Detailed Test Results

Purpose of Document:  To show a step-by-step test of whether re-projection conserves source location and flux.

We used a contributed program called mImage to generate a synthetic, noise-free image with 25 Gaussian sources (hereafter referred to as “original image”).  The locations of the sources are randomly distributed about the image area.  The peak pixel value and Gaussian spread for each source are uniformly distributed between the values 0 and 10.0.  The FITS header file used to generate the image is as follows:

SIMPLE  = T

BITPIX  = -32

NAXIS   = 2

NAXIS1  = 512

NAXIS2  = 1024

CRPIX1  = 256.5

CRPIX2  = 512.5

CDELT1  = -0.000277777785

CDELT2  =  0.000277777785

CTYPE1  = 'RA---SIN'

CTYPE2  = 'DEC--SIN'

CRVAL1  = 307.8908523

CRVAL2  = 37.285056

CROTA2  = -0.002526295123

END

We then used mProject to re-project the original image with the following header  (hereafter we shall refer to this re-projected image as the “transformed image”):

SIMPLE  = T

BITPIX  = -32

NAXIS   = 2

NAXIS1  = 512

NAXIS2  = 1024

CRPIX1  = 256.5

CRPIX2  = 512.5

CDELT1  = -0.0002777778

CDELT2  =  0.0002777778

CTYPE1  = 'ELON-TAN'

CTYPE2  = 'ELAT-TAN'

CRVAL1  = 325.5571

CRVAL2  = 53.66405

CROTA2  = -0.002526295123

END

The projection corresponds to conversion from SIN to TAN projection and J2000 equatorial to ecliptic coordinates.  To see a portion of the original and the transformed images see Appendices B and C respectively.

We then used sextractor to extract the sources from both the original and the transformed images.  This was done by the following procedure:

· We combine the transformed image file and its corresponding area file (both produced by mProject) by multiplying corresponding pixels to produce a new image (from which sextractor can correctly extract fluxes).

· We carefully dealt with the previously documented sextractor NAN problem by setting NAN values to –BIG (which are then ignored by s-extractor).  BIG=1e+30

· We extract sources from the original image and the new image with the following parameter settings:

· All values at default sextractor settings, except DETECT_THRESH and ANALYSIS_THRESH set to 1·102, and DETECT_MINAREA set to 50.   The ability of sextractor to correctly extract sources from this image is very sensitive to this value because this image contains several closely spaced sources. The value of 100 was found by experimentation to work well.

We then used a contributed program called mFlux to compare the sources found in the original and transformed images (see Appendix A for detailed results of sources and source locations):

Original: original/image_orig.cat

Transformed: transformed/image_ecliptic_orig.cat

Warning:  number of objects don't match. (25 vs. 18)

There will be 7 unmatched sources that will be ignored.

Number of objects detected: 18

Mean location error (original pixel units): 0.000888809

Max location error (original pixel units): 0.00440746

Total source flux - original 7.55995e-08 transformed 7.55971e-08

Total source flux error: 0.00317198 %

Mean source flux error: 0.00815489 %

Max source flux error: 0.0490717 %

Histogram of Location Errors (0 to 2 pixel error, 0.1 resolution):

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Number of sources out of range [0.000000, 2.000000]: 0

Histogram of Flux Errors (0 to 3.0% error, 0.1 resolution):

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Number of sources out of range [0.000000, 3.000000]: 0

It is clear from these statistics that both location and flux are conserved very well by the re-projection.  Note that the reason only 18 sources were detected in the output image is that there are only 18 sources that are located within the output area.

Appendix A

The detailed results of source extraction run through mFlux.  Shown are comparisons of corresponding object locations, in RA-DEC J2000 coordinates, between the original and transformed images, as well as flux and error values.

Original: original/image_orig.cat

Transformed: transformed/image_ecliptic_orig.cat

original -

index: 1  location: 307.888 37.1521 flux: 3.6737e-09

transformed -

index: 1  location: 307.888 37.1521 flux: 3.674e-09

location error (original pixel units): 0.00101037

flux error: 0.00816615 %

original -

index: 2  location: 307.808 37.4088 flux: 1.60989e-09

transformed -

index: 24  location: 307.808 37.4088 flux: 1.6091e-09

location error (original pixel units): 0.00440746

flux error: 0.0490717 %

original -

index: 3  location: 307.804 37.3796 flux: 7.33738e-10

transformed -

index: 5  location: 307.804 37.3796 flux: 7.33789e-10

location error (original pixel units): 0.000506888

flux error: 0.00695071 %

original -

index: 4  location: 307.845 37.3824 flux: 2.18189e-09

transformed -

index: 25  location: 307.845 37.3824 flux: 2.18183e-09

location error (original pixel units): 0.000330693

flux error: 0.00274991 %

original -

index: 5  location: 307.89 37.3791 flux: 1.25859e-08

transformed -

index: 4  location: 307.89 37.3791 flux: 1.25862e-08

location error (original pixel units): 0.000622132

flux error: 0.00238362 %

original -

index: 6  location: 307.826 37.3493 flux: 1.0289e-09

transformed -

index: 8  location: 307.826 37.3493 flux: 1.02873e-09

location error (original pixel units): 0.000550356

flux error: 0.0165225 %

original -

index: 7  location: 307.868 37.351 flux: 1.0683e-09

transformed -

index: 7  location: 307.868 37.351 flux: 1.06825e-09

location error (original pixel units): 0.000699152

flux error: 0.00468033 %

original -

index: 8  location: 307.862 37.3002 flux: 1.12189e-08

transformed -

index: 11  location: 307.862 37.3002 flux: 1.12194e-08

location error (original pixel units): 0.000855325

flux error: 0.00445676 %

original -

index: 9  location: 307.948 37.3127 flux: 7.63748e-09

transformed -

index: 10  location: 307.948 37.3127 flux: 7.6373e-09

location error (original pixel units): 0.000443822

flux error: 0.0023568 %

original -

index: 10  location: 307.92 37.2985 flux: 3.82939e-10

transformed -

index: 12  location: 307.92 37.2985 flux: 3.82936e-10

location error (original pixel units): 0.00112198

flux error: 0.000783415 %

original -

index: 11  location: 307.889 37.2785 flux: 1.38197e-08

transformed -

index: 14  location: 307.889 37.2785 flux: 1.38183e-08

location error (original pixel units): 0.00116771

flux error: 0.0101305 %

original -

index: 12  location: 307.95 37.2882 flux: 6.20356e-09

transformed -

index: 13  location: 307.95 37.2882 flux: 6.20379e-09

location error (original pixel units): 0.000228429

flux error: 0.00370755 %

original -

index: 13  location: 307.893 37.2519 flux: 6.29273e-09

transformed -

index: 17  location: 307.893 37.2519 flux: 6.29213e-09

location error (original pixel units): 0.000158026

flux error: 0.00953481 %

original -

index: 14  location: 307.931 37.2602 flux: 7.43594e-10

transformed -

index: 15  location: 307.931 37.2602 flux: 7.43543e-10

location error (original pixel units): 0.000472791

flux error: 0.00685858 %

original -

index: 15  location: 307.929 37.2546 flux: 3.56039e-09

transformed -

index: 16  location: 307.929 37.2546 flux: 3.55988e-09

location error (original pixel units): 0.000874932

flux error: 0.0143243 %

original -

index: 16  location: 307.857 37.2049 flux: 1.81047e-09

transformed -

index: 18  location: 307.857 37.2049 flux: 1.81049e-09

location error (original pixel units): 0.000290866

flux error: 0.00110469 %

original -

index: 17  location: 307.907 37.1888 flux: 4.91261e-10

transformed -

index: 20  location: 307.907 37.1888 flux: 4.91274e-10

location error (original pixel units): 0.00154919

flux error: 0.00264625 %

original -

index: 18  location: 307.926 37.1805 flux: 5.56168e-10

transformed -

index: 21  location: 307.926 37.1805 flux: 5.5617e-10

location error (original pixel units): 0.000708438

flux error: 0.000359604 %

Appendix B

The following is the original image:
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Appendix C

The following is the transformed image:
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