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ABSTRACT

This document provides the build and operating procedures for the Gonio RAdiometric
Spectrometer System (GRASS). Within this guide, the operator find information on how to
construct the instrument, take measurements and also guides to the analysis of the data.
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1 Scope

This document aims to provide information on how to construct the GRASS instrument and
how to operate it. This will include measurement procedures that should be followed,
planning tips and also how to analyse the data acquired. The document also contains details
on the traceability of the instrument and how it was validated. In essence this should provide
a comprehensive guide to the instrument and provide references to other work or documents
that support the development and use of the instrument.
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2 Introduction

To perform vicarious calibration for the validation of satellite sensor data products, field
instrumentation is used to provide the in-situ data. The theory behind the application of field
spectroscopy is based on the following basic behaviours of electromagnetic radiation, such
that when the light radiates a surface it may be reflected, absorbed or transmitted. This is
dependent on the nature of the surface and the wavelength of the incident radiation. For
example, the light can be reflected from a surface (e.g. a mirror), or scattered in different
directions (A and B in Figure 1) and the light can also be either absorbed or transmitted, (C
and D in Figure 1).

A) Reflected B) Scattered

Incident
Radiation

Reflected
radiation,

Incident angle =r
radiation,
angle =1 i=r Scattered
Light
C) Absorbed D) Transmitted

Incident Incident
Radiation Radiation
\ Absorbed
Transmitted

Figure 1: Schematic representation of reflected, scattered, absorbed and transmitted light. (Gibson, 2000)

Remote sensing of the earth involves a combination of these effects. For example, Figure 2,
shows the incident radiation, (i.e. from the Sun), can be scattered from the top of the
atmosphere, absorbed, or transmitted to the surface, where the light can also be reflected or
absorbed. Since all surfaces have different properties, they can reflect and absorb different
amounts of light at different wavelengths.

Incident
Radiation

Scattered

\‘/szorbed

f Earth’s
* Atmosphere
/ Scattered
l Absorbed IEarth

Figure 2: Schematic representation of the Earth - atmosphere system and the light interactions.
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To perform vicarious calibration a variety of instruments are used to measure and quantify the
various reflectance and absorption effects. The use of field instruments to provide in-situ data

is a suitable method for the validation of satellite sensor data. However, as previously
mentioned, its accuracy is limited by the ground measurement process and the validity of the
atmospheric radiative transfer models, the main errors being in the aerosol model and the
directional reflectance effects (Dinguirard, et al., 1999).

2.1 Directional Reflectance

Directional reflectance effects are due to a natural target being non-Lambertian. Due to their
macro- and microphysical construction, terrestrial surfaces reflect light with different
intensities in different directions (Diner, et al., 1999). This is because on a micro scale a
surface is rough, and, therefore, the light is reflected in different directions, the intensity of
which is wavelength and directionally dependent. For example, depending on the viewing
and illumination angles a surface can appear brighter or darker — for example a mown lawn or
a forest canopy, Figure 3. This interaction of the light is of key interest in developing an
understanding of the reflectance characteristics of the natural environment.

Figure 3: A black spruce forest in the BOREAS experimental region in Canada. Left: backscattering (Sun
behind observer), Right: forward scattering (Sun opposite observer), note the shadowed centres of trees
and transmission of light through the edges of the canopies. (Lucht, et al., 2006).

The bidirectional reflectance distribution function (BRDF) was defined by Nicodemus et al
(1977), and it describes the scattering of a parallel beam of incident light from one direction in
the hemisphere into another direction [Equation 1]. It describes infinitesimally small
guantities and as such cannot be measured. The BRDF describes the intrinsic reflectance
properties of a surface, from which many other quantities can be derived.

BRDF, = 1,(0,4,:0,.4,:2) = dLég_’(ﬁ;fo%ﬂ) fsr ]

Equation 1

Where dL, [Wmsr] = Radiance.

dE, [Wm™] = Irradiance.
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Reflectance factors are defined as the ratio of the radiant flux reflected by a sample surface to
the radiant flux reflected into the identical beam geometry by an ideal (loss-less) and diffuse
(Lambertian) standard surface.

An ideal Lambertian surface reflects the same radiance in all view directions, and its BRDF is
1/m. Thus, the Bidirectional Reflectance Factor (BRF) (unit less) of any surface can be
expressed as its BRDF [sr'] times = [Equation 2].

BRF=7-.(0.4:6..4)

Equation 2

2.2 Definitions

Different beam geometries can be defined following the definition of reflectance factor: these
include: bidirectional reflectance factor (BRF), hemispherical-directional reflectance factor
(HDREF), the biconical reflectance factor (conical-conical reflectance factor — CCRF), and the
hemispherical — conical reflectance factor (HCRF).

Since BRDF and other reflectance nomenclature were defined by Nicodemus et al. (1977), the
use of the terminology has been misunderstood, misapplied or ignored, as demonstrated by
Schaepman-Strub et al., (2006), such that terms used within the scientific literature do not
always accurately describe the measurements that have been undertaken.

The above nomenclature was adapted by Martonchik et al, (2000), to apply specifically to
remote sensing applications, and more recently the review by Schaepman-Strub et al, (2006),
which contains case studies highlighting the issues surrounding the misuse of the
nomenclature, show the importance of using the established definitions for all remotely
sensed data.

The following table [Table 1] summarises the different definitions, which relate the incident
and reflected light distributions. The table is adapted and summarised from the Schaepman-
Strub et al, (2006) and Martonchik et al, (2000) papers.
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Case Relation of incident and reflected radiation. Description of terminology.
Case | Bidirectional BRDF - Describes the scattering of a parallel beam of incident
1 light from one direction in the hemisphere into another direction
BRDF in the hemisphere. It is the intrinsic property of the surface.
BRF
Case | Directional - Integration of the BRDF over the solid angle
2 Conical
Case | Directional - DHR - Ratio of the radiant flux for light reflected by a surface
3 Hemispherical into the view hemisphere to the illumination radiance flux, when
the surface is illuminated with a parallel beam of light from a
DHR single direction.
Black-sky Integration of the BRDF over the hemisphere.
albedo
Inherent property of the surface, which is independent of
atmospheric conditions.
Case | Conical -
4 directional %‘ f
Case | Biconical This is the most general quantity, because its expression
5 contains all other special ones: for =0 the integral collapses
CCRF and we obtain the directional case, and for =2 we obtain the
hemispherical case.
Case | Conical -
6 | hemispherical %; @
Case | Hemispherical - Similar to the BRF (case 2), but includes irradiance from the
7 directional @ :“ entire hemisphere.
HDRF
Case | Hemispherical - For large IFOV sensor measurements performed under ambient
8 conical sky illumination, the assumption of a zero interval of the solid
angle for the measured reflected radiance beam does not hold
HCRF true. The resulting quantity is the HCRF
Case | Bi-hemispherical Ratio of radiant flux from a unit surface area into the whole
9 hemispheres to the incident radiance flux of hemispherical

BHR

Albedo

e

angular extent.

For the special case of pure isotropic incident radiation (e.g. a
situation that may be closely approximated in the field by a
thick cloud or aerosol layer, the resulting BHR is reported as
white-sky albedo. Inherent property of the surface, which is
atmospherically dependent.

Table 1: Definitions of the reflectance quantities in optical Remote sensing, adapted from Schaepman-
Strub et al, (2006) and Martonchik et al, (2000)
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Table 1, contains the definitions for the different combinations of the illumination and
reflected beam geometries. Each picture gives a brief illustration of the definition. However,
only the pictures surrounded in grey can actually be physically measured, as described by
Schaepman-Strub et al, (2006). The other quantities, such as BRDF can be determined, but not
physically measured. An example of the data processing chain, using the reflectance
nomenclature is shown in Figure 4.

Measurement Derived Products
BRDF
BRF Bidirectional
Bidirectional Reflectance
Reflectance |:> Distribution
Factor Function
Hemispherical- Case 1 Case 1
Conical ",'DRF_
Reflectance :> Hemispherical
— Directional DHR
Case 8 Reflectance Directional —
Factor . .
Hemispherical
Case 7 BHR Reflectance
Bihemispherical
Reflectance Case 3
Case 9

Figure 4: Conceptual data processing chain of airborne and satellite measurements to convert a
spectrodirectional measurement (case 8) into BHR, BRDF and DHR respectively, adapted from
Schaepman-Strub et al, (2004).

Understanding the BRDF characteristics of different surfaces is becoming increasingly
important as more satellites have the capability of measuring surfaces at multiple angles. As
the data products from these instruments become more readily available for investigations
into the bidirectional reflectance distributions of various surfaces, it is vital to validate the
satellite sensor data with field instrumentation that can also measure at multiple angles. The
data from field spectroscopy instruments is also becoming more important as the demand for
more accurate, traceable data grows. The BRDF determined from measurements made by
field instruments can be used in a variety of applications such as inputs for atmospheric
models and satellite sensor data validation (vicarious calibration). Other examples include
(Sandmeier, 2000);

o Validate currently available bidirectional reflectance distribution function (BRDF)
models and support the development of new models

o0 Investigate the physical mechanisms of BRDF effects
o Study relationships between bio geophysical parameters and BRDF effects

o Development of spectral libraries (Clark, et al., 2002)
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3 Terminology for GRASS parts

To avoid confusion through the document, the different elements of the design have been
named, and are shown in Figure 5. For ease of referencing elements of the design, the fiber
and lens combination was dubbed a ‘camera’ and therefore the element of the structure to
which they would be attached was named the ‘camera holder’. Table 2 lists the parts and
provides a small description of the part and gives the quantity of the parts used within the

whole structure.

joiner

Arm-mount runner\

Base ring segment Arm-mount

Leg Runner segmen

Base ring joiner

Leg mount

Figure 5: Names of the various parts of the structure of the GRASS.
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Part name Description Quantity
Base-ring The segments make a full circle and form the base of 12
segment the structure. They are marked at 1° intervals all the

way around the structure.
Base-ring joiner | Joins each of the base-ring segments together 12
(Figure 6)
Leg The structure stands on these. 6
Leg mount The leg mount is attached to the base ring segments, 6
and are evening spaced around the structure. They
have a clamp system to attach the leg to the structure,
and also vary the height of the legs.
Arm-mount These segments form a semi-circle, which the arms are 6
runner segment | then mounted on.
Arm-mount These join the arm-mount segments together. On their 7

runner joiner

(Figure 8)

underside they have PTFE blocks, which fit into the
slot on the upper side of the base-ring. This allows the
arm-mount runner semi-circular section to rotate on
top of the base-ring.

Arm segment

The arm segments join together and form the arch on
which the fibers and lenses can be mounted.

3 perarm (=21
in total)

Arm
joiner

segment

(Figure 9)

The arms segments are joined together with this joiner.

2 per arm (= 14
in total)

Camera holder

The camera holder has a mount for the lens (and
diffuser) to which the fiber is attached. The holder is
attached to arm segments, which have a slot to
accommodate a PTFE block on the side of the camera
holder. This PTFE block means the camera holders
can be moved to any part of the arm, this can be at any
point along one of the arm segments or at the arm
joiner, as they both have slots to accommodate this
movement and positioning.

5 per arm (= 35
in total)

Nadir joiner

Where the arm segments come together at the top, the
nadir joiner clamps each arm together to complete the
structure and make the arms rigid. This nadir joiner
also has a mount for a lens (and diffuser) so that a
fiber can be mounted at the nadir.

Table 2: Names of the parts of the structure, description of each part and quantity.
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The base ring is made of 12 curved segments that would be joined together by the 80 mm
joiner (Figure 6). This small part has two joiner bars running through it, and the curved
sections would attach to the joiner bar (Figure 7).

Figure 7: Joiner bar

Figure 6: Base Ring Joiner (80mm joiner)

Similarly the arm-mount runner (Figure 8) and the arm-segment (Figure 9) joiners work in the
same manner by having the joiner bar run through them to connect the arm-mount runner
segments and the arm-segments respectively.

Figure 8: Arm-mount runner joiner (40mm
joiner)

Figure 9: Arm-segment joiner (30mm joiner
assembly)
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Figure 10 and Figure 11 depict the two different measurement set-ups. Figure 10 shows the
radiance set-up, where the lens is used and therefore looking down at the target.

Figure 11 shows the irradiance set-up, where the curved section is on a hinge and can be
flipped over and secured such that the diffuser can be attached to the end of the fiber to enable
irradiance measurements to be conducted.

The movements to show the changes between the irradiance and the radiance set up are shown
in the pictures in Figure 12.

Figure 10: Camera holder in Radiance measurements set-up

Figure 11: Camera holder in irradiance measurement set-up

10
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Figure 12: Movements required changing from irradiance to radiance set-up for the camera holder.

11
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A fibre also needs to be mounted at the nadir, so that both radiance and irradiance
measurements can be conducted at the nadir position as well. This means that the nadir joiner
needs to incorporate a similar mechanism to the other camera holders to be able to mount the
lens or the diffuser and also support the fibre in this position. The design was built into the
nadir joiner and is shown in Figure 13.

Side View of the arns joined at the nadir

== L2 ]

Aerial Viewof the arms joined at the nadir

Figure 13: Nadir joiner and camera holder

To aid with the build the instrument a naming convention has been determined; this is shown
in Figure 14 and detailed in Table 3.

Figure 14: Naming Convention for GRASS — an example of the camera names are shown for arm 7.

12
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ltem

Label

Position

Main Multiplexer

4(16)

Yellow tag at the back

Section Multiplexers

1(16)
2(16)
3(16)

Yellow tag at the back

Arms

1 (brown)
2 (red)
3 (orange)
4( )
5 (green)
6 (blue)
7 (purple)

Arm number (colour)

Fibres

1.1... 1.5 (brown)
2.1...2.5 (red)
3.1... 3.5 (orange)
4.0,4.1...45(
5.1...5.5(green)
6.1 ... 6.5 (blue)
7.1 ... 7.5 (purple)

)

Heat shrink labels
Arm number. Position number
(colour)

Camera holders / Lenses /
Diffusers

1.1...15
21...25
31...35
40,41 ... 45
5.1...55
6.1...6.5
71...75

Engravings
Arm number. Position number

Table 3: Naming Convention

13
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4 GRASS parts list

Figure 15 shows the full structure of GRASS with all the structural parts labelled. Table 4 lists
all the parts with their quantity, serial numbers etc that complete the system.

8.1 -
c82

8.2

Al
ces

A12

A12

YT S

./ | A10

.‘a.;:_:; "

A -D' ~=-—__at this point

ur

- —_ - B AL
r "-_1 £ > o
2l / B3 .13 ‘-_,5_‘ =Tl TeeniThy e Tose 13,
/ B4~ pqt - shegen | | ] |,-.- i |
g1 g2/ / REVISICN HISTORY . GRASS Project
. A / & [[REV | DEscRIPTION | DATE  [aPFROVED Tintometer e —— T
A A2 2 | Revised numbers | 160472008 | SaN —ORASS name A 3
-] 1 T 3 Fi k] T Z T

Figure 15: Diagram of GRASS with all the parts names.

14
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Description

Serial Number

Quantity

Notes

Country
of
Origin

Box

UV/VIS
Collimating
Lens, 200
nm-2
microns

N/A

36

The 74-UV has an /2 fused silica lens for 200-2000 nm. When focused for collimation, beam
divergence is 2° or less, depending on fiber diameter.

USA

NPLGRASS
1

Cosine
Corrector
with opaline
glass
diffusing
material

N/A

36

Our Cosine Correctors couple to optical fibers and spectrometers for relative
and absolute spectral intensity measurements, for emissive colour
applications, and for evaluation of light sources such as LEDs and lasers

USA

NPLGRASS
1

15




400pum
Premium
Grade.
Fiber,
VIS/NIR, 5
m - BX
metal SI.

As shown in
Table 3

36

USA

NPLGRASS
1

Fiber Optic
Multiplexer;
1 input to
16 output
fibers, UV,
150ms
switch time

MPM-
2000-
V1S400-
1x16

(Serial
Numbers

039180018
039180019

039180020)

Includes the unit power and signal cables.

Germany

NPLGRASS
1

16




400pum
Premium
Grade.
Fiber,
VIS/NIR, 2
m - BX
metal SI.

N/A

USA

NPLGRASS
1

Fiber Optic
Multiplexer;
2 inputto 8
output
fibers,

MPM-
2000-
V1S400-2x8

(Serial Number

050460014)

Includes the unit power and signal cables.

Germany

NPLGRASS
3

17




National

(Serial Number

NPLGRASS

= M
Instruments | E9A17F) N 3
4-port USB
T
to RS-232 B §
converter Sieom N
NI ENET- L. USA
232/4 N
The National Instruments Ethernet serial interfaces provide additional RS232
ports to your computer through standard Ethernet networks. Includes USB
Cable
Panasonic (Serial Number NPLGRASS
Laptop XXXXXX) China 3
Computer
Reference (Serial number NPLGRASS
Panel XXXXXX) 4
USA

600 mm x 600 mm Spectralon panel, Labpshere

18




10 | USB 2-Port | No Serial NPLGRASS
Hub Number . 3
A Cad
' China
11 | Reverse Serial number NPLGRASS
IHlumination | S/N 141578-1 3
source
Canada

Visible fiber Optic fault locator (Class 2 laser) OzOptics Ltd

FODL-45-635-1, Laser Class 1

19




12 | 80mm Part numbers: 13 NPLGRASS
joiner Al, A3, A5, SN 1
A7, A9, All, \1‘?‘5\53};;\\\
Al3, Al5, Al7, \Ql‘gzx\g NPLGRASS
Al9, A21, A23 :}-'_’_\ 2
S UK
N )
. ™ :\/
~— /(5;
s I‘\\; .
13 | Joining bar | No Part 53 NPLGRASS1
Number &2
UK

20




- 80mm N/A 13 Assembly diagram [Consisting of 1 of 80mm joiner and 2 joining bars]
joiner GA
Assembly joined to the 80 mm curve.
14 | 80mm A2, A4, A6, 13 E — ;) NPLGRASS
curve A8, A10, Al12, ' 1
Al4, Al6, Al8, UK
A20, A22, A24, NPLGRASS
AS 2

21




15 | 40mm B1, B3, B5,
joiner -2 B7, B9, B11,
B13 NPLGRASS
2
UK
16 | 40mm No Part NPLGRASS
joiner Number 2
runner-2
UK

22




- | 40mm N/A 8 Assembly diagram [Consisting of 1 of 40mm joiner -2, 1 of 40mm joiner runner-2 and a Joining bar]
joiner-1
17 | 40 curve B2, B4, B6, 7 it 3 NPLGRASS
B8, B10, B12, | UK 2
BS
18 | 30 curve- Cl1,cC21, 8 NPLGRASS
short C3.1, C4.1, 2
C5.1, C6.1,
C7.1,Cs1
UK
19 | 30 curve C1.3,C15, 15 T NPLGRASS
C2.3,C2.5, r 1
C3.3,C3.5, UK
C4.3,C45, NPLGRASS
C5.3, C5.5, 2

23




C6.3, C6.5,

C7.3,C7.5,
CS3.5
20 | Joining bar | No part number | 50 NPLGRASS
\ UK
21 | 30mmarm- | Cl1.2,C1.4, 15 NPLGRASS
joiner-V2 C2.2,C2.4, 1
C3.2,C3.4,
C4.2,C4.4, NPLGRASS
C5.2, C5.4, 2
C6.2, C6.4,
C7.2,C74 UK
30mm N/A 15 Assembly diagram [Consisting of 1 of Joining bar and 1 of 30mm arm-joiner-
joiner V2]
assembly

24




O

22

Joiner fix

No Part
Number

44

UK

NPLGRASS
1&2

25




- | 30mm N/A 15 Assembly diagram [Consisting of 1 of Joining bar, 1 of 30mm arm-joiner-V2 and 2 of Joiner Fix]

joiner

assembly

Fix

= |
Assembly attached to the 40mm curve.
23 | 5 Nadir No part number | 2 NPLGRASS
2

26




24 | Nadir joiner | No part number | 8 NPLGRASS
2
- | Nadir mod 2
GA
25 | 5 camera No part number | 2 each NPLGRASS
cosine 1
holder nadir

Cosine Holder

UK

27




&

Camera Holder

26

5 camera
cosine
holder

No part number

36 each

Cosine Holder

Camera Holder

’ ﬁi?

.
N

UK

NPLGRASS
1

28




27

5 lens
holder

1.1,1.2,13,
14,15, 2.1,
2.2,2.3,24,
2.5,3.1,3.2,
3.3,34,35,
41,4.2,43,
44,45,5.1,
5.2,5.3,54,
5.5,6.1,6.2,
6.3,6.4, 6.5,
71,7.2,7.3,
74,75,40

36

UK

NPLGRASS
1

28

5 fibre
holder 2
part

No part number

36

UK

NPLGRASS
1

29




29 | 5lens No part number | 36 NPLGRASS
runner 1
UK
30 | 5-screw No part number | 74 NPLGRASS
1
UK

30




5 camera
holder

N/A

36

Assembly diagram [Consisting of 1 of lens holder, 1 of lens holder part 2, 1 of camera holder, 1 of 400um
premium grade fiber, 1 of lens runner and 3 of screws].

Assembled view from the underside

31




31 | Leg No part number 5in
Assembly NPLGRASS
1
lin
NPLGRASS
2
UK
Bottom of the leg assembly
GRASS Assembly diagram (see Figure 15)
name GA

32




Grub
SCcrews

N/A

Numerous

Germany

All boxes

Table 4: Parts list for GRASS (for the assembly diagrams please contact NPL).

33




5 Reverse illumination source

Fiber Optic Fault Locator (FODL) manufactured by Oz Optics Ltd, Canada was selected to check the pointing direction of the cameras. It has a connector
suitable for the Ocean Optics optical fibre used with GRASS. If the cameras are viewing strong reflecting surfaces such as snow or desert, we recommend
the user switches to chopped mode (MOD) with a frequency of 2 Hz. Pulsed light is easier to visualise. Another option is to cover the surface viewed by the

cameras with a black canvas to achieve a better contrast.
It is recommended to cover the exit with the protective cap when a fibre is not connected to the FODL and insert into the protective blue bag.

Optical specifications: Laser type: Fabry-Perot, Class 1
Central wavelength: 635 nm +/-10nm
Output power: 0.8-1.0 mW
Connector type: SMA 905

Power supply: 2AA Batteries

Environmental specifications Operating temperature: -10° to 50°C
Storage temperature: -20° to 60°C
Humidity: <90%, non-condensing

Applications
1. To determine the pointing area of each camera and eventually to adjust their

pointing direction
2. To detect any break of the optical fibre attached to each camera.

For more details, pleas refer to the manual provided by the manufacturer.

34
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1 Building and operating GRASS

The following sections describe how the instrument should be constructed and operated.

1.1 Requirements

It takes two people to construct the structure (though a third pair of hands is useful) and it
takes approximately 3 hours to set it up and start the measurements, where one hour is
recommended to warm up the spectroradiometer before starting any measurements. This
section describes the overall construction and the detailed elements to the build.

As an introduction the photos in Figure 1 to Figure 4, show the different elements of the
construction of the instrument; detailed instructions are to follow.

Figure 1: The base ring is assembled first, and is shown mounted on the legs. The semi-circular arm
mount runner segments are then constructed on top of the base ring. There are now 6 legs.

35



NPL Report ENG 27

Figure 2:The next phase involved constructing the arms. Arms 1 and 7 are built first, to form an arch
using the nadir joiner. Arm 4 is then added to stabilise the structure.

Figure 3:The rest of the arms are then constructed. This completes the structural aspects of the system.
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Figure 4: If required the structure can be been raised on its legs so that it is about 1m off the ground.

Figure 5 shows two base-ring segments connected together with the base-ring joiner, with the
arm-mount runner joiner, with its PTFE block on top.

Figure 5: Photograph of the arm-mount runner joiner with the PTFE slider attached, mounted onto the
base ring.

The arms were constructed as shown in Figure 6. The joiner bar goes into the arm segment
joiner, and then the arm segments attached to the either end of the joiner bar. The PTFE
block in Figure 6 is what the camera holder mounts onto, to allow it to move to any position
along the arm.
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Figure 6: Photograph of construction of one of the joints in an arm.

1.2 Construction procedure

To aid the operator various parts are already assembled, and therefore when disassembling the
same should be done. This makes the process quicker and less complicated. The parts have
also been packed into the boxes such that the order they come out is the order in which they
should be assembled (this may alternate between boxes), but they should be packed away in
the same order within each box to ensure they fit within the boxes safely, and also to aid the
assembly for the subsequent uses of the instrument.

DO NOT PLUG ANYTHING IN TO ANY POWER
SOURCE OR TURN ANYTHING ON UNTIL
INDICATED IN THE FOLLOWING
INSTRUCTIONS
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Step 1: Base Ring

. Open boxes.

Figure 7: Packing boxes with all the GRASS parts inside

. Layout the legs in pattern on the floor so that they alternate between the small and
large feet.

Figure 8: How the legs should be distributed on the surface before starting to build the GRASS

. Layout the base-ring sections, these should follow in order if they have been put away
correctly, they are marked from -180° to +180°. They should also alternate sections with
and without the leg mount. They are also numbered from 1 to 12, so that when you are
standing in the middle, they increase in number in a clockwise direction.

Figure 9: Base rings
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. Firstly attach the legs to the relevant sections — they should alternate around the ring
with the small and large feet.

. Then connect all the base-ring sections to form the circle. The two joiner bars should
be pushed into the white square parts on the inside of the base-ring segment. Check that
there are grubs screws available, this need to be loose to allow the joiner bars to slide in.

g

Figure 10: The joiner of the base rings

Problems that might occur:
Check that there are grub screws in the joints you are about to make.

It is possible that the joiner bar pushes the white plastic inside across the hole.

The end of the segment should look like this, where you can see a hole.

Or even fully cover the hole.
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To resolve this, a screwdriver can be used to push it back. Tilt the screwdriver and push
towards the end of segment, as shown by the red arrow.

It should also be checked that the silver ring from the hole, is proud of the segments surface,
in picture (A) the ring is below the surface, but is proud of the surface in picture (B).

(A) B)

To make the rind proud, a screwdriver can be used from the inside of the segment to push it
out, or with a grub screw in the hole, an Allen key can be used to pull it out by wiggling the
grub screw from side to side and also pulling it outward.
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Step 2: Arm mount runners

Firstly attach the arm-mount runner joiner on the end of one the sections (look for the
right numbers on the parts — they should run in sequence).

Place the arm mount runner sections on the base-ring. Then continue to add each
section until it fills half the circle.

Figure 11: The arm-mount runners are mounted on the base-ring
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Step 3: Bottom of the arms

. Next carefully take the bottom sections of the arm runners, which the fibers are
attached to and connect, to the arm mount runner joiners.

. Care should be taken not to put any fingers on any of the lenses.

Figure 12: The Cameras and the Optical fibers are on the bottom sections of the arm runners

. The grub screw indicated by the red arrow should be tightened.

Arm-mount segment

Base-ring segment

. They should be attached such that they are ordered 1 to 7 in a clockwise manner, when
viewed from inside the circle.

4

View from above of the layout of the arms
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. Once all the bottom arm runner segments are attached, they should look something
like this.

Figure 13: The bottom arm runner are attached to the base-ring

. NOTE: If assembling in a laboratory or a confined space, care should be taken to
check that there is adequate space to accommodate the camera holders sticking out from
each of the arm locations.

. The fibers should be in boxes that need to be opened and the fibers laid out on the
floor

Figure 14: The optical fibers should be kept in the protection box before coupling them to multiplexers
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Step 4: Top of the arms

. The next layer in the box should be the rest of the arm segments.
oy

B

Figure 15: The upper segment of the arms

. Firstly find the sections for arms 1 and 7. Attach the middle arm sections.

. Then find the nadir joiner, attach the top arm section to the nadir joiner. This forms
the top of the arch.

. With two people at either end of the top piece of the arch, hold in place and attach to

the arms sections already there. This will complete the arch between arms 1 and 7.

. Then complete the rest of the arms, attaching the middle sections first and then the top
sections (which attach to the nadir joiner).

Figure 16: The GRASS structure is built

. This then completes the structure.
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Step 5: Fiber alignment

The next part involves sliding all the cameras up the arms to the positions that are
required.

For the irradiance set-up the cosine diffuser should be attached and positioned looking
outward.

For the reflectance set-up the lens should be attached and looking towards the centre
of the hemisphere.

To align to a particular angle there are markers on the arm runner segments, which
indicate the zenith angle. The notch on the underside of the camera holder should be
aligned with the marker on the arm runner segment. The example in Figure 17 is set to
36°.
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Marker on the

Notch in

the camera . arm runner

holder 4 segments

Figure 17: Setting the cameras at a 36degrees viewing angle.
. Make sure the PTFE screws are tightly in place.
. Once all the cameras on each arm are positioned at the required angles, the fibers
should be clipped into the fasteners to stop them moving around.

. Care should also be taken to make sure that the bends in the fibers are not too tight!

Fasteners
to secure
the fibres
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Figure 18: The optical fibres should be fastened to the structure to avoid any bends that could damage
them
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Step 6: Multiplexers

o The base plates for the multiplexers should be attached to the arm-mount runner
sections as per Figure 20.

o They should be placed at the bottom of arms 3, 4 and 5 respectively. They must be
located as shown in the picture below so that all the fibres and leads will reach.

o The multiplexers should then be placed on these base plates, with the backs of them
facing arm 4. They should be labelled as to where they should be positioned.

Figure 19: The optical fibre are connected to multiplexers which are placed on the base plates

o These then need the power and signal cables to be connected. This now requires the
upright box to be opened.

0 The clips should be undone and the front panel removed.
o Lift the lid.

0 At the back of the top section there is a black board (that covers the hole in the
back) this should be removed and stored somewhere for safe keeping;

o There should be a bundle of cables on the right hand side. These wires should be
unwound, and the ends put through the hole in the back.

o The black electrical wires can be attached to the multiplexers in any order (though
their length should dictate this), but the white serial cables must be connected in the right
order. These are all colour coded, the cable marker should match the sticker on the back
of each of the multiplexers. The serial cables require the small flat head screwdriver to
secure them.
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Figure 20: The base plates for the multiplexers should be attached to the arm-mount

The fibers and electrical
cable should be attached
to the outside of arm 4 —

such that they will go ~_|

over the top of the legs
when the structure is
rotated.

50



NPL Report ENG 27

Step 7: Fiber connections

All the fibers should then be attached.

They should follow the plan on the multiplexer (they are colour coded — see Appendix
A).

All the blue caps should be collected into one of the trays from the toolbox. Preferably
the caps should only be removed just before a fiber is inserted so to avoid any chance of
material getting into the multiplexer. When all the fibers are installed, the tray of the caps
should be stored carefully in the tool tray for use when packing away.

On the fibers themselves, there should be a plastic blue cap. These should stay
attached to the fiber via the use of the ring on the opposite end to the cap.

This end should stay attached to
the fiber.

Al

The fibers from each arm should run down their respective arm, and then coiled up at the
bottom. However it should be checked that the ends that are to be connected to the
multiplexers can reach. This is sometimes easier to do one fiber at a time. Connect the end
to the relevant position on the multiplexer and then feed the fiber back along the arm-
mount runners and secure at the bottom of the arm, using the cable ties attached to the
structure.

Figure 21: The optical fiber should be clear of the floor in order to rotate the system.

NOTE: Please note that the fibers should be clear of the floor so that the system can be
rotated. The fibers should also only be secured to the upper ring as the base ring is fixed.
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Fastener

| Multiplexer

Figure 22: Schematic of how the fiber should be wound up and secured at the bottom of the arm.

Figure 23: Left - Photograph of the fibers wound up at the bottom of the arm. Right - photograph of the
fibers plugged into the multiplexer.

o There should also be three fibers (short ones that have white heat shrink on), these are
labelled and should be connected to the back of the multiplexers in the correct order.
They are labelled [1—4, 2—4, and 3—4], the first number relates to the multiplexers on
the structure (which are numbered 1,2,3). The second number is the 4h multiplexer, which
is in the upright box.

o The front of the 4th multiplexer in the upright box faces the bristles. There are three
of the blue caps that should be removed, which are labelled 1,2, and 3. They can be easily
accessed with the lid open.

. Once the three fibers are attached to the multiplexer in the upright box, the other ends
should be attached to the multiplexers on the structure following the numbering. The
multiplexers are numbered 1, 2 and 3.
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Step 8: Electrical connection

® The next steps require all the electrical and computer connections to be made — but
care must be taken through this process that they are turned on in the correct order
otherwise there can be irreversible damage caused to the ASD hardware.

DO NOT TURN ANYTHING ON

THIS MUST BE DONE IN THE
CORRECT ORDER

53



NPL Report ENG 27

Step 9: ASD connection

° The electrical connections should be checked within the box.

The Serial cable to USB connector | The four small black units, which are
should have 4 serial cables in the | labelled ‘MUX P/S’, should all have
back and one USB Connector. connectors in the back.

The multiplexer should have a serial
cable and a power cable connected in
the back at the bottom.

The distribution board on the left | The distribution board on the right hand
should have the laptop power supply | side should have 4 plugs in it, which are all
plugged into it. labelled ‘MUX P/S’

The power supply for the ASD
should also be plugged into the
distribution board and the power
supply unit should sit on the shelf.

o Nothing should be connected to any power supply yet.

. The ASD Field Spec Pro should have all its connections made as follow:

) The back of the ASD looks like this.

Parallz|

. This plug is the power supply jack.

. It should be carefully aligned and pushed in.
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NOTE: If you are used to the normal ASD connections — please be aware this where it
differs. To enable the GRASS operating software to work in connection with the ASD Field
Spec Pro, an Ethernet adapter is required.

. The Ethernet adapter gets its power from the ASD; the cables should be connected as
shown in this diagram below. [These should be set up in the box prior to transportation,
but these connections should be checked].

Figure 24: Connections order for the ASD radiometer, when the old version is used

1. Smart Ethernet adapter
2. Grey power cable
3. White parallel cable
4. Grey cross over cable.
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The optical fiber from the ASD should be put in place carefully. It should be

unwound carefully from the ASD compartment.

The end of the fiber should be slid into the back of the multiplexer that is in the top of
the upright box. It should be secured in place with cable ties.

The black power cable for the laptop, the USB cable and the grey cross over cable
should go out through the hole in the back of the upright box.

The lid should be shut now, and the laptop positioned on the top. The power cable,
USB cable and the grey cross over cable should be connected to the laptop (BUT DO
NOT switch it on).

The GPS USB cable should be connected to the laptop

An optical mixer manufactured by ASD will be used to improve the connection

between the ASD optical fiber and the GRASS optical fibers. (The two optical fibers have

different core diameters.)

Multiplexer and 4-
serial port to 1-
USB connecter

-%

A
F i
| E Power
'-’:'- distribution
4 boards
The ASD will need

to be fixed into
place in the bottom

of the box.

ASD Fiber

Figure 25: View over the final positions of all items: radiometer, laptop, multiplexers and power
distributions boards
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Step 10: V-SWIR connection

The NERC V-SWIR instrument is connected to the GRASS laptop with a USB cable. The
instrument driver is available from NERC. The USB driver creates a virtual COM port for
connection to the spectrometer.

More information about V-SWIR can be provided by NERC, University of Edinburgh.

1.3 Operating software and Data acquisition

The software has been written to run the GRASS optical components with the ASD and the
NERC V-SWIR field spectrometers. If using an ASD instrument the software relies on
having the ASD RS3 software installed initially. There are 3 versions of the GRASS operating
software:

1. GRASS2 ASD... GRASS with ASD spectrometer and full multiplexer suit (4 units)
GRASS2 NERC VSWIR... GRASS with the NERC V-SWIR instrument and full
multiplexer suit (4 units)

3. 1Mux GRASS2 NERC VSWIR... GRASS with the NERC V-SWIR instrument and 1
multiplexer

1. GRASS2 ASD

Initial Installation For ASD Only

For each ASD FieldSpec Pro, the software for that particular ASD must be installed on the
GRASS laptop. This is to ensure that the software is the current up-to-date version for use
with the instrument. This process will only need to be completed when it is a new ASD
spectrometer that is being used with the GRASS optics. Once installed, and the software
checks are complete this phase can be skipped.

» Switching on the GRASS laptop starts the installation process; this should not be
connected to the ASD.

» Insert the USB pen from the ASD. This pen drive will contain the operating software
for the ASD.

* Open the USB folder - there should be a file called ‘FieldSpec 3 Software Install’.

= Open this folder

& Removable Disk [E:]

File Edit *“iew Favoites Took Help |

S Back + = - | @ 5each ) Folders ¢4 | SR ) | [EH-

Address [ =) Removable Disk [E) =] oo
= | Name + [ Size | Tupe I

=)

Removable Disk (E:)

FieldSpec 3 Software Install
File: Folder

Modified: 7/21/2008 1:41 P

Attibutes: [nomal]

. | |

|1 object(s) selected | |@ My Computer 7

Figure 26: Folder with the ASD software to install
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In that folder there should be an icon called ‘ASD Install’. Click on this icon.

File Edt “iew Favoites Tools  Help |ﬁ
W Back + = - (2| @Seach ChFolders oA | HE x| E-
Address II:I FieldSpec 3 Software Install j @GU
o B O O3
1
i Diocumentatio RS3 ViewSpecPr Jautarun
FieldSpec 3 Software n
Install @
Select anitem to view its description. Contents Start cfg
See also.
ty Documents
ey Network Places
Iy Computer
|7 abiectis) [837 ke i My Computer v
. . . . . N
This will bring up a screen called ‘ASD Product Installation’.

O RSS
The latest version of the remote sensing data acquisition and
analyzis software engineered for use with ASD spectroradiometers.

ViewSpec Pro
ASD's proprietam post processing spectral viewer, converter, and
analysiz software.

Documentation
FieldSpec 3 instrument and accessory documentation.

AASDInc.

|

There are 3 pieces of software to be installed; these include the RS3, ViewSpec Pro
and the Documentation.
If you click on the RS3 first — this will start an installation wizard.

0 Please note: it may take 20-30 seconds for the installation to start — so be
patient.

0 Also it may say that the RS3 is already installed, and that you are required to
uninstall the current software to enable the new one to be installed. Say ‘yes’
to uninstalling the old version, and follow commands to uninstall and restart
the computer. Once the computer is on again, follow the first few steps above
and click on RS3 link on the ASD Product Installation screen. This will then
bring up the following wizard.

Close any other programs and click next.
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Welcome to the RS® 5.5
Installation Wizard

Itis strongly recommended that pou exit all Windows programs
befare running this setup pragram.

Click Cancel to quit the setup program. then close any programs
you have unning. Click Mest to continue the installation,

WARMING: Thiz program i protected by copyright law and
international treaties.

Unauthorized reproduction or distibution of this program, ar any
portion of it, may result in severe civil and criminal penalties, and
will be prosecuted to the masximum extent possible under law.

< Bach Cancel |

= [t will ask for user information — this can be as follows — then click next.

i@ RS? Setup =[CIx]
User Information
Enter the following information to personalize your installation.
Full M ame:
Drganization: N ational Physical Laboratary

The settings for this application can be installed for the cunent user or far all ugers that
share this computer. You must have administrator rights to install the settings for all
users. Install this application for:

% Anyone wha uses this computer

" Only for me [MPL User)

< Back. Mest > I Cancel I

= [t will then ask you about an Instrument Interface. The Ethernet option should be
chosen. The port number IP address should automatically come up as follows.

ii‘¥‘ RS* Setup ]
Instrument Interface
Select an Interface Type then select a Port Mumber the instiument will be S
connected ta.
Interface Type——————  — Port Number
& Ethernet P 101111
= Parallel Port 8080
" Serial

< Back Cancel I

» The next step is the destination folder. This can be as follows
@ RS? Setup =10]x]

Destination Folder
Select a Folder where the application wil be installed.

The ‘wise Installation ‘wizard will install the files for RS? in the follawing folder.

Ta install into a different flder. click the Browse button, and select anather folder

You can choose nat to install RS® by clicking Cancel to exit the Wise Installation “Wizard.

" Destination Folder

C:\Program Files'45DYR53% Browse | ‘

< Back I Hewt > I Cancel
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The following screen will then appear — click next.
i'\% RS® Setup [=10]x]

Ready to Install the Application
Click Mext to begin installation,

Click the Back button to reenter the installation information or click Cancel to exit
the: wizard

< Back Cancel

It will then run the installation process.
i'é“ RS2 Setup B[ 2

Updating System
The features you selected are curently being installed

Time remaining: 0 seconds

i Cancel

NPL Report ENG 27

It will then tell you when the RS3 has been installed, where you can then click on

finish.

i AS? Setup e
RS? has been successfully

installed.

Click. the Finish buttan to exit this installation,

< Hack [Eancel |

Once back at the ASD product installation screen, the other two pieces of software can
be installed. This will follow a similar process to the installation of the RS3 software.
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£% ASD Product Installation
Select a product to install

@ RS*
The latest version of the remote sensing data acquisition and
analyzis software engineered for use with ASD spectroradiometers.

@ ViewSpec Pro

ASD's proprietary post processing spectral viewer, converter, and
analysis software.

@ Documentation

FieldSpec 3 instrument and accessory documentation

- AASD..

* Once all the software has been installed the following icons should appear on the
desktop.

il a3t

= The laptop must now be switched off.

1.3.1 Turning on sequence

o Once the laptop is switched off, the various connections between the ASD and the
laptop and the GRASS instrument can be made

o The next phase is turning everything on this must be done in the correct order.

o Firstly the power cable that comes out of the upright box (which will provide the
power to everything) can be connected to the mains (or a generator).

o Once connected to the mains the multiplexers should all turn on. You should hear
them initiate, and they should all then have a green light on the front. Also the 4-serial
port to 1 USB connector (which is on top of the multiplexer in the upright box) should
also have a series of green lights on.

Battery Light

Figure 27: ASD radiometer and the light indicating that the instrument is on.
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The ASD should then be switched on first. The fans on the instrument should turn on
and a green light on the front panel should also come on.

The laptop can now be switched on.
The ASD software can be accessed in various ways. On the desktop there should be

the icons for the ViewSpecPro, and RS3 programs. Also these can be accessed from
the

Start menu>programs>ASD Programs >Documentation
>RS3 tools
>ViewSpecPro

[ Accessoie 3
A bt Erglore
* 5 Dubsok Expres
[ Acmbat Finades 56
[E] Misosolt Excel ) Aecessies
» [ Micioscht Outook T RS Usee Maral
Mirsnanitwiord " Smant Erbeanet Addapter Setup Guide
(2 el Specha Imed  * T WAHHANIY
[ GRASS ASD v T Fiekipec 3 User Manusl
e " [t~ Installafion Guide:
3 (=) RS Yook 0
[ ViewSpecPra »
B High Conast RS*
[#stan || (1 @ 2 3 || 14D Setup-Microsoltw.. | oress A P ERass wihasDu |

Under the RS3 tools, there are options which include a Fiber Check (for new
instruments), and an [PSetup option that may be required if you are experiencing any
connection problems.

@ Documentation r |

BE Fs:Tooks 4 € Fiber Check

m High Caontrazt B5* ? IPSetup

[ Rs @ Met Configuration
¥ =

5 Senal Pulze

To check that the ASD is working correctly, it is worth using the ASD software to
check the connections. Click on the RS3 icon on the desktop, and the following
screen should appear.

L e

DG ) v o) mcram <l fmon 1l £y 20 XYGP 1) 1) &

Dark Current. o

Moma Taken

TR

Optimize Parms 3 | v
VIT AT I -
951 G 50 0: 248 — —— o

1750 2000 2250 2500

500 750 1000 1250 1500
Wavelength (nm)
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* In the bottom right hand corner of the screen it will check connectivity, and if
successful will stay green in the corner. If there are problems with connection it should
tell you, but you should then follow checks for the IP set-up.

* Once the particular instrument is set-up and working with the laptop and connections
are made, it will not be necessary to check the ASD with the RS3 software every time
the instrument is turned on. But it may be useful if any problems are encountered.

* Assuming the ASD software shows it is all connected and working the GRASS ASD
software can then be started.

All 3 GRASS software programmes operate in a similar manner. The following section uses
the GRASS2 NERC VSWIR application as an example.

= Note: It should be checked that the USB cable from the upright box is plugged into the
laptop. This should be done before the laptop is turned on.

* The following screen should appear for GRASS2 NERC V-SWIR only.

B! GRASS Select Multiplexor Ports.vi

Setup Multiplexor Ports

MUX 1
f coms

MUX 2
fcoms

MUX 3
f coms

MUX 4
comr

[End]| RETURN

Figure 28: First screen of the Operating software, the correct COM ports for each multiplexers are
selected at this stage

The user should select the correct COM ports for the multiplexers connected. Clicking on
the grey down arrow provides a list of port options, select the correct port for the
multiplexer. For the single multiplexer version only one MUX control is shown. Pressing
the [RETURN] button will proceed to the main screen shown below Figure 30, if there is
an error communicating with the multiplexers the following message is displayed:

ERRCR connecting multiplexes OF NERC YSWIR,
Check instrument settings and restart,
Press EXIT to close programe.

Figure 29: Error message if there is no communication with the multiplexers.
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5 with NERC VSWIR. vi

Sequence Lo

J e | AGwee |
Camera Select

1.1 F10->[Space] Status:
ERROR!

5 74 13 12 11 4.0 1.1 1.2 13 14 L5

Time open (s)

Manual

Teach Mode

Run Manual
Full Run
Optimise
Get Spectra F6

Spectra

o0 Q00 000 oo 200 300 1400
gth

Figure 30: Main screen, which allows the selection of the operation mode.

There 6 modes for the GRASS operating software these are selected by clicking the buttons
on the left of the screen or pressing the function key on the keyboard:

=  Manual [F1]

= Teach [F2]

= Run [F3]

* Full Run [F4]

*  Optimise [F5]

= QGet spectra [F6]

The current mode is displayed to the right of the buttons under the title Mode ( in Figure 30
the mode is shown as manual.)

= Manual — while this is showing (which is the default), each individual camera can be
selected one at a time. Use the camera select control to choose the camera required.
This control can be selected by clicking on it with the mouse, a list of cameras is
displayed, move the mouse to the camera required then click again to select. An
alternative method is to press the [F10] button then the [Space bar] to activate the list
then use the cursor keys to navigate through the list then press the [Enter] key to select
the camera highlighted.

» Teach — (Figure 31) under this heading you are able ‘teach’ a sequence of cameras for
a measurement sequence. In this mode when you select a camera, using the technique
described above, it is added to the sequence. The delete button, or the [DEL] key, can
be used to remove the highlighted camera if a mistake is made.
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P! GRASS with NERC VSWIR. vi

File Spectrometer GRASS Help

swwencs longitude| | Time
| Gttade | Atiude] |

Camera Select
Status:

[40  F10->[Space]
Click on camera to add to sequence...

I5 T4 T3 12 11 4.0 1.1 12 1.3 1.4 1.5

— — E— — o — — E— —

6.1
2

6.
G:V/ S 49 i

2.1

N s
\3.3 \2.5

\3.4

[Delete]

- Delete

Spectra

1400 1500

Figure 31: The teach screen

» The sequence can also be saved. By clicking on ‘File>save sequence’, (Ctrl+S) it will
bring up a dialogue box to allow you to name and save the sequence you have created.

» Similarly by clicking on ‘File>Load sequence’ (Ctrl+L) it will bring up a box to allow
you to select a previously saved sequence. Once this is selected it will list all the
cameras in the sequence box on the main screen.

* Run - once a sequence has either been selected, or loaded, it is possible to start the
measurement sequence.

» Full Run — this option will allow to record the signal over all 36 cameras.

= Optimise — This is the function that will ensure that the spectrometer is fully optimised
and is used for the ASD only. Once the GRASS system is set up and the target is
illuminated, select the nadir camera and click on optimise. This will initialise a
sequence within the spectrometer to optimise its integration time and also take a dark
signal reading. The settings of the spectrometer will remain at these optimised
settings for any subsequent measurements, until the optimise button is pressed again.
The ASD should be optimised before any measurements are taken. The NERC V-
SWIR does not require the optimise phase. See the section on spectrometer settings for
the NERC V-SWIR options.

= Get Spectra — If you want to check the signal levels, or just want an individual spectral

measurement, the ‘Get Spectra’ option can be used. It will take a measurement and
then ask if you would like to save it.
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Spectrometer Menu — Spectrometer setup measurement (Ctrl+M) NERC V-SWIR
only. See Figure 32. This screen allows for the adjustment of the spectrometer
measurement characteristics. These settings are important to get the best out of the
measurement campaign. Discuss with NERC the best settings for the type of
measurement you are making. The port that the spectrometer is connected to is set
using the Set Instrument Port (Ctrl+N) menu option.

k. Set Spectrometer Measurement. vi

Set Spectrometer Measurement
Scan settings
Down scans

Output type PC only
Integration time type Manual
V-NIR Down Int Time 40ms

Y-NIR Up Int Time 100ms
SWIR Down Int Time 40ms

End]| RETURN

Figure 32: Spectrometer Measurement

GRASS menu — Selecting the GRASS>Set Camera Angles (Ctrl+C) menu option
opens the screen shown in Figure 33. This screen is where the current angles of the
cameras must be set. The analysis software uses this data. Incorrect data in this screen
will cause errors in the analysed data. Returning from this screen saves the data in a
file, so if the angles are not altered then this screen requires only setting once. This
menu also allows you set the port that the GPS device is connected to (Ctrl+P). Press
[F1] then type the word COM# (#=the port number to which the GPS is connected.
Click on the Return button or press the [End] key to continue.
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B’ Set camera angles.vi

Camera Angles

= QurT ' tenal | RETURN

Figure 33: Camera angles

Exit the software — Click on the Exit button to close down the GRASS software application.
Not exiting in this way may cause some setup data to be lost or corrupted. Also shuts down
the connected instruments in a controlled manner.

1.3.2 Start Measurement Sequence

Once the ‘Run’ option has been selected a dialogue box appears giving the option to
continue or cancel the run. When ready to start the measurement sequence click on ok.
The system then requires the entry of the Solar Principle Plane and the marker on the
GRASS base ring (Figure 34). Press [F1] and type in the Solar Principle Plane figure,
press [F2] and type in the Marker value then press the [End] key to continue. The values
are remembered so if they are correct just press the [End] key to continue.
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t GRASS angles.vi

—Set GRASS angles

ssp[ s |r

Marker 18

End] [ RETURN

Figure 34: Set GRASS angles dialogue

If at any time you want to stop the measurement sequence the ‘STOP’ button can be
clicked on. The button appears where the delete button is in Figure 31

During the sequence the spectra for each of the cameras will be displayed on the graph
at the bottom of the screen. The camera that is being measured will be the one
highlighted in the sequence box.

At the end of the sequence a small box will appear to say ‘Sequence End’. Click on ok
to continue.

The data from the sequence will automatically be saved in the following folder
c:\GRASS **#** Data (**** = type of spectrometer). The results from each
individual sequence will be saved in a unique folder which is uses a date and time
stamp e.g. 15 04 2009 12 40 23.

& GRASS ASD Data IS[=] 3

Fie Edt ‘View Favoites Took Help |
<A Back + = - [1] ‘ DiSearch Y Folders 4 | e ) | [Ed
fuddiess [ 7] GRASS 450 Data =] @to

il

GRASS ASD Data

Select an item to view its description.

See akso:

Iy Document ks

Iy Network Places
My Computer

1 obiect(s) D bytes = My Computer 7
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* Within the folder there will be a file which will be date and time stamped as the main
folder followed by ‘.. cam table’. This file will contain the details of which of the

saved files is associated with which camera in the sequence.

* The number of other files in the folder will depend on the number of cameras in the
sequence. In this example there were only 6 cameras in the sequence, therefore there

are only 6 data files.

& 15_04_2009_12_40_23 O[]

File Edt “iew Favoites Tools Help ‘ﬁ

A Back » = - | Qi Search L Folders g“ﬁ Lr A ) | -

Address [ 15_04_2009_12_40_23

j ﬁGo

= 15_04_2009_12_40_23_cam tatle
"B L text. 001

- et 002
15_04_2009_12_40_23%) e
(5] test. 004
Select an iem to visw it description test 005

text 005

See alsor

My Documents

Iy Mebwork Places
Iy Computer

4 In]

|7 abjectis] 303K

|@‘ by Computer
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1.3.3 Network IP address set-up

If there is trouble with the connection with the ASD, then the network should be checked. To
set it up, follow these instructions.

1. Click on the Start button
Click on the Control Panel.
Click on Network and Internet Connections.

Click Network Connections.

vk wbN

Click on the Local Area Connection (LAN). The status dialog box for this connection will
be displayed.

-+ Local Area Connection Status @

General | Euppu[t.
Connection
Status: Connected
Diuration: 00:03:53
Speed: 100.0 Mbpz
Activity :
Sent ﬂ. Received
Packets: 27 1,315
En::pertigu::a [ Dizable ]

6. Click on the Properties button from the Local Area Connection Status dialog box.
This opens the Local Area Connection Properties dialog box.
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-4 Local Area Connection Properties @@
Generd futhentic gion | Advanced
Comnzct ushg:

B Com JCI0ET hazed Ethamat Adapter [Genenic)

Lenfigurs..
This caroecion wies the lollovng keme
v _-E! Chent bor Mucroack N ehwarks
v =i and Frirntzr Shaing fon Miccacht Netwolks
v 055 Packet S chacuier

[Cal ' [rteiret Protocd (TCPAP)
Ireial Fropesti=x I

Dercnphon

Transmizzion Contal Frotoca A rteinet Pratocal. The defau
wack a=a netwoik proloscl thal provdes commuricahon
acrose diverss nlerconnactod netwarks,

[ Show con n reliiceicn siee when conrecled

[ o ][ Caee

7. 1In the Local Area Connection Properties dialog box, select Internet Protocol
(TCP/IP) from the list of components and then click on the properties button. The
Internet Protocol (TCP/IP) properties dialog will be displayed.

Internet Pratocol (TCP{IP) Properties @@

Genera

Tou czn oot IP witings assipnad auwomaticaly £ pour network supoors
the capabiifp Othewvise, you reed fo azk your nelwork admirist sbor far

the acpropiiate P settngs
3 Obtain an P address auwomaicaly
(o2 Uze th= lobwng | P addr=1s
P addess 10
Subnet mask 295 255 A&t

Detask galeway

o Use the fobowing DNS eive addsscse
Priefemad DNS samvar

Arzmate DNS server

| UK | Lancel

8. Within the Internet Protocol (TCP/IP) Properties dialog box, use the following
settings to set a static IP address
= |P address: 10.1.1.10
= Subnet Mask: 255.255.255.0
= Default gateway: (leave blank)
= Preferred DNS Servers: (leave blank)
= Alternate DNS Servers: (leave blank)
9. Select OK to save the setting of the Internet Protocol (TCP/IP) Properties dialog
box.
10. Select OK from the Local Area Connection Properties dialog box.
11. Select Close from the Local Area Connection Status dialog box.

71



NPL Report ENG 27
1.4 Packing the instrument away

The instructions essentially need to be followed in reverse to pack the instrument away.
Below are some pictures to help with the process as to what parts go into which box.

NPL GRASS 1

4 legs 1

6 x base ring segments with no leg mounts

ultiplexers and
the boxes of fiber
should be stored
securely under the
arm segments

The lower arm segments with the
camera holders and fibers attached.

N

Figure 35: Positions of all parts in the box NPL GRASS 1
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NPL GRASS 2

Base ring segments
with leg holder

Upper Ring Segments

Arm segments (no camera holders)

O O W &

Arm segments (no camera holders)

O O W &

Spare parts and the shelves

Figure 36: Position of all parts in the box NPL GRASS 2
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2 Measurement Protocols

Some initial key steps:
= Make sure the laptop is set to UTC
= If ASD is used, it should be optimised at the beginning of a measurement sequence.

2.1.1 Definitions

Before describing the measurement protocol for the GRASS, it is opportune to list some
definitions.

Below is an exaggerated plot of the reflectance of a surface.

3

Hot-spot

idirectional teflectance factor

Solar Principal Plane

Solar almucantar

Nadir: Is the point looking perpendicularly down on the surface.

Hot-spot: Is the back-reflection of the solar radiation, which is around the
solar zenith and azimuth angle.

Solar Principal Plane: Is the azimuth plane at which the sun is positioned during
measurements.

Solar almucantar: Is the 360° plane around the hemisphere at the same zenith

angle as the sun.

The way the measurements are done is such that the angular data is referenced to the solar
principal plane, rather than geographical north.

To determine the angle of the SPP, the structure can be used. Essentially the sun will cast a
shadow across the centre of the measurement area. As shown in the diagram below, arm 7
will cast a shadow across the centre of the measurement area, which will align with arm 1 and
this will be inline with the solar principal plane. At this point, the red marker of the upper
base ring should be in line with a degree indicator on the base ring. This angle should be
recorded.

To take radiance and diffuse irradiance measurements, the structure should be set up as
follows:
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Arm 1: Diffuse Arm 2: Radiance
Arm 3: Radiance Arm 4: Diffuse
Arm 5: Radiance Arm 6: Radiance

Arm 7: Diffuse

With the structure aligned with the SPP, this will be the starting point for the measurements.
In this position the diffuse measurements can be taken. It can then be rotated in an
anticlockwise direction for the measurements. The following boxes show the series of
positions that the structure should be aligned to, followed by the measurements to be taken in
that position, and then the amount the structure should be rotated to put it into the correct
position for the next set of measurements.

== Shadow

Position 1:

= Position 1 Measurements
Radiance: None
Diffuse: All cameras.

= Rotate 30°

vA¢
Q%QQD

Position 2:

= Position 2 Measurements
Radiance: All cameras.
Panel measurements: All cameras.
Diffuse: All cameras.

= Rotate 30°
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Position 3:

= Position 3 Measurements
Radiance: Arms 2 and 5.
Panel measurements: Arms 2 and 5.
Diffuse: All cameras.

= Rotate 60°

Position 4:

= Position 4 Measurements
Radiance: Arms 2 and 3.
Panel Measurements: Arms 2 and 3
Diffuse: Arml.

= Rotate 60°

76



NPL Report ENG 27

Position 5:
= Position 5 Measurements
Radiance: Arm 2 and Arm 3.
Panel measurements: Arm 2 and Arm 3.
Diffuse: Arm 1 and Arm 4.
= Rotate back to the beginning.

When using the operating software it should ask you to enter the angle of the solar principal
plane. The base ring has markers from -180° to 0° to +180°. In the example below the SPP
would show -45° on the base ring. This point is now the reference point and defines 0°

SPP_ °

-90° +90°

180° nﬁ()>

The arms of GRASS have a red marker at the bottom of arm 4, for each measurement the
angle on the base ring on the marker should be entered. In the case below it would read +45°.
However the angle relative to the SPP for each arm should be entered, so
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Arm 1 Arm 2 Arm 3 Arm 4 Arm 5 Arm 6 Arm 7
0° 30° 60° 90° 120° 150° 180°
— 00
-90° R
6
180° ;(A)VD
T AYA

When the structure moves the red marker should be read, which in the case below would read
=-75°

Therefore the arms should be:

Arm 1 Arm 2 Arm 3 Arm 4 Arm 5 Arm 6 Arm 7
240° 270° 300° 330° 0° 30° 60°
+90°
180° Ay
3k

But note these may not be round number such as 30°, or 60°, but could be more 57° or 62°.

Over the course of the day the SPP will change, but the positions of the arms will change lot.
At least this will only require two angles to be entered. They should be entered at the point
just before the start of a measurement sequence.
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2.1.2 Data Analysis

Analysis of measured data is performed using MADAT software. There is a dedicated manual
describing the inputs and outputs of this software as well as its capabilities and limitations
(Louise Wright, “MADAT software manual v5.0”). Here below is a summary of this
software, which was developed with the aim to analyse data recorded with an ASD or a V-
SWIR radiometer.

Input:

The input files are .txt files, which are organised in two datasets, one contains the DNs
measured over the Spectralon panel and the other one the DNs measured over the target using
all cameras of the GRASS system. The input files resulted from both instruments are in the
ASD format. The header contains information data read by the GPS such as: latitude,
longitude and UTC time. MADAT uses this information to calculate the sun zenith angle of
the measurement. The operator will have this information on a GUI interface and it has the
possibility to change the sun zenith angle if it is incorrect.

Output:

The RF of each camera at different viewing and azimuth angles is calculated from the two
DNs datasets and the RF of the reference panel. The reference panel is calibrated by NPL with
traceability to SI standards prior to each measurement campaign. This calibration is
performed for a range of illumination angles, which were selected accordingly to the range of
the sun zenith angles related to the planned field measurements. This means that the users of
this software should check that the right RF of the Spectralon panel is uploaded in the
software.

Saving Data
The RF of all cameras can be saved in one Excel file as it is described in the manual (p. 27).

Standard Uncertainty estimation

For a full sequence recorded with the ASD radiometer, there are seven datasets measured over
nadir. These data could be saved in an Excel as per figure 25 (MADAT manual) and further
used in the calculation of standard uncertainty Type A (repeatability and reproducibility) over
nadir. An example is given in Appendix C: BRDF Type A standard uncertainty.

Graphical representations

Data can be represented as spectral RF over the 350 to 2500 nm for each camera and Analysis
of measurements recorded with GRASS can be performed using the MADAT representations
of RFs and it will allow to compare the backward and forward scattering of the measured
target. If one wavelength is selected, the RF data could be represented in polar coordinates.

Please, refer to MADAT manual for more information.
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3 Evaluation of Performance

3.1.1 Traceability

At NPL all optical radiation measurement is traceable to the cryogenic radiometer, as shown
in Figure 37. The cryogenic radiometer is used to calibrate solid-state detectors as transfer
standards. These detectors in effect establish a spectral responsivity scale, forming the top of
the calibration chain. Usually the transfer standard calibrated directly against the cryogenic
radiometer is a trap detector (Fox, 1991). Trap detectors are used to calibrate filter
radiometers and photometers.

The filter radiometers are then used to measure the temperature of a high temperature
blackbody (up to 3500 K) and this, through Planck’s law, provides a known source of spectral
radiance. The Spectral Radiance and Irradiance Primary Scales (SRIPS) facility can then be
used to transfer the scale from the blackbody to lamp and integrating sphere sources through
an intermediate spectrometer. These sources are then used to calibrate spectrometers, which
can be used in the field.

The NPL National Reference Reflectometer (NRR) is a goniometric instrument capable of
illuminating a sample at any angle and detecting the reflected or transmitted light at any point
on a 360° arc. Its principal uses are to realise NPL scales for diffuse reflectance, regular
reflectance, gloss and haze. The light source is a tungsten ribbon lamp, which is either filtered
or passed through a monochromator depending on the type of measurement. A suite of
detectors allows measurements to be made from 350 to 2500 nm. The NRR provides
traceability to SI for reflectance measurements.

Cryogenic
Radiometer

Trap Detector

|
Filter i |
Radiometer ] —=—===- -

Blackbody
v

Transfer Standard Absolute
Radiance Source

v

Field Spectrometers

Figure 37: Traceability chain to the NPL Primary standard cryogenic radiometer

The reference panel will be calibrated prior to each measurement campaign for a range of
illumination angles matching the variability of the sun zenith angle for this site and this period
of the year. The reflectance factors of the reference panels measured for this range of sun
zenith angles will be introduced in the MADAT software in order to calculate the BRDF
effects of the site.

GRASS is calibrated against a transfer standard absolute radiance source (TSARS), which is
traceable to the NPL primary standard. This calibration is applied to the data in the MADAT
software for the analysis.
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This radiometric calibration can be done by removing the optical elements of the structure,
such as the lenses and multiplexers in combination with the spectrometer. A measurement of
the TSARS can then be made with each of the optical fibers using the GRASS ASD software.
This will then provide the spectral responsivity for each of the camera positions, which will
then need to be put into an array for the MADAT analysis software. The linearity of the
system can be checked using two power levels of TSARS.

However, GRASS structure is probably not rigid enough to keep the same position of cameras
optics and optical fibers after each dismantling, packing, shipment and new building of the
whole structure. The radiometric calibration performed in the lab is mainly lost after each
dismantling and build of the structure. In this moment it is not recommend to use GRASS for
absolute radiometric measurements.

3.1.2 Field of View

The field of view of lenses has been set to 4°. This was achieved by using a laser to back
illuminate each of the optical paths and adjusting the position of the lens to create a defined
illuminated area at a set distance. All of the lenses were adjusted to these positions and
should not be changed.

Reverse illumination source

A reverse illumination source (laser Class 1, 635 nm, a Visible fiber optic fault locator
manufactured by OzOptics, see the technical details in Part 1, Chapter 5) is provided together
with GRASS. It is used to check the area viewed by each of the 36 cameras. This will give an
idea about the patch size viewed by each camera and check that all cameras are pointing over
the surface of the 600 mm x 600 mm (300 mm x 300 mm) reference panel used for such
measurements.

The source 1s a class 1 Laser, however if one follows the recommendations of the
manufacturer it is safe and does not require a special training. However it is recommended to
avoid viewing the source directly.

3.1.3 Directional Accuracy

Using the same laser illuminating the system whilst the structure is fully assembled, the
directional accuracy of the cameras could be assessed. The laser would form a series of
illuminated patches on the target surface, and the offset from the centre could be measured.
The distance from the centre was less than 4° angular offsets for all of the cameras.

3.1.4 Sources of uncertainties

In field based measurements of BRDF it is important to note that one of the principle sources
of uncertainty relates to the timing of the experiment and not simply the instrumentation or
method itself. For example, errors can be introduced due to changes in the solar irradiance
over short timescales. This, therefore, means that the errors are dependent on the
measurement sequence, and time-delay between successive measurements of the target and
reference measurements. Careful consideration and good documentation is required to
minimise these systematic uncertainties. A common approach is to restrict the field
measurements to a period around solar noon when the solar geometry is changing least and
when the uncertainty due to the angular response of the reflectance panel is at a minimum.
Alternately the method established by ONERA (The French Aerospace Laboratory) using an
artificial light source during night time conditions, instead of the Sun can provide the
necessary data.
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e A single point instrument can be used to measure the angular variability. The
uncertainties associated with these measurements will arise due to the accuracy of the
method of acquisition. For example, if a sensors physical location is constant, but the
orientation of the sensor is changed to capture multi-angular radiance, the area of the
target that is measured is assumed to be spatially and spectrally uniform. Any non-
uniformity will introduce errors that can be difficult to determine. Where the sensor is
mobile, the errors are associated with the mechanism of the sensor and the
uncertainties associated with tilting the sensor and geo-location of the sequential
measurements.

e Determining the angular reflectance characteristics of a particular surface can be
difficult in the natural environment, due to effects such as the atmospheric conditions
and illumination angle of the Sun, which are constantly changing. It is, therefore,
critical that the time taken to perform a full set of measurements is kept to a minimum.
By reducing the measurement time, the uncertainties associated with the changing
environmental conditions can be reduced.

e The angular field-of-view of the sensor should also be kept as small as possible to
ensure that the BRDF measured is a good estimate of the true BRDF at the specified
geometries. The 4° FOV should fulfil this requirement.

e A particular problem in the field is the diffuse radiation that is produced from skylight
and scattered light. The light is hard to quantify as its intensity can vary over the
hemisphere and with time due to atmospheric changes. These errors can be reduced if
considered carefully, but crucially they should be documented, otherwise the data can
be devalued and the diffuse contribution can become a significant source of
uncertainty.

There are a few methods for calculating the diffuse irradiance contribution, which include
conducting measurements under different conditions (e.g. clear skies/hazy skies). By
occluding the solar disc, the difference between the direct and diffuse irradiance can be
determined, or the complete sky irradiance can be measured.

Example: Type A Standard uncertainty

Appendix C presents an evaluation of the Type A standard uncertainty as calculated from
GRASS datasets during the Tuz Golu measurement campaign in August 2009. This standard
uncertainty is associated with the repeatability and reproducibility of measurements taken
over nadir in a frame of 10 minutes using an ASD radiometer.

The MADAT software allows saving the data recorded at nadir in an Excel file and for a full
sequence over 7 arms there is a dataset of 7 measurements at nadir. The same measurements
were repeated in the lab using a floodlight to check if the illuminations conditions are the
cause of the variability of data over nadir.
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Appendix A : Multiplexers identifiers

These are the labels that are used to identify which fibers connect to the different ports on the
multiplexers.

Multiplexer 1(16)
Fibers fromarms: 1 & 2

RS232 Cable =3

Multiplexer 2(16)
Fibers from arms: 3,4 &5

RS232 Cable = 2

Multiplexer 3(16)
Fibers from arms: 6 & 7

RS232 Cable =1

&3
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Multiplexer 2(8)
Fibers from other multiplexers

RS232 Cable =4
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Appendix B: 1 Multiplexer

Camera input arrangement for the single multiplexer GRASS system.

1.1
7.5

T.4 @

7.3

7.2
_® MULTIPLEXER INPUTS

~
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Appendix C: BRDF Type A standard uncertainty

Measurements were recorded with GRASS over three days: 25", 27" and 28" August for the
same sun zenith angle: 35 degree over the slat lake (Tuz Golu, Turkey). This dataset was
used to estimate the standard uncertainty associated with the repeatability and reproducibility
(Type A standard uncertainty).

The values at nadir for these 3 days at 35deg sun zenith angle show a particular feature:
values are decreasing with time for 25", 27™ and 28" August (Figure 38 and Figure 39). The
timeframe of a full GRASS sequence over half of hemisphere takes only 10 minutes. This
could be explained by changing illumination conditions during the measurements. This wasn’t
monitored in August 2009.

Lab experiments using a floodlight confirmed our hypothesis. A series of measurements using
a reference panel and an artificial target proved that for stable illumination conditions the
values measured over the nadir camera are constant and they don’t change in value over 10
minutes as was the case for field measurements (Figure 41 and Figure 42).

We consider that these datasets are not enough for a complete standard uncertainty analysis.
These first results with a standard uncertainty Type A of 0.5% (Figure 40) will be further
confirmed with the analysis of more datasets from August 2010.

400nem, sun zenith=35 deg, 3 days
EIEE T T T T

0.555

0.55 * .

T
*
1

0.545

0.54 « .

0.535 *

values nadir

T
*
1

0.53

0.525

0.52

T
*
1

0515 . . '
a 5 10 15 20 24

measurement points

Figure 38: DN values recorded with an ASD radiometer over nadir at 400nm and for a 35° sun zenith
angle, in Tuz Golu, Turkey on 25", 27" and 28™ August
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800nm, sun zenith=35 deg, 3 days

DE | 1 |
0 10 15
measurerment points

25

Figure 39: DN values recorded with an ASD radiometer over nadir at 800nm and for a 35° sun zenith
angle, in Tuz Golu, Turkey on 25", 27" and 28™ August 2009.
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Figure 40: Standard uncertainty Type A associated with the nadir measurements for a 35° sun zenith
angle, in Tuz Golu, Turkey on 25", 27" and 28" August 2009.
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values nadir

Figure 41: DN values recorded with an ASD radiometer over nadir at 400nm and for a 45°-illumination
angle of a floodlight, in the NPL laboratory.

values nadir

Figure 42: DN values recorded with an ASD radiometer over nadir at 800nm and for a 45°-illumination
angle of a floodlight, in the NPL laboratory.
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