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Conclusions

• OMI uses a Dual-Babinet Compensator 
Pseudo-depolarizer scrambler.

• The OMI scrambler is a robust optical 
element, without moving parts.

• Measured polarization sensitivity is 
0.4-1%.

• Spectral features are less than 4 10-4.

• The scrambler increases the IFOV by 
approximately 20%.
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Table 1: Overview of the five scenarios used in this study.

Scenario A B C D E

As (757 nm) 0.05 0.05 0.05 0.05 0.05

As (770 nm) 0.05 0.05 0.05 0.05 0.05

cloud fraction 0.1 0.1 0.2 0.2 0.2

cloud albedo (not fitted) 0.8 0.8 0.8 0.8 0.8

cloud pressure [hPa] 750 850 750 850 600

Science requirements [RD2]

cloud fraction [0.02, expressed in %] ±20 % ±20 % ±10 % ±10 % ±10 %

cloud pressure [50 hPa, expressed in %] ±7 % ±6 % ±7 % ±6 % ±8 %

Figure 3: The maximum degree of linear polarization in the simulated spectrum (left) and the single scattering

angles Θ (right) for the simulations. The orbit runs from south to north, from the bottom to the top of this figures.

The horizontal dimension is the across track direction, with the west-side of the swath on the left. The same

orientation as is used in figures 5 – 9. The grey pixels at the start of the orbit are geometries with a solar zenith

angle larger than 88
◦
.

geometries. To limit the number of scenes to a more manageable number, a subset of scenes was used: every

50th observation along track (starting at 100 and ending 100 observation before the end of the orbit), and every

fifth observation across track (starting a observation 2 – zero based).

4 Results

The angle for single scattering over the OMI orbit is shown in figure 3. A single scattering angle Θ = 90◦ gives

rise to the maximum polarization, and therefore is expected to give the greatest error on the cloud parameters.

The simulations were run for ε = {0.0%,0.5%,0.75%,1.0%,1.5%}, corresponding to a maximum Prre of

up to 0.75% for fully polarized radiation. The results are shown in figures 5 – 9 in appendix A. Each of these

figures follows the same pattern. The columns correspond with the scenarios in table 1. The rows correspond

to the cloud retrieval parameters; from top to bottom: the cloud fraction fc, the cloud pressure pc, the surface

albedo at 757 nm As(λ = 757nm), and the surface albedo at 770 nm As(λ = 770nm). For each polarization

error a figure with the bias relative to the truth
1

in % is shown. The science requirements for the cloud fraction

and the cloud pressure is shown as a contour line (both the positive and the negative values), following table 1.

1
The truth is the input value from table 1, no model errors are introduced.



Polarization

• Measure the polarization and correct
(GOME / SCIAMACHY)

• Make the instrument insensitive to 
polarization (OMI/TROPOMI)

DOBBER et al.: OMI CALIBRATION 1213

Fig. 3. Polarization-dependent grating efficiencies for the UV channel grating.

Fig. 4. Polarization-dependent grating efficiencies for the VIS channel grating.

MgF coated aluminum) direct the beam toward the blazed
holographical grating 207 (1350 lines per mm, blaze angle 17 ).
The channel objective (209–213) images the beam onto the
visible CCD detector. The gratings are particularly important
for the spectral stability of the instrument. The UV and VIS
grating efficiencies for both polarization directions are shown
in Figs. 3 and 4.

The sun spectrum is used to normalize the Earth spectra in
order to obtain the absolute Earth reflectance spectra and to per-
form accurate wavelength calibrations. OMI observes the sun
via optical mesh C01 by opening the solar aperture mechanism
C02. The mesh has a transmission of 10% and has many rect-
angular slits of about 450- m width and about 20- m height.
The mesh design avoids edge effects and the slit sizes are suffi-
ciently large to avoid diffraction in the OMI wavelength range.
The slits are positioned in the mesh in such a way that shad-
owing effects on the onboard diffusers are avoided. The sun ir-
radiance directly illuminates one of three onboard reflectance
diffusers located on diffuser carrousel: only two are shown in
Fig. 1: C04 and C06. The diffusers are 40 mm in length and
16 mm in width. The reverse image of the OMI entrance slit
on the diffusers is banana-shaped and has dimensions of about
28 mm 8 mm. Light from the diffusers illuminates the un-
coated bare concave folding mirror C03, which is located on a
folding mirror mechanism. This mechanism has two positions:

the Earth position, which lets the light from the primary tele-
scope mirror 003 through to the scrambler 005, and the sun po-
sition, which not only directs the sun light from the diffusers
via C03 to the scrambler 005, but also blocks the Earth radiance
from primary telescope mirror 003. The mirror curvature of C03
is intended to replace for the sun mode the telescope function
of the primary telescope mirror 003 in the Earth mode. In this
way, the telescope properties are designed to be the same for the
Earth radiance and the sun irradiance modes. Thus, the differ-
ence between the radiance and irradiance modes is the primary
telescope mirror 003 in the former mode and the reflection dif-
fusers and folding mirror C03 in the latter mode. The ratio of the
two optical paths, being the ratio of the radiance and irradiance
radiometric calibrations, is called the instrument bi-directional
scattering distribution function (BSDF). This calibration param-
eter basically describes the Earth reflectance calibration of the
OMI instrument, which will be discussed in more detail in Sec-
tion V-A.

Even though the folding mirror C03 is designed to replace
for the irradiance mode the primary telescope mirror 003 for
the radiance mode the telescope properties of both modes are
not completely identical. From a radiometric calibration point
of view this presents no problems, since both modes were radio-
metrically calibrated accurately prior to launch (see Section V).
The purpose of the curved folding mirror in the irradiance mode
is to ensure that the reflected light from the diffuser illuminates
the spectrometer’s entrance slit 008 in combination with the sec-
ondary telescope mirror 007. This is similar to the way the pri-
mary and secondary telescope mirrors 003 and 007 illuminate
the spectrometer’s entrance slit 008 in the radiance mode. Thus,
for every viewing angle in the radiance mode a reference irra-
diance spectrum at an optically corresponding viewing angle is
available.

The reflection diffusers are used close to the specular angle
in the short dimension with an angle of incidence of 11 . In
this plane the angle of incidence varies in flight with the orbit
position during a sun observation sequence of 154 s. During
this time the elevation angle on the diffuser changes from about

to . The OMI-defined elevation
angle changes from 4 to 4 . In the dimension corresponding
to the length of the diffusers the incidence angle is nominally
about 26 , corresponding to the 1:40 P.M. ascending node time
of the EOS Aura orbit. This incidence angle varies as a function
of season from about to . The
angle from the diffuser to C03 is perpendicular. The diffusers
and their optical properties are further discussed in detail below
in Sections III-C and V-D.

The entrance slit 008 of the spectrometer determines a
number of spectral, radiometric, and viewing properties of the
instrument. The length of 44 mm corresponds to the cross-track
viewing swath of 115 , while the width of the slit determines
the 0.8 instantaneous field of view in the flight direction (tele-
scope property) and the spectral resolution of the instrument,
together with the remaining channel optics (total instrument
property). The slit width is not completely constant along the
length of the slit: slit width irregularities up to 10 m are ob-
served under the microscope. These variations in slit width are
imaged by the spectrometer into wavelength-independent ra-
diometric variations of several percent as a function of viewing



Dual Babinet Compensator
Pseudo-Depolarizer 

McGuire and Chipman, “Analysis of  Spatial pseudo depolarizers in 
imaging systems”, Optical Engineering, December 1990, volume 29, 
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Trades in OMI

• Wedge angle: increases improves the 
depolarization and reduces spectral 
features, but increases spatial effects.

• Effects of the first mirror and the first 
optical surface of the scrambler.

• Larger spectral coverage makes it harder 
to optimize the scrambler performance.



OMI DM Optical Bench



OMI Telescope and UV Channel



OMI Scrambler



Simulated Polarization Sensitivity



Simulated Polarization Sensitivity
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Figure 7.5.2 scrambler features for the UV2 and VIS channel, using digital binning with factor 8

In the UV2 channel the features look as expected. In the VIS channel we observe some strange
features, a big one around column 160 and some small features around columns 400 - 500 . These
features can be ascribed to spectral peaks in the stimulus. In the following figure we show a single row
from the images, from which the spectral peaks in the VIS channel are clearly visible. We suspect that
the intensity of the peaks depends on the polarisation. This results in peaks in the ratio image.

Figure 7.5.3 a single, unbinned row for the UV2 and VIS channels

We have calculated an estimate of the resulting feature size, by calculating the standard deviation in
the filtered ratio images. The results are shown in the following table.

Table 7.5.1 scrambler feature size for UV2 and VIS channel
Channel Binning factor = 1 Binning factor = 8

UV2 2.0.10-4 1.6.10-4

VIS 5.0.10-4 3.6.10-4

We conclude that the feature size is better than the requirement.
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0.995
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“Diamond” Effect
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Note that if the incident light is linearly polarized either perpendicular or parallel to the optic axis of the 
wedges, only one of the two beams is present in the superposition and no beam splitting takes place. 
This one beam follows the path of either the o-ray or e-ray and will experience a deviation accordingly. 

The same considerations can be made for the second half of the scrambler, which is identical to but 
rotated over 45 ° relative to the first half, and the effects can be added. In general this leads to four 
exiting beams that, when projected on a screen, form a characteristic pattern (see Figure 6.2). 

 

 

Figure 6.2. Characteristic beam pattern exiting from a DBCP 

 

This effect will slightly reduce the spatial resolution of OMI. For if a detector pixel is looking outwards 
to the earth through the instrument and scrambler it will, instead of looking to one ground pixel (the 
size of which being determined by pixel size, slit width and point spread functions of the optics), see 4 
ground pixels that are slightly displaced according to the pattern of Figure 6.2. This gives in effect a 
slightly larger ground pixel (for measurements on the integrated DM telescope, see Ref. ##). 

On the other hand this pattern can be used to check whether the scrambler is manufactured and 
assembled as intended. For this purpose the scrambler is positioned in a simple set-up as depicted in 
Figure 6.3a. The scrambler is illuminated by the beam of a linearly polarized He-Ne laser with 
adjustable polarization direction. After the scrambler an analyser (linear sheet polarizer) and screen 
are positioned. Below a few measurements will be pointed out to determine the crystal (optic) and 
wedge axis orientations. 

We will use a coordinate system defined by the flat edge of the scrambler aperture (see Figure 3.1). 
Such a coordinate system is similar to that of the OMI instrument (Figure 3.1). In this coordinate 
system we will offer polarization directions of 0 °, 90 ° and ± 45 ° to the scrambler and register the  



Effect on the FOV in Swath Direction
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Fig. 31. Measured spatial resolution in the swath dimension for a pixel close
to nadir in the VIS channel at about 425 nm along with the fitted Gaussian result.
The double peak is originating from the polarization scrambler.

Fig. 32. Measured spatial resolution in the flight direction for a pixel close to
nadir in the VIS channel at about 425 nm along with the fitted Gaussian result.

under ambient conditions. A number of measurements were
performed to quantify the changes in viewing properties from
air to vacuum and from room temperature to the operational
temperature of 264 K. The results were included in the viewing
property calibration parameters.

The azimuth angle is a nearly linear function of the row num-
bers. An example of the elevation angle was shown earlier in
Fig. 9. The 0–1 data processor averages the azimuth and eleva-
tion angles per optical subchannel over all wavelengths in the
illuminated image area. The final geolocation per subchannel is
calculated using these averaged azimuth and elevation angles.

If the spatial response function in the swath direction is fitted
using a Gaussian response the full width at half maximum (spa-
tial resolution) is typically about 2.3 row pixels in UV2 and VIS
and 1.6 pixels in UV1. At the extreme viewing angles the spa-
tial resolution is larger: about 3.0 pixels in UV2 and VIS and 2.5
pixels in UV1 at a swath angle of 56 . If a scan at high reso-
lution is performed it can be observed that the spatial response
function in the swath dimension is doubly peaked. As explained
in Section III-B, this is caused by the polarization scrambler. An
example of this behavior in the VIS channel for a pixel close to
the nadir viewing direction is shown in Fig. 31. Fig. 32 shows a
similar scan in the VIS channel for the same pixel close to the
nadir viewing direction, but in this case in the flight direction.
The response function in the flight-direction can be fitted well

Fig. 33. Typical result using the unbinned superzoom mode central part of the
visible CCD over southern Spain and North Africa on November 19, 2004 (orbit
number 1853).

with a Gaussian shape. The full width at half maximum of about
1.0 and the shape is in good agreement with the measurements
on the telescope on component level (see Section III-A).

The L1 geolocation has been validated in flight. The in-
strument was operated in a special unbinned mode for several
days, providing cross-track resolution at nadir approximately
five times that in the normal binned mode. Fig. 33 shows a
typical false-color image based on these measurement data in
the visible channel plotted on calibrated geolocation latitude
and longitude from the L1 radiance product along with the
coast contours. From these investigations it can be concluded
that the geolocation in flight at various viewing directions on
the CCD detectors is accurate to about 0.1 pixel, corresponding
roughly to 2 km.

VII. STRAY LIGHT

A. Spectral Stray Light

The spectral stray light behavior of the instrument was ex-
tensively characterized and calibrated on the ground. The most
critical wavelength range, as far as spectral stray light is con-
cerned, is the UV1 channel with wavelength range 264–311 nm,
and especially the wavelength range below 290 nm, where the
useful radiance signal is two orders of magnitude lower than at
310 nm as a result of the ozone absorption. The optical design
of the instrument has been optimized to reduce spectral stray
light below 290 nm, as explained in Section III. The uncorrected
measured spectral stray light fraction at 270 nm is about 8% of
the useful signal. Therefore, an additional correction to reduce
spectral stray light below 1% after correction is required.

On the ground spectral stray light measurements have been
performed via the radiance port for various viewing directions
at ambient conditions. Measurements via the calibration port
(see Section III) at both ambient and flight-representative pres-
sure and temperature conditions have also been performed. The
employed light source was a high-flux optical stimulus (150-W
xenon lamp) with a divergence of about 3 and an output beam
of about 5 cm in diameter. Various well-calibrated bandpass and
cut-on long-pass wavelength edge filters were used to vary the
source area illumination.



Recommendation

• Implement polarization scrambling in 
GEMS.

• Include a polarization sensitivity of 
better than 1%.

• Include a spectral feature requirement 
of 0.05%.


