SPOT Image Corporation Response to Questions Regarding Digital Elevation Model Data

July 16, 2008

Background: The State of Alaska is seeking statewide solutions to acquire DEMs with postings between 30 and 10 meters (1-arc-second and 1/3-arc-second).  It is currently unclear whether users will be satisfied with Digital Surface Models (DSMs) of the top reflective surface, or if they also need Digital Terrain Models (DTMs) of the bare-earth terrain or near bare-earth terrain.  The vertical errors in the elevation data should not exceed 10-20 meters at the 95% confidence level.  The State will consider different product/cost options, but we are looking for statewide solution from firms capable of producing at least 20% of the state in a season.  Whereas the State would prefer to have licenses such that the data can be inserted into the National Elevation Dataset (NED), this could change if alternative licensing turns out to be more advantageous for other reasons.

Questions to be Answered by All:

1. Sensor: What sensor do you propose to use for acquisition of source data to be used for DEM production?
SPOT Answer: We will use data from the High Resolution Stereo (HRS) sensor.  This is a fore-and-aft dedicated stereo sensor that is a secondary payload on the SPOT 5 satellite.  This sensor collects stereo data strips measuring 120 KM wide by 600 KM long.  The forward camera looks 20 degrees forward of nadir, and the aft camera looks 20 degrees aft of nadir (base to height of 0.8).  The stereo strips are collected on the same pass, within about 90 seconds of each other, so radiometric and geometric characteristics of the stereo pair match very closely.  The images are collected in a panchromatic mode, with a ground sampling distance of 5 meters across track and 10 meters along track.  The electro-optical energy collected is in the bandwidth from 0.49 microns to 0.69 microns.
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SPOT 5 satellite, red circle shows HRS secondary payload.

In addition, for areas of high terrain, the two primary High Resolution Ground (HRG) instruments are used to collect 5 meter panchromatic data at nadir, to supplement the HRS data collected at the same time.  This supplemental HRG data permits elevation extraction in extreme mountainous terrain where shadowing would be a problem using just the HRS data.
2. Model: Are your DEMs produced from the Digital Surface Model (DSM) of the top reflective surface, or do you also produce DEMs from the Digital Terrain Model (DTM) of the bare-earth or near bare-earth -- or a combination or other process?

SPOT Answer:  The SPOT DEM, which has the commercial name Reference3D, is a Digital Surface Model.  We do not collect data to produce a Digital Terrain Model.

3. Native Z accuracy: With minimal ground control, what is the vertical accuracy (Accuracy z) of your DSMs at the 95% confidence level?  [Note: Accuracy z = RMSEz x 1.9600.]  If you also produce DTMs, what is the vertical accuracy (Accuracy z) of your DTMs at the 95% confidence level? 

SPOT Answer:  The published absolute elevation accuracy specifications are—
●Terrain slope 0 to 20 degrees

11.91 M LE95 or better
●Terrain slope 20 to 40 degrees

21.44 M LE95 or better

●Terrain slope greater than 40 degrees
35.74 M LE95 or better

In actual practice, much better absolute vertical accuracies are normally achieved.  Here are the results from a 2006 cross comparison done by a US government organization over 12 geocells at various locations around the world.
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4. Improved Z accuracy: For producing digital topographic data of Alaska, would you plan to rely upon satellite or GPS/IMU parameters for accuracy, or would you plan to establish an improved control network?  What improved vertical accuracy would you then hope to achieve for your DSMs or DTMs with improved ground control?

SPOT Answer:  SPOT does not use GCPs in processing its Reference3D DEM products.  The absolute accuracies we achieve are the result of using the large block bundle space triangulation process that we employ.  We explain this process further, in a supplemental paper provided with this document.
5. R accuracy: What is the (radial) horizontal accuracy (Accuracy r) of your DSMs or DTMs at the 95% confidence level? [Note: Accuracy r = RMSEr x 1.7308.]

SPOT Answer:  The published absolute horizontal accuracy is 17.11 M CE95 or better.  In actual practice accuracies are usually better than the published specification.  Here is an example a project over northern Africa that we recently finished.  We performed an accuracy evaluation using a comparison with common points selected from the SRTM DTED1 public release data set and the Ref3D of the same location; and the result was a difference of 10.05 M CE95. 
6. Grid spacing: What DEM grid spacing(s) do you normally use or provide?

SPOT Answer:  The SPOT Referenc3D product conforms completely to the US National Geospatial-Intelligence Agency’s Digital Terrain Elevation Data (DTED) specification, with a Level 2 data density.  This DTED Level 2 posting specification results in a grid of about 30 by 30 meter elevation postings.  The exact specification is

●0 degrees to 50 degrees north or south latitude—Elevation postings are one arc second of latitude by one arc second of longitude 

●50 degrees to 70 degrees north or south latitude—One arc second of latitude by 2 arc seconds of longitude
●70 to 75 degrees north or south latitude--One arc second of latitude by 3 arc seconds of longitude

●75 to 80 degrees of north or south latitude-- One arc second of latitude by 4 arc seconds of longitude

●80 to 90 degrees of north or south latitude-- One arc second of latitude by 6 arc seconds of longitude
7. Deliverables: What is delivered with your product, e.g. DEM, DSM, breaklines, contours, orthoimage, ortho radar image, backscatter intensity, etc?  Please distinguish between standard products and value-added products.

SPOT Answer:  Here are the components of the SPOT Reference3D DEM—

●The DEM itself, in DTED format, to a Level 2 data density of one arc second.

Optional components (at an additional cost) include--

●Ortho-image.  A mosaic of HRS imagery, covering the entire geocell.  The image is resampled to 1/6th arc second, which equates to about a 5 meter pixel size.

●Correlation Mask (MCo):  The MCo is created in the initial part of the production process, when the block bundle calculation is complete.  It is a measure of the quality of the alignment of the various stereo image strips that make up the block bundle.  The other masks are generated much later in the process, after exogenous data is added (if required) and after areas are manually interpolated, etc.  The MCo reflects possible correlation “problems” early in the production process.  Any problem areas from the MCo mask are contained in the MQu mask, which is part of the overall MVa mask.

●MCl Cloud/snow MaskMCl):  Generated manually, based on a operator assessment of clouds or snow present in the HRS strips. 
●Exogenous Mask (MEx):  This mask shows areas of the DEM calculated using external (non-HRS data).  It is created manually.  

●Regulation Mask (MRe):  This mask delineates areas corrected without external data; meaning an interpolation method was used.  It is generated automatically.

●Quality Mask (MQu):  This is the primary quality mask.  It is generated manually by an operator looking at the finished DEM (displayed both as a shaded image and contour lines) the HRS ortho-image, the MCo mask, and SRTM/HRS difference (where available).  Also, if absolutely necessary, a stereo view check is performed.  The entire DEM is visually scanned on a CRT screen at a scale of about 1:35,000..

●Water Mask (MWa):  An operator uses the HRS ortho-image to identify water bodies greater than 600 meters across.  The water mask is first captured in a vector form and then later converted into a raster-based file. There is no intent to capture information about water flow direction.  The water body is contained within a boundary and an elevation for the water body is determined from the Ref3D DEM data and this elevation is made standard across the entire water body feature.  Other specifications also apply.

●Merge Mask (MMe):  This mask shows areas derived from a single HRS stereo pair strip, with no overlap from adjoining strips.  In cases where two or more strips overlap, the actual elevation value presented is an average of values from the various strips.  Thus, this mask shows the areas where the elevation value was from a single source strip, and averaging was not done.

● (MVa): The MVa mask is the sum of masks; MVa = MQu + MRe + MCl + MEx.  The MVa mask is the worst case scenario for assessing aggregate possible data anomalies.

_______________________________________________________________________
8. Archive: If you have created DEMs for previous projects or acquired data that can be used to produce DEMs, how much coverage do you have for Alaska? To what specification? What is the status of the data coverage, e.g. produced DEMs, validated data, raw data meeting cloud specs, etc? [A graphic showing your current coverage in Alaska would be ideal for your presentations.]

SPOT Answer:
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Validated HRS stereo pair coverage of Alaska (purple color), as of June 30, 2008, 76% of the state’s 1.478 M KM2 territory is now covered.

SPOT has had an ongoing HRS collection program running over Alaska for each of the past three collection seasons.  We generally begin collection over the southern part of the state in April, and the northern area in May.  We typically stop all collection in October.  One of our main requirements is to collect data only when the sun angle is above 30 degrees, for adequate illumination.  We do also collect data over areas that are perennially snowy, as we can achieve good results extracting data over snow covered terrain.
Validated coverage is defined as stereo pairs that have gone through a quality control process that we call “Zorro.”  In this process a 1 in 15 subsample of pixels are processed to ensure good radiometric quality for elevation correlation.  Only data that passes a certain threshold of correlation percentage is then placed in the archive.  When we get one or more validated data sets over an area, we then close out that area for collection and focus efforts elsewhere.  
9. Product: Do you deliver a DEM product or do you deliver data that can be made into DEMs by others? 

SPOT Answer:  We deliver only a finished DEM product and optional quality layers and orthomosaic.
10. Processor: If you provide data to generate DEMs, rather than a finished product, what is required to produce DEMs from your data? Have you found certain software that works well? Do you have established processing partners?  Is there an opportunity for local Alaska productions of DEMs?

SPOT Answer:  As a policy, SPOT does not provide the source HRS and HRG data to other organizations to do the elevation extraction and DEM finishing.  In cooperation with the Institut Geographique National Espace (IGN Espace) we have set up a dedicated production facility in Toulouse, France.  Our investment in this facility is many millions of dollars and the staff of about 50 employees are dedicated full-time to producing the Reference3D DEMs.  We have had a large-scale production program in place since 2002, and a version two five-year plan is being implemented this year to run through at least 2013.  To date 2900 one degree geocells of data have been processed and delivered to customers worldwide.  See the graphic below:
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This graphic shows Reference3D product status as of June 30, 2008.  2,900 one degree geocells (blue tile area) have been produced.  The Green and red areas show validated HRS stereo pair coverage, over 122 M KM2 globally.

We have chosen to not encourage third party production for two reasons.  First, we wanted to control the production process to ensure a high level of DEM product uniformity and quality.  Second, we have had some experience with providing technical expertise to third parties attempting to establish a production chain of their own.  This is a difficult and very expensive process, at best, and success only comes to those willing to invest a considerable amount of resources over a term of many years.
11. Special Applications:  Please identify special applications for planimetric and topographic mapping, and unique value-added applications such as vertical change detection, for example.

SPOT Answer:  The Reference3D DEMs are used for a myriad of purposes, familiar to cartographic and GIS professionals.  We do provide the eight quality masks for those customers requiring an auditable record of how the DEM was produced, the sources of data, and the accuracy by sectors.  The optional orthomosaic which is coregistered to the DEM, is very handy when trying to locate tie points on other imagery (such as imagery to be orthorectified using the DEM).  Some customers actually use small image plus DEM chips of the data as GCPs for use in referencing other GIS data to an absolute grid.
12. Ground Control:  What are your requirements for ground control points for acquisition, production, and/or horizontal/vertical accuracy testing? What accuracy would you require both horizontally and vertically for such ground control? Would the existing NGS control be suitable for your needs, or would you require more?  If more control is required, what spacing or density of survey points would be needed? 

SPOT Answer:  We would not use the GCPs for production.  However, we would very much appreciate having GCPs for additional post-processing accuracy validation.  See the paper, included with this Q&A sheet, explaining our production process without using GCPs.
13. Geodesy Issues:  How do you propose to address geodesy issues such as sparse CORS network, geoid limitations, and the impact of solar activity (k-index) on airborne and ground GPS data collection?  Do you have preferences for datums, projections, coordinate systems, and units? 

SPOT Answer:  Like all products built to the DTED specification, the Reference3D DEMs are horizontally referenced to WGS84, elevations are provided in meters referenced to the WGS84 EGM96 geiod (height above mean sea level).  We can convert the data to other horizontal or vertical references, if a customer so specifies.  We process our data to the NGA’s DTED grid specification, as mentioned in answer #6.  
From supplemental conversations, we believe that the issues of the CORS network, and solar activity will have no impact on our product over Alaska.  As to the issue of the EGM96 geoid, we do not know enough to venture an assessment on that issue.

14. License: What license options are available for your elevation data? 
SPOT Answer:  We have offered the SMDI consortium two license options.  

Option One—Regional Business User—This would include all US federal government, Alaska state government, and local government users.  This would also include contractors, when working on projects for the above government entities.

Option Two—Inclusion in the National Elevation Data (NED) data holdings.  We also call this, “Public Release.” 

Both these options represent a one-time fee for perpetual use.  There is no annual subscription involved.  

15. Production volume: How much area could you produce each year over Alaska? Incorporate factors such as clouds, sun angle, and available duty cycle.

SPOT Answer:  We estimate that we can complete the production and processing of state-wide coverage in from 12 to 18 months, from project start.  Note that the project would start when we have the vast majority of the state is covered with validated HRS source imagery. 
16. Experience: Please provide examples if you produced large volumes of data in remote, poorly ground controlled areas in the past.

SPOT Answer:  See the graphic provided for answer #10.  We have produced thousands of finished geocells in northern Africa, the Middle East, and Asia.  All this production is done unobtrusively from data collected only by satellite, with no need for aerial overflight, and no need for GCPs.
17. Pricing: One goal of the workshop is to bin solutions by cost. A potential binning is <$10M, $10-30M, >$30M. We recognize that pricing is often proprietary, but if you have publicly posted pricing and general discount plans for large volumes, please provide. This information will go into public documents. There will be opportunity, either through a future RFP or discussions under NDA, to discuss pricing with potential buyers.  Costs should approximate all expenses (tasking, collection, production, licensing to include annual subscription fees, etc.)

SPOT Answer:  Our public “list” price for the Reference3D DEM itself is $4.00 per KM2.  The list price for the DEM plus orthoimage plus quality layers is $10.95 per KM2.  For Alaska state-wide coverage we are probably best placed into Bin #2, above.
18. IDIQ Contracts:  Are you a prime contractor and/or subcontractor on existing government IDIQ contracts?  If so please list the contract(s) as well as name(s) of prime contractor(s) for which you serve as subcontractor.

SPOT Answer:  Yes, we have several IDIQ contracts.

1. NGA Master Contract.  We are in the third year of a five year contract.

2. USGS Contract via the centralized Denver contracting facility

3. USGS Contract via USGS HQ, Reston, Virgina

We would be happy to provide further contract details to interested Alaska government representatives. 
Supporting Documents:

1.  Reference3D Product Description

2. HRS Location Accuracy and Monitoring

3. International Polar Year Poster, Alaska, June 2007

4. Large Block Bundle Space Triangulation, A Rudimentary Explanation
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