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ABSTRACT:

HOPE (Hyperspectral Observer of Plants and Enviemtjrimager developed by ITRC is an airborne pustior
hyperspectral imager. It's composed of a PGP dispg device and lens with wide FOV of 72°. HORJA @cquire an
image line with spectral range of 400~1000nm, cioggeblue to Near-Infrared bands on a single fotah@. Because of
high spectral and spatial resolution, there’re mapgylications in agriculture, forest and ecologeavironment using
hyperspectral images.

It is essential to perform the radiometric calitmatbefore applying HOPE imager. An integrationesgghwith light source
A with color temperature of 2854K was applied dgrihe calibration process. However, due to the taesponsive
characteristics of CCD detector, the readout ofrieger in the range of blue band was less thaottiers based on the
calibration light source A. As a result, the pargare of HOPE radiometric calibration presentedrgdauncertainty of
image radiometry. In this article, an improved etxight source has been proposed. It is adoptediting Xenon light
into the integrated sphere to enhance the colopeemture of light source. The combination of lightirce A and Xenon
light with different number of bulbs is conductesivaell for comparison and investigation. A caliledhspectral-
radiometer has been used to be the transferredastafor radiometric calibration. Thus, we canideprecise
calibration parameters for image radiometry by addequired light sources according to spectrglorses. The
calibrated results will be compared between thosie enly light source A and mixed light source. &ispancies of
experiments and their possible reasons are alsastied for radiometric calibration. After compigtiproposed process,
the radiance of ground features captured by HORigé@ncould be correctly recovered based on theagfiadiometric
calibration parameters.

1. Introduction

The HOPE (Hyperspectral Observer of Plants andrBnmient) imager developed by ITRC is an airbornashproom

hyperspectral imager. It's composed of the compbwith an entrance slit and a PGP dispersing deeleetronic devices
and wide-angle optical lens, etc. The IMU is alsedito acquire the external parameters correspgnadimage lines for
following processes of image calibration and precgs The spectral range is 400 ~ 1000nm, andpketral resolution,
number of spectral bands and FOV are 5@500 nmag@d 2 2° respectively for HOPE imager. Before stgrio operate
the HOPE imager, we have to perform the spectgistration to fix the spectrum and the radiometnieasurement to
derive the radiometric calibration parameters aiger in laboratory. The spectral range of HOPEjen@overs blue to
Near-Infrared bands and out of human’s visibilitiBecause of the high spectral and spatial resaiutizere’re many
applications by hyperspectral imagers including th@nitoring and applications in agriculture, for@std ecological
environment, and the exploitation and investigatiominerals and energy resources.



2. Radiometric calibration in laboratory

The purpose of radiometric calibration in laborgt to eliminate the distortions of images introdd by the sensor
itself. In order to recover the resolution of hygmectral images, the spectral calibration of a tggectral imager in
laboratory includes 2 important items: the spectglstration and the radiometric calibration asfiilowing discussing.

2.1 Spectral Registration

Hyperspectral images form a three-dimensional @ibe, composed of cross-track (x), along-trackggyl spectrumij
dimensions. Due to the fall-off effect and the riggament of sensors, the response of each CCD xdifferent from
each other, and the radiometric calibration prozgssan recover the correct radiance. The purposegisitration is to get
the correct response for different wavelengthgtitlisource.

In order to register the spectral wavelengths use the spectral pattern of standard light sowamtrect the spectral
response so the HgAr light source of Oriel is pamirdnd photoed by HOPE. The image of the HgAr kghitrce showed as
Fig.1(a), the cross axle and along axle repregeettsal and spatial axes respectively and the lprofithe yellow line
shows the spectrum of HgAr light as Fig.1(b). Actiog to Fig.1(b), we use the least square fundtbiacompute positions
of each bands correspond with the standard waviklsiod HgAr light so we could correct smile effegtimage processes
and get the CCD positions respond to spectrum.
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Fig. 1(a) the response of HgAr Fig. 1(b) the peasf yellow line

Table 1 is the spectral registration results forrfHEChyperspectral imager. The left column is thads#iad wavelengths of
HgAr light and the right column is the registeredwelengths of HOPE. There are 212 bands of HOPEthaad
misregistrations is less thanlnm after the spemgistration process.

Standard wavelength of HgAr Calibrated wavelength of
(nm) HOPE (nm)
546.08 546.33
578 577.62
696.54 696.83
763.51 763.23
811.53 811.62
842.46 842.41

Table 1.  Spectral registration results for HOPEdngpectarl imager

2.2 Radiometric Calibration

After completing spectral registration, the radidmeecalibration is based on the integrated spheétie large aperture. By
taking images of the flat field, we can get thedma of every pixel and the radiances acquired bglérated spectral-
radiometer at the same time. Fig.2(a). is thefigdd image and Fig.2(b) represents the differesponses of spectrum at
the different spatial positions so-called the &dfleffect
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Fig. 2 (a) image of flat field;(b) the profile ofue, red and yellow lines.

In order to get the right pixel response, we havedtablish spectral and spatial calibration maoéleldifferent intensity
radiance and images acquired sychronally, we aahtfie relationship between radiance and digitahlmer. Here we

use linear function to fit the relationship as foten(1) shows. L is the calibrated digital numbhn’s the scale factor

comparing to the standard spectrum radiance aedresent the pixel number X; is digital number; m is offset of
dark signal.

L=1X,+m (1)
3. Experiments

Integrated sphere uses tungsten halogen bulbgtassturce A with color temperature of 2300 ~ 28@@pted for our
experiments. Due to diffraction and fall-off effeadf lens and the property of CCD sensor, the radis and image
responses in the range of blue band are both antfadle the other bands using the standard lightteold as experiments.
Hence the parameters of HOPE radiometric calibmatan’t be derived correctly because of the scafer eof
measurements.

In order to promote the color temperature of experital light source, we adopt the mixed light sedor experiments by
adding the light source xenon with high color terapgre of 6000K to improve spectral response of flands into the
integrated sphere. The green, blue and red cuepssent tungsten halogen, xenon and combineds@itte spectrums
respectively in Fig.3 (Mahajan & Jung, 2008). Astibws the combined light source spectrum coukkrtie radiance of
blue bands and also weaken the sharp picks thid effect the calibration parameters.
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Fig. 3 The relative spectrums of tungsten halogehx@non light sources (Mahajan & Jung, 2008).



3.1 Experimental Devices

The structure of experiments and data processinggectral calibration is shown as Fig.4. We usePHQ0 get

hyperspectral images and ASDi (spectral radiomedteRcquire radiance of spectrum. Here are theifsg®ons of
HOPE and ASDi as Table 2 shows.

Control the electric
current of integrating
sphere.

Measure the digital
numbers (DN) under
different conditions

Parameters

Measure the radiance Calcglation'of
of integrating sphere Radiometric
Calibration

Fig. 4 Structure of experiments and data procedsingpectral calibration

HOPE hyperspectarl

imager

ASDi spectral

radiometer

Spectrum range

400nm~ 1000nm

350nnm~ 2500nm

3 @ 700nm
Resolution 5 @ 500nm
10 @1400nm/2100nm
Spectrum band numbe 212 2150
FOV 72° fiber
Wavelength accuracy +0.8 nm +1nm

Table 2.  Specifications of HOPE hyperspectarl imagel ASDi spectral radiometer

In order to add xenon light into integrated spheve,design a device as Fig. 5 shows. To avoid it |

pattern affect images, the device is pointed 45ekegnd put about 30 cm distances beneath theuepertd
make sure the FOV of HOPE and ASDi are included.

Fig. 5 xenon light source device.

Because the xenon light source is external deweecan't adjust the intensity. To get differenteimsity of
radiance and CCD response, we switch numbetsngbten halogen bulbs. The varianceradiance and CCD



response as Fig. 6(a) and Fig. 6(b) shown resgdgtiThe blue curves represent onlyigsten halogen light
used and red curveepresent the result of combined light sources. d&fe find both promotion of CCD
responses and radiance in the blue bands when gechlight sources used but the picks in NIR bamdat
weaken effectively. We separate the spectrum intse@ions to calculate the calibration parameters :
400~750nm spectrum use the combined parameterbetridd 750nm spectrum use oniygsten halogen
parameters.
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Fig. 6 (a) CCD response of HOPE; (b) radiance odDAS

3.2 Hyper spectral | mages Radiometric Calibration

The experimental aerial hyperspectral images &entauring the period of transplant rice seedlimgépr.
2009 so parts of lands are full of water. Plantgehstrong reflective in NIR bands so we can distrate
easily when we use the fake color images as showigi7(a). The right part of original image is kirthan
the left part that shows the fall-off effect. Webolse one point in the blue square which could aet@nd it's
spectrum shown in Fig. 7(b).

Spectral Profile

(b)
Fig.7 (a)original imageof HOPE; (b) spectrum of one point in blue square.
After radiometric calibration computation, the badited image is shown as Fig.8 (a). The color tafes
image are more uniform and darkness of the righe ef image is also corrected. The corrected peetsum
is shown as Fig.8 (b). When solar radiation goesuiih the atmosphere affected by atmospheric atisoyp
there are some characters on rice spectrum. Theraraatmospheric oxygen absorption band near #60 n
and an atmospheric vapor absorption band near 800sa these cause the valley shapes on the spectrum

Near a absorption valley at about 750 nm, the ecefie increases rapidly so-called “red edge effelatit is
one of characters of plant spectrum.
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Fig.8 (a) calibrated image of HOPE; (b) calibraspdctrum of one point in blue square.

4. Conclusions

After completing the above processes and data ctatpas, we’'ll implement radiometric calibrationopess
to recover the radiance of ground features. B thdiometric calibration in laboratory doesn'tlirde the
atmospheric radiometric correction yet, resulting difference in vegetation reflectance curve. Watempt
to use multi-wavelength linear regression methaih witerpolation algorithms to get calibration pasdiers,
and add the atmosphere radiometric correctiondiore the spectral characteristics of features.
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