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ABSTRACT:

In order to provide a wider field of view and higher spatial resolution to meet requirement for a typical earth observation mission,
the project to developing wide field of view hyperspectral imager is applied. The widener of field of view of the hyperspectal imager
composed of one objective aperture and one dispersing element, not only is limited by the difficulty that the large area detector
arrays is got, but also is limited by the difficulty of optical coupling efficiency's aspect of the optical system. This paper addresses
the difficulty of developing wide field of view imaging sensor and presents the project to developing wide field of view
hyperspectral imager. The project adopts one wide field of view objective lens and one long slit, but more dispersing element and
detector arrays. The lens images a ground belt onto the long entrance slit, the slit acts as a field stop and allow only light from a
linear belt in the scene to enter the imager. The light passing through the long slit is divided more equal parts using a special skill
and it is separated and imaged on the area detector arrays by the more spectrometer. An optical head of wide field of view
hyperspectral imager is composed of a large field of view lens, a long entrance slit, two spectrometers and two area detector arrays
and has a cross-track field of view of 60 degrees. The lens is used to a camera lens and images a ground belt onto the long entrance
slit. The above half of long silt is the entering silt of one dispersing element and the below half of the long silt is the entering silt of
the other dispersing element. The light passing through the entering silt is collimated by the collimator and is separated into some
parallel monochromatic lights with different angle by the dispersing element. Finally, these monochromatic lights are focused on the
detector area array. By image preprocessing, the hyperspectral image of the wide field of view can be got. The main specialty of the
development is: 1) the model is only composed a objective, it will reduce the difficulty and the workload of image preprocessing; 2)
the model’s plasticity is very strong, if the hyperspectral imager composed of two dispersing elements will have been developed, it
can be extended to imager composed of more than two dispensing elements.

1. INTRODUCTION

) L Hyperspectral Imagers can not only know spectral distribution
Hyperspectral remote sensing technology, which is called  f gjsparate materials, but also identify geometry of observation
image spectral remote sen§ing,_ is one of the most important area ™. An airborne pushbroom hyperspectal imager is usually
progresses on remote sensing in last 20 years of the 20°Th  composed of an objective aperture, an entrance slit, a collimator,
century. Imaging spectrometry for Earth observation was 3 dispersing element and a rectangular detector array. As figure
developed over the last decades by different government 1 shown, the objective aperture is used to a camera lens and
agencies, together with industries and universities for different images a ground belt onto the entrance slit. The slit acts as a
countries. It has many names in the remote sensing community,  field stop and allow only light from a linear belt in the scene to
including imaging  spectrometry,  hyperspectral, —and  enter the imager. The light passing through the slit is collimated
ultraspectral imaging. Imaging spectrometry combines the  py the collimator and is separated into some parallel
image technology of traditional remote sensing and spectrum monochromatic lights with different angle by the dispersing
analysis technology. Taking advantage of combination, we can  glement. Finally, these monochromatic lights are focused on
identify and investigate the physical character of the terrene, different pixels on the detector area array by the imager.
analysis the compound element, and detect the spatial character
simultaneously . Hyperspectral imagers, as known as  The spectrum of each spatial pixel is dispersed along the
imaging  spectrometers, are powerful tools for collecting  spectral dimension of the detector area array (the along-track
spectral information of object. With the development of gajrplane direction) and the image of the scene projected through
airborne and spaceborne hyperspectral imaging instrument,  the slit is aligned along the spatial dimension of the detector
hyperspectral remote sensing image data became more and  area (the cross-track airplane direction). As the aircraft move
more popular, more and more researcher found it’s unique  forward, the along-track spatial dimension of the scene is
functign i_n resource management, agricul}lére, forestry, mining  constructed. Image projected on the slit change and the imager
investigation, environment inspection, etc!**. acquires new frames of data continuously. At last, a three-
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dimensional image cube with two spatial dimensions and one

spectral dimension is acquired. ™!
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Figure 2: The optical head model of a
hyperspectral imager

An airborne pushbroom hyperspectal imager is usually
composed of an objective aperture, an entrance slit, a dispersing
element and a rectangular detector array. As figure 2 shown is
the optical head model of a pushbroom hyperspectral imager.
The widener of field of view of the hyperspectal imager
composed of one objective aperture and one dispersing element,
not only is limited by the difficulty that the large area detector
arrays is got, but also is limited by the difficulty of optical
coupling efficiency's aspect of the optical system. In order to
provide a wider field of view and higher spatial resolution to
meet requirement for a typical earth observation mission, the
project to developing wide field of view hyperspectral imager is
applied. The airborne hyperspectral imager under development
is consisted of an objective lens with wide field of view, a long
linear silt which divide up the light radiated from a long linear
belt to two parts, two dispersing elements and two detectors
arrays. The hyperspectral imager have a cross-track field of
view of 60 degree with an 2x2 m GSD(Ground Sample
Distance) from a nominal 2 Km flight altitude. The analysis
shows that the wide field of view hyperspectral imager doesn’t
drop down the spatial resolution.

2. THE PRINCIPLE AND OPTICAL MODEL OF
WIDE FIELD OF VIEW HYPERSPECTRAL IMAGING
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Figure 3: the principle of wide field of view
hyperspectral imager

Figure 3 is the principle of wide field of view hyperspectral
imager. As figure 3 shown, the beam radiated from a ground
belt enters in the objective aperture AB and images onto the slit
HOH’. The slit acts as a field stop and allow only light from a
linear belt in the scene to enter the imager. The light passing
through the slit is collimated by the collimator and is separated
into some parallel monochromatic lights with different angle by
the dispersing element. Finally, these monochromatic lights are
focused on different pixels on the detector area array. From the
figure 3, it can be got that the F number of the collimator is
must less than the F number of the objective so to be sure that
the beam passing through the slit can be high efficiency coupled
in the dispersing element. The phenomena is especially extrude
when the field of view of the imager is widen and it influence
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Figure 4: The optical head model of wide field of view
hyperspectral imager
that the field of view of hyperspectral imager is widen.

The sketch map of the project of wide field of view
hyperspectral imager is shown on figure 4. The objective
aperture is used to a camera lens and images a ground belt onto
the long entrance slit. The long slit acts as a field stop and allow
only light from a linear belt in the scene to enter the imager.
The above half of long silt is the entering silt of one dispersing
element and the below half of the long silt is the entering silt of
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the other dispersing element. The light passing through the
entering silt is collimated by the collimator and is separated into
some parallel monochromatic lights with different angle by the
dispersing element. Finally, these monochromatic lights are
focused on the detector area array. By image preprocessing, the
hyperspectral image of the wide field of view can be got.

3. THE OPTICAL HEAD OF WIDE FIELD OF VIEW
HYPERSPECTRAL IMAGER

3.1 The optical head of wide field of view hyperspectral
imager

The project to developing wide field of view hyperspectral
imager adopts the model that compose of one wide field of view
objective lens and one long slit that divide up the light radiated
from a long linear belt to two parts entering individually into
two dispersing elements. So, the optical head of hyperspectral
imager is composed of an objective aperture, one long silt, two
dispersing elements and two detector arrays. The optical head
of wide field of view hyperspectral imager is as figure 5.

The project of wide field of view hyperspectral imager uses
more dispersing elements, and the beam radiated from a ground
belt enters in the objective aperture and high efficiency couples
in the dispersing element. As figure 5 shown, the long linear
ground belt is imaged on two slits by the wide field of view
objective lens, the light passing through the silts reflect to two
beam by the slits and high efficiency couple into the dispersing
elements.

Slit Dispersing element Detector

Objective lens

Figure 5: the optical head of wide field of view hyperspectral
imager

The hyperspectral imager under development is an airborne
pushbroom-scanning instrument and the primary design
performance specification is as follows:

Spectral resolution: <5nm

Spectral range: 420-900 nm

Spectral channels: 124 channels

Field of view: 60 degrees

Spatial angular resolution: 1 mrad
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3.2 The long silt of wide field of view hyperspectral
imager
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Figure 6: the long silt of wide field of view hyperspectral
imager

The long slit of hyperspectral imager divide up the light
radiated from a long linear belt to two parts entering
individually into two dispersing elements, its characteristic is to
divide up the wide field of view and to make the divided field
of view apart spatially, so it is benefit to the layout of the
subsequence optical element. As figure 6 shown, the long slit is
composed of two corner cube prisms, the two prisms are
conglutinated to a element, the inclined planes of the corner
cube prisms are respectively coated a linear reflect coating.

4. THE CALIBRATION FACILITY FOR WIDE
FIELD OF VIEW HYPERSPECTRAL IMAGING
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Figure 7: layout of calibration of the wide field of view
hyperspectral imager

Calibration facility for wide field of view hyperspectral imaging
was set-up. It meets the requirements for geometric, spectral
and radiometric calibration of the development of wide field of
view hyperspectral imager. The calibration facility was mostly
composed of a collimator, a monochromator, a large integrating
sphere, an object screen. Figure 7 is the layout of calibration of
the wide field of view hyperspectral imager.

As figure 7 shown, signals from two sides can alternatively be
sent to the optical head of the hyperspectral imager under
investigation. From one side, the spatial and spectral will
alternatively be done. The spatial calibration is performed using
the collimator and slits of different size in the object screen and
the spectral calibration is performed using the collimator and
the monochromator. Form the other side, the radiometric
calibration will be done using the inregrating sphere.
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5. CONCLUSION

The airborne hyperspectral imager under development is
consisted of a objective lens with wide field of view, a long
linear silt which divide up the light radiated from a long linear
belt to two parts, two dispersing elements and two detectors
arrays, it provides a wider field of view and higher spatial
resolution to meet requirement for a typical earth observation
mission. The hyperspectral imager have a cross-track field of
view of 60 degree with an 2x2 m GSD(Ground Sample
Distance) from a nominal 2 Km flight altitude. The main
specialty of the development is: 1) the model is only composed
a objective, it will reduce the difficulty and the workload of
image preprocessing; 2) the model’s plasticity is very strong, if
the hyperspectral imager composed of two dispersing elements
will have been developed, it can be extended to imager
composed of more than two dispensing elements.
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