HELSINKI UNIVERSITY OF TECHNOLOGY
Faculty of Electronics, Communications and Automation

Teemu Hakala

IMPROVEMENTS, CALIBRATION, AND ACCURACY OFTHE

FINNISH GEODETIC INSTITUTE FIELDGONIOSPECTROMETER

Thesis submitted for examination for the degree of Master of Science in
Technology

Esp0025.5.2009

Thesis supervisor:

ProfessoAarne Halme

Thesis instructor

Adjunct professodouni Peltoniemi



HELSINKI UNIVERSITY OF TECHNOLOGY ABSTRACT OF THE

MASTEROGS THESI

Author. Teemu Hakala

Title: Improvements, Calibration, and Accuracy ¢iie Finnish Geodetic Institute Fiel
Goniospectrometer

Date 25.5.2009 LanguageEnglish Pages43

Department: Electronics

Professorship: Automation Technology Code: AS84

Supervisor Prof. Aarne Halme

Instructor Adjunct professodouni Peltoniemi

This work presents the features of Finnish Geodetic Institute Field Goniospectrometer (FIGI
concentrating on recetitnprovements, calibrationsand accuracy of the device. Several sim
instruments by international research colleagues are introduced and the theories of bidil
reflectance factor and bidirectional reflectance distribution function are brieflpieegd. Some
data are presented to give an idea ofieasurement results.

FIGIFIGO is a device for multiangular reflectance factor measurements under field cong
Some most noteworthy features of the instrument, compared to similar devicese:irfelsit
operation and assembly, high portability, possibility for both laboratory and field measure
and high degree of automation.

The most important improvements to the system include: a sky camera for device orientatiot
with rotatable lhear polarizer, and a fine tune mirror for spatial correction of optics footprint.
the addition of these features, FIGIFIGO has became more reliable and accurate, and scie
more useful.

Calibration of the system has increased the relighilitthe data, and has provided the opera
with information on how to operate the instrument most efficiently and accurately. The utili
of this information translates directly to more reliable and scientifically more important data.
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Tassadiplomitydssa esitelladn Gdeettisen ditoksen kenttédgoniospektrometrlGIFIGO, siihen
tehdyt kalibraatiot, tarkkuusmittaukset ja parannukset. Tydssa esitelladan my6s muita samari
laitteita, selitetddn mittauksen teoria ja esitellaén joitakatuja tuloksia.

FIGIFIGO on kenttéakayttdon suunniteltu mittalaite, jolla voidaan maardtdaisista pinnoista
heijastuneen valon spektri useista eri suunnista. Tata tietoa voidaan kayttaa pintojen heijas
mallintamiseen, satelliiteista shan datan varmentamiseen ja ilmakuviin tehtaviin korjauksiin.

FIGIFIGO on suunniteltu mahdollisimman varmatoimiseksi, nopeaksi ja kevyeksi. Tamai
kuluessa laitteistoon on lisatty muun muassa kalansilmalinssilla varustettu kamera, jolla méaé
laitteen asento suhteessa aurinkoon, seka uudet optiikat, joilla voi mitata valon polarisaatiot
lisdykset ovat mahdollistaneet entistd monipuolisemmat mittaukset ja siten uusien tiete
tulosten hankkimisen.

Laitteiston kalibraatio on antanutisdd varmuutta saatujen tulosten oikeellisuudestg
tarkkuustestien perusteella tehdyt muutokset ja parannukset ovat entisestdan lisanneet |
mittatarkkuutta ja luotettavuutta.

AvainsanatFIGIFIGO, spektrometria, BRF, BRDF, kaukokartoitus
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1 Introduction

Light reflected from a surface can be detectsihg various methodsMost know to
humans is our own eyeblowever our eyes have limited capability to detect colors, since
our eyes only have three different kinds of color sensing,chils three partially
overlapping bands of lightModern spectrometers, devices thatasurethe intensity of
electromagnetic radiatioas a function of wavelengthan individually detect theadiation
intensity of hundreds afarrowbands of electromagnetic spectrum.

Remote sensing of Earth from spdm®ne instruments has been a widely studied area of
science for decades. The advaneata in optical sensor technology have lead to
availability of multrangle spectral data. These mualtigle data are taken from satellites

having sensorshat view Earth from multiple directionglong the track of the satellite

When the satellite passes, constantly <col l
measured from several different viewing anglBsis setup is used for example in Multi

angle Imaging SpectroRadiometer (MISR)gure 1. These data can be used to retrieve
physical characteristics, such as aerosol type, cloud morphology and height, and land cover
[1]. Clouds stronglya#ct Eart hds climate, and thus the
the clouds is a problem when modeling climate change. MISR provides additional data for
improving these models.
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Figure 1: MISR Observing Concept[2]. The picture illustrates the measurement concept of MISR. The satellite
has nine similar instruments with different view angles, all viewing along the track of the satellite.

Satellites are suited faglobal remote sensinpurposes andimilar measurements from
aerial vehicles are suited for local area remote sensing. Howexteer understanding of
the reflectance properties of land cqvardevise with smaller footprint is needed. Field



goniospectrometers are designéal gather reflectance data from multiple viewing
directions froma small sampleThis data can be used for modeling of the reflectance
properties of the sample, known as bidirectional reflectance distribution function (BRDF)
and verifying existing modelsThe data can also be used to validate satellite and aerial
observations and for better understanding of relationships between biogeophysical
parameters and BROB].

For remote sensing applications it is importanseéparateéhe spectral signal of the forest
understory from the signal of the canopy. This is possible by modelingyaheus
understorywegetatiorBRDF [4].

Goniospectrometers can also be used inside laboratory with artificialTigkthas several
advantages and disadvantages when compared to outside measurements; inside the
measurement setup can be made heavier and more accurate, changes in atmosphere do not
interfere the measurement and the spectral bands, where water vaparspletra absorbs

most of the light outside, are available in laboratédgo the amount of diffuse light can

be minimized inside by using dark, nonreflecting surfaGesthe other hand the samples

in laboratory measurements cannot be as natural as thag e outside.

This work concentrates oreporting the recent improvements and calibrations done on
Finnish Geodetic Institute FieldoniospectrometgFIGIFIGO), designed and constructed

in Finnish Geodetic Institutgy]. The devie is optimized for fast field measurements under
solar illumination conditions. Rapid operation is a key factor when having to rely to Sun for
illumination, since the conditions vary rapidly dueatater vapor in the atmosphere and the
changing diection of solar radiation.

The purpose of this work is to report some of the improvements and calibrations done to
the device during years 2007, 2008 and 2009. The purpose of these improvements is to
further improve the device to achieve better usahilitger field conditions. The operator

of the device has many tasks during field measurements, and thus the risk for operator error
is high. By making some tasks automated, the afsérroneous operation is reduced. Also

if the operator can trust the devimework correctly, the operator can concentrate to more
important environment monitoring.

A number of improvements to the existing setup have been implemented and tested. Some
experiments to determine the mechanical accuracy of the structures and ta opti
accuracy of the optical components have been nfdsgle.ou laboratory setup is presented,
themeasurement theory is explained and some example spectral data are displayed.



2 Previous studies

Optical remote sensings a field of study, whichhas manyapplications for groups of
various interestsTechniques first used by military ar®w becoming available also for
scientists and even for public. Satellite and aerial images provide huge amount of useful
data, and the rise of web based image databaseglé&Earth etc., provide the public with
access to wide variety of aerial images. As more and more data is produced, the need for
more automatic and sophisticated methods for image correction and interpretadion
instrument calibratiorare needed.Someof these methods requitaowledge about the
reflectance prperties of the measured targets.

2.1 Other goniometers

Over the years many different kind of instruments have been built for measuring the
reflectance properties of various targets. Some devicesesignéd to be only used in
laboratory and some are to be used in field. In this section some of the most significant
devices are presented.

2.1.1 EGO

The European Optical Goniometric Facility (EGi@3talled at the Joint Research Center of

the European Uniomas a laboratory goniometd6] with high angular precision and
possibility to use different sensors and light sourtég. goniometer is constructed of two
horizontal and coaxial circular rails of aboutnd in diameter. The irer rail provides
support for a vertical arc, which allows the sensor to be moved over the target. The outer
rail supports a semi arc, where the light source is moumted.design allows the azimuth

and zenith angles of both the light and sensor to leeteel freely. The massive structure,
weighing about 708g, can only be used in the laboratofje total time foa low angular
resolution measurement is reported to be over an hour.



Figure 2: Left: EGO [6], Right: FIGOS [7].

2.1.2 FIGOS

Field-Goniometer System (FIGO38] in Switzerland uses similar design to EGO, but
since it is designed for field measurements under solar illumination the digitesis not
needed. The total weight of the system is 230 kg, making it possible for two persons to set
the system up in 90 minuteBhe devise allows faster measurements than EGO, with a total
measurement timef one sample to be 18 minutes. 66 speateataken from each sample

with azimuth resolution of 30and zenith resolution of 25Recently another spectrometer

has been installed to the devigg. The purpose of the second spectrometer is to make
simultaneous measuremis of the incident light from the opposite direction to the
spectrometer measuring the sample.

2.1.3 PARABOLA

Both of the abovementioned devices measure a constant sample by means of moving the
detector around the sample at a constant distance. This all@msalh sample to be
measured, but requires large and accurate systems for the detector movements. Another
design is to havéhe detector pointing outward and rotated around, while collecting data.
This design allows the instrument to remain fairly small allows large homogenous

areas to be measured rapidly. An example of design isthe Portable Apparatus for
Rapid Acquisition of Bidirectional Observation of the Land and Atmosphere
(PARABOLA). Latest version, PARABOLA 11[9] measures at eight spectral channels,

and is designed to provide reference datasfellite instruments, such as Mtdigle
Imaging SpectroRadiometer (MISR). The devise can scan both sky and ground
hemispheres in 3.3 minutes, generating 2664 samples at different view angles.
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Figure 3: Left PARABOLA IIl. [9], right MUFSPEM. [10]

2.1.4 MUFSPEM

Mobile Unit for Field Spectroradiometric MeasuremenMUEFSPEM [10] and its
successoiMobile Goniometer System (MGS11] developed afTechnische Universitat
Munchenarelarge crane like devices, mounted on a 4WD vehicle. The devices are built for
monitoring plants growing in a field, and thus the footprint size must be rather large for
adequate sample averaging. The devices consistlff raeter arm with optics at the tip.
The optics and the arm can be tilted to allow spectra to be collected from different view
angles. This instrment is suitable for measuring samples at large open areas.

2.15 ASG

Automated spectrgoniometer (ASG]12] is a fully automated goniometer, using another
approach to the problem of moving the sensor. The goniometer consists of a frame
supporting a two part measurement arm above the target. The arm has two degrees of
freedom; upper one tating about the vertical axis, while the other is at an angle of 45°
relative to the verticalThis setup makes any combination of azimuth and zenith angles
available. The device has measurement distance of 65 cm to the target, measurement time
of under 6minutes for 10° zenith and azimuth resolution for a half hemisphere and weighs
50 kg.



Figure 4: Concept drawing of Automated SpectreGoniometer (ASG) [12]. A two-part measurement arm is moved
over the sample, allowing any measurement zenith and azimuth angle.

2.2 FIGIFIGOand its predecessors

Finnish Geodetic Institutehas been involved to the goniometric measents of
reflectance factosince early ninetie€arly nodels were done with low budget, e.g. model
1 was made of pieces of an abandoned bookshgtifthe experience achieved by using
those models made it possible tomstuct more elaborate designs.

Model 3 wassimilar in design to the FIGOS systeunsing a large rotating ring with tittg

frame for the detector. This version wasll operated manually, which caused the
measurement to be long and prone to errors. Also the instrument was heavy making it
impossible to transport to remote locations.

The fourth version of the goniometer was constructed using similar design to the current
version, but was still operated manuallhis version was really lightweight, making it
possible to use even at most remote locati®hs laid the foundation for motlg, which

had an automatic tilting arm and control software. Current mdeiehish Geodetic
Institute FieldGoniospectrometeFIGIFIGO, is still based on this design, but automation
and improvements have been developed.

Prior to this work FIGIFIGO hasdd a long development history, widssons learned from
encountered problems and improvements constantly being developed. The work done by
Jouni Peltoniemi and Jyri Naranen with the early models has laid foundation for the model
reported byJuhaSuomalaien [5]. This model, FIGIFIGO, was the starting pooftthe



device reported in this work. The model was already operational, but was in need of
improvements for more reliable operation. Also the calibration of the device ata®n
complete and there were issues with electronics, software, accuracy, etc. During
preparation of this work numerous reliability issues have been solved, calibrations have
been done, measurement accuracy and the overall ushbiigymproved.

Figure 5: Top left: Goniometer model 1 at Sjokulla test field. Topright: Goniometer model 3 at Finnish Geodetic
Institute roof. Bottom left: Goniometer model 4 at Hintereisferner, Austria, measuring glacier. Bottom middle:
Goniometer model 5 at Finnish Geodetic Institute backyard, measuring forest understory samplBottom right:
FIGIFIGO 2007, at Abisko Sweden.



