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ABSTRACT:

Recently, a laboratory measurement facility has lrealized for assessing the anisotropic reflectarmk emittance behaviour of
soils, leaves and small canopies under controllednination conditions. The facility consists of aASD FieldSpec 3
spectroradiometer covering the spectral range 88 — 2500 nm at 1 nm spectral sampling intervhe $pectroradiometer is
deployed using a fiber optic cable with either a8°or 25° instantaneous field of view (IFOV). Beemeasurements can be used to
assess the plant pigment (chlorophyll, xanthophstt.) and non-pigment system (water, cellulosgnifi, nitrogen, etc.). The
thermal emittance is measured using a NEC TH910@rked Thermal Imager. It operates in a single bamdering the spectral
range from 8 — 14uim with a resolution of 0.02 K. Images are 320 (K)240 (V) pixels with an IFOV of 1.2 mrad. A 1000 W
Quartz Tungsten Halogen (QTH) lamp is used as ithation source, approximating the radiance distidsuof the sun. This one is
put at a fixed position during a measurement sassio

Multi-angular measurements are achieved by usir@patic positioning system allowing to perform eithreflectance or emittance
measurements over almost a complete hemispherehérhisphere can be sampled continuously betweand80° from nadir and
up to a few degrees from the hot-spot configurafiepending on the IFOV of the measurement devarea backscattering target.
Measurement distance to targets can be varied bat@/25 and 1 m, although with a distance of mioae 0.6 m it is not possible to
cover the full hemisphere. The goal is to infer BRDF (bidirectional reflectance distribution funetjoand BTDF (bidirectional
thermal distribution function) from these multi-atar measurements for various surface types (liiks,sagricultural crops, small
tree canopies and artificial objects) and surfacgghness. The steering of the robotic arm andehding of the spectroradiometer
and the thermal camera are all fully automated.

1. INTRODUCTION

A laboratory set-up has been realized for assesbimgeflectance and emittance anisotropy of slaitsjes and small canopies under
controlled solar illumination conditions. These sw@ments can be used to assess e.g. the plargrgigchlorophyll, xanthophyll,
etc.) and non-pigment system (water, cellulosenitig nitrogen, etc.). Photosynthesis of terrestriegetation is an important
component of the global carbon cycle, and is cloeked to the hydrological cycle through tranggiion. Currently there are no
direct ways to measure photosynthesis by meamsnodte sensing. The main requirement for instrumisrits measure high spectral
resolution reflectance, temperature, and providenalti-angular capability. These measurements arpressed as BRDF
(bidirectional reflectance distribution functionhca BTDF (bidirectional thermal distribution functionCurrently, a variety of
facilities exist to measure these functions, howeliey are in all cases single instrumentation ¢dgeey., BRDF: Univ. of Zurich
(CH) (Sandmeier and Itten, 1999), BTDF: ITC (NL) (Timmmanset al., 2009)), and cannot assess the combined properties

We have acquired expertise in the measurement adellimg of spectro-directional behaviour of soliaves and canopies over the
past decades. To acquire narrowband spectral taflee, we have several non-imaging spectrometeaslable as well as
appropriate models to simulate leaf optical prdpsrup to canopy functioning. Furthermore, a théimaging system is available
to determine the emission of objects. The combeedf instruments covers the wavelengths fronstilar reflected range (400-
2500 nm) up to the thermal emitted range (§1d7).

In this paper the elements of the lab facility fmmbined measurement of multi-angular reflectanu# thermal emittance are
described.

* Corresponding author.



2. MATERIAL AND METHODS

The core of the goniometer system is formed byratustrial robot arm, on which the different sensarms mounted. Figure 1
illustrates the basic set-up of the lab facilitithnén ASD FieldSpec 3 spectroradiometer attacheteaobotic positioning system

performing multi-angular reflectance measurements @ small plant. In the following subsections toenponents of the system
will be described.
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Figure 1. lllustration of the set-up of the labiliae

2.1 KAWASAKI FS 10E Robot

The robotic system consists of a Kawasaki FS10Hstm@l robot and has the following main charastéess:
¢ 6 Movement axes
e Working radius 1550 mm
e Lifting capacity 10 kg
e Position repeatability + 0.1 mm

The robot arm can be fully programmed in 2 modes:
1) Dome mode
*  From -90 - +9C off nadir
«  Dome radius can be varied from 25 cm up to 100athqugh some positions cannot be reached at ld@ee
sizes)
e Theoretically unlimited positions on the dome
e Programmed to measure around the hot-spot
2) Scan mode
«  Movement of the sensor in the horizontal plane
e Grid spacing programmable
*  Height can be varied

2.2 Illlumination
A 1000 W Quartz Tungsten Halogen (QTH) lamp is uaedrtificial light source. QTH lamps are populaible and near-infrared

sources because of their smooth spectral curvestaide output (figure 2). They do not have shagcspl peaks like some other
sources have. The colour temperature is above R000
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Figure 2. Example of the spectral irradiance at@fom a 1000 W QTH lamp (www.newport.com).

2.3 Reflectance measurements

Spectral reflectance measurements are performdédanitASD Fieldspec 3 spectroradiometer. It perforefiectance and radiance
measurements in the range of 350-2500 nm. Therspsempling interval is 1 nm. Calibration is doneusing a Spectralon white
reference panel. The instantaneous field of viéu@) of the instrument can be varied; 8 or 25.

2.4 Emittance measur ements

The thermal emittance measurements are performiédtiaé NEC TH9100 Infrared Thermal imager (see &g8y). It is a thermal-
infrared imaging camera, operating monospectrallthe 8-14um region. The camera has a temperature resolufion0g K and
with an IFOV of 1.2 mrad it creates images of 32K pixels.

Figure 3. NEC TH9100 Infrared Thermal imager.

2.5 Software

The total set-up is controlled by the Control PChwétistom built software. The equipment is connegté this PC (figure 4)
through Ethernet, Firewire, Wifi or Serial commuation. On the control PC a project directory is taddn which all information
about the measurement is stored, including cordigum settings, calibration parameters and the wrea®ent results. Various
wizards provide measurement options: the instrurselaiction, the performance of required calibratiand the selection of dome or
plane measurement coordinates. Finally, for easitipn the measurements are performed and stored.
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Figure 4. Topology of the lab facility.

3. FIRST RESULTS

Figure 5 shows an example of a reflectance anigpfpiot for a small canopy (cf. figure 1). To thedtithe 3D representation is
presented, whereas to the right the contour plgivisn. The reflectance at 900 nm is shown.

Figure 6 shows an example of a thermal image o§dimee canopy observed from nadir position (left) fram an oblique angle
(right).
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Figure 5. Polar plots of the relative directiorsflectance of a small plant.
Left: 3D polar plot. Right: Contour plot.



Figure 6. lllustration of a thermal image from madéft) and at an oblique angle (right).

4. CONCLUSIONS

In this paper, a laboratory facility for performimgulti-angular measurements has been described. sEtiup enables both multi-
angular reflectance and thermal emittance measuntsnaoé soil, leaves and small canopies. For smal/§; these measurements
approximate the BRDF (bidirectional reflectance dstion function) and BTDF (bidirectional thermalsttibution function)
(Schaepman-Struét al., 2006). First measurements are shown. As a negt tirther measurements have to be evaluatedebefor
entering a phase of practical use.
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