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ABSTRACT   

 
A novel design for a earth observation combined spectrometer and polarimeter is presented. The goal of the instrument is 
to measure both intensity (radiance) and the state of polarization. Some backgrounds for this instrument are presented but 
the main part of this article will be on the optical design and the ideas behind it.  
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1. INTRODUCTION  
We present a novel design for SPEX (Spectropolarimeter for Planetary Exploration), an Earth orbiting, high altitude 
spectropolarimeter for the measurement of aerosol type and concentrations. Purpose of the instrument is to measure both 
the spectral radiance and the polarization state (degree and angle of linear polarization) of Solar scattered light. As the 
degree of linear polarization is extremely sensitive to the microphysical properties of atmospheric or surface particles, 
this instrument can yield valuable information of these particles in the Earth’s atmosphere. In previous studies1,2,3 an 
instrument was realized, targeted for operation on a Mars orbiter. Various experiments confirmed the instruments 
functionality and assessed its accuracy. This new design aims at measurements of the Earth’s atmosphere. Core aspects 
in the instrument design are the absence of moving parts, the use of proven technology and a flexible and modular 
design. As a result an instrument is designed, based on a push broom spectrometer with a 30degree field of view and a 
1.25km by 1.12km instantaneous ground pixel. Spectropolarimetric measurements are performed over a wavelength 
range from 375nm to 850nm with a predicted measurement accuracy of better than 10-3 on the Degree Of Linear 
polarization. 

By combining several modules, each with its own design, as explained in the design section, a wide range of observation 
angles (elevation) is obtained that allows for cloud height measurements and distinction between wet and dry aerosols. 
Wet aerosols show a narrow and clear angular distribution (rainbow effect), whereas dry aerosols yield a broader and 
smoother angular distribution. To enhance the cloud height measurement a separate module for O2A detection can be 
added. This module is not included in this paper but it can be stated that this module is a high resolution spectrometer 
dedicated for the O2A channel. 

Activities presented are performed in close cooperation with the SPEX-team, constituting of TNO, SRON, Leiden 
University, EADS Dutch Space, Cosine, Mecon and are financially supported by the Netherlands Space Organization. 
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2. DESIGN CONSIDERATIONS 
A large set of instrument requirements is determined in close collaboration with the SPEX team, combining the 
instruments scientific goals with a minimum instrument complexity. The spectropolarimeter designed should have a 
swath field of view of at least 30 degrees and multiple viewing directions covering a flight field of view of 110 degrees. 
This large angular range in the flight direction is required since this allows the observation of the rainbow. The original 
optical design covered both directions of the field of view in a single module and on a single detector. Due to the 
anticipated stray light issues this approach was abandoned and a switch was made to a modular design approach, i.e. 
adding more angles in flight direction should be as simple as adding an extra module. The stray light levels should be 
low, and the spectral resolution should be such that 
 ≥ 50,  
 
over the full wavelength range from 400 to 800 nm. Key requirement in the design is the required accuracy on the 
Degree of Linear (DoLP) of 0.001±0.005·DoLP. 
The optical system consists of three main parts: a telescope, the polarization encoder and a spectrometer. The 
polarization encoder design is based on a Lyot stage comprising a quarter waveplate followed by two retarder plates. 
When a polarizer is placed behind the retarder plates, incident light with intensity Iin results in a signal (Iout) that 
oscillates as a function of wavelength (λ). By inserting a polarizer with it pass direction perpendicular to the first one, a 
signal is obtained that is exactly out of phase to the first one. These signals are describes as: 
 = 12 1 ± ∙ cos 2 λ

λ
+ 2 ∙  

 
Where δ(λ) is the waveplate retardation and AoLP is the Angle of Linear Polarization. Adding these two signals gives 
the radiance while the ratio between the minima and maxima in the signal is a measure for the degree of linear 
polarization. 
 
The first element in the polarization encoder optics is a quarter waveplate, which results in equal signals for the two 
mutually perpendicularly polarized beam components. This scheme works for all states of polarization except for 
circularly polarized light, which is not an issue since it is known that light scattered by aerosols and clouds will not be 
circularly polarized. 
 
For a spectrometer design a dispersive element is required. There are basically two options, a prism or a grating. We 
have chosen for the prism option for several reasons: 

1) The transmission can be very high, no strong polarization dependence. 
2) Full coverage of the 400 – 800 nm range that for a grating would result in order overlap. 
3) More equally spaced ‘fringes’ in the signal as a function of wavelength owing to the glass dispersion. 

 
A key choice is selection of the detector since many design parameters depend on it. We have selected a relatively 
simple 512x512 detector with square 13µm pixels as a baseline. This detector allows for the imaging of two images of 
215km swath each (@400km) over 172 pixels. There will be a 30 pixel gap between the two images on the detector. In 
the spectral direction each image will be spread out over 430 pixels, covering the 375 – 850 nm wavelength range. The 
two images on the detector pertain to the two mutually orthogonal polarization states. 
 
By having a pupil as first element in the telescope optics the sensitivity to instrument pollution in space is strongly 
reduced. The telescope lenses are fused silica lenses with an AR coating. These AR coatings are optimized to be as 
polarization independent as possible. 
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