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SPECTRAL LIBRARY FOR THE OPRA PROJECT.  Saroj Adhikari1, Rob Pilgrim2, and Richard Ulrich2. 1University of Central Arkansas, Conway, AR (adh.saroj@gmail.com) , 2Arkansas Center for Space and Planetary Sciences, University of Arkansas, Fayetteville, AR.

Introduction: The OPRA (Optical Probe for Regolith Analysis) project aims to produce a fiber optic probe that can be inserted in the ground to take spectra of the subsurface as a function of depth. Task 3 of the OPRA project, as mentioned in the OPRA proposal, requires creating a spectral library to validate the probe designed and optimized through Task 1 and Task 2, which focus on optical and mechanical issues respectively. This report presents the initial research done on validating the OPRA prototype and the feasibility of the OPRA spectral library. Spectra taken using a preliminary probe prototype and their comparison to standard reflectance and published spectra are also presented.
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The libraries created during this project do not validate the final OPRA prototype, which in itself is a work in progress. The libraries are preliminary exercises towards understanding methods and solving problems encountered in the process of developing such a spectral library.
Experimental: All spectra were collected using a Nicolet 6700 FTIR spectrometer from Thermo Scientific. Two FTIR accessories—standard reflectance and fiberport—were used. The fiberport interfaced the probes, which contained randomly mixed [image: image2.png]reflectance (offset for clarity)
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bundle of optical fibers for sending and receiving light from the FTIR source, to the FTIR. Mostly two different probes, one with prism attached to the end and one without a prism, were used. Both of them had 40 fibers, each 200 microns in diameter, 20 of which transmit light to the sample and the rest receive the light reflected. It was observed that the probe with a prism attached to its end collected a better signal due to the increase in the path length of light going to the sample and  the greater surface area of receiving the reflected light.
All spectra were taken with respect to a white background material—Optical Diffuse Material(OP.DI.MA) from Gigahertz-Optik. ODM foil, ODM98-F01, approximately 1.5mm +/- 0.1 thick, with a wavelength range of 0.25 to 2.5 micrometers and a reflectance of 95% at 555 nm was used. All spectra were acquired using Quartz beamsplitter, a white light source, and a highly sensitive TEC InGaAs detector in the range 1 to 2.5 micrometers (4000 cm-1 to 10000 cm-1). Default parameters suggested by the software were used; the standard reflectance spectra were collected at 4 cm-1 resolution while the fiberport spectra were collected at 8 cm-1 resolution. Whenever comparing spectra of different resolution was a problem, the higher resolution spectra was reprocessed to the resolution value of the lower resolution spectra.
Figure 2: Comparing the spectra of a clay sample (Nontronite) from three sources. 1) USGS Spectral Library,  2) FTIR spectrum obtained by using a probe, and 3) FTIR spectrum obtained by direct reflectance accessory. The y-axis values do not represent absolute reflectance. The relative reflectance values obtained through FTIR were scaled to the USGS reflectance values, normalized, and then offset for clarity.
To investigate and verify the accuracy of the probes being used, three clay samples—Nontronite, Montmorrllinite and Kaolinite, were used for initial spectra collection. Spectra collected with the probes were compared to spectra collected using the standard FTIR reflectance accessory. The OMNIC software, which was used to collect spectra from the machine, was also used to compare spectra for its easy-to-use normalize, overlay and spectra math features. Also, OMNIC’s library feature was used to create a working library for the standard reflectance spectra and USGS (United States Geological Survey) spectral library downloaded spectra. The search feature in the OMNIC software, which matched a spectrum to the spectra from the libraries using correlation percentage was also used for comparing spectra.
Preliminary investigations with darker samples—Iron Oxides, Ferrous Sulphate, Iron Metal and JSC-1—were also conducted. Other samples included in the experiment include olivine, basalt, water ice, sand, and icy mixtures.
Results and Discussion: No wavelength shift in spectral feature was observed due to the use of the probes (Figrure 2). Also, no noticeable change in spectra shape and features was observed due to the use of prism except for the higher percenttage reflectance values. This observation coupled with the power analysis of the probes (Figure 3), which shows that more power is recieved by the detector, validates the use of prism on the OPRA probe. The use of prism also makes the bending of fibers unnecessary in the OPRA design and reduces the cross sectional area of the probe.
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Figure 3: Comparing power reading of light reflected from a white background using probe with and without prism attached. The power meter was kept at C end of the probes as labeled in Figure 1. There was a 46.7% increase in power while using probe with prism.
In the case of the three clay samples we used, except for the slight increase in noise observed towards the 2.5 microns end for the spectra taken using the probes, the signal to noise ratio was comparable to that of the spectra taken using direct reflectance. The increase in noise in the ~2.5 microns area is explained by the sensitivity of the InGaAs detector being used, which starts to decrease in that region, causing an increase in noise signals. However, in the case of the darker samples, significantly more noise was observed in the spectra taken with the probes compared to the spectra taken using direct reflectance at the resolution values previously mentioned. Decreasing the resolution value of the spectra taken with the probes to 16 cm-1 decreased the noise comparable to the direct reflectance resolution of 4 cm-1. No spectral feature loss was observed with the decrease in resolution for the samples tested for. With more ongoing optimization in the optical design of the probe, a probe with more efficient light sending and receiving capacity in the near future could solve this problem without having to take data at a lower resolution.
Conclusion: We have discussed the preliminary investigation done for the creation of a spectral library for the OPRA project and the validation of the probe design. In the case of the spectra taken using the probes, although slight differences are observed in spectra, the performance of a very preliminary OPRA probe prototype used was similar to that of the standard reflectance FTIR accessory. The differences observed can be expected to decrease as the probe design improves and the send/receive signal ratio increases. The comparison to USGS spectra of similar samples also showed a very high correlation match. The Nontronite spectra shown in Figure 2 have a correlation match of 95%. The probes can be used in the lab for FTIR spectra collection for research purposes. As for the OPRA spectral library, creating an OMNIC search library along with saving the individual spectra files is recommended. Similarly, saving the interferogram while taking aspectra is advised, which allows reprocessing of a spectrum later, if required. Also, extensive documentation of samples and conditions is necessary to use the library for qualitative and quantitative analysis.
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Figure 1: Fiberport accessory used for spectra collection, along with a probe attached. The end A collects light from the FTIR source, which is transmitted to B and shined at the sample. The reflected light goes to the detector through end C.









