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2 Introduction

3 This file describes the different calibration steps to bring SOIR raw data (PSA level 1B) to calibrated data (PSA level 2). 
4 It also describes the files contained in the CALIB directory.

5 Calibration steps to create the PSA data level 2
6 Step 1: Detector non linearity correction
7 For low signal intensity the detector has a non-linear response. The definition of linearity by the manufacturer is not fully understood. Nevertheless, one has the impression that the pixel is linear within 2 % if it is filled less than 98 % and more than 25 %. Between 10 and 25 % of full well the error grows to about 4 %. Non-linearity correction has to be applied. 

8 It is understood that this correction routine is only applicable on data sets that contain signal values with on board subtracted background.

1) Calculate exact number of accumulations for this observation

9 n_accum = (dcbf+1) * (nrac1-1)/2

10 with dcbf and nracc two parameters in the SOIR telemetry.
11 dcbf is number of lines binned and nracc is number of bins accumulated.
12 For details see TMTC TM/TC document in DOCUMENT directory.
2) Calculate exact integration time for this observation (in milliseconds)

13 integ_time_ms = deit1/1000

14 with deit a parameter in the SOIR telemetry.
15 deit is integration time in microseconds.
16 For details see TMTC TM/TC document in DOCUMENT directory
3) Read the background value corresponding to this integration time (ADC codes) in the bkgcodes_vs_integtime table (based on measurement during CRUISE phase on Feb 21st 2006)

17 ## background codes vs. integration time for integtime = 0, 1, ...., 150 ms

18 bkgcodes_vs_integtime =  

19 [663, 663, 679, 693, 706, 721, 738, 755, 772, 790, 808, 827, 846, 866, 886, 908, 930, 952, 975, 1000, 1024, 1050, 1077, 1104, 1134, 1164, 1194, 1225, 1257, 1289, 1323, 1357, 1391, 1427, 1463, 1500, 1536, 1574, 1611, 1650, 1688, 1727, 1766, 1806, 1846, 1886, 1926, 1966, 2008, 2048, 2089, 2131, 2173, 2215, 2257, 2299, 2340, 2383, 2426, 2469, 2511, 2555, 2599, 2641, 2684, 2729, 2772, 2815, 2860, 2903, 2947, 2992, 3035, 3080, 3125, 3168, 3213, 3257, 3302, 3346, 3391, 3437, 3481, 3527, 3572, 3616, 3661, 3706, 3752, 3797, 3842, 3887, 3933, 3977, 4022, 4068, 4113, 4159, 4205, 4250, 4296, 4342, 4387, 4432, 4479, 4524, 4570, 4616, 4661, 4707, 4753, 4799, 4844, 4891, 4936, 4982, 5028, 5075, 5121, 5166, 5212, 5259, 5305, 5350, 5396, 5442, 5488, 5534, 5581, 5627, 5672, 5719, 5765, 5811, 5858, 5903, 5950, 6042, 6088, 6134, 6182, 6227, 6274, 6319, 6366, 6412, 6458, 6504, 6551, 6597]
20 The ADC values correspond to different integration times and hence to different quantities of thermal background photons. The collected pixel charges are converted by the read-out process into ADC units. There is a non-linear relation between collected photons and observed ADC units. The ADC values include an offset (about 660 units) in the video amplifier electronics introduced to allow for aging margin.

21 We assumed a perfectly linear relationship between integration time and the quantity of photons that is equal for all pixels within a grating order and over all grating orders (wavelengths). This assumption is only valid if pixel quantum efficiency would be constant over pixels and wavelengths. This relationship is most probably also temperature dependent.

22 adc_bkg = non_lin_correction.bkgcodes_vs_integtime[integ_time_ms]

4) Reduce the spectrum pixel values to one non-binned non-accumulated values

23 adc_sig = float(data[i]) / n_accum

5) Make sum of ADC value of (measured) signal and (estimated) background

24 For spectra which have the thermal background subtracted on-board, the real charge collected on the pixel capacitor is still the result of the combined input of signal photons and thermal background photons

25 adc_sig_plus_bkg = adc_sig + adc_bkg

6) Conversion of ADC units into Arbitrary Charge Units (ACU)

26 During the measurement with different integration times (Feb 21st 2006), we have collected different amounts of thermal background photons that have produced different amounts of electrons or charges in the pixel. Because we do not know the exact thermal background level, these quantities are not calibrated. Therefore we introduce the concept of Arbitrary Charge Units, in which we will express signal levels. It is suggested that the value of the arbitrary charge units equals the integration time value.

27 The measured relation between ADC units and ACUs can be approximated by the following equation (10 degrees polynomial if ADC units < 6000 and a linear relationship above 6000 ADC units) : 

28 adccode_to_charge( x ):

29 if x < 6000:

30 y=-109.4112717552833+x*(0.3281672408563101+\

31 x*(-0.0003846513541535442+x*(2.869226627796301E-07+\

32 x*(-1.381722060516796E-10+x*(4.459643046851159E-14+\

33 x*(-9.752279474228916E-18+x*(1.426792904826683E-21+\

34 x*(-1.337703563748429E-25+x*(7.266297806363216E-30+\

35 x*-1.738835026549852E-34)))))))))

36 else:

37 y = 6.0634764 + 0.02184421*x

38 with x = ADC units and y = ACUs 

7) Calculation of new corrected pixel values

39 charge = non_lin_correction.adccode_to_charge( adc_sig_plus_bkg ) - integ_time_ms

39.1 Step 2: Wavenumber calibration
39.2 The wavenumber to pixel calculation is done using the formula
39.3 
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39.4 where 
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 is the wavenumber in cm-1 of pixel p in diffraction order n and a, b and c the coefficients of a second order polynomial. The values of the pixel number range from 0.5 to 319.5, and the order number is a value between 101 and 194.

39.5 The values of the coefficients are reported in the PIX_WN.TAB file in the CALIB directory of the repository.
39.6 Step 3: Order number calculation and AOTF frequency to wavenumber calibration
39.7 From the AOTF frequency, the value of the diffraction order is calculated. 
39.8 The relation between the AOTF frequency and the wavenumber is given as
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39.9 with 
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 the wavenumber in cm-1 and f the AOTF frequency in Hz.

39.10 The value of the AOTF frequency programmed in aofs1, aofs2, aofs3 and aofs4 are transformed into their corresponding wavenumber: 
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39.11 Then, for each order, the order center wavenumber is computed using the formula described in the previous section (section 2.2):
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39.12 The values of 
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values, and the each order is assigned considering the closest value between the both lists.
40 Step 4: Full Sun referencing
1) Selection of the zone of interest from the total data set

41 The zone of interest is defined using the following criteria:

· Beginning when SOIR altitude of measurement is 220km (defined from the attitude files, refraction taken into account)

· End when SOIR altitude of measurement is 60 km (defined from the altitude files, refraction taken into account)

2) Selection of the reference zone

42 The reference zone is defined using the following criteria:

· End one second before start of the zone of interest

· Beginning such that reference zone lasts for 39 or 40s

43 The reference spectrum is calculated for every pixel as a linear regression in function of time on the reference zone as described here above. This is to account for the observed drift of the satellite during the occultation.

3) Division of spectra in observation zone by reference spectrum to obtain transmittance values (between 0 and 1)

44 Step 5: Tracing the calibration history
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1521 
1522 
1523 
1524 
1525 
1526 
1527 
1528 
1529 
1530 
1531 
1532 
1533 
1534 
1535 
1536 
1537 
1538 
1539 
1540 
1541 
1542 
1543 
1544 
1545 
1546 
1547 
1548 
1549 
1550 
1551 
1552 
1553 
1554 
1555 
1556 
1557 
1558 
1559 
1560 
1561 
1562 
1563 
1564 
1565 
1566 
1567 
1568 
1569 
1570 
1571 
1572 
1573 
1574 
1575 
1576 
1577 
1578 
1579 
1580 
1581 
1582 
1583 
1584 
1585 
1586 
1587 
1588 
1589 
1590 
1591 
1592 
1593 
1594 
1595 
1596 
1597 
1598 
1599 
1600 
1601 
1602 
1603 
	
	
	
	
	
	
	

	1604 
	1605 
	1606 
	1607 
	1608 
	1609 
	1610 
	1611 
	1612 
	1613 
	1614 
	1615 
	1616 
	1617 
	1618 
	1619 
	1620 
	1621 
	1622 


	1623 
1624 
	1625 
1626 
	1627 
1628 
	1629 
1630 
	1631 
1632 
	1633 
1634 

	1635 
	1636 
	1637 
	1638 
	1639 
	1640 
	1641 
	1642 
	1643 
	1644 
	1645 
	1646 
	1647 
	1648 
	1649 
	1650 


1651 
1652 
1653 
1654 
1655 
1656 
1657 
1658 
1659 
1660 
1661 
1662 
1663 
1664 
1665 
1666 
1667 
1668 
1669 
1670 
1671 
1672 
1673 
1674 
1675 
1676 
1677 
1678 
1679 
1680 
1681 
1682 
1683 
1684 
1685 
1686 
1687 
1688 
1689 
1690 
1691 
1692 
1693 
1694 
1695 
1696 
1697 
1698 
1699 
1700 
1701 
1702 
1703 
1704 
1705 
1706 
1707 
1708 
1709 
1710 
1711 
1712 
1713 
1714 
1715 
1716 
1717 
1718 
1719 
1720 
1721 
1722 
1723 
1724 
1725 
1726 
1727 
1728 
1729 
1730 
1731 
1732 
1733 
1734 
1735 
1736 
1737 
1738 
1739 
1740 
1741 
1742 
1743 
1744 
1745 
1746 
1747 
1748 
1749 
1750 
1751 
1752 
1753 
1754 
1755 
1756 
1757 
1758 
1759 
1760 
1761 
1762 
1763 
1764 
1765 
1766 
1767 
1768 
1769 
1770 
1771 
1772 
1773 
1774 
1775 
1776 
1777 
1778 
1779 
1780 
1781 
1782 
1783 
1784 
1785 
1786 
1787 
1788 
1789 
1790 
1791 
1792 
1793 
1794 
1795 
1796 
1797 
1798 
1799 
1800 
1801 
1802 
1803 
1804 
1805 
1806 
1807 
1808 
1809 
1810 
1811 
1812 
1813 
1814 
1815 
1816 
1817 
1818 
1819 
1820 
1821 
1822 
1823 
1824 
1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
	1931 
1932 
	1933 
1934 
	1935 
1936 

	1937 
	1938 
	1939 
	1940 
	1941 
	1942 
	1943 

	1944 
	1945 
	1946 
	1947 
	1948 
	1949 
	1950 


1951 
1952 
1953 
1954 

1955 
1956 
	1957 
1958 
	1959 
1960 


1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
	1983 
1984 
	1985 
1986 


Look into the .TRT additional data files on PSA level 2.

Example:

0.1_TO_0.2_SCRIPT_VERSION,[SVN revision nr]

0.2_TO_0.3_SCRIPT_VERSION,[SVN revision nr]

0.2_TO_0.3_REGRESSION_ZONE,20070415053104-20070415053143

0.2_TO_0.3_OCCULTATION_ZONE,20070415053144-20070415053230

0.2_TO_0.3_REGRESSION_ALTITUDE,220

1987 0.3_TO_1.0_PDS_CREATION,[SVN revision nr]
1988 Calibration steps to create the PSA data level 4
1989 Step 1: The AOTF transfer function
1990 The AOTF transfer function describes the behavior as a function of the wavenumber for a given AOTF excitation frequency, corresponding to a diffraction order. 
1991 More details about the physics underlying the AOTF and its characteristics can be found in:

· Nevejans et al., Compact high-resolution spaceborne echelle grating spectrometer with acousto-optical tunable filter based order sorting for the infrared domain from 2.2 to 4.3 µm, Applied Optics, Vol. 45, No. 21, 20 July 2006;
· Mahieux et al., In-flight performance and calibration of SPICAV SOIR onboard Venus Express, Applied Optics, Vol. 47, No. 13, 1 May 2008;
· Mahieux et al., A new method for determining the transfer function of an Acousto optical tunable filter, Optics Express, Vol. 17, No. 3, 2 February 2009.
1992 Step 2: The blaze function

1993 The blaze function corresponds to the efficiency of the echelle grating as a function of the incident angle to the blaze angle. In the case of SOIR, it takes values between 0 and 1, and these values are given per diffraction order. 
1994 The blaze angle has been computed from calibration measurements.
1995 Description of the CALIB directory at PSA level 4
1996 Introduction
1997 The CALIB directory contains 4 calibration files available in the PDS3 format:

· The pixel to
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
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· 
· 
· 
· 
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· 
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· 
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· 
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· 
· 
· 
· 
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· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
·  wavenumber calibration file
· The AOTF frequency to wavenumber calibration file

· The AOTF transfer function calibration file

· The Blaze function calibration file.

1998 Each file is accompanied with a CAT file, in the PDS3 format.
· Pixel to wavenumber calibration file

1999 The pixel to wavenumber calibration data are given in the PIX_WN.TAB file. This file is made of 6 columns, the first one giving the relation type (pixel to wavenumber – PIX->WN – or wavenumber to pixel – WN->PIX). The relations are defined in Section 2.2. The second column gives the binning case and the third one the bin number. Table 1summarizes the detector lines that are summed up for each case and Table 2 gives the different binning cases.
	Detector line number
	Binning case

	
	8 x 3
	8 x 4
	2 x 12
	2 x 16

	187
	-
	1
	-
	1

	188
	-
	1
	-
	1

	189
	-
	1
	-
	1

	190
	-
	1
	-
	1

	191
	1
	2
	1
	1

	192
	1
	2
	1
	1

	193
	1
	2
	1
	1

	194
	2
	2
	1
	1

	195
	2
	3
	1
	1

	196
	2
	3
	1
	1

	197
	3
	3
	1
	1

	198
	3
	3
	1
	1

	199
	3
	4
	1
	1

	200
	4
	4
	1
	1

	201
	4
	4
	1
	1

	202
	4
	4
	1
	1

	203
	5
	5
	2
	2

	204
	5
	5
	2
	2

	205
	5
	5
	2
	2

	206
	6
	5
	2
	2

	207
	6
	6
	2
	2

	208
	6
	6
	2
	2

	209
	7
	6
	2
	2

	210
	7
	6
	2
	2

	211
	7
	7
	2
	2

	212
	8
	7
	2
	2

	213
	8
	7
	2
	2

	214
	8
	7
	2
	2

	215
	-
	8
	-
	2

	216
	-
	8
	-
	2

	217
	-
	8
	-
	2

	218
	-
	8
	-
	2


2000 Table 1: List of detector line numbers for each bin of each binning case
	Binning case
	Number of lines per bin
	Number of binning groups

	8 x 3
	3
	8

	8 x 4
	4
	8

	2 x 12
	12
	2

	2 x 16
	16
	2


2001 Table 2: List of the binning possibilities
2002 The three last columns give the values of the second order polynomial coefficients.
2003 There is one calibration file for the nominal mission, and for each extension of the mission.
2004 The AOTF frequency to wavenumber calibration file
2005 The AOTF frequency to wavenumber calibrations are given in the AOTF_F_WN.TAB with its associated LBL file.
2006 This file is made of 6 columns, the first one giving the relation type (AOTF frequency to wavenumber – F->WN – or wavenumber to AOTF frequency – WN->F). The relations are defined in Section 2.3. The second column gives the binning case and the third one the bin number. Table 1summarizes the detector lines that are summed up for each case and Table 2 gives the different binning cases.
The three last columns give the values of the second order polynomial coefficients.

2007 There is one calibration file for the nominal mission, and for each extension of the mission.
2007.1 The AOTF transfer function calibration file
The AOTF transfer function values are given in the AOTF_F_WN.TAB with its associated LBL file.

The first column gives the diffraction order number, followed by the centered wavenumber values (between -100 and 100 cm-1 around the maximum, by steps of 0.1cm-1, 2001 in total), the transfer function values for bin 1(2001 in total) and the transfer function values for bin 2 (2001 in total).

There is one line per order (94 in total).
2007.2 The blaze function calibration file
The blaze function values are given in the BLAZE.TAB with its associated LBL file.

The first column gives the diffraction order number, followed by the centered wavenumber values (between -100 and 100 cm-1 around the center of the order, by steps of 0.1cm-1, 2001 in total) and the blaze function values (2001 in total), same for bins 1 and 2.

2008 There is one line per order (94 in total).
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SOIR calibration description

A. Mahieux / BIRA-IASB
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