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Introduction

What can we use beyond the high-resolution 4K cameras?
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Aerial photography

* Field mapping - aerial photo, orthophoto, 3D modeling -
with georeference




Aerial photography

* 750 photos — less than 10cm accuracy

* 10,000 photos — less than 1cm accuracy




Aerial photography

e Small model
e Sparse point mesh
e Dense mesh

* Creating the
mesh/surface

* Textures




Aerial photography

« Generated with a Skydio 2 and Skydio 3D Scan.
* 0.927 millimeter ground sampling distance.
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Measuring the volume

e Stockpile Volume
Measurement

350 images of the
stockpile from different
angles and then created a
high-density point cloud
using photogrammetry
software (Pix4D).

* The same software was
used to calculate the total
volume from the point
cloud.
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Below the surface




Below the surface

* Ground-penetrating radar
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using an airborne GPR

* SAR: Synthetic-aperture radar
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Underground SAR imaging technique

ﬁ E Airborne radar
m

Air — ground interface




Underground SAR imaging technique
using an airborne GPR

y axis (m

z=0m Buried targets

X axis: across-track axis
y axis: along-track axis

Normalized amplitude [d8]



What can we detect? - Objects, water, caves.
In case of high contrast,
the reflectivity is high
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100-MHZ RADAR PROFILE RECORDED 6 NOV, 1995 IN MCMURDO SOUND, ANTARCTICA, WITH THE GSSI SYSTEM 10 A+, 3207 ANTENNAS,
AND FIBER OPTIC T-R CONNECTION. NO ELEVATION CORRECTIONS HAVE BEEN APPLIED A 4000 NS SCAN DURATION, AT 2048
SAMPLES/SCAN AND 16 BITS WAS USED. THUS, THE SIGNAL WAS UNDERSAMPLED (APPROXIMATELY 5 SAMPLES/CYCLE) TO RECORD THE
DEPTH. THE SHARP FEATURE AT LEFT IS A RADIATING VOLCANIC DIKE. ON THE RIGHT IS A RECORD OF LAYERS OF VOLCANIC ASH AND
DEBRIS DEPOSITED BY WINDSTORMS OFF MINNA BLUFF. A MULTIPLE REFLECTION FROM THE ICE SHELF BOTTOM ALSO OCCURS
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- 1.5 meters
below surface

60-80 cm
below surface

Airborne GPR
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Thermal imaging




Thermal imaging

 Leak detection




Thermal imaging

e Dark conditions




Thermal imaging

* Other advantages
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Multispectral imaging

Radio waves Infrared Ultra- X-rays Gamma rays Healthy leaf Stressed leaf Dead leaf
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Locating the goods

e Agriculture started to use it to detect the condltlon of the
plants 45 'v’.:‘,r;:f _K."". i5 B oot , B




Multispectral imaging




Multispectral imaging
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* Human eye:
* Only 3 colors

* Wide spectrum
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Multispectral imaging

Microwave Infrared Visible Ultraviolet X-ray
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 Multispectral Example: 5 wide bands

Microwave Infrared Visible Ultraviolet X-ray
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 Hyvperspectral Example: Imagine hundreds of narrow bands




Multispectral imaging

Broadband Vis".

Band Band Band Band Band Band
: | 2 3 4 5 6

MUIt|SPECtraI A45-.52 1.52-.60 .63-.69 .79-.90 1.55-1.75 2.08-2.35 10.4-12.4

Hyperspectral 100s of Bands

Ultraspectral 1000s of Bands
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Multispectral imaging for object

recognition

Index Equation
NDVI Normalized Difference Vegetation Index (NIR-R)/(NIR+R)
NDRE Normalized Difference Red Edge Index (NIR-RE)/(NIR+RE)
NGRDI Normalized Green-Red Difference Index (G-R)/(G+R)
VIDVI Visible-band Difference Vegetation Index (2G-R-B)/(2G+R+B)
CIVE Colour Index Vegetation Extraction 0.441R-0.81G+0.385B+18.7874
ExG Excess Green VI 2G-R-B
ExR Excess Red VI 1.3R-G
VEG Vegetation G/R®B*? with a=0.667
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Traffic recognition using a UAV

T
, VRE
Bicycle | 1 U
16 km /h

\ -
/ Bicycle

% cavy Vehicle) B 20 km/h
*0 km/h cle gy -

Bicycle 45%“':47 _

w10 "’“/19 km/h
“~

“s}ca, . e A

Medium Vehude‘,eh,de 19 km/h

1 ! . Bicycle /h) km/h 8 ,
Motorbike - T o
Blcalnlrln w/h : _\\\‘ 25 km/h &;9 km/h o A 7 1

g Bicycle Bicycle

(A
(e

Hu—vrle 3us

{4 0k 22 km/h =
! ) - 7 km/h} / o . /////’ 3
Z ﬁ‘ et 'g/ 4 30 km/h g
Blcvde o NBus =~ g Car \\
/ 7 20 km/h = 18 km/h Car Lo/ itee Biayde =5
£ Rirurle 0 km, S - .19 k"‘/"\\\
‘Bicycle. np =t Car ‘0 km/h ﬁ\ edium Vehidle _
Bicyc 16 km/h == a0 kCar o dokm/h
e Y o 1 Car S km/h e =Car
s Bicycle 18 km/h = - % 0 km/h \ 0 km/h Ca
> r

,18 km/h
il ] \./ 0 km/h Motogakrm

1 1 Bicycle 1 g ,/ P
Medium vehicle reyte S B g vehice 7 e,
-4 21 km/h (;Heavy Vehiclep~ 18 km/h y, ~ =

6 km/h N NG - '
e £
Car
Bicycle
- 24 km/h 0 km/h
Heavy Vehi &
2km/h
Car I\','ar p
0 P
= = — p——
B u S Velicle - —
=
— P — =
- Bicycle
/ Bicycle * 7 km/h
9 km/h T —
Bicycle -

18 km/h



* Speed \‘\‘- -
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* Object recognition

* Person recognition D L
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It is a human
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Ultrasonic
thickness measurement

* Contact measurements with ultrasonic sensors
* Non-Destructive Testing
* The high versatility and mobility of a drone is unmatched

* The costs of the inspections lowered by 25-50% because fewer man-
hours are needed

e eliminating the need for human access to dangerous, hazardous
areas

* Results are 0.1 mm accurate
 Wall structure

 Roof structure




Results/Conclusion

» Aerial photography: color 4K photos

Aerial photography: 3D model reconstruction
Measuring distances

Measuring the volume

LIDAR: 3D model by using laser distance measurement
GPR: Ground Penetration Radar: to see the structures underground
Thermal imaging

Multispectral imaging

* Traffic monitoring using a UAV

e Al

e Ultrasonic thickness measurement
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