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From field-work to...
“air-work™:

photogrammetric applications in Neolithic
landscape reconstruction

Gianluca Cantoro, A. Sarris, C. Cuenca Garcia, T. Kalayci,
F.-X. Simon, J. Donati,

M. Manataki, K. Vouzaxakis, V. Rondiri, P. Arachoviti,

K. Almatzi, D. Efstathiou, E. Stamelou
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. Software (photogrammetric workflow)
 Acquisition/checking
+ Archiving/cataloguing
- AutoGR-Toolkit 3.2 (w/photogrammetry module)
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120 of Gewphyscal

“Neolithic Thessaly”

Outline of the project
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“Neolithic Thessaly”

COLE SORENG DNA RSN I Fon A

GeoSat ReSeArch %,_

- IGEAN (Innovative Geophysical Approaches for the Study of Early
Agricultural Villages of Neolithic Thessaly)

* Implemented under the "ARISTEIA" Action
of the "Operational Programme Education and Lifelong Learning"

- co-funded by the European Social Fund (ESF)‘and National Resources
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* It consists in the development of methodologies for the registration and
mapping of the specific Neolithic settlements through geomorphological
and aerial remotesensing approaches.
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“Neolithic Thessaly”

1901-1903: Excavations at Sesklo and Dimini
Excavations at Zereha

1960-1977: Trial Excavations at several neolithic sites
by D.R. Theocharis and V1. Milojeic
1977-1979: Excavations at Dimini by G. Hourmouziades

1984: Halstead’s catalogue of prehistoric sites in
Thessaly, based on a survey made by French
1992: Gallis’ catalogue of sites in E. Thessaly.

1990-present: Field survey in Almiros plain 13t EPCA &
the Netherland Institute at Athens

1990-2005: Rescue excavations (national road, Lake Karla)

2005-present: Extensive satellite R.S. & geophysical survey by
GeoSat ReSeArch Lab of IMS (FORTH). PENED (2005-2007),
INSTAP (2006-2010), ARISTEIA (2013-2015)
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Re-evaluation of the Dyvnamies of the Thessalian Neolithie Period:
Habitation Patterns and Resouree Management

http://neolithicthessaly.ims.forth.gr/
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“Neolithic Thessaly”
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A/RS “Hardware”

A/RS “Hardware” (methods/methodology)
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Multrmagnetometer Techniques (large scale scanning)
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Sensorik & Systemtechnologie (SENSYS)
MX Compact system

8 multi-channel measurement system
Equipped with FGM600 fluxgate
gradiometers separated by 0.25-0.5m &
connected to a DGPS navigation system

Bartington single sensor unit also
in use 1n thick vegetation areas

sdnetitire for Motk ranam Bden




O

£
E
s
£
:
i
¢
x
ft';
g
g
<
w
&
3
<
x
F
3
%
L
&
1
&
?:.
4

Ezmm' 4 44 O MAGHE J",%
L
Vnmnsy Py
o~

WYITI0 MCHT | NI SATEMY § A
V—

\.:
[
<
g
&
bt
U
0]
3
©

Methodologies

Electromagnetic Techniques (large scale scanning)

GEM2 - Geophex CMD Mini explorer— GF Instruments

Depth of investigation

GEM2 CMD Mini explorer
z —_ HCP 95 m HCP 0.5 m 1m 2m
conductivity VCP  0.3m 0.7m 1.3m
D&I— Magnetig | HCP 0.2 m 0.5 m 1m
0 susceptibilit
Wiz S wer L VCP 0.3 m 0.7 m 1.3m
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GPR

s A —

8 channels MALA MIRA GPR, Sensors & Software
400 MHz antennas Noggin Plus System w/ 250MHz antennas
Sampling 10 x 2.5 cm Sampling 50 x 2.5 cm

Penetration Depth ~2.5m
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Methodologies

Soil Resistance Techniques

Geoscan Research RM85 resistance meter

Twin Probe array of electrodes with spacing a=1m

T Malrrann Bades

Penetration Depth ~1.5m

S FORTIH

e et tite fiy

#
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Magnetic Susceptibility Measurements
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s
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Coring and soil analysis in the Lab.

Bartington MS2B Double Frequency
sensor

S 0000001

0.000002 -

Low & High Frequency susceptibility &
Frequency dependent susceptibility

0.000002

(<]
@
@  0.000003-
®

0.000003 -
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UAV photography/p %ltogrammetry
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120 of Gephysal

Quadrocopter DroidWorx CX4
DJI navigation, viewpoint and failsafe
Average altitude 100-200 m above surface
Autonomy ~13-15min with camera load
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UAV photography/ §1togrammetry

~ CDS FRUISCI E PILOTA

SKY RIDER

DRONE

. Ma.a-
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Methodolo

UAV photography/p %ltogrammetry

. COSs FRUISCI | =3 p\LDTA o

s

| SMALL TOWN CONSIDERING BOUNTY ON DRONES
Y1/l DEER TRAIL WOULD SELL DRONE HUNTING LICENSES
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UAV photography/p %ltogramrnetry

Quadrocopter DroidWorx CX4

* DJI navigation, viewpoint and failsafe

» Average altitude 100-200 m above surface
« Autonomy ~15-18min (with camera load)

Canon »

Canon S100
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LegGiaDrone 1.0
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UAV photography/p
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GCP
(in case the GPS fails)
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a § Magnetics EM GPR UAV
5‘"55 8.42 7.75 1.28 20.84
6§ 6.60 2.39 0.37 7.31
: 1.32 1.78 0.37 11.74
' 0.18, 018
flon 106 . 0.10
2.96 1.20 0.37 13.22
2.71 0.58 0.20 12.38
L 0.72  0.08
e 232 044
: 3.90 221 032
: 5.12 | 1.90
E 4.83 1.88 0.72 33.88

B el 60.18  29.36 7.31  99.37
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Site INDEX ot tric co e
patche are) er mi
i .
Almiriotiki 20.7 0.56
Almiros 2 8.12 0.78
Belitsi 11.73 0.42
Karatsagliou 13.07 1.58
Karatsantagli 12.39 1.04
Zerelia 32.2 0.90

About 1 hectare/minute
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UAV photography/ %ltogrammetry

Magoula Almiriotiki
Early Neolithic — Late Bronze Age
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UAV photography/ %ltogrammetry

nT/m

- High : 50

Low : -50

Magoula Almiriotiki
Early Neolithic — Late Bronze Age

N
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Software ... Commercial

PIX4Ds.. .

PRODUCTS SOLUTIONS SUPPORT BUY OR RENT ABOUT US LOGIN
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« Commercial solutions

. oy
- Pix4D Pix40 Warkshops

2014 dates and program °
out now!

Read more and sign-up now!

Version 1.1 out now!

15100 ARTicuiture meets cuttingedge UAV




\.:
[
<
g
&
3
3
©

g
-
L]
5;
£
2
&
k-
g
£
3
@
5
g
3
8
5
4

,{r@‘.m;rr e Malrranam Bades

FORTH

Software ... Commercial

- Commercial solutions

« MosaicMill

Products
Software for UAVs
EnsoMOSAIC UAV
EnsoMOSAIC 3D
Camera Calibration

Terrain modelling

Image pre-
processing

Seamline editing

Software for manned
operations

EnsoMOSAIC
EnsoMOSAIC 3D
Flight planning
NavCam

Camera Calibration
Terrain modelling

Image pre-
processing

Seamline editing
Hardware

Flight control for
manned operations

Cameras for UAVs
and manned
operations

Complete solution for
manned operations

E:m&mb“cn y%’}ﬁ
- —— ||

MosaicMiLL

News Downloads Applications FAQ Contacls BuyNow

MosaicMill software for UAVs

EnsoMOSAIC software consist of care items and supportive programs. The software components are listed here with a brief description.
For full details please select an item ofthe left panel.

EnsoMOSAIC UAV - photogrammetric software for aerial triangulation and orthomosaicking - all you need to start mapping
EnsoMOSAIC 3D - 3D mapping software for data extraction and point cloud management

Camera calibration - calibration software for calculation of camera internal arientation

Terrain modelling - point cloud software, creates "lidar point cloud” from oriented images

Image pre-processing - preprocessing software for optimizing RAW CIR and RGB images

Seamline editing - software for improving mosaics of city and town areas
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- Commercial solutions
« MenciSoftware

WORKSHOP DAYS

DISCOVER APS AiND UAV SURVEY
SIGNUP FOR FREETO OUR EVENTS!

Photogrammetry Software
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- Commercial solutions

. Agisoft Photoscan Agisoft PhotoScan supporiedomats - Products

. . § iput tormate: PEQ, TFF Gy Amsoh StereoScan
Professional edition IO ey
- ¥ reconstrecton sofware

AgBeh ForsScan Fro i 1o gaserais hgn resousen Free

oo ed crnoflolDs (op o 5 SR ACENaCy with GCF) and
exceionly seraled DEVs ( textured polpgeiiel modess The Nuty
o s aiiiow enates o fa0-apectiglio process 08) ALY
Iheusancs S BRAR muges on & de campelar i profuce 30 POF, ate
prafessenal SN Pralor areneine dats

ﬁ_—.“\‘ Agzob Laps
QN Lara castration softwars
~ Froe

Main Features

Support

# you have aready read fe FAQ
& have any guestians plenss
AP Uy ganel mRde paner e (e | Walured e tus tarm

Apral and class-range tnanguiatien

POre chiug genaralen (sparss | Sanse )

< Seing covrdnate wystem
Diggal Elevation Wodel (DLW) generaton

Yt
True ertophato peneraten

Gotrefotanong usmg fget b sad / or GCFs Your a-mmi
Hultikpecital mrugecy sracessng

AD reconstructon for $ynam sSenan ToUr uenton

Py™on acrgtng suppen

SD Eﬂ"“es (the mtenl varsion ol ASCbe Reader & twgutad (D v Hesd todely

See aino: Fanlires promciy wih Agest ShotaSoan

Agisoft PhotoScan Professional edition for only $3499

S Compers witx Standard edton

Documentation

@ 2amoft SholcSoan User Yanus (Lngbeh

Download demo

for W32 Wess, MacOS5, Lines @ Dyinon AP Ealersece

@ 2gsrf SnoteSoan User Wanus (Ruseee,




EE&H S EEo
A omney

O] | NI MATENY § Ao

_ R

Software .:. Free

e Rernnte Sensmg ana Kooy

S
L
<
)
0
[}
[+ 4
-
U
0
o
o
o

120 of Geophyscal-Setal

- Free or Open Source software
* Online — cloud based
* “Bundler” based
* VisualSFM
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- Main issues:
* Orthophotos or textured models

120 of Gewphys:

+ Georeferencing
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- Online cloud solution
« Good results but sometimes...
- with limitation or image compression

120 of Gephysical
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Software ... Free | | Textured model™
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GeoSat ReSeArch %,_
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- Desktop solution
* CloudCompare
* Great for surface creation but no texture
« Great for “cleaning” and refinement
* Possibility to export ortho-view

* Meshlab
- Good for texture (raster projection)
* Good for surface
* Possibility to export ortho-view

.. if it“"doesn’t crash!?!
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Software .:

Sfm_georef
Manual georeferencing

« on photos
(manual correspondences)

. Free | | Georeferencing™
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- VisualSFM

* Manual georeferencing
- on photos

120 of Gephysical

 on point-cloud

+ Automatic georeferencing
- via GPS (EXIF) or GCPX

+ Semi Automatic georeferencing
- GCP file
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- VisualSFM
- GCP file

- filename 1mage_point_x image’ point_y 3d_peint_x 3d.point<y 3d_point_z

- Requirements: at least 3 points visible in at least 3.images each!

----
IMG 01
BTV VEE

(File s view el 7
D B 00EN X>LEFXednody




Software ... Free | | Georeferéncing™

- VisualSFM
- GCP file

- filename 1mage_point_x image’ point_y 3d_peint_x 3d.point<y 3d_point_z

- Requirements: at least 3 points visible in at least 3.images each!

- HOW TO GET POINTS AUTOMATICALLY AND ACCURATELY?
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] AutoGR-Toolkit v.3.2 . Forth-IMS . M Y (= =®]
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Tools 7

Welcome to the AutoGR Toolkit! GoogleGrab

AutoGR Toolkit is a set of small softwares created to automate and speed-u i
_ QAP

the raster georeferencing procedure. The toolkit is made by 4 main scripts:

G f Filtering
GoogleGrab -
It allows you to save a GoogleMap of the area of interest GeoTiff Converter
Click the button to start ==
. hotogrammet
AutoGR-Sift B ogrammetry

automatically produces a list of points to rectify (in real world coordinates, if

available) a given pair of images.
Click the button to start == f?f?ﬁFDFI'I‘I—I

j:u,,.. Institite Tor Meditsrranasn Grsbkes

GeoRef Filtering
AutoGR-SIFT usually produces thousands of points in few seconds and this %Arc,Land
script lets you reduce this number to a more manageable one. HERITAGE - DATA- KNOWLEDGE

Click the button to start ==

GeoTiff Converter - Culture

extracts geographical information from a geotiff file and produces a jpg with
its warldfile.
Click the button to start ==

Welcome to AutoGR-Toolkit. Have fun!

{r(mn,rn oy Malrranan Sates

X
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AutoGR-Toolkit 3.2

Y& . AutoGR-Toolkit v.3.2 :: GoogleGrab :.

File ? - -
Go ;SIC Define your area of interest here [GBoundary] ]
Nerab or just enter upper-left and lower-right coordinates below
NW-Lat NW-Long SE-Lat SE-Long
52.159053 4.493196 52.156253 4.495496 Preview
_boundaries

Distance for entered points |

Google Map preview (Internet needed) - Make sure that NW corner is at the TopLeft

WARNING: the use of WMS imagery is controlled by the provider and it is to be considered for personal use only.
For reproduction rights and policies of use please refer to provider's sites.

y [ [@] =]

Data _— Ask the Authc
i i to include you
Source -> _BingVirtualEarth b [lsicievol
{from WMS)!
Zoom level File Name

w08 Camdt

- s - < {Google may fail above 70%)
- : T

Choose the output coordinate system (EPSG)
4326-GCS_WGS_1984 ¥

_ Processing output

e boudaries and Preview

Name

tem for the output

< Preview first

Gpnmnsy Poary
—

ros bbnmy
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8 é @ | AutoGR-T : GGrab .. GBoundary @
. Define boundary with coordinate and km?
1. Catch the coordinate from Google Map URL
Googlitcher

from Image EXIF

or type the coordinate below
(you may choose sither Decimal Degres or Dagres Minute Second) |

Decimal Degree (DD) | Degm'|'nute5e-| -] | ;
LATITUDE LONGITUDE
(i.e. 41.891928) {i.e. 12.494249)

2- A B |

a8 st
KM

A

NorthWest'corner  SouthEast corner
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|| Catch Coordinates from Gm&p = @

Find your area of interest with Google Map (maps.google com)
and copy/paste the link here below

The URL should look like

https #maps.google. com/maps?q=>52. 159375, 449267 9num=1{=hz=15
or
httpssiimww.google. com/maps/@52. 159375,4. 492679, 15z

| URL:

i Catch coordinates from link

" - s 4
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.+ AutoGR-Toolkit v.3.2 :: AutoGR-SIFT ..

?

File

{g_ First image Image/s
. ._t.l (base Image) tO be rectlfled Downsample input and output images to 800
s ‘ i 0 & W 4500
800

Processing output

and second image -

ROMEsample0lingh 4| by ROM Es‘ ample02indii 4
Rotation: ] unchanged v
Projection [¥] Automatic image Warping
Set project projection
not set v

[ASIFT - Flann (predifined) [64bit] ¥

Select the output folder

‘ Accept and
Start processing

O ID7 Marrronm SRutce.
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Tools 7

Welcome to the AutoGR Toolkit! GoogleGrab

AutoGR Toolkit is a set of small softwares created to automate and speed-u i
_ QAP

the raster georeferencing procedure. The toolkit is made by 4 main scripts:

G f Filtering
GoogleGrab -
It allows you to save a GoogleMap of the area of interest GeoTiff Converter
Click the button to start ==
. hotogrammet
AutoGR-Sift B ogrammetry

automatically produces a list of points to rectify (in real world coordinates, if

available) a given pair of images.
Click the button to start == f?f?ﬁFDFI'I‘I—I

j:u,,.. Institite Tor Meditsrranasn Grsbkes

GeoRef Filtering
AutoGR-SIFT usually produces thousands of points in few seconds and this %Arc,Land
script lets you reduce this number to a more manageable one. HERITAGE - DATA- KNOWLEDGE

Click the button to start ==

GeoTiff Converter - Culture

extracts geographical information from a geotiff file and produces a jpg with
its warldfile.
Click the button to start ==

Welcome to AutoGR-Toolkit. Have fun!
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[ | AutoGR ... Photogrammetry v @. 53

AutoGR .:. Photogrammetry Tools .
This tool opens a Google Map where
Get X,‘Z you can get the elevation for any
. - . | point on Earth in various EPSG.

If you already processed some images
with AutoGR-5IFT, you can use this tool

WE Gep to create the Ground Control Points
for VisualSFM.
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AutoGR .. GetZ

(
!
‘ | Miap | satellie |

: ‘a\ewis‘mpa

N

X/Easting/Longitude, Y/Northing/Latitude, Elevation (EPSG:3875)
1634989.229348,5123326.779942,588.819
Permanent URL
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AutoGR .. GetZ

X/Easting/Longitude, Y/Northing/Latitude, Elevation (EPSG:3004)
8.790811300,47.933309136,802.263
Pemnmanent URL
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[ | AutoGR ... Photogrammetry v @. 53

AutoGR .:. Photogrammetry Tools .
This tool opens a Google Map where
Get X,‘Z you can get the elevation for any
. - . | point on Earth in various EPSG.

If you already processed some images
with AutoGR-5IFT, you can use this tool

WE Gep to create the Ground Control Points
for VisualSFM.
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= AutoGR-Toolkit — 3D matching
1k
<\
§§ 1 # Each line of the GCP is as follows: |
| 2 ¥ FileName image point x image point y 3d point x 3d point y 3d point =z
'ﬁ § 3 IMG_OllB.jpg 3860.0 230.0 176736.253 4569746.011 363.855
‘gg 4 IMG 0118.jpg 2170.0 2%10.0 176863.571 4569889.509 365.7¢
] g 5 IMG 0121.3pg 1835.0 245.0 177020.899 4569773.389 371.08

L 6 IMG_OlZl.jpg 165.0 2590.0 176988.621 4569651.571 376.56

7 IMG 0121.jpg 2475.0 2885.0 176860.664 4569867.455 367.32

2 IMG 0121.jpg 2140.0 200.0 177028.988 4569792.953 369.81

2 IMG 0121.3pg 765.0 250.0 177002.907 4569700.426 374.16
10 IMG_OlZl.jpg 160.0 295.00176988.621 4569651.571 376.56
11 IMG 0121.jpg 2355.0 235.0 177030.477 4565808.534 369.62
12 IMG 0121.jpg 2350.0 235.0 177030.477 4569808.934 369.62
13 IMG_0122.jpg 34¢0.0 895.0 177021.120 45698595.165 367.34
14 IMG_0122.jpg 1810.0 460.0 177020.8%99 45632773.389 371.08
15 IMG 0122.jpg 1400.0 375.0 177020.067 4569739.644 372.06
16 IMG 0122.jpg Z2810.0 540.0 177029.690 4569849.459 362.58
17 IMG_0122.jpg 220.0 485.0 1769B8.621 4569651.571 376.5¢6
18 IMG 0122.9pg 270.0 380.0 176996.658 4569650.336 376.27
19 IMG 0122.jpg 1355.0 285.0 177026.595 4569733.318 371.79
20 IMG 0122.3pg 215.0 490.0 176988.621 4569651.571 376.56
21 IMG_Ol22.jpg 3830.0 14&65.0 17¢€588.824 4569937.759 368.4¢6
22 IMG 0122.jpg 14535.0 415.0 177017.375 4569747.317 372.07
23 IMG 0122.3pg 3715.0 1105.0 177006.971 4569923.599 367.17

% Z4 IMG_0122.jpg 830.0 455.0 177002.907 4569700.426 374.1¢6

E 25 IMG_0122.jpg 360.0 410.0 176999.948 4569657.573 375.89%

g 26 IMG 0122.jpg 2280.0 455.0 177030.477 45€9808.%34 369.62
EE§ 27 IMG 0123.jpg 2820.0 675.0 177051.493 4569838.608 367.13
EE; 28 IMG_0123.jpg 1220.0 525.0 177036.2%90 4563703.521 372.40
D;f 28 IMG 0123.jpg 1760.0 580.0 177039.503 4569754.319 370.17

oy j@ 20 IMG 0123.jpg 1350.0 605.0 177030.998 4569717.883 371.58
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[ | AutoGR-Toolkit . Photogrammetry, v ‘ IE'IE'ill
3D MATCHING

Converts the 2D matching in 3D GCP ’
(this function is still experimental)

Choose the .
processing folder

browse |

input coordinate format  output coordinate format
(EPSG number) (EPSG number)

| | 3857

I Altitude values provider I Google API = |
Required GCPs I 20 EI
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AutoGR-Toolkit — 3D matching

{ File SfM View Tools Help 7 ) &y O . |l
B @R oo @ hErme Xowmnnodhy

37.181619 24.057447 0.174910 /ﬂ
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From field-work to... “air-work”:

Th ank Ou ' photogrammetric applications in Neolithic landscape reconstruction
; ®

Gianluca Cantoro

s
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gianluca.cantoro@gmail.com
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