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Linking up ALS, TLS, and
Object Scanning.
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Outline

* Very brief review of key aspects of
technologies

 Compare and contrast capabilities and
features

* How to decide
 Sources of more Info
* Questions

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
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~ Focus ... acquisition and analysis of
HDSM data

« HDSM

— High density survey and measurement

* Technologies involved
— Airborne photogrammetry
— Airborne LIDAR
— GPS (esp) high resolution
— Terrestrial “laser” scanning
— Terrestrial photogrammetry

Multi-scalar 3D documentation. Linking 3 W. F (Fred) Limp
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Focus ...acquisition of spatial data

Airborne photogrammetry

Landscape
 Airborne LIDAR Site
. GPS (esp) high resolution Structure
Feature
* Terrestrial LS and related |
Object
* Terrestrial photogrammetry
Multi-scalar 3D documentation. Linking 4 W. F (Fred) Limp
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A single (class of) tool(s) Is not

adequate

 One environmental factor does not define a
healthy ecosystem

* One technology does not define a healthy digital
ecosystem

* Need integration of technologies of:
— Representation
— Capture — data acquisition
— Measurement
— Etc..

« ALL are needed

Multi-scalar 3D documentation. Linking 5 V;’b;r(:cr;‘j);?mp
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Acquisition Representation Query/
Retrieval
Airborne LS
Terrestrial Sto rage
LS and related _
Fusion S
Aerial
Photogrammetry
Terrestrial Semantic Presentation
Photogrammetry Decomposition ana IySiS
Processing Fusion
Archive
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AERIAL PHOTOGRAMMETRY
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Aerial Photogrammetry
20-30%
sidelap
60%
overlap
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Basic Requirements

« Know real world

coordinates

798.70
2 756.55
3 629.10
4 803.86
5 1018.66

774.70

797.13

732.95

635.33

696.55

-12.186

-9.691

-10.588

5.112

-9.504

Stereo (overlapping images)
Ground Control Points (GCP)
* Photo identifiable

Multi-scalar 3D documentation. Linking
up ALS, TLS, and Object Scanningi

W. F (Fred) Limp
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Automated 3D point extraction

X, Y, and Z of point

3D Shape Point Matching

Points Matched
onimages

Center of

grid cell
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ALS 50
Leica Geosystems

with vegetation

Airborne Laser Scanning
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Bare Earth Pnts
: Zvalue (ft)
1252.8 - 1292.5 ;

12926 - 1325.8 |
13258 - 1358.5
13585 -1391.3
1391.3 - 14236 &
1423 '

Multi-scalar 3D documentation. Linking V:ﬁ; éi’i‘v’biﬁ"p
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ey LiDAR Articles in JAS Em

Caracol Archaeological Project Ohio Archaeology
PNAS 2012 Chase et al Romain and Burks 2008
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HIGH RESOLUTION GNSS

- /
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GPS common in archaeological survey

« Mapping grade (single channel — L1) code based
autonomous systems
— Routinely provide under 3-4 m capabilities
— Modest cost
— Rapid acquisition times
— DGPS solutions
» Improve results to (up to) decimeter accuracies
« High resolution capabilities via RTK
— Dual L1 and L2 carrier

— $10-20K+ in cost — complex to configure
« Base and rover
— Rapid acquisition after initialization
» Point occupations of a few seconds
— Common to achieve < 5 cm precision (H and V)

Multi-scalar 3D documentation. Linking 20 W. F (Fred) Limp
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GNSS developments

* Near term (now)

* Much larger satellite

constellations
- GPS, GLONASS, Beidou ....

 RTK network (PP-RTK)

— Less complex than
base/rover

— Wide area coverage

— Fast initialization
 Under 10 sec

* Precise point positioning
— Dual frequency receiver

— Access to real-time satellite
correction data

L

UNIVERSITY OF
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Next developments ...

« L2C (Block IIRM and later)

— Civilian moderate and long codes on L2

— Support dual channel code based systems
— Removal of ionospheric delay

— Faster acquisition

« L5 (Block Il satellites)

— Much stronger signal (+2x)
— Improved code/signal structure

— Capabillities in challenging settings
« Under tree canopy
* High relief
« Urban
* Indoors?
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TERRESTRIAL
PHOTOGRAMMETRY
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AKA “Close-range” photogrammetry

Photography at El Zotz
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Add/Remove Photographs
Photos in IZ:'\PEHI_images Photos in project
All
<<
Change directory... 0K Cancel Help
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ﬂ PhotoModeler Pro: Elkhorn. pmr
Sk Bk Mertiy Befererong Bropct Windew Oplios Beb
O B e B-8Ba®RFHD
RGO K% S e sufie_ ] = @ o
Panta Coeral E__?J (",“

Matked | Progcted | | g
Fhotoa lSélln}s |

) g Defauk v Oy whie -

» Dsstreticn pheto 11 - L{- ® %% % i il
[®]Photo: 11 (1:1) : Horth : oriented Q@@

Souros photo §

falﬂwms ;]ﬁ

Sebact | Coen

<

Caect Park: W:332, tghtaesx 1 000%, on pholoszused 3 unusedt rore
TPoint Reference] Inthe destnstion photo, select an esastro pork that matches the hichightad ons or matk a nsx pork to faem the referercs.

Use multiple photos that show same areas
“old way” ... Manually link the same location in multiple photos

1
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' = Phatabodeler Pro: Elkhorn. pmr - [30 Viewer] e =
__ Fis Edt Marking Refererdng Project winded Jotions deb -5 ¥
™ ]ehles_,E' iz e gf Defeuk - <h Wik
[ & o £ Twfees (L= e &
P Corliel =] 2
Maked | F‘mi:.-:::ll
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EETRa
sedact il 1 ey
Save. npan. phoio gl phobo continl e4poda. e s
Toefect] Chek omoar kem bo sebsct it ared bo perform warous Scaons or viess nformaten
Camera location and parameters
automatically calculated
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Adding Surfaces

Surfaces are‘defined by reference points and generated\(rom the
specified imag
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Automatic camera orientation
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TERRESTRIAL “LASER”
SCANNING
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« Adigital representation of an object consisting of hundreds of
thousands to millions (or more) of precisely measured X, Y, Z
(and often RGB) coordinates collected with a 3D scanner
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Time of flight

e System sends out laser

pulse |
— Times its return — ='
— Determines distance _m_x"zﬁnﬂm-ﬁ—%w |

iIncrements pulse
horizontally and
vertically to determine
angles to locate pulse
in X, y, a_nd y4 Graphic: 3Driskmapping.org

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
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Phase comparison

 Sends out pulse N S+

o Transmitted wave [ Eainw _ ...... SN .
and received wave T N -
properties are . Tl e -
compared using
sighal processing
methods to determine
distance traveled

Graphic: 3Driskmapping.org
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Triangulation
« Sweeps laser “line”
across surface AL
- A
 Recelves at a separate é\[{'_
(precisely located) CCD « L
camera surface A

* Using geometry of CCD
and laser determines the
parallax of line locations

Graphic: 3Driskmapping.org

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
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White light/Fringe Projection

» A type of triangulation system
— Projects a pattern (fringes) onto an object

— Sensor takes multiple images and uses
images to triangulate 3D coordinates

— High resolution — 10s of micrometers

projector prajector

camera 1 camera 2 camera 1 camera 2

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
: : SPARC Webinar
up ALS, TLS, and Object Scanningi January 2014
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Laser scan workflow and metadata

Suggested G2GP
Workfiow
w/meladalo

Waorkflow for
Processing

ietadato

Raw Scans
[ASCII, Native)

ndlioh

L RWaziee
A NI e 0

Data teanas scans 5 o
caale arelizne - “Carpoete Frbvittaa
wrdl e 410l L. 5 e RuwScurs Rarsua-s

Loser Scan

- Regaterad
| s@ans - p =
Paint Cloud Reystered can e e
Format wiaditn] edits o N iz 0 e
AN are s -
Sievc e ppaar v Azl v
Inmia! Folygonal R TarrlzimTeeat Tt AT . —
Mol el AN, _,:':-,';" . Vot o rAsdine
L A HnalPahgaral i e
I tcdel z- rata:cioztise
3 1 aestn nanzrras] Iacen
PC|’f£0q3| LRISE TS IR0 3 L Se
Aol wanvitlia s i Sspvetee et
Model 35 ey -nathesil

Decimatad
Formal Polvzoral Model |
el =4 , Mgt aeest
— " : rina Pt [ P

RURRS Sprface

Videa/nimaticn (22)
(avi) [ | B B
Baasuramants
177%) Wiew P e
Crass Sectians
{TXT. OXF?)

(DXF)
Formats of Nata

http://guides.archaeologydataservice.ac.uk/
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Project Name

Name of monument, survey area, or object
Monument/Object Number
Survey Location

Survey Date(s)

Survey Conditions

Scanner Details
Company/Operator Name
Control data collected?
Turntable used?

RGB data capture?

Estimated Data Resolution

Total Number of Scans in Project
Description of final datasets for archive
Planimetric map of scan coverage areas
Additional project notes

Images from survey

http://guides.archaeologydataservice.ac.uk/g2gp/LaserScan_Toc

Description

Name of the project

Name of object, monument, or area scanned

The ID number or code, if applicable, of the object or monument
Exact location of survey with complete address and/or coordinates
Dates(s) of survey

The overall weather trend during survey (sunny, overcast, indoors, etc.)
Details of the instrument(s) with serial number(s) and scan units
Details of company and/or scan operator

If yes, then list control_file_name.txt.

Yes/No

If yes, then specify whether:
- Internal or external?

- Was an additional lighting system used? If yes, then provide a brief description of the lighting system.

The estimated data resolution across the monument or object.

Total number of scans

What datasets will be archived (include file names if possible)

If applicable, then provide the image name.

Additional notes

Optional, if yes, then provide the image file names

Example of Project Metadata

%
——
UNIVERSITY OF

ARKANSAS
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General 3D Data Pipeline

‘\Scan subject-=3=e» Take Photos ‘

Import point clouds Derive point clouds

Clean point clouds

Register point clouds

Derive Textures
and map to model
Q Measure, Draw Scale the model
Vectors, Analyze

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
. . SPARC Webinar
up ALS, TLS, and Object Scanningi Januar y 2014
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Close-Range Photogrammetry:

Many Parameters and Processing Choices

* Collect
Images

INPUT

* Image Preparation

* Model Key Point
Detection in all images

+ Select ‘initial image’

Images left
unused as
‘initial
images’ ?

e

* Select ‘'match image’

Match Image
has
keypoints in
common
with initial
image?

Estimate
camera
positions from
matching
points

Calculate
further initial
3D point
positions

 Camera pose
estimation refinement

« 3D point cloud
triangulation

Are there
any
remaining
match
iImages?

Close the loop

Bundle
Adjustment

Transformation
to absolute
coordinates
(optional)

Image
Rectification

Dense Depth
Estimation

Triangle Mesh
Generation

Model Fusion

OUTPUT

Multi-scalar 3D documentation. Linking

up ALS, TLS, and Object Scanningi
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Key Issues

« Data collection
— Access
— Reflectance
« Surface
* Angle
— Resolution
* Processing
— Time
— Computing
* Reporting

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
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e AcCcess

Position. 4

Data Collection

Machu Picchu
Map of areas scanned with 3D laser scanner

Position 3

3 I ;w’} =
Position 2

@

UNIVERSITY OF

ARKANSAS
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Data Coll

ection
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Data Collection
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Data Collection

* Return Intensity and surface reflectance

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
. . SPARC Webinar
up ALS, TLS, and Object Scanningi January 2014
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Data Collection
Resolution

2 cm data 5 mm data
Scan time: 2.5 minutes Scan time: 34.5 minutes
File Size: 2mb File Size: 44mb

1 cm data
Scan time: 9 minutes
File Size: 10mb

Note the detail of
individual bricks in

the 5mm dataset M%" s

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
: : SPARC Webinar
up ALS, TLS, and Object Scanningi January 2014
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Data Collection

* Resolution and edges

Multi-scalar 3D documentation. Linking W (Fred) Lmp
up ALS, TLS, and Object Scanningi Januar:zgfz[
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Data Collection
 Resolution

2 cm data

1cm data

5 mm data

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
. . SPARC Webinar
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Data Collection

 Resolution

L
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Window features extracted from 5mm dataset.

Multi-scalar 3D documentation. Linking
up ALS, TLS, and Object Scanning

W. F (Fred) Limp
SPARC Webinar
January 2014



= b
AT §

. -
T

 Beam Divergence

Data Collection

L

UNIVERSITY OF
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Laser Beam Width Laser Beam Width in Relation to Range
D =0.17R + 12, where
D = Diameter of Spot (mm) %00
R = Range to target (m) 800 /
. 700
Range Diameter
(m) (mm)
600
5 12.85 B /
10 13.7 S 500
8
20 15.4 e
% 400
50 20.5 § /
@
100 29 300
200 46 200 /
300 63 /
100
500 97 /
850 156'5 0 T T T T T T T T
o ] 0 20 40 60 80 100 120 140 160 180
Minimum width: 12mm Spot Size (mm)

Multi-scalar 3D documentation. Linking W. F (Fred) Limp
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Range

(m)

10

20

50

100

200

300

400

500

Beam
Diameter
(mm)

13

14

15

20.5

29

46

63

97

156

Diameter
(Inches)

0.5

1.1

6.1

Beam divergence for Optech ILRIS
Diameter in mm = (0.17 )* (Range to target in m) + 12 mm.

Note that Optech has one of the better beam divergence numbers

Multi-scalar 3D documentation. Linking
up ALS, TLS, and Object Scanningi

W. F (Fre

d) Limp

SPARC Webinar



=

o

UNIVERSITY OF

Data Collection

 Beam Divergence

Multi-scalar 3D documentation. Linking W (Fred) Lmp
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Data Collection
* Obstructions
~
/ I \ Significant horizontal
R vegetation impacts on
Infrared system
Multi-scalar 3D documentation. Linking W (Fred) Lmp
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Some potential criteria

Accuracy

Resolution

Noise

Speed

« Repeatability

« Portabllity

« Range or maximum object size
« Data formats/interoperability

* Cost!

Multi-scalar 3D documentation. Linking 60 vzé;ézr;?)gmp
up ALS, TLS, and Object Scanning! S ota
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® Truth
Co o
0o O Measurement
# 855
%
Accurate, precise Accurate, not precise
® 000
© °© o
&
0
Not accurate, precise | Not accurate, not precise
Figure 3.1. Accuracy vs. Precision.
NIST 2005
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6 meter range

Callidus e 3 B ,,’

ro potnrs on back

plane measured

22 meter range

Leica HIDS 2500

potnt demsiry to0 low to resolve the obfect ar this range

Callsdus

Leica HDS 3300

Leica HIDS 3000

Mewsi S25

Leica HDS 3000

Mfens: S25

Mensi GS100

1172
AN

NN

Mens GS100

\

Menai GS200

NZ
ZIN

Meas: GS200

Reegl LMS.Z210

Roepl LMS-Z420:

powmnt demsity too low to resolve the objact ar thiz range

Riegl LMS-Z210

OO, o
Wi

Riegl LMS-Z420i

Roepl LPM.25HA

Z+F Inxagez 5003

N

AN

-

AN

Figure $a. Results of the secolution tes! uang the target shown 1o Figuze 5. Scauned # 6 m range.
La#i: Cross sacticn of point clond. Righe: Powmes on back plane of target (in smaller scale)

RE!

TR I S TEEL
Riegl LEM 25HA TRAT dheeliig

Z-F Imaper 5003
" ' n

Figure 9b. Rasults of the resolutson test using the target siown i Figure 5. Scanned 22 22 m range.
Lo Cross section of powss clond. Right' Powes cn back plane of tarpet (in smaller acale)

INVESTIGATING LASER SCANNER ACCURACY (2005)
http://www.scanning.fh-mainz.de/scannertest/results300305.pdf
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Table 2. Differences between known and scanned distances between two spheres orthogonal to range. ANSAS
Standard deviations (mm) based on 12 independent vertical and 12 independent horizontal spatial dis-
tances.

* Because of limited angular increment tested for short ranges only.
® Influenced by low range accuracy due to tnnangulation principle at far range;
much better for close ranges (e.g. 0.8 mm vert. and 0.2 mm honz. at 4 m range)
Vertical Horizontal Maximal
distances distances absolute
(std. dev.) (std. dev.) difference
Callidus Precision Systems (1) 5.6° 43° 12.2°
Callidus Precision Systems (2) 0.9° 2.5° 18.3°
Leica HDS2500 (1) 0.8 0.8 1.6
Leica HDS2500 (2) 0.5 0.5 1.1
Leica HDS3000 (1) 1.3 1.1 2.9
Leica HDS3000 (2) 1.1 1.8 2.8
Mensi $25 3.8° 34° 9.2"
Mensi GS100 1.9 2.3 3.3
Mens1 GS200 4.7 2.2 8.3
Riegl LMS-Z210 10.2° 16.8° 27.1°
Riegl LMS-Z4201 1.7 2.1 4.1
Riegl LPM-25HA 2.5 3.9 6.5
Zoller+Froehlich Imager 5003 2.9 7.5 11.1
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« 3DMD Qlonerato
 FR1 projection +1

camera

« FR2 projection +3
cameras

« KM910

« Polhemus
FastTrack

Mean Mean

Global Repeat Number of |Number of
Scanner |Accuracy |Accuracy |Points Polygons
3DMD 0.106504 | 0.067726 11000 22000
FR1 0.35859 | 0.243976 3000 5500
FR2 0.924995 | 0.606283 50000 100000
Minolta 0.07977 | 0.014917 82000 185000
Polhemus | 0.152945 46000 90000
Ground Truth 70000 140000

RMS RMS

Global Repeat Number of |Number of
Scanner |Accuracy |Accuracy |Points Polygons
3DMD 0.242287 | 0.515699 11000 22000
FR1 1.783649 | 1.564316 3000 5500
FR2 1.21512 1.14467 50000 100000
Minolta 0.181542 | 0.20415 82000 185000
Polhemus | 0.281818 46000 90000
Ground Truth 70000 140000

Accuracy numbers shown are in millimeters

Table 2: Accuracy Summary

Boehnen and Flynn 2005 Accuracy of 3D scanning technologies in a face scanning scenario
Proceedings of the Fifth International Conference on 3-D Digital Imaging and Modeling (3DIM’05)
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Forensic Science International article

The results of the present study validate the use of the Di3D stereo-
photogrammetry system for indirect anthropometric measurements.
Linear measurements on 3D soft tissue surface model made with the
Minolta Vivid 900 laser scanner, KaVo 3D exam CBCT scanner and
Di3D stereo-photogrammetry system are accurate when compared with
direct calliper measurements. Therefore, the measurements
recorded by all three 3D systems appear to be extremely accurate
and very reliable for research and clinical use. There were also no
clinical differences between the 3D techniques suggesting that data
obtained from these systems maybe combined for future research. By
analyzing human remains via 3D models, forensic anthropologists can
construct biological profiles using precise and accurate metrical data to
determine key aspects of identity.

Evaluation of anthropometric accuracy and reliability using different
three-dimensional scanning systems 2011 Z Fourie, J Damstra , P. Gerrits, Y Ren
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Table1
Mean and standard dewiations (50} of the four anthropometric measuring technques (2]l mezsuremenis in mm)L

Zoft tomue mezsurements Meg=uring techniques

Reference (@lliper) Ciome heam CT lamer surface sran 3D steren <phofn gram-

metry

Mdimmn £n£) Bd=an LR ey Mdimmn £n£) Bd=an LR ey
1. {m=gn} 11489 1 1548 i 11506 iy 115601 i
2 (m=gha}) TrEE Ll TR 259 R4 A1 g -c A0
A{=n-gm} G027 589 Gl 572 G054 580 5854 5
4 (g-=n] il L TG 5490 il L T 58
& (t-n) = right 12532 i 12553 739 13665 iy 12655 5
i (t=n) = ledfi 12614 5 125757 i 12615 i 12648 i i
. (t-=n) = mght 15089 - 12893 a7 13059 el 13045 10
& (t==n] = left 13104 e 13154 T8 12831 s 124.50 LT
4 (t-gn) = right 1439 12407 14827 11746 14783 1356 14617 1143
10 (t=gn] = l=ft 14824 =i 14963 T61 14532 11.12 14798 kS
11. (en-en) EE T LIS 3349z E LT 2404 e EET: ah
12 (ex-ex) | e LR 595 =|I5 5k 2949 e
13 (al=al} Ir3a o il L 3184 I730 481 L 447
14 (n-=n} ShA4 k) A5 20 ShEA EE Sk .
15 (n=pm} 5353 s S0 526 5146 44 5147 475
14 (al-pm) = might et 5y EET 482 T &imn E L ke o
17. (al=pm]) = lefi el vl i A0 78 e 3.4 4
1& (ch-ch) 5504 1010 5177 2749 5803 530 SGET BT
19, (smesin ) A0 A 2247 350 Wt 20 2172 am
#L (smech) = right L1706 a7 431324 189 4138 i 4337 4.5
21, (smech) = left L3120 .47 4310 21 4188 Ay 42945 k|
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Resolution on mesh

saliency metrics = 7/ mm kernel

7 3D Yiew 2
Foint size =
[Roughness(7)] " [Roughness(7)]
0.477494 = : 0.501235 =
0.452363% ‘ ‘ 0.4?4855%
0427232 g 0448476 py
0:402100 g , N B e 0:422097 o
037699 “Tal W\ \ 0395715
A O.351838i : Sk b, i O.369338i
\-.. 0326707 g ﬂ : ol £ 0342950 g
/'*0.301575i i 0.316580 g
0.276444 gy " ' 0.290201 gy
0.251313 g 3822
e
O 0
U Ll
]
[
PS: 152,451 vertices C10: 5,914 vertices  ooore
,. oo
Photogrammetry o= | Scanning C10 o=
0.0000! -
Roughness
7mm kernel
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Mesh

saliency metrics — 5 mm kernel

PS: 152,451
vertices

Photogrammetry

Roughness
5mm kernel

[Roughness(5)]
0413416 —

0.391658 —
0.369899 =
0.348140
0.326382
0.304623
0.282864 g

7 3D Yiew 1

[Roughness(5)]
0.458432 |j

0.434306 —
0.410181 =
0.386056 gum
0.361930 ppu

.337805 g
0.313680 g

265429
0.241304 g
0.217179 g

C10: 5,914
vertices

Scanning
C10
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Mesh saliency metrics — 3 mm kernel

;[E]g] I 3D Yiew 1

[Roughness(3)] g : -" > [Roughness(3)]
0.260347 = Yy ‘ - » v 0.320531 =
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Photogrammetry o2 Scanning C10 oo
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3mm kernel

PS: 152,451 vertices 1 C10: 5,914 vertices
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~ Comparing Photogrammetric Products: R
Both the algorithms and how individual software implements the algorithms
affect processing results.
|
Without texture |
jUSt the 3D Photoscan Med. Resolution
“data” |
o — — With texture
lzel teteh Photoscan Ultra High R_esolutién
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29 Close-Range Photogrammetry: Software -5
P ARKANSAS
Pros Cons
123D Catch * Good point matching algorithm + Extreme (over) smoothing
(Autodesk) * No a priori camera calibration » Black box processing
* Focus can be adjusted *  Minimal parameter control
* Allows multiple focal lengths
« Processing on remote server
* Extreme smoothing/very clean results
» Resulting models are a manageable
size
PhotoScan * Good point matching algorithm * Processing intensive
(Agisoft) * No a priori camera calibration « Memory intensive 12+ gb
* Focus can be adjusted * Less parameter control relative to
* Allows multiple focal lengths PhotoModeler Scanner
« Extremely detailed models
» Local processing (more control)
« Good parameter control relative to
123D Catch
» Detailed reporting/logs
PhotoModeler |+ Detailed reporting and logs * Fixed focus required
Scanner « Best parameter control * A priori camera calibration
* Customizable processing required
* Local Processing » Matching algorithm is dated
« Time consuming with more
manual intervention
Multi-scalar 3D documentation. Linking S (e ) L
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Journal of Archaeological Science

Volume 40, Issue 12, December 2013, Pages 4450-4456

el 2R
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Performance evaluation of a multi-image 3D reconstruction
software on a low-feature artefact

Anestis Koutsoudis® & - & Blaz Vidmar® &, Fotis Amaoutoglou® 1 &
# Institute for Language and Speech Processing, Multimedia Department, Research Centre ‘Athena’, PO Box 159, Xanthi 67100,
Greece

Y University of Ljubliana, Faculty of Givil and Geodetic Engineering, Ljubllana 1000, Slovenia

“The model produced by the 3D laser scanner is of higher quality
than the image-based 3D reconstructions and this can be easily
understood even with subjective methods (e.g. visual comparison of the
two models in terms of geometrical details and lack of noise). It should
be mentioned that the current case study was based on a challenging,
for image-based methods, artefact. This is due to its surface properties
(e.g. lack of strong features, low frequency of colour changes, almost
white surface).” page 4454
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8.
Beyond Traditional Measurements

e \Volume
e Radius
e Surface Area

e Perimeter Length

CPort 1 2363353 PO SA87E 1084281
TRortZ: (627282 6552548, 104 74003

* Point to point g g
— Can be constrained to an axis in 2d
— Across a 3D surface

e VVertices and plane angle
measurements (including dihedral)

e Ease of investigation around the entire

object EES=N L
— sustained views at difficult angles
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Wear analysis on Greek amphora stamps
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Automatic extraction of
semantically relevant
elements

e |mages to elements
— Computer vision tools

— Object recognition and
isolation

e Selected “GIS” analytical
operations

@

UNIVERSITY OF

ARKANSAS

Multi-scalar 3D documentation. Linking 80
up ALS, TLS, and Object Scanningi

W. F (Fred) Limp
SPARC Webinar
January 2014



color stripped

O

curvature mapping

@

UNIVERSITY OF

ARKANSAS

Multi-scalar 3D documentation. Linking
up ALS, TLS, and Object Scanningi

81

W. F (Fred) Limp
SPARC Webinar
January 2014



&
TCAST S i

.l"'-;._.-_:;-\."-'? UNIVERSITY OF
i ARKANSAS

From Amarna Egypt
Artifact 8761 is a ceramic mould for a faience ring bezel that bears

the name of Neb-Kefer-ru-ra (later Tutankhamen)
e 2.7/5CM
* Note fingerprint and fabric imprints
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Automated style analysis
- uses three dimension not just two

3
R
N
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For more on methods -- NSF funded project

Leico C10: Seting Up The C10

This workfiow will show you how et wp the Leica C10 Loser Scamner prior to begiwing your

Geospatial Modeling & Visualization - : B et coutey Mg S DA el
v 9 Using the GMV R —

INSTRUMENTS
COMPONENTS

Understanding 1he Tochosbg |

GMV Gecpimics GPS Modeling Dighal Photograrmmeiry

Dalo and Projects by Reglon

Doglaniag o Preject

=
-L-A,Eh-ﬁf"}l'A oo ua

Moose cho 1N cocumert o Payee, Angle. 2011 Lelca C10: Seftiag Up The CIO.CAST Tethde ol
Pubkoctions Serdes. Number 7330 nitp//grw. cost.uark e du/scanning Mardware felco € 16/ 10~
wmwm1nw mm lll—lﬂ'!l [Last Updatwd *
Mey 2013 Dhciainer: AV logos and Ira

owners

http://gmv.cast.uark.edu NSF funded workflow and resources
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" So how do you choose?

,f;_,,fiﬁ
$ Equipment
© Dist. to Target
-
o Capture Depth
©
Q L
Lightin
s gntung
© .
A Time

5 Scanning

o= oy

$60,000+ Purchase
$1000+ Rental/week

0.5 mto 2 km
(plus scanner dimensions)

Close-range = centimeters
Mid to long = range

Close-range: low light to dark req'd
Mid to long: Lighting only affects texture

L
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Photogrammetry

$100s - $1000s Purchase

Limited by focal length and depth of
field

Limited by depth of field/
aperture

Light required
Diffuse light or minimal shadows ideal

More complex geometry requires more scans/photos and more processing time
Higher resolution requires more time for data collection (i.e. longer scans, more photos)

Goal #1: Metric precision

Goal #2: Visualization

Goal #1: Visualization

Goal #2: Metric precision
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Further reading — a start

Aerial and close range photogrammetric technology 2008 N.
Mathews. BLM TN 48

Theory and practice on terrestrial laser scanning 2008 B. Van
Genechte

Airborne and Terrestrial Laser Scanning 2010 G Vosselman H-G
Maas (eds)

Interpreting archaeological topography: lasers, 3D data,
observations, visualization and applications 2013 R Optiz and D
Cowley

Close Range Photogrammetry: Principles, Techniques and
Applications 2011. T Luhman, S Robson, S Kyle, | Harley

3D laser scanning for heritage 2nd ed. 2011 English Heritage
CIPA Symposia publications cipa.icomos.org/index.php?id=28
3D-COFORM EU Project www.3d-coform.eu

Geospatial modeling and visualization gmv.cast.uark.edu
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