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Abstract

The aim of this particular Postgraduate thesis was the acquisition of remote sensing data from
multiple sensors, sensitive to various wavelengths of the Electromagnetic spectrum from
Unmanned Aerial Vehicle/SysterdAV/UAS). More specifically, a brushleggmbal system

was designed and constructed in order to integrate alifasm hyperspectral sensor onboard

the UAV. Furthermore, concurrent acquisition of optical, multispectral and thermal data was
performed during a controlled flight in the study ardse $cope was to manage and preprocess

all the above collected data and evaluate their performance in image classification tasks.

In particular, nowadays, the rapid development of UAS systems as well as the advancement of
remote sensing sensors have broatihe deployment of similar cuttiredge technology for
various applications. The combination of the aforementioned systems seems like a relative cost
efficient solution for acquiring very/ultra high resolution multispectral and hyperspectral data,
when canparing with certain cases with data from satellite or aerial manned acquisition

platforms.

To this end, a new brushless stabilization system was designed, developed and integrated
onboard a UAV for the hyperspectral sensor along with the GPS/INS ha/dofavare.
Numerous experiments were conducted in order to optimize flight parameters and planning
towards acquiring and fusing multimodal data from sensors with different characteristics
(harmonizing e.g., spatial resolution, field of view, etc.). After execution of the necessary
preprocessing tasks (radiometric corrections, geometric corrections, digital surface models,
orthoimages, etc) the produced data were classified with-pasgdd machine learning
techniques. Specifically, numerous experimemse carried out for each dataset as well as
combined datasets (e.g., multispectral and thermal). Regarding the hyperspectral data,
classification experiments were carried out both in the initial hypercubes as well as after a
dimensionality reduction. A wglitative and quantitative evaluation for all aforementioned
experiments highlighted the relative high accuracy rates for the hyperspectral data (despite the
relative lower spatial resolution) as well as the effectiveness of the multimodal data fusion for

a variety of geospatial mapping applications.
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Parameter Result Units
Micro_Hyperspec_VNIR
Spectrometer Platform ALT Series NA
Selected Camera CCD, 1004x1004, 50 fps NA
Dispersion / Pixel 1.85 nm/Pixel
Entrance Slit Width 25 em
FWHM of Slit Image 4.0 nm
Focal Length qf chosen fore 17.0 mm
optic
Distance To Scene 300.0 meters
Linear FOV Along Slit Length 131.80 meters
Per Pixel IFOV 0.13 meter
Along Track Linear IFOV
(across slit width) 4412 mm
Scene @ Infinity Infinity NA
Angular FOV Along Slit
Length 24.65 deg
Angular Per Pixel IFOV 0.44 mrad
Angular Along Track Linear
IFOV (across slit width) 141 mrad
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16 MP RGB Camera | oi'oond Cameras | Characterisis
Definition: 4608x3456 pixels Definition: 1280x960 pixels| 59mm X 41mm X 28mm
HFOV: 69.9° HFOV: 61.9 72qgr
VFOV: 50.1° VFOV: 48.8 Up to 1 fps
DFOV: 73.5° DFQV: 73.P 64 GB Built-in Storage
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Precision Mounting Holes Two M2x0.4 on each of two sides & botton
One 1/420 threaded hole on top
Size 2.26" x 1.75" (including lens)
Spectral Band 7.5-13.5 um
Thermal Imager Uncooled VOx Microbolometer
Zoom Yesi Adjustable in App andia PWM
Analog Video Output Yes
Non-Operating Temperature Range -55°C to +95°C
Operating Temperature Range -20°C to +50°C
Operational Altitude +40,000 feet
Color palettes Yesi Adjustable in App and via PWM
Full Frame Rate 7.5 Hz (NTSC); 8.3 Hz (PAL)
Image Optimization for SUAS Yes
Invertable Image Yesi Adjustable in App
Lens Options 9 mm; 69° x 56°
Scene Presets & Image Processing Yesi Adjustable in App
Sensor Resolution 640 x 512
Lens Options [FOV for NTSC Analog Output] 9 mnm 62° x 49°
HDMI Output 1280x720 @ 50hz, 60hz
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- Stats

Area: 45948 m"2 Pictures: 81 Fliight Time (est):  9:38 Minutes  Min Shutter Speed: 1/132
Distance: 2.31km No of Strips: 8 Photo every (est): 4.34 Seconds

Dist between images: 2Z2m Footprint: 965x724m TumDia(at 45d): 7m

Ground Resolution:  7.54 cm Dist between lines: 28.94m Ground Elevation: -1-3m
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Area: 45849m"2
Distance: 2.3km

Dist between images: 23m
Ground Resolution:  15.11cm
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[ 3 open Cube ? x
s -
Header file: ‘ D:\work'\data\pushbroom\2018_06_12_19_34 11\raw.hdr |
Data file: ‘D:\work\data\pushbroom\ZUleD6712719734711\raw | Q
[Wavelengths innil
7
Selected: [ 397.974 nm
[]399.819 nm
From: =1 |[] 401.664 nm
To: [] 403.509 nm
[] 405.354 nm
e [[1407.199 nm
- [] 409.044 nm
[] 410,889 nm
(1412734 nm
[] 414579 nm
1416424 nm
\ J
| Freememory: 11223 M8, required: 69 M8 W w
\ J
e
"5 - ey -y ' - B > h 0 YA 1S8hy Yh>"wCaAB, Ah
|,J Ortho Rectification
[ Settings I iﬁ“ im
Frame Index File:  D:\work)
GPS/IMU File: [D:\work\data\pushbroom\2018 06 12 19 34 11\imu aps.odt
DEM: [Ci/headwall/dem/E020N40.HDR
Resolution (m):  [0.066
Lens Sensor position
EFL (mm): Alpha (deg):
Pixel pitch (um): Beta (deg) [] 1nvert Columns
Spatial Binning: | 1 s Gamma (deg)
GPS/IMU Offsets GPS/IMU Running Averages
Roll (deg): Right positive Roll: : 15
Pitch (deg): Front up positive Pitch: : |15
Yaw (deg): [] North-East positive Yaw: z: 15
Time offset (ms) [] Correct timestamps ~ Latitude: A Link fields
Alttude offset(m): [ zero DEm Longitude: Rawload: [5 2]
Correct Lat/Long Altitude: [] use post process file
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& ', Ortho Rectification

Settings | preview ] create |

Selected: 397.974 nm
399.819 nm
401.664 nm
403.509 nm
405354 nm
From 407.199 nm
409.044 nm

410,889 nm
412.734 nm
= 414,579 nm
416424 nm
418.269 nm

420114 nm

421.959 nm

423,804 nm

427.494 nm
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IRRADIAMCE RADIANCE

/!

REFLECTANCE = RADIANCE / IRRADIANCE

1 - " 229- Reflectance, Irradiance "Radiance.
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2 JsuddUey Ud, pUleey3U aUs HYyeU UszUypoUlaUd
p._?.u = 4.;"' Total RMS Error: | Forward:3.6040 1e-006
Link X Source Y Source X Map ¥ Map Residual_x Residual_y Residual
1 486.604385  -3765.930954 23.732506 37.870680  -1.54725e-006 0 1.54725¢-006
2 584.527544  -3403.106370 23.732840 37.870397 -2.26011e-006 -2.43938e-006  3.36836e-006
3 626.215386 -3033.592941 23.733223 37.870139 6.93772e-006 -8.29586e-007 6.98715e-006
4 970.920419 -3093.065193 23.732953 37.870023 -2.39118e-006 -5.6413e-007 2.45682e-006
5 816.449698  -3493.578049 23.732610 37.870356 -2.15376e-006  3.14395e-006  3.81091e-006
3 695.136003  -3972.464707 23.732170 37.870720  3.79729¢-006  -8.82565e-007  3.8985e-006
7 263.546067 -3652.408451 23.732757 37.870706  -4.40182e4007 0 4.40182e-007
8 366.582668 -3130.977439 23.733258 37.870321  -1.93354e-006 1.28903e-006 2.32333e-006
Auto Adjust Transformation: 1st Order Polynomial (Affine) ~
1. "231-[ > Ahch CLh<s>h LA u B h AR, YR T A S |

Besgayd 25U Ue tUiUU;e ervdlUBHc g Wlhalding o o & of g fp
jtU0dagrsgesaed Uszalryiad eU RySEmro6lBixe Gde Ua
j ocgeosiidudesUUs s UsafhalUd aUUY Ud UsUlsaUlalU

GYae UUU Uvys U0 '282%338gd GdeUavys (EFeceeUU

1-"23-p" h e " Ch >t "ha J7s “ gk >k "¢ >, h ¢~ @ gsD/t s h

nlsv‘h ¥ >, “h ¢ ' sSsE h A h A ¢ ""'cp
& & _|.|:+ Total RMS Error: Forward:6.39118e-006
Link ¥ Source Y Source X Map Y Map Residual_x Residual_y Residual
1 750.815922 -4407.330928 23.732338 37.870745 -6.69277e-006 7.65124e-007 6.73037e-006
2 531.291294 -4411.156357 23.732172 37.870720 0 1.44589e-006 1.44589e-006
3 359,454349 -4769.011423 23,732152 37.870294  -7.58777e-007  -5.80356e-007 3,55277e-007
4 716.444615 -4985,205383 23,732503 37.870091 -2,341e-0086 9,89838e-007 2,54167e-008
5 805997812 -4392.088413 23.732543 37.870207  -3.02411e-00& 1.06439e-006 3.20613e-008
] 732990915 -46547.170743 23.732421 37.870471 1.28988e-005 -3.68538e-006 1.3415e-005
Auto Adjust Transformation: 1st Order Polynomial (Affine) ~
1. "288-] " Ah SR L, h<>h A 1, hah, Y R O N
- ™| ~ S o~ ~ o - o o ,r
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2 Js0ddqUey Ud, o

tgloaesali UUUs stsUalUU; U d UsUlsaUbaWUyifpdadd
UgUY yos530 6 cWffinetedgUgeafgerszddGadrlid U 6
0 g 3 8 RMSENMor 4.2pixels( Z ¢ ».84P.35.

L. "28-n " hiteh ' h haA_t° YCortSyChQets @R SW e s v, A D/t &
s, h<¢' s h YA h At g
* & Total RMS Error: Forward:4.21847e-006
E &l i ox 4F
Link ¥ Source ¥ Source X Map ¥ Map Residual_x Residual_y Residual
1 632.265534 -5598. 161777 23.732953 37870023  -7.51138e-007 5.14455e-006 5.19909e-0086
2 424.229351 -5947. 355488 23.733417 37.809903 3.73829e-006 0 3.7382%-006
3 343.208452 -5839.7965452 23.733267 37.809853 2.2838=-006 3.30267e-006 4.0153%-006
4 41.800745 -59359.653224 23.733381 37.809667  -3.08986e-006 -1.34785e-006 3.92833e-006
5 413.148688 -5522,387851 23732842 37.809873 1.06733e-006 -3.80309e-006 3.95004=-006
] 323.697667 -5793.149611 23.733222 37870139  -2.64847e-006 -3.40518e-006 4.3138%-006
Auto Adjust Transformation: 1st Order Polynomial {Affine) e
1A"2).315_J"/\h¢h Y, sh ,<h>MHh YA A7 ) T A h Y > h toc >, > h ¢ ' o
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& & iy Total RMS Error: Forward:5.02008e-006
Link X Source ¥ Source ¥ Map ¥ Map Residual_x Residual_y Residual
1 -1.485405 -8.609395 23.732395 37.870711 o] 3. 10043e-006 3.10043e-006
2 5445427 -3.178349 23,732374 37.869946  -2,10551e-006 7.5863e007  2.23801e-006
3 2.967080 2,358585 23.732974 37.869907 2.06757e-006 9.53808e-007 2.27706e-008
4 -2,587441 1,495%82 23,733259 37.870376  -3.04891e-006  3.72063e-006 4.8103e-008
5 -0.852079 -2.494581 23.732839 37.87039% 3.20006e-006  -B.5334%9e-006 9.11378e-006
Auto Adjust Transformation: 1zt Order Polynomial (Affine) e
11"}3W-I’Ah2‘h ', h <>h ‘/\¢J55',>b§[€h'|jv‘:hcp 1 h ¥
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"Uya eg slUshUqUUd. B U @aeitlUUjed Uy hdedUosU |
UsecegseglilUesscUas 3UcyysdlUY oaUs 30U Ues edl0UddUa
G¥yrU0s3hUqUUd "eg eU0UjeddalUs 00U tsUlGey UUsoayd
UU3 9 3 cclaspifieydd (g bUGasesUUs U GUGe Ub&owpgaes OU
UUsos3cspddig d @osU UsUsaUsUsee aild dU ©U0Us
GgooaUsUj i1 aUsd UsesgsctUsscUars UsyYasgoU U U(q
bYtUs Yaoadd ~oadyeleyalUd Udd UsahasUd. KutL oy
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UgUfhd GU0d addyWirliaiWses WU UsesgszcgtiUsscUalU Udgd Us
aUUdoeyald © UyaUsd. zU Ues Uyh e UglUh aUehy¥
Uy UalUdyoatUsayY Udd a¥dU osUUdosjyald e Uyadd.
U eUUosci aUgg WokeBUGdd, Ueg oaUshsU Ueg ~ Uy Us
"odUscYg UbWigUB, d. 636 e ¥s UU Wasuptryisedlassificaton,UUs 93 f ¢
h g 6 cyetaldd uUUs os¥vjasUs Ua eUU o090 Uds i
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311KkaYeo0Udd U AAUUGdd (Mini mum Distance)
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Q 6hw ® W
h eg:
x= Us¥sagleU Udd GUGeUUsoaed g 6oy Ulied Usagzall
y= tUses¥sagueU Udd GUGeUUsoaed g eoy) Uled Udd ~ Uy s
n=U; sdefhd aUszUest 3 Udd UsafhsUd
A ceysxyd g 6aeoaslUUUs © U AOGUUG 299U a¥YdU Us
G0dsdoeejlo U "e6g UaszUs “~se6 963U0Y 85 (@(UGeUUsayd

Usalrldd (Richards and Jia, 2006):
WM 6 P Qad Qdwn! 0
h 8g:
CGk= d oYegyd okdd aUUdoey) aUd
vw= dq GUGeUUsose g e6kyj Ulde Udd aUUdoeyald
yi= dq GUGe UUs afe agU Usdpoyey tael duU d
A aldd, UasUs UlGsesTpUR Uz boay 0 dde HFUwGasd Usa
Uds UseeUtgleypU¥U Udd UUzs3fhedldd:
wv 6 P Qadw  Qaw! Q
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Qaofdy Y
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