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5.1.2.2 WAC FM LIGHT TRANSFER CALIBRATION RESULTS

Modified Version of Reference 5.1.2.2-1 - updates CL1/CL2 numbersin both tables

Reference 5.1.2.2-1 - IOM 388-PAG-CCA98-4, "WAC FM Calibration Results:
Radiometric Slope Files", C. Avis, March 31, 1998

Reference 5.1.2.2-2 - IOM 388-PAG-CCA97-10, "WAC FM Calibration Results:
System Gain", C. Avis, September 18, 1997

Reference 5.1.2.2-3 - |IOM 388-PAG-CCA97-6, "WAC FM Calibration Results:
Linearity", C. Avis, September 24, 1997

5.1.2.2.1 INTRODUCTION

The Flight Model thermal/vacuum testing included the acquisition of imagestaken in Light Transfer
sequences. This memo reports on the use of those images to produce radiometric calibration files
in each filter combination. These files store the slope term of the best linear fit to the response of
each pixel (see Method - Slope Generation below).

The Light Transfer sequences generally consisted of 3 flat-field images at each of four exposure
times plus 3 at zero exposure time. All were taken in 1x1 mode at Gain 2 with Lightflood ON and
Antiblooming OFF. The detector was at -90° C and the chamber was at +5° C.

5.1.2.2.2 METHOD - Slope Generation
For each pixel, the ‘energy’ receivedis.

e=r(t-t,)
where e isthe received ‘energy’ (in millisecond radiance_units)
r isthe measured radiance of the illuminant (in radiance_units)
t is the commanded exposure time (in milliseconds)
t, is the shutter-offset correction (in milliseconds)

A linear model for the response of a pixd gives:
d =ce+d, +dc(t)

where d isthe measured pixel response (in DN)
C isthe radiometric slope of the response (in DN millisecond*radiance_unit™)
d isthe pixel response at zero exposure (in DN)

d(():(t) isthe Dark-current value generated by exposuretimet (in DN)

Both dc(t) and t, were derived in earlier analyses and zero exposure images were available from
which to extract d, . Therefore, given the five exposure points, ¢ was derived by the method of
Least Squares. The radiometric slope term cisactually stored asitsreciprocal z=1/c to speed its
usein later computations of radiometric correction (see Method - Radiometric Correction below).

The radiance of the illuminant was recorded for each sequence (in units of picoamperes of current
generated at the meter).

5.1.2.2.2.1 RESULTS
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The following table lists some characteristics of the light-transfer sequences and the resulting
radiometric slope for each filter combination.

Filters # Pointsin Total #images | Maximum DN of Mean slope Slope s
Sequence input data (picoamp-
milliseconds/ DN)

CL1/CL2 4 12 3251 13. 023 0.24
CL1/ RED 4 13 3270 27. 442 0.52
CL1/ GRN 4 18 3561 53. 269 0. 86
CL1/BL1 3 9 2907 654. 62 12.9
CL1/ VI O 4 17 957 9448. 42 240.7
CL1/ HAL 4 12 3580 436. 020 11. 4
CL1/ 1 RP90O 4 12 3499 30. 825 0. 61
CL1/ IRl 4 12 3245 27.923 0.55
| R3/ CL2 4 12 3172 395. 29 9.4
| R4/ CL2 4 12 3518 6196. 532 160. 4
| R5/ CL2 4 16 3304 45504. 84 1465. 1
CB3/ CL2 4 12 3736 7144. 816 205. 3
M3/ CL2 4 12 3796 2187. 655 50.0
CB2/ CL2 4 12 3298 378. 310 7.9
Mr2/ CL2 a 4 12 3226 823. 517 19.6
Mr2/ CL2 b 4 14 3237 821. 257 19.7
| R2/ CL2 4 12 3179 131. 941 2.9
| R3/ 1 RPO 4 12 3356 798. 067 21.1
| R4/ 1 RPO 4 12 3691 12743. 17 335.1
| R5/ | RPO 3 12 3354 94405. 24 2924.7
CB3/ | RPO 4 11 3249 14438. 65 452. 6
MT3/ | RPO 4 11 3462 4349. 626 112.8
| R2/ | RPO 4 11 3145 266. 114 6.1
| R3/ 1 RP90 3 9 2340 783. 238 18.3
| R4/ 1 RP90 4 12 3808 12277. 88 323.9
| R5/ 1 RP90 4 12 3474 91322. 78 3231.3
CB3/ | RP90 4 12 3309 14071. 66 416.0
MT3/ | RP90 4 12 3451 4316. 000 99.2
| R2/ 1 RP90 4 11 3150 264. 332 5.7
| R2/ I R1 4 12 3252 307. 432 6.8
Mr2/ 1 R1 4 12 3530 893. 235 21.2

5.1.2.2.2.2 ACCURACY

A check was performed to verify the consistency of the Light Transfer raw datafiles. Because the
fileswere created over a period of hours, the concern was that there may have been changesin the
illuminant output or other factors that would lead to data variability. Comparisons were made
between files taken early in each sequence and those taken late. No significant variations were
found which would compromise the results.
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The following images are scaled-down views of the slope file of each filter combination. Each has
had an optimal stretch applied to bring out any comparable characteristics. The files are ordered

more-or-less in wavelength order (except for CL1/CL2) from violet to IR. In all cases, the bright
areas are regions of lower sensitivity.

CLYCL2 CLLVIO CLYBL1

CL1/GRN CL1Y/RED CLI/HAL

MT2/CL2 MT2/IR1
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CB2/CL2 CLVIR1 IR2/IR1

IR2/CL2 MT3/CL2 CB3/CL2

IR3/CL2 IR4/CL2 IR5/CL2
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The following slope files are the IRPO group.

IR2/IRPO

=

MT3/IRPO

CB3/IRPO

IR3/IRPO

IR4/IRPO

IR5/IRPO
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The following slope files are the IRP90 group.

IR2/IRP90 MT3/IRP90 CB3/IRP90

IR3/IRP90 IR4/IRP90 IR5/IRP90

CLVIRP90
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The following image shows a section of the CL1/VIO slopefile at full resolution (300x300 in
upper left corner). The bright speckles are small regions of low sensitivity. Thisfilter isthe only
one which showsthis effect. Thisismost likely due to non-uniformity of the Lumogen coating.

CLIVIO

5.1.2.2.3 METHOD - Radiometric Correction

Radiometric Correction is the process by which the value of a physical property of the sceneis
derived from arecorded DN vaue. For this calibration analysis, a derivation of the radiance of the
illuminant is desired so it can be compared to the value noted at the time of the exposure. This
analysis makes no attempt to convert the measured radiance units (picoamperes) to physicaly
meaningful units like nanowatts cm? ster* nm™. This filter-dependent correction can be applied to
the corrected data at alater stage of the process.

Rearranging the above equations, the application of the derived radiometric slope is straight-
forward. For each pixel:
(d- d, - dc(t))z

(t' to)

Now that z has been derived, these values are all known and r can be easily derived from the raw
DN value d. The valuefor d, can be taken from the above Least Squares fit or from any zero-
exposure images (hopefully averaged).

The correction gets alittle messier in real life. Appropriate corrections by the gain ratios will be
necessary if all terms are not available in the same gain state. In addition, proper correction for the
value of the overclocked pixels (bias level) must be included. Also, a scale factor may be included
to produce output DN valuesin a certain range.
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5.1.2.2.3.1 RESULTS

Flat-field images in various filters from non-light-transfer observations were corrected using the
above equation and the derived slopes. Idedlly, each corrected pixel value should equal the
recorded actua radiance (timesascale factor). All arein 1x1 mode at Gain 2.

The two right-hand columns evaluate the quality of the correction. The *Percent Deviation from
Expected” compares the corrected DN value to the value expected based upon the recorded radiance
of the source. The “Flatness of Corrected Image’ istheratio of the DN of the upper-left corner to
the DN of the center.

image Filters mean raw raw s Actual Expected Mean Corrected Percent Flatness of
DN radiance DN corrected s Deviation Corrected
(picoamps) (scaled) DN from Image
Expected
130275 | CL1/ CL2 3149. 8 56. 231 58.5 5850 5870. 8 22. 386 0.4 1.001
130338 | CL1/ RED 3146. 9 58. 639 58.5 5850 5622. 6 20. 904 -3.9 . 9996
130274 | CL1/ RED 3776.7 66. 373 58.5 5850 5629. 4 24.843 -3.8 1. 000
130339 | CL1/BL1 3239. 6 61. 709 58.5 5850 4478. 2 17.641 -23.4 1.002
130280 | CL1/BL1 3400. 6 64.470 58.5 5850 4707.1 18. 147 -19.5 1.002
130340 | CL1/ HAL 3438. 7 88. 080 58.5 5850 5614. 9 20. 063 -4.0 1. 000
130282 | CL1/ HAL 3501. 2 89. 364 58.5 5850 5719. 6 20. 274 -2.2 1.001
130341 | CL1/1 RP90 3464.5 65. 870 58.5 5850 5789. 4 20.997 -1.0 . 9993
130285 | CL1/ 1 RP90O 3524. 3 66. 615 58.5 5850 5891. 6 21.176 0.7 1.001
130343 | CL1/ GRN 3221.8 50. 912 58.5 5850 5223.9 19. 552 -10. 7 1.002
130276 | CL1/ GRN 3290. 3 52. 042 58.5 5850 5352. 2 19. 412 -8.5 1.001
130342 | CL1/ I R1L 3295.0 63. 951 58.5 5850 5977.8 22.411 2.2 1.001
130287 | CL1/ 1 Rl 3338. 6 64. 700 59.0 5850 6059. 0 22.571 3.6 1.001
130288 | CL1/ VIO 2701.9 65. 988 59.0 5850 4373.3 19. 400 -25.2 1.002
130359 | I R5/ CL2 1006. 1 30. 708 6000. 0 6000 6177.2 44.541 3.0 . 9919
130361 | I R4/ CL2 3395. 5 86. 578 8000. 0 8000 7889. 9 28. 665 -1.4 1. 000
130367 | CB3/ CL2 3611.1 101. 579 8000. 0 8000 7870. 4 27. 155 -1.6 . 9996
130370 | MI3/CL2 3704.9 84.013 8000. 0 8000 7918. 9 26. 643 -1.0 1. 000
130376 | I R2/ CL2 3120.9 66. 988 8000. 0 8000 7923. 7 30. 834 -1.0 1. 000
130379 | CB2/ CL2 2193.9 46. 087 8000. 0 8000 7945. 8 36. 373 -0.7 . 9982
130385 | I R3/ CL2 3673. 8 86. 280 8000. 0 8000 7859. 3 28. 747 -1.8 1.001
931105 | 1 R3/ 1 RPO 3327. 4 88. 583 8000. 0 8000 8075. 8 30. 461 0.9 . 9962
931108 | |1 R4/ 1 RPO 2998.0 79. 477 8000. 0 8000 8069. 3 31. 771 0.9 . 9968
931111 | I R5/ 1 RPO 3282. 3 95. 697 8000. 0 8000 7922. 3 30. 949 -1.0 . 9967
931114 | CB3/ 1| RPO 3203.1 98. 310 8000. 0 8000 8036. 1 30. 205 0.5 . 9994
931118 | Mr3/1 RPO 3420. 8 87. 771 8000. 0 8000 8061. 3 29. 763 0.8 1. 000
931121 | 1 R2/ 1 RPO 3159. 9 71.042 8000. 0 8000 8141.1 32. 698 1.8 1. 000
931125 | IR2/ I R1 3827.1 79. 387 8000. 0 8000 7643. 3 35. 359 -4.5 1.001
931131 | MI2/ 1 RL 3405. 8 80. 023 8000. 0 8000 7799.0 27.786 -2.5 1. 000
931133 | Mr2/ CL2 3129. 3 74.150 8000. 0 8000 7826.5 29.944 -2.2 . 9994
931134 | I R3/ 1 RP90 3213.4 77.178 8000. 0 8000 7648. 8 33. 491 -4.4 . 9928
931135 | 1 R4/ 1 RP90 3570. 6 93. /57 8000. 0 8000 7639. 8 26.914 -4.5 . 9966
931136 | | R5/ 1 RP90 3241.6 108. 844 8000. 0 8000 7563. 9 27. 740 -5.5 1.001
931137 | CB3/1 RP90 3120. 3 90. 955 8000. 0 8000 7624. 8 29. 291 -4.7 . 9963
931138 | MI3/ 1 RP90 3286. 4 77.467 8000. 0 8000 7677.9 30. 320 -4.0 . 9935
931140 | I R2/ 1 RP90 3018. 7 64. 626 8000. 0 8000 7716. 4 31. 461 -3.5 . 9986

The significant deviations reported above are entirely due to the raw data have unexpectedly low
values for the exposure times and radiances used. No cause has been determined. These data
were tabulated anyway because they were the only examples of these filter combinations other than
the Light Transfer data. Note that the corrected images were extremely flat.

The images below show the effect of radiometric correction of atypical raw flat-field image. The
raw image (with appropriate contrast enhancement) is compared to the corrected version (with the
same enhancement) and to the corrected version with a strong enhancement to bring out any
residual shading.
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raw corrected enhanced corrected

Asreported in Reference 5.1.2.2-2 and Reference 5.1.2.2-3, Gain 2 goes non-linear at high DN
values. The slopefiles created in the activity reported on here used the Light Transfer data which
stayed in the linear regime. The images below show the attempted radiometric correction of a
medium DN image and high DN image (identical contrast enhancements). The artifacts begin to
appear (i.e., the reponse starts to go non-linear) when the raw pixels reach about 3500 DN.

medium-level input



5.1.2.2.4 CONCLUSIONS

1
2.
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The radiometric dlope files have been created for al filter combinations.

The accuracy of these files cannot be checked rigorously due the small number of non-Light
Transfer images taken in the various filter combinations. The available imagesin the various
filters were corrected using these files, but in some cases the input raw data does not agree
closely with the raw Light Transfer data. This causes some of the corrected data to differ from
the expected value. All corrected images were extremely flat, even if some had DN levels that

were suspect.

The only residua structure seen consistently in the corrected images was dark cornersin the IR

filter data. Thereiscurrently no explanation for this behavior.

Gain 2 images with DN values greater than about 3500 showed poor correction by the linear
function used. Thisis because the sensor goes non-linear above that DN level and can’'t be
modelled by thislinear scheme.

The CLL/VIO filter shows small regions of low sengtivity due to non-uniformity of the
Lumigen coating.

5.1.2.2.5 IMAGES USED FOR ANALYSIS
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