under Span. As there is not such a thing as “correct” projection one should visually choose the best width-height span in relation to the user’s objective. Setting lon span to 10 and lat span to 80 will work but the image will not have many practical uses. Proportionality lon:lat = 9:5 is most likely the right choice here.

· Azimuthal Equidistant: Provides a standard, fixed, coverage area of the selected preset region (appr. 4,000 km North-South), with all points on the globe that are at the same distance from the centre point depicted as a circle around that centre point. Distances measured from the center are true, whereas distortion of other properties increases away from the center point. It is in many cases the most natural looking type of projection when the radius is not too large. 

· Azimuthal Equidistant (wide): The same as before but with North-South coverage of a bit over 10,000 km. In both Azimuthal equidistant projections the Span settings are currently disabled. User setting will however become available at a later date.

· Mercator full: shows the full earth divided in rectangular boxes of 10x10 degrees with the Greenwich meridian being at the centre. The longitudinal separation is a constant linear, whereas the separation between latitude lines increases as a (aTan) function of distance from the equator. Scale is true at the equator or at two standard parallels equidistant from the equator. The projection is specifically applicable for use in marine navigation because all straight lines on the map are lines of constant azimuth.

· Mercator (zoomed): shows the same type of projection as above, but limited to the region specified under Span. As there is not such a thing as “correct” projection one should visually choose the best width-height span in relation to the user’s objective. In line with the observation made under Cylindrical zoomed the proportion between longitude and latitude that is most likely to be used in practice is 9:5.

· Orthographic: A perspective azimuthal projection in which the projecting lines, emanating from a point at infinity, are perpendicular to a tangent plane. The definition implies that only one variable can be set in this case: the latitude span. Proportionality is always assured. Orthographic projections are used for perspective views of hemispheres. Area and shape are distorted. Distances are true along the equator and other parallels.

· Linearized orthographic: A linearized variant to the regular Orthographic projection resulting in a somewhat more curved plane. This variant requires significantly more computing time and is therefore slower to produce.

· Polar stereographic: Stereographic projections are used for navigation in Polar Regions. Directions are true from the center point and scale increases away from the center point as does distortion in area and shape. As is the case with Orthographic projection only one variable can be set: the latitude span.

· Great circle: this is in fact the limiting case of the azimuthal equidistant projection with a full 360 degree field of vision. The projection is often used for long distance radio communication as bearing and distance are always true with area and shape being progressively distorted over distance.

A last remark on the Picture Margin field as available under Options=>Setup=>General:

The data points that are used as reference to determine the extent of the image may cause the image not to be fully shown after remapping, especially with larger sizes canvas. Although often the corners of the image are least useful due to their maximum distortion, it still may be desirable to have access to every single data point. In that case, increasing the preset value of 25 to anywhere up to 80 may resolve that issue. However, take into account that increasing the margin implies increasing processing times as well.

Enjoy!!

