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ABSTRACT

Many hyperspectral sensors collect data using multiple spectrometers to span a broad spectral range. These
spectrometers can be fed by optical fibers on the same or separate focal planes. The Modular Imaging Spec-
trometer Instrument (MISI), a 70 band line scanner built by the Rochester Institute of Technology, is configured
in this manner. Visible and near infrared spectrometers at the primary focal plane are each fed by their own
optical fiber. The spatial offset between the two fibers on the focal plane causes an inherent misregistration
between the two sets of spectral bands. This configuration causes a relatively complicated misregistration which
cannot be corrected with a simple shift or rotation of the data. This mismatch between spectral channels has
detrimental effects on the spectral purity of each pixel, especially when dealing with the application of sub-pixel
target detection. A geometric model of the sensor has been developed to solve for the misregistration and achieve
image rectification. This paper addresses the issues in dealing with the misregistration and techniques used to
improve spectral purity on a per pixel basis.
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1. INTRODUCTION

Hyperspectral imaging systems have become very useful in many fields because of their ability to capture the
spectral nature of materials. Spectral features characteristic of objects manifest themselves in the way that
materials absorb, transmit, scatter or reflect electromagnetic radiation. These materials may be identified by
their spectral characteristics when using an airborne hyperspectral sensor.

Spectral imaging systems collect data in a variety of ways. Some imaging systems will capture an image a
frame at a time, while selecting different filters in rapid succession to capture the spectral component of the
scene over time. A pushbroom sensor captures data one line at a time, separating incoming electromagnetic
radiation into narrow continuous wavelengths, or bands across a 2 dimensional array. In these systems each
band is captured simultaneously in a single line. Many lines are captured over time, creating an image as the
aircraft moves forward. Probably the simplest imaging system is the line scanner. A line scanner employs a
rotating scan mirror which scans out a line of data on the ground. The data in a line is collected one pixel at
a time, while the spectral component of each pixel is collected simultaneously though dispersion across a linear
array.

Each type of imaging system has benefits over another, as well as trade-offs. Systems which collect a spectrum
over time have to deal with the issue of scene dynamics affecting the spectral character of each pixel while the
aircraft and objects in the scene are moving. Linear array sensors, as well as line scanners do not capture the
spatial makeup of the scene all at once. Problems here arise when attempting to register data to a gridded
coordinate system. Aircraft attitude changes during the image capturing process, and results in the formation of
non-rectilinear images. Line scanners often utilize multiple focal planes, or employ multiple optical fibers on the
same focal plane. These optical fibers usually feed separate spectrometers. Such systems suffer from an inherent
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spatial misregistration issue. Since the optical fibers are not in the same location on the focal plane, they image
slightly different points on the ground.

The work set forth in this paper attempts to correct for the misregistration issue between bands of one sensor
that has been designed and built at the Rochester Institute of Technology. The Modular Imaging Spectrometer
Instrument (MISI) employs two optical fibers each at the primary focal plane, one feeding a visible spectrometer,
and one feeding a near infrared spectrometer. These fibers are placed roughly 6mm apart, which causes a spatial
misregistration between the sets of bands.

2. MISI DESCRIPTION AND DESIGN

Over almost 15 years, MISI has been designed, built and maintained by contributions from staff and students at
the Center for Imaging Science. MISI supports a variety of remote sensing applications, including target detec-
tion experiments, studying cloud effects on atmospheric compensation techniques, and supporting LANDSAT
calibration studies over Lake Ontario.

MISI is a hyperspectral line scanner equipped with a fold mirror, a 6 inch rotating scan mirror and a Cassegrain
telescope which has a focal length of 0.5m. Incident electromagnetic radiation is reflected off MISI’s rotating scan
mirror as it sweeps out a field of view of +45°. This gives the instrument a 4 km FOV when flying at an altitude
of 2000m AGL. The light passes through a cassegranian telescope, and is then separated onto three separate
focal planes. The primary focal plane, as mentioned before, contains optical fibers leading to visible (VIS) and
near-infrared (NIR) spectrometers. The other two focal planes are for used for midwave infrared (MWIR) and
long wave infrared (LWIR) channels. The primary focus of this paper will cover the optical fibers at the primary
focal plane. Table 1 provides instrument specifications. Image (a) in Figure 1 shows MISI on top of one of the
academic buildings and image (b) shows the optical components of MISI in some more detail.

Table 1. MISI specifications

Spectral Band Center \ # Channels A GIFOV @ 2000’ AGL
VIS 0.41 - 0.75pm 35 0.012pum 6’
NIR 0.74 - 1.02pum 35 0.010pm 6’

SWIR 1.26pm 1 0.11pm 4
SWIR 1.65um 1 0.38um 4
SWIR 2.03pm 1 0.65pm 4
MWIR 3.65pum 1 0.9um 4
LWIR 9um 1 2um 4
LWIR 11pm 1 2pum 4
LWIR 11.5pum 1 2.1pym 4
LWIR 11pm 1 6pm 2’

As stated above, there is an inherent misregistration between the VIS and NIR bands due to MISI’s design.
The VIS and NIR spectrometers are each fed by their own optical fiber. Both lie on the primary focal plane, but
they are in different locations, separated by roughly 6mm. This separation is responsible for the misregistration
between bands.

3. DATA COLLECTION

MISI is routinely flown over RIT’s campus to support various remote sensing experiments. One of these ex-
periments took place on October 6th, 2005 as a continuation of a vehicle tracking effort.! Volunteers positioned
vehicles relatively close together near a set of painted calibration panels in a parking lot. MISI was flown over the
campus to collect data, and the vehicles changed locations and recorded their positions between repeat passes.
Spectral ground measurements of the vehicles and the calibration panels were made. Previous experiments sim-
ilar to this showed promising results for vehicle tracking by applying a spectral matched filter to data using
vehicle spectra collected from a pixel in the previous image.
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Figure 1. Two views of the Modular Imaging Spectrometer Instrument.

Another experiment was performed on October 10th, 2006, to help determine the amount of spatial misreg-
istration between bands was present in the raw MISI imagery. Identifying features, as well as highly reflective
targets placed on the ground were chosen to determine the severity of the spatial shift.

3.1. Spatial Shift Between Spectral Bands

When analyzing all the MISI datasets, it was noted that the shift between the VIS and NIR bands was not a
simple uniform shift, but rather a more complex shift that appeared to change across the image. This behavior
suggested that the amount of vertical and horizontal shift in the image could be expressed as a function of the
scan angle of MISI’s scan mirror. The effects of the shift could be seen very clearly when linking displays to one
another, but is much harder to observe when the images are placed side by side. Several zoomed in images with
ground points have been provided to give the reader a better understanding of the spatial misregistration.

Figure 2 is a color image created from 3 of MISI’s visible bands. This happens to be a raw image from
the sensor, and appears wider than a normal image due to the fact that MISI oversamples in the across track
direction. The waviness in the image is due to the fact that no roll correction has been applied.

Figures 3 and 4 show the misregistration in the raw MISI data. The X’s mark the same pixel index in the two
images. As can be seen from the figures, there is a misregistration of several pixels between features in each band.
At the left hand side of the image (Figure 3), the near infrared bands appear to shift lower vertically and to the
left relative to the visible bands. The type of shift changes as the image is scanned from left to right. Toward
the center of the image, the horizontal shift increases, while the vertical shift becomes much less prevalent. At
the right hand side of the image (Figure 4), the vertical shift changes, so the near infrared features appear to
shift higher vertically relative to the visible features. To better understand what causes this, a geometric model
of MISI was created.

4. MISI GEOMETRIC MODEL

A geometric model of MISI was created in order to demonstrate and understand the effects the optical system
has on the misregistration between bands. A general case was developed to trace a ray from a location on the
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Figure 2. Raw, un-roll-corrected color rendition of the scene of interest taken by MISI.
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(a) Visible band, left side of image (b) Near infrared band, left side of image

Figure 3. Spatial misregistration between VIS and NIR bands at the right side of the image. The X’s in the images
denote the same pixel location.
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