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Abstract: This presentation is an overview of the past and current imaging spectrometers projects at Bomem. Recent spectral imager hardware and software projects of the Special Projects in Radiometry (SPiR) division will be presented in more details.
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1. Introduction

Bomem is recognized as a world leader in the domain of Fourier transform spectrometers (FTS). For more than 27 years, it has delivered quality instrument and complete turn-key solutions to a broad range of users in various fields from fundamental research to operational industrial processes. Its first FTS are still appreciated today for their fine spectral resolution and reliability. Over the years, new technological innovations such as dynamic alignment, have allowed Bomem to design reliable and sturdy instruments that can successfully operate in the field, onboard aircraft, balloons and spacecrafts as well as in the laboratory. 

The Special Projects in Radiometry (SPiR) division of Bomem is the part of Bomem that performs research and development for external customers. The SPiR has more than 70 scientists, engineers and technicians specialized in various fields. The mandate of the SPiR is to satisfy the special needs of its customer in the domains of radiometry and spectroscopy applied to remote sensing. It has completed numerous projects for ground based, air-based and space-based applications (see http://www.bomem.com/spectro/index.htm for details). 

Over the past ten years, the SPiR division of Bomem has received more and more requests to produce spectrometers with imaging capacities. This tendency is fed by new needs in various fields of research, defense and industry. The fact that computers and acquisition chains are getting faster and focal plane arrays are getting more sophisticated and less expensive make it possible to envisage the realization of imaging FTS that do not sacrifice too much the spectral resolution to the profit of the amount of spatial information. The approach at Bomem is to move from high-resolution spectrometers to imaging spectrometers. The more traditional approach in remote  sensing has been to add spectral bands to cameras. Both approach have one goal: collecting data with a high spatial and spectral information content (see Figure 1).
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Fig. 1. Representation of the two approaches in spectral imaging. Some of Bomem’s projects are shown.
This presentation is an overview of the past and current imaging spectrometers projects at Bomem. Some hardware projects such as SARIS and the demonstration unit for the Next Generation Space Telescope and software projects such as Bomem’s contribution to the Hyperspectral Imager Technology Assessment (HITA) program of the Canadian Space Agency, will be presented in more details.

2.  SARIS

SARIS (Spectral/Spatial Airborne Radiometric Infrared System) is an imaging Fourier transform spectrometer (IFTS) commissioned by the 46th Test Wing of the US Air Force. SARIS will be deployed under high-performance jet fighters such as the F-15 (see Figure 2). Bomem is responsible for designing, manufacturing, integrating and testing the instrument and its companion software packages and support equipment such as ground calibration sources.
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Fig. 2. A representation of the SARIS pod under the belly of a F-15.
SARIS will be used to characterize infrared targets (such as aircraft, missiles, flares, etc.) from the air, as seen from a fighter plane point of view. The instrument can also be attached to ground trackers were it will be able to perform the same function but from the ground,  to observe targets from the point of view of ground defense systems.

The spectral range of the IFTS of SARIS extends from 2 to 5 m. Its spectral bindwidth is selectable from 1 to 8 cm‑1 (3000 to 200 spectral bands). It has a 16 x 16 focal plane array that covers a total field of view that can be adjusted between 16 and 64 mrad. It is also equipped with a co-registered infrared camera and has an internal blackbody source to perform in-flight radiometric calibration. The dynamic range of the system is such that it can observe targets between 20°C and 1500°C. It generates datacubes at a rate of 19 Hz to 150 Hz depending on the selected spectral resolution.

3.  NGST IFTS

As part of contract from the Canadian Space Agency for the Next Generation Space Telescope (NGST), Bomem conducted a series of feasibility studies and trade-off analyses to demonstrate the suitability of an imaging Fourier transform spectrometer to fulfill the scientific missions of NGST. As part of this study, it was decided to construct a demonstration model to test some new technologies proposed in the study.
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Fig. 3. The interferometer assembly of the NGST IFTS demonstration model (left). An image of M-5 acquired with the model at the Apache Point Observatory (right).
The proposed design was optimized for the special requirements of NGST: a very long exposure time (up to 20 days), a broad spectral range, both high spectral and spatial resolution, operation in an environment with a broad spectrum of micro-vibrations and a high efficiency to detect faint signals from distant galaxies. The demonstration model included the interferometer and its laser metrology system (see Figure 3). The model incorporates an innovative metrology and dynamic alignment system, two distinct output ports using flat mirrors and a step-scanning system based on an inchworm actuator.

The model was built to test a few aspects of the proposed design. It was not originally designed to be operational but it was nevertheless tested at the Apache Point Observatory with a 3.5 m telescope. For this test run, two 1024x1024 Si focal plane arrays were used. The goals of this test run were first to test the system in an operational environment and then to identify what modifications are required to make the model operational in a non-vacuum environment. More tests with an improved model are planned.

4.  HITA

As part of the Hyperspectral Imager Technology Assessment (HITA) program of the Canadian Space Agency, Bomem developed two software tools.  

The first tool is used to estimate the performances of a generic dispersive pushbroom hyperspectral imager. The instrument design is specified by the user and the software derives performance characteristics such as noise equivalent spectral radiance, signal to noise ratio, spectral resolution, total point spread function or modulation transfer function, spectral mapping on the FPA, etc. The software can also loop on selected design parameters and compute a series of corresponding performance characteristics for each value in the loop. This tool is useful to estimate the capacities of proposed instrument design, to perform trade-off studies and to optimize initial instrument designs.

The second software package simulate the complete data chain from the acquisition in orbit or in the atmosphere to the final data product. It includes modules that simulate the instrumental effects, calibrate the data (including addition of calibration errors), perform atmospheric correction, and compute the data products generated by selected application algorithms. The tool is a companion to the first one as it uses the performances computed by the instrument simulator. The package also contains a data formatter module to format the input data cubes into a file format (HDF) that can be recognized by the software. A module to compare different data cubes and compute statistics is also included. This second software is useful to determine if a given system will produce adequate data products. It can be used to assess the impact of various instrumental effects, calibration errors, atmospheric correction errors, application options, etc. on the accuracy of the end product. It can also be used to derive instrument requirements form end-users requirements expressed in their own terms (e.g. uncertainty on specific mineral contents). Both software packages can thus be used to plan missions and design instruments that will fulfill the needs of the data users. Both packages are driven by a graphical user interface.
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Fig. 4. Example of the kind of studies that can be performed with the data flow simulator








































