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Presentation Outline

* Nature and operational impacts of new
recording/measurement technologies on
documentation

— 3D Laser Scanner

» Consideration of current “state of the art”
— Long-range TOF systems
— Data Processing
— Feature Extraction
» New developments in machine vision/object recognition
— Measurements
— Change Detection
— Topo Mapping
» Research needs to address current system limitations

— Consumer oriented soft-bench photogrammetry
alternatives

— Automatic point cloud extractions from photography



Cantonment and other DoD requirements for
documentation

Architectural/structure documentation may be
a required element in preservation efforts on
pases and other locations

HABS/HAER requirements via Sec of
nteriors Standards

“Preservation through Documentation” - Creating
an archive of America’s historic
resources/structures

Includes: measured drawings (can be CAD), large format
photographs, written histories, and field records.




The Optech ILRIS-3D Laser Scanner

A long-range, TOF scanner used
for scanning large structures or
entire landscapes

Typical Working Range:
3 - 350 meters

Performance Range:
350 - 850 meters

Data Sample Rate:
2000 points/sec

Modeling Accuracy:
3 - 5 millimeters (*currently being
tested)

Data compatible with GIS and
visualization software
applications




An example of raw — unprocessed data produced by the ILRIS-3D.

Image: Old Main

*Notice : Army officers standing in front of building




Same scan — Elevated view.

- Image: Old Main

*Notice: “Spotlight effect” of scanner. Objects in forefront (the tree, the officers) cause “shadows” on objects in the rear
(the building). These are actual holes in the scan data which can be filled in by repositioning the scanner and “shooting” a
second scan from a different angle.




Effective Processing Software
Essential

Innovmetric’s Polyworks® Suite

Processes large organized/unorganized point
cloud data sets — up to 100 million points

e Multiple Scan Alignment /
* Polygonal Mesh Generation " @)
» Data hole filling

Geo-referencing

Data Measurements, Feature Extraction, Primitive
Fitting, GD&T objects




Typical Steps in Data processing

 Step 1: Clean scanner data to remove
unwanted or redundant data

e Step 2: Align Scans

(Click Here)



Results of Scan Alignment

* Each color represents a different scan




Completed model of Old Malin




Brief specs on initial Old Main
data collection

Data collected at 3 centimeter resolution

~ 30 scans at 26 different positions
Average scan range: 10-70 meters from target

Total scan time: 8 - 10 hours
Approximate scan time (individual): 3-5
minutes

Average # of points collected per scan:
300,000 — 500,000 pnts

Average scan file size: 5 mb




Higher data resolution = Exponential
Increase in scan time and storage capacity

* Notice the different level of .
architectural detail displayed in Old Main Data

the data sets of varied resolutions

2 cm data '5 mm data |
Scan time: 2.5 minutes Scan time: 3.4.5 minutes
File Size: 2mb 1 cm data File Size: 44mb

Scan time: 9 minutes
File Size: 10mb

Note the detail of
individual bricks in

the 5mm dataset \

IS




Feature Extraction

e Structural features can be extracted from
“raw” point cloud data.

— Features: polylines, curves, planes, vectors, cylinders, etc...

* These features form the building blocks of
a CAD model which can be exported and
further processed in other software
(Microstation, AutoCAD, etc..)




More Accurate Data = More Accurate
Feature Extraction

5 mm data 1cm data 2 cm data

With all of the edges overlain onto
one another, notice that the pink
and orange lines (the edges
derived from the 5mm and 1cm
data respectively) more closely
follow each other and better
represent the edge of the window.
Whereas the green line (extracted
from the 2cm data) is more curvy
and does not represent the edge
as accurately and would therefore
would require more cleanup and
processing.




Complete feature extraction

Window features extracted from 5mm dataset.

Complete feature extraction is possible in Polyworks and is made easier with higher
resolution data. While it may take significantly longer in the field to acquire high resolution

scans of a structure, the time saved processing the data in the lab is far greater.

* A combination of manual and automatic feature extraction tools were used to obtain the above results.



True 3-D measurement



Merging LIDAR and Color-Imagery - provides both texture
(color) and elevation for automated object detection



Automated object primitive delineation using
eCognition



Problems/Issues with 3D laser scanning

What resolution/point spacing to use?

— What is the minimum size of the feature to be
detected?

— What is the average range to the target?

— What is the minimum spot spacing and laser beam
width at the desired range?

Should | use first or last return? What is the
difference?

Questions of accuracy...Can | trust the
scanner specifications listed in the brochure?



Data Measurements

* High accuracy data measurements can be derived in Polyworks using a
variety of the available measurement tools.

* Here, length measurements were taken using “calipers.” Note the high
accuracy of the length measurements when compared to measurements of the
actual objects taken in the field.

Rail Height Measurement in Polyworks
2.921 ft

Rail Height Measurement in Field
2ft,11in.=2.917 ft

Difference between measurements

2.921
Greek Theatre Data -2.917

.004 or 1/20t of an inch




Data Measurements

« Can also be derived by fitting basic primitive shapes to scan features. In the
example below, a cylinder is a fit to a column

L1 > Circumference Measurement in Polyworks
C=2 (.728)
C =4.574 ft.

— Circumference Measurement in Field
C=4ft 7in.
Greek Theatre Data C =4.583

Difference between measurements

4.583
- 4.574
~ .009 or 1/10t of an inch




Accuracy Assessment —
Testing Scanner Specifications

Depth
Resolution

Test Method: Best fit
(least squares fit) a plane
to a relatively “flat” area
(i.,e. a wall)

Scanner Specs
Depth resolution: 3mm (*1 Sigma)

Plane Fit Statistics
Standard Deviation ( ): .005690m
Depth Resolution: ~ 6mm




Implications of laser beam width

) Laser Beam Width in Relation to Range
Laser Beam Width g

D =0.17R + 12, where 900

800 /

700 +

D = Diameter of Spot (mm)
R = Range to target (m)

Range Diameter 600
(m) (mm) E
5 12.85 g 500 -
o
10 13.7 L
o 400
20 15.4 3
o
50 20.5 300 1
100 29

200
200 46 /
300 63 100 /
500 97 O T T T T T T T T
850 156.5 0 20 40 60 80 100 120 140 160 180
Spot Size (mm)

Minimum width: 12mm



Scan overlap at different ranges for
20mm nominal point spaced data

Q 100 meter range

40mm O 20 meter range



Object geometry,
scanner location
and accuracy
Impact

Last Return

1 & |ast

Scanner “beam”

First Ret ~

XY, Z

1= first

Scanner
location

\'

Laser Spot Diameter at Target = 29 mm
(Range = 100 m)



X,Y,Z

1= first

First Ret

ast Return



Last Return




Last Return




X2,¥2,22 .,

Possible overlapping pulses

X1,Y1,21

X2,Y2,22

first

X1,Y1,71

First Return
Pulse One

Last Return
Pulse One

29 mm



Topographic Mapping

* High resolution mapping of landscapes
and surfaces Is possible with the Optech

 Primary Issue: Vegetation

e Currently working on vegetation removal
techniques for scanner data




High resolution topographic
mapping with robotic
theodolite

Images courtesy: Christine J. Markussen, Eileen G.
Ernenwein, Stanley A. Ahler, and Kenneth L. Kvamme



Laser scanning of vegetated surfaces requires removal
of vegetation — transfer of solutions from aerial LIDAR

_

processing

_

Significant horizontal

vegetation impacts on
Infrared system




Change Detection

 Minute changes in structural/architectural
detail can be detected by scanning a
structure In succession over time

« Can help to identify areas of major/minor
structural degradation
— Weak points
— Large falloffs
— Areas of erosion




Change Detection




Visualization — for public interpretation, analysis, planning, etc.




Data Visualization — The Narrows

 The Narrows - An
archaeological site In
Northwest Arkansas
Known for Iits series of
numan-figured painted
netroglyphs.

The Narrows Rock Shelter

e Goal: Create a realistic

visualization of the
Narrows rock shelter as
It exists today.

Close-up of the Petroglyph Panel



Data Visualization

Stepl: The 3D laser scanner was used to obtain an accurate,
scaled replica of the shelter.



Data Visualization — The Narrows

Final 2 minute animation of the Narrows virtual site environment




Three dimensional measurements calculated from multiple
photographs using “consumer grade” soft bench solutions



Camera locations and building
measurements derived from image
measurements

Four camera stations



Photogrammetrically generated point-clouds
based on digital photography

Courtesy ShapeCapture
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