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Moon Observations.  
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Introduction: A tunable light-guide hyperspectral image processing snapshot spectrometer (TuLIPSS) for 
hyperspectral Earth Science Research and Observation is being developed through a NASA Instrument 
Incubator program NNH16ZDA001N-IIP at Rice University (Tkaczyk, PI; Alexander Science-PI) and Marshall 
Space Flight Center (Luvall, Science Lead). TuLIPSS will be capable of acquiring instantaneous images 
across the visible and near-IR, within a flexible spatial/spectral resolution tradespace. This is accomplished 
using custom adaptable fiber optic image processing bundles whose input is in the form of a densely-packed 
coherent waveguide. The optical output from each waveguide, or line of waveguides, can be flexibly 
designated as spatial or spectral, enabling a wide variety of observational configurations. Thus, the system's 
innovative aspect is the controlled repositioning of pixels between the input and output of waveguide 
coherent structures, allowing efficient multi-dimensional (x, y,λ) snapshot imaging and operational flexibility. 
The tunable waveguide works in connection with adaptive band and spectral sampling components. In 
addition, an active spatial filter is being considered to allow accommodation of different dynamic ranges for 
different spatial-spectral cube region of interest - ROI. This flexibility enables a range of spatial/spectral 
configurations (e.g. specific sub-bands around target lines, prioritization of spatial or spectral resolution, 
improving signal to noise ratio, ROI defined dynamic range adjustment etc.) to satisfy specific observational 
goals.  
 
Use in Cislunar Space: TuLIPSS is low resource but highly capable. While the overall cube size is smaller 
than that of push broom modalities, the smart selection of appropriate data content compensates for the size 
while eliminating scanning – stitching artifacts, improving single quality and enabling applications like 
tomographic and topographic reconstructions. The ability to collect data across an entire scene in a single 
exposure makes TuLIPSS uniquely suited to a range of Earth and Lunar science applications, including the 
ability to record earth transient surface  and atmospheric phenomena, full disk earth/moon images for 
satellite calibration, spectroscopic imaging of Lunar impact sites, and to provide multiple views through an 
atmospheric column for tomographic studies.  
 
TuLIPSS will allow:  
a) snapshot hyperspectral image acquisition and high light collection efficiency 
b) tunable adjustment of spatial and spectral resolution, and flexible selection of target wavelengths - 
enables a number of unique observational applications to be accessed 
c) spectral coverage across relevant wavelengths from 400nm – 1700nm, 
d) the system allows lower data volume for transmission to the ground by optimizing system 
parameters for specific applications. 
 
TuLIPSS Resource Requirements: 

TuLIPSS is designed for use on platforms requiring low-mass, low-volume data and minimal power 
requirements using highly integrated micro-scale fiber components. TuLIPSS could be mounted externally 
with target point ability or in a more limited configuration inside the manned station similar to the ISS SERVIR 
Environmental Research and Visualization System (ISERV) Pathfinder camera. Crew interaction 
requirements for interaction and managing the instrument are minimal with exterior mounting and 
significantly increased if used internally. No specific orbital requirements have been determined at this time.  
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