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 UAV BASED BRDF -MEASUREMENTS OF
" AGRICULTURAL SURFACES WITH PFIFFIKUS
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Multi-angular remote sensing has became a hot topic after the non-
Lambert characteristic of the Earth's surface was accepted popularly

A large amount of multi-angular remote sensing data has been
obtained with the launch of multi-angle remote sensing sensors

BRDF is a common problem in remote sensing and also in oblique
photogrammetry

Field goniometer BRDF-measurements are very cumbersome, costly
and normally taken under ideal weather conditions

Up scaling problem of common field goniometers: leaf level - canopy
level

UAVOs ar e an -@datfdrnes fonBRDHR-measurBn&nts
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Natural surfaces reveal
anisotropic behavior

BRDF-intensity related to:
lllumination conditions

< .:gyf;._ ........... .;%L ........... .;it_* . Atmospheric
/s,

5

conditions

S ~ Viewing geometry
Wave length (Sensor)
60 Seasonal vegetation
Back Forward development
scatter scatter
Percentage ground
cover
é

~ Difficult to model
Solution: Online measurement and correction with a UAV

Modified from Ranson, Irons and Williams (1994)
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Imaging perspective
Hemisphere over target: azimuth and zenith angle

5

Principal plane

180°

Oblique perspective Nadir - perspective
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Rostock

Surfaces reveal large differences in
brightness (° reflection) in relation
to the azimuth and zenith angle and
the elevation of the sun

The reflection properties shall be
modeled to obtain a BRDF-function

Images will be homogenous after
BRDF-correction
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Examination of anisotropic reflection properties of agricultural crops with:
a pointing camera
Four-Vision system
Har dware development of a Afour vi si

the aerial coverage of a low flying UAV and to analyze the BRDF-properties of
agricultural fields

o
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UAV O
Field of View

Ground
coverage

Resulting <

 —— images and .

overlapping '
areas




Universitat (-« UAV-platform for Four Vision
Rostock Gl
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MD4-1000 from Microdrones GmbH
Quadrocopter T 1.04 m diameter
Payload: ca. 1.000 g

Flying time: max. 70 min. (ca. 25 min at
1000 g payload)

Airspeed. normal up to 15 m/s

Take off weight © 5 kg

Integrated autopilot

Online data communication 700

Waypoint navigation C:%j
Pointable camera 1

Olympus PEN-2 8 e . S —

Fixed focal length (17 mm) ‘
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Sy Tditoetimovatio photogrammetric Workflow

Hemispheric flight planning
Layout of coded targets

Aerial survey with converging images

-

Automatic (aero)triangulation incl.
measurement of the interior orientation

o1

Reconstruction der angular relationships out
of exterior orientation

Vignetting reduction
Ortho rectification of imagery

Determination of anisotropy factor

© 0O N O
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BRDF-Measurements
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ST @ Blbp® M OmEE BT E®[Ee [[rosz | wm s Wiz -]
Waypoint Eigenschaften %
=] Allgem. Waypoint Eigenschafien
Wegpunktnummer 17
Beschriftung Kreis2 3
FlughGhe 125 m
# Cursor Position- Ankunft +00:03:41
54 06098014 Kamera WP-kontrolliert ja
1208448685 Drehgeschwindigkeit +30.0 °/s.
* Entfernung zu WP1: o wg:r:;:T: 12.084491° E' Wegpunkt.Cosition
477 m 10405 ’ Breitengrad +54.0609764692°
HoumanGe: f;);vms (21.7 kmvh) Langengrad +12.0844910049°
2 2 Ursprung X -20.1m =
620.6 m +00:03:41 UEbHInG Y San
* Geschatzte Flugzeit: Richtungswinkel +179.0°
15 min. 20 s. [=] Punkt des Interesses
* WP Speicher- Identifikationsnummer 2
254 von 500 Kommandos Breitengrad +54.0607819954°
49.2% verbleibend Langengrad +12.0844969727°
Feme e Hohe +0.0m
Flugrichtung -181.0° ... -181.0°
* Routen-IDC: 267386880 Entfernung 249 249 m
=] 1. Waypoint Aktion
Aufgabe Foto e
Verweildauer 5.000 s.
Richtungswinkel +179.0°
Autom. auf Punkt von Interesse ausr. |ja
Autom. auf Nachfolger ausrichten nein
nnfinuiarlicha Nirahiinn nain
| 1/1 BRDF Uni-Feldo1 < | m
- AP0 a}e« A~ .Iﬂ& 4//44/» Kartenfenster | 2D Flugroute I
- | FuoplanngUniFedBROE - 0 - |
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Planning
set-actual comparison

Image © 2011 AeroWest

b
Bildaufnahmedatum::3/24/2006 54:03'37.30* N 12°05'03'88*'0. Héhel O'm
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For close range
photogrammetry T retro
reflecting targets are
commonly used

Dark conditions . For outdoor applications 1
black targets on white
ground are better than vice
versa

Over exposure of white
blobs allows for smaller
targets, than mathematical
GSD would assume

Dark conditions

71 Bright conditions
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relation to GCP size

\
Accuracy
In Pixel AThe bigger the target, the more accurate
e 0.10 L the measurement
AMinimum size for automated target
:g y-0:05 measurement = 5 pixel
HAAE |
O|s g_ 0.021-1 AExample: Target A 4cm
= 8.“ ; @max. GSD=0.87 1.2 cm
|8l oo1li
g |2 A
- |= L !
---M¥.005 {-b--rooo-io--- T
S
i 5? %O 15 20 2|5 Difametel’
Centroid | (Pixel)
. Least square |

Ellipse operator
Source: Luhmann, 2003
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Experimental site

Field trial station of
Rostock University

Winter wheat with different
fertilizer levels

Ten 1 x 1 m plots
Flying height 57 15 m

Test flights

23.04.2011 (white targets
di dndét wor k)

11.05.2011 (Overcast sky,
little BRDF visible)

06.07.2011 (Partial flight,
for TV-media images)

11.05.2011




lllumination properties during
test flights
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Automatic
Measurement of
Camefa- : coded targets

positions Determination of the
g s interior and exterior
orientation

Accuracy of the aero
triangulation: 0.49 pm
(= 0.11 Pixel)

Transformation into
geodetic coordinate
system (UTM / GK4)

Coded targets ., No Ahot spo
glint images due to

blooming targets

few images in the
principal plane

N
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Anisotropy behavior - Crossplane

v/ Traditio et Innovatio

. R17 GT B-values
reveal different
160 . )
anisotropy behavior
140 — % s
120 s I . Explanation
. - - -
2% . With higher zenith
100
v LA angles the amount of
< g0 et S S I SN bare soil increases,
2 Y decreasing the red
o0 and blue reflection
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Power
DC/DC-Converter (22V A Data
\Y)
Data Storage CPU Servomotors
(CF-Card) (Flight management system) [l (attitude stabilisation)

Aktorik

Cameras
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USB-Board camera (Crevis USB 2.0)
Sony CCD (¥z inch)
Pixel size 4,65 um
15 fps
Color-version
Size: 29x29x29 mm
Weight: 38 g
. Power consumption 2.5 W
Lens
Fujinon C-Mount
9 mm focal length
Weight: 45 g

5

5

SDK and Halcon drivers available
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lightweight
construction

Mounting for
cameras and
controller-PC

Variable tilt option
for obligue cameras

Bachelor thesis: Florian Schmidt
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, Inexpensive
normed CFK-
materials

., Stable system,
withstanding 4g
acceleration

., Adjustable tilt
angles of (30° - 60°)
cameras

., weight, incl. cover <
100g

., completion until end
of October

Bachelor thesis: Florian Schmidt




