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ABSTRACT   

The Snow and Water Imaging Spectrometer (SWIS) is a fast, high-uniformity, low-polarization sensitivity imaging 
spectrometer and telescope system designed for integration on a 6U CubeSat platform. Operating in the 350-1700 nm 
spectral region with 5.7 nm sampling, SWIS is capable of simultaneously addressing the demanding needs of coastal 
ocean science and snow/ice monitoring. We discuss progress in the SWIS optomechanical design, thermal analysis, and 
mission plan. We also describe an innovative single drive on-board calibration system capable of addressing the stringent 
radiometric stability and knowledge these missions require. The spectrometer features a new Teledyne CHROMA array, 
optimized for high temperature operation, with a linear variable anti-reflection coating to enhance quantum efficiency 
and minimize backscatter. 
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1. INTRODUCTION 

Imaging spectroscopy places heavy demands on a satellite, in terms of aperture size, data volume, and power. To stay 
within CubeSat resources, certain adaptations are required. Size and power constraints dictate a limited spatial resolution, 
and the avoidance of cryogenic temperatures limits the wavelength range. Low data volume and rates place further 
restrictions on potential targets. Given these constraints, there exist critical niche applications with localized areas of 
interest that have the potential to be well-served with a CubeSat platform. We explore two such regions: coastal ocean 
zones, and snow or ice covered mountains. 
 
The requirements for a coastal ocean spectrometer have been discussed in Ref. 1 and include high throughput for 
sufficient signal from the low-reflectivity water surface, fast readout rate for high dynamic range, and low polarization. 
The high spatial variability of coastal targets requires higher resolution than heritage sensors, which typically have 
greater than 500 m resolution. Such resolution is adequate for global ocean science, but is too coarse for studying coastal 
areas. The Portable Remote Imaging Spectrometer (PRISM) is an airborne sensor that has been shown to meet the 
requirements for coastal ocean imaging.2 However, the high temporal variability in many regions of interest potentially 
requires consistent airborne monitoring, which becomes costly. 
 
While coastal ocean spectral signatures exist mainly below 0.9 µm, extending our spectral range allows us also to map 
snow and ice spectral signatures, which contain critical features into the near-infrared and shortwave-infrared.  In the 
visible spectrum, snow reflectance is degraded by contaminants such as dust and black carbon. As snow grain size 
increases, we observe reduced reflectance in wavelengths beyond 0.8 µm.3 An imaging spectrometer with high spatial 
and temporal resolution can measure the changes in albedo caused by snow grain size, dust deposition and black carbon. 
These albedo measurements help us understand the loss of snow and ice mass, which has consequences for the climate, 
sea level rise, and the availability of water resources.  
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The Snow and Water Imaging Spectrometer (SWIS) is particularly well-suited to address critical science in these two 
localized regions of the Earth. It is designed to operate over a range of 350-1700 nm, covering both coastal ocean and 
snow/ice spectral regions of interest, with 5.7 nm spectral sampling. The telescope and spectrometer operate at F/1.8. At 
100 mm focal length, the telescope provides 160 m resolution from an orbit of 500 km and is the highest resolution form 
able to fit in the 6U CubeSat frame (approximately 10 cm x 20 cm x30cm) without deployable mirrors. The field of view 
is 10° with 600 cross-track pixels. Pointing capability of ±20° provides a 50° field of regard.   

Fig. 1 shows a conceptualized image of the SWIS 6U CubeSat spacecraft, along with one possible mission configuration 
emphasizing high temporal resolution. Using six SWIS CubeSat spacecraft (each with a 50° field of regard) evenly 
spaced at a 500 km orbit, we achieve the flexibility to access any point on the globe at least once on a given day. 

 

            
 

Fig 1: Left: An artist’s concept of the SWIS 6U CubeSat spacecraft, the spectrometer and telescope contained within the 
lower 4U; Right: One example of several possible configurations places 6 SWIS CubeSats evenly spaced at a 500 km orbit, 
each with a 50° field of regard, for flexibility to access any point on the globe on a given day. 

 
The SWIS instrument benefits from a rich heritage of imaging spectrometer development at the Jet Propulsion Lab 
(JPL), including the Portable Remote Imaging Spectrometer (PRISM),2 Ultra-Compact Imaging Spectrometer (UCIS),4 
Next-Generation Imaging Spectrometers (NGIS),5 Moon Mineralogy Mapper (M3),6 and  Mapping Reflected-energy 
Sensor (MaRS)7 instruments. A critical component of the design is the diffraction grating, made at JPL, which has a 
tailored broadband response and low polarization sensitivity. New key technologies that facilitate the development of 
this instrument include a linear variable anti-reflection (LVAR) detector coating for stray light management, and a single 
drive on-board calibration mechanism utilizing a transmissive diffuser for solar calibration. 

2. SNOW AND WATER IMAGING SPECTROMETER (SWIS) DESIGN 

2.1 Optical design and specifications 
 
The SWIS instrument consists of a three-mirror anastigmat (TMA) telescope and Dyson form spectrometer. Details of 
the optical design and system performance have been described previously in Ref. 8. A system raytrace is shown in Fig. 
2, overlaid with a 20 cm x 30 cm rectangle representing the footprint of a 6U frame (depth is 10 cm). The spectrometer 
and telescope are well contained within 4U of the available area.  
 





2.2 Stray light 
 
Stray light is a significant concern and driver of the design. A stray light analysis for this instrument is presented in Ref. 
8, along with steps taken to mitigate its effects. These include judicious positioning of the slit,2 optimization of 
dispersion to exclude zero order reflected ghosts, and ensuring that all reflected ghosts are returned in negative (weak) 
grating orders. While ghost location and intensity can be partially controlled through these first order system parameters, 
stray light control ultimately depends  critically on the properties of the detector anti-reflection coating and the order-
sorting filter. To this end, we are working with Teledyne Scientific & Imaging in the development of a linear variable 
anti-reflection (LVAR) coating. Measured data from Teledyne with this new coating technology (Fig. 4) shows 
reflectivity of <1% for 350 to 1700 nm, with nearly all wavelengths having <0.5% reflectivity. 
 

 
 

Figure 4: Measured data of the linear variable anti-reflection (LVAR) detector coating under development at Teledyne 
Scientific & Imaging shows <1% reflectivity for 350-1700 nm, with nearly all wavelengths having <0.5% reflectivity 

 
 

 
2.3 Optomechanical Design 
 
The SWIS optomechanical system (Fig. 5) is designed to meet tight optical alignment accuracy and stability 
requirements, with size constrained for the CubeSat environment, and at a lower cost than is typically found in prior 
spaceflight and airborne payloads. Our design approach involves employing the stable and high-resolution mounts 
proven on many of the aforementioned heritage JPL sensors2,4-6 while utilizing common materials and standard 
machining throughout. To further keep down cost, rapid prototyping techniques are used where appropriate, ie: on 
complex shapes with low mechanical stress and non-critical tolerances. Interfaces between mounts, elements, and 
components are designed to avoid hysteresis.  
 
The optomechanical assembly fits within 4U (10 cm x 20 cm x 20 cm) of the 6U CubeSat frame (Fig. 5). Total combined 
mass of the optomechanical assembly is 1.84 kg, with 967 g attributed to the telescope, 679 g from the spectrometer, and 
195 g for instrument interface bipods and fittings.  
 
The telescope housing is designed for ease of machining and assembly, and given the benign operating temperature and 
narrow range, is made from aluminum. Mirror mount flexures are separate from the housing and made of titanium alloy 
to minimize fabrication risk and to buffer the thermal expansion differential between the aluminum housing and the 
optical glass mirror substrates. Mirrors are bonded to the mirror mounts with CV2566 silicone adhesive. Bipods with 
flexured end-fittings provide thermal and structural isolation between the telescope housing and the CubeSat frame. 















3. CONCLUSIONS 

We present a high-heritage, science-grade imaging spectrometer design suitable for CubeSat applications. The design 
advances the state of the art in compact sensors of this kind in terms of size and spectral coverage. New enabling 
technologies include a linear variable anti-reflection (LVAR) coating to provide a critical reduction in stray light, and a 
single drive on-board calibrator (OBC) for solar and dark calibration. The current spacecraft configuration is well-
contained within a standard commercial 6U frame. Useful missions can be designed using the SWIS instrument to 
address targeted areas of the Earth’s surface with high spatial and temporal resolution, and high throughput signal to 
noise. Potential science applications have been identified as coastal ocean and snow/ice covered mountain regions. 
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