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Questions concerning Cartosat Data for Alaska

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.  

1. Sensor: What sensor do you propose to use for acquisition of source data to be used for DEM production? 
ASRC Management Services, an Alaskan Native Corporation, of Arctic Slope Regional Corporation, established in 1971, is the Exclusive provider of Resourcesat and Cartosat data for the United States.  
Cartosat –1 was launched on 5th May 2005. The Cartosat-1 sensor offers a across-track resolution of 2.5 m in panchromatic mode. The satellite flies along a Sun-synchronous orbit at a mean altitude of 618 km, with an inclination of 97.87 degrees and a mean revolution period equal to 97.12 minutes. In addition the optical sensor is configured with two push broom cameras which are mounted such that one camera is looking at +26° (band F) and the other at -5° (band A) along the track. These two cameras provide stereoscopic image pairs in the same pass.  Cartosat – 2a was successfully and images received in May of 2008.  The sensor has been utilized for DEM development globally. 
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? ASRC does not produce DEMS we provide the Stereo Pairs to value added companies who tend to generate DEMs from the Digital Surface Model:

PCI Geomatics has achieved complete certification for its flagship software, Geomatica® to be used for processing data from the CARTOSAT-1 satellite.

Most value added processors use PCI-OrthoEngine software to orient the stereo pair with an approach based on “generic rigorous model”. The tested version of this software implements the well-known Toutin’s rigorous model. It is well known that a rigorous model should describe the physical properties of the sensor and its image acquisition mode. It is an approach mainly photogrammetric (collinearity equations) accounting for the satellite position, the sensor attitude and characteristics, and an eventual final cartographic transformation. 

For the CARTOSAT-1 rigorous model, a minimum of six GCPs per scene are required. More GCPs may be needed depending on the accuracy of the GCPs and the final accuracy requirement of the project. After the block adjustment, it is possible to analyze the results of the stereo images orientation in terms of residuals both on GCPs and TPs. The biggest challenge in using Cartosat-1 for this product is its ground control requirement.  For best accuracy, it's really necessary to have 5 or more GCPs per scene.  There is also a possibility to be able to (just) meet the Alaska accuracy requirement with a just a couple of good GCPs per scene as demonstrated in several projects in Europe by Euromap.

A Digital Surface Model (DSM) can be extracted from stereo CARTOSAT-1 imagery using PCI’s DEM extraction module. The procedure involves the computation of a model, creation of an epipolar pair and then the extraction of a DSM. [Epipolar images are stereo pairs that have been reprojected so that the two images have a common orientation. DEMs can be extracted from the overlap between epipolar pairs].

The generated DSM may contain pixels and/or areas of ‘failed’ or incorrect values. Such errors in the DSM can be edited to smooth the irregularities and create a more pleasing and accurate output.

A DEM can also be generated from the DSM by editing the above ground points in stereo or by using filters.

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? 

It is recommended to use at least one control point every 25sqkm, which provides a uniform spread of 9 GCP’s per Cartosat scene even though the minimum software requirement is 6 GCP’s per scene. If the control points are surveyed DGPS points with high accuracy, the accuracy expectation of DSM in the urban and open zones will be in the range of 6.0 m – 9.0 m. However this can be in the range of 10 – 20m in the hilly and vegetated regions.

GCP’s could be derived from accurate maps if available for the regions or even by using a handheld GPS.

With a couple of GCPs per scene,  the vertical DSM accuracy is probably going to be about 15 meters at 95%, based on the numbers in Table 1.

Table 1. CARTOSAT -1 accuracy with offset-only correction
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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? 

An improved control network is necessary.  If the number of GCP’s is increased to 25 per scene or one in every 9 sqkm, accuracy of DEM in Urban and Open zones could be in the range of 2.5m – 5m.  

The onboard GPS/IMU solution is not accurate enough to do DEM extraction (see Table 2).   The figure quoted in question 3 assumed that a better control network is available.

Table 2. CARTOSAT-1 uncontrolled accuracy
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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.]

Horizontal accuracy of the DEM will be in the range of 5m – 7m for 9 GCP’s per scene and 3m – 5m for 25 GCP’s per scene.

Horizontal accuracy should be better than 10 metres at 95% with a couple of GCPs per scene.

6. Grid spacing: What DEM grid spacing(s) do you normally use or provide? 

A 20m regular grid generated from epipolar pairs is considered to be optimum and 10 metres has also been easily achieved.

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. ASRC provides stereo pairs and thus these products would be completed by a value added provider which provide: 
a) DSM

b) Edited DEM

c) Ortho imagery

d) Breaklines if stereo editing is desired.

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? 
           ASRC Management Services does not create DEMs.  We rely upon value added processors for DEM production and presently we do not have any DEMs for Alaska.

The CARTOSAT-1 imagery archive has approximately 1000 Pan A Stereo Pairs of imagery (imagery that DEMs may be developed from) of Alaska available.  This imagery was collected between June 2005 through April 2008.  Coverage is scattered throughout Alaska because a collection plan/strategy has not been implemented to date; of those stereo pairs approximately 50% are available due to cloud cover.  GDA Corp. has developed a Cloud Cover Extraction Tool which improves the percentage of usable data by 25?%.

9. Product: Do you deliver a DEM product or do you deliver data that can be made into DEMs by others?

           ASRC Management Services provides CARTOSAT-1 Panchromatic 2.5 meter stereo imagery pairs to be used for generation of DEMs by value added processors.
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?

ASRC Management Services works with numerous value added processing partners.  PCI and Genesys are being demonstrated at the workshop due to their recent experience. 
Most value added processors use Leica,  or  PCI-OrthoEngine software to orient the stereo pair with an approach based on “generic rigorous model”. The tested version of this software implements Toutin’s rigorous model. It is well known that a rigorous model should describe the physical properties of the sensor and its image acquisition mode. It is an approach mainly photogrammetric (collinearity equations) accounting for the satellite position, the sensor attitude and characteristics, and an eventual final cartographic transformation. 

Additionally, PCI Geomatics has achieved complete certification for its flagship software, Geomatica® to be used for processing data from the CARTOSAT-1 satellite.  This software has become the standard processing tool for CARTOSAT imagery data.
           ASRC Management Services as an Alaskan Native Corporation not only  encourages the use of Alaskan labor in the creation of DEMs for the State, but is currently involved in the recent development and support of GIS Programs in coordination with several North Slope Borough High School for students to obtain GIS Certification to enter college with credit.  Programs are underway with llisagvik College and the University of Alaska.  

11. Special Applications: Please identify special applications for planimetric and topographics mapping, and unique value-added applications such as vertical change detection, for example.

ASRC Management Services value added processors provide the following standard mapping products:

· DSM

· Edited DEM

· Ortho imagery

· Breaklines if stereo editing is desired

           Our value added processors provide unique value applications such as 3-D fly through from digital terrain models generated with panchromatic CARTOSAT-1 stereo imagery as well as colorization of said imagery so that the 3-D experience is more realistic. Change detection and environmental monitoring services are also available.
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? 

It is recommended to use at least one control point every 25 sqkm, which provides a uniform spread of 9 GCP’s per CARTOSAT scene even though the minimum software requirement is 6 GCP’s per scene. If the control points are surveyed DGPS points with high accuracy, the accuracy expectation of DSM in the urban and open zones will be in the range of 6.0 meters – 9.0 meters. However this can be in the range of 10 – 20meters in the hilly and vegetated regions.

With an improved control network such as the number of GCP’s is being increased to 25 per scene or one in every 9 sqkm, accuracy of DEM in Urban and Open zones could be in the range of 2.5 meters – 5 meters.  

Horizontal accuracy of the DEM will be in the range of 5 meters – 7 meters for 9 GCP’s per scene and 3 meters – 5 meters for 25 GCP’s per scene.

Horizontal accuracy should be better than 10 meters at 95% with a couple of GCPs per scene.

           A 20 meters regular grid generated from epipolar pairs is considered to be optimum and 10 meters has also been easily achieved.
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?

ASRC Management Services will utilize the technical knowledge and expertise of our value added processors to determine how sparse CORS network, geoid limitations, and solar activity (k-index) on airborne and ground GPS data collection can and will effect the generation of mapping products from CARTOSAT-1 stereo imagery.

           Our value added providers do not have a preference for datums, projections, coordinate systems and units.  All major industry standard datums, projections, coordinate systems and units are supported and requirements for the project will be determined upon close consultation with the State and other relevant parties.

14. License: What license options are available for your elevation data?

           ASRC Management Services is currently working with the Alaska SDMI on an “open license”.  
However, derived products from CARTOSAT-1 imagery such as DEMs currently may not be placed out on the internet free of charge for all i.e. in the National Elevation Database (NED).

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

ASRC Management Services has estimated that cloud free CARTOSAT-1 imagery collection for the entire State of Alaska will require a minimum of -24-36 months.  
As cloud free stereo pair imagery is critical in the development of DEMs, the acquisition the imagery must be factored into the development time-frame.  Assuming that DEM development runs parallel with the imagery acquisition effort and weather related issues are favorable to the effort i.e clouds are not pervasive and the State chooses to break the effort into a more highly accurate DEM in populated regions with less focus in the “wilderness”, the DEM production of the entire state would require approximately 5-6 years.  This equates to roughly 250,000 km/year.  

            The estimate above relies upon knowledge of production practices and capabilities of known value added processors and can not be guaranteed as resources within the value added processing community are fluid and a single program of this size and complexity has never been accomplished in the commercial remote sensing community in the timeframes suggested.
16. Experience: Please provide examples if you produced large volumes of data in remote, poorly ground controlled areas in the past.

           The horizontal and vertical accuracy of the datasets above and beyond that which can be produced from imagery off of the satellite is in effect proportional to the amount, location and quality of ground control. NED and SRTM could be utilized with CartoSat to produce DEMs. 
           ASRC Management Services reliance upon value added processors included such firms as Genesys and PCI.  Genesys has been engaged in utilizing CARTOSAT-1 stereo pair imagery since launch to generate DEMs of the nations of India.  In the course of this massive project large volumes of data have been produced in areas of minimal or no control.  Similar projects are also underway by Euromap for the end user.
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.)

ASRC Management Services believes that under certain circumstances such as the existence of as a “Satellite Receiving Ground Station” in Alaska that is capable of down linking CARTOSAT-1 and other imagery i.e. Resourcesat an expenditure of between $900,000 and $1,000,000 per year for five years will be necessary for the CARTOSAT-1 imagery alone.

Under that assumption imagery costs are 20% of that total project cost and under the scenario above, it will require an investment based on the Value Added Community charges for DEMs.
Keep in mind, the costs of “Acquiring Cartosat-1 Data in Alaska” is approximately $3.26/per sqkm vs. $8.60 per sqkm if Cartosat-1 Data is purchased from the recorder.
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.

ASRC Management Services is The Prime Contractor and subcontractor on numerous IDIQ type contracts.  

ASRC Management Services manages the US Department of Agriculture Prime Vendor Contract.  This contract provides access to numerous types of satellite imagery providers and other unique capabilities such as Cloud and haze removal and digital watermarking of imagery.
ASRC MS is also a partner in the NJVC which manages a multimillion dollar IDIQ for NGA in St. Louis providing numerous Geospatial Services.
www.asrcms.com
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