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Presentation Outline
• Nature and operational impacts of new 

recording/measurement technologies on documentation
– Quick Review of Strategic Environmental Defense Program 

Multi-instrument Fusion Project
• Ken Kvamme, Michael Hardgrave, Tom Sever, Eileen Ereenwein, 

Fred Limp

– 3D Laser Scanning 
• Aerial and terrestrial
• Consideration of current “state of the art”

– High resolution (up/down? to 5 cm) multi-spectral 
stereo imagery

– Automated processing of Corona imagery 
– Mensuration -> analysis -> visualization 
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SERDP CS 1263

3 Year Project 
Multi-instrument fusion methods

Sensors
Satellite

QuickBird
Aircraft

Atlas (thermal)
Pilot IR250 (thermal)

Terrestrial
magnetic, 
electrical resistivity
electromagnetic conductivity, 
ground penetrating radar
high resolution topography

Palm IR 250 from powered parachute at Ft Riley
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Evaluation of
multiple fusion 
strategies including
different mathematical
visual and analytical
techniques including
image segmentation
(eCognition), 
AI (C5 and Cubist) 
and others…

From 2004 SERDP annual report
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From 2004 SERDP annual report

Project includes comprehensive statistical
analysis of predicted results
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Ft Bliss
NM
image fusion ..

Extensive structures
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www.cast.uark.edu/cast/serdp
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ALS 50 from
Leica Geosystems

with vegetation w/o vegetation

Airborne Laser Scanning – fast digital terrain data

Center of
Excellence in
Photogrammetry
and Remote Sensing
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Manipulating Airborne LIDAR 
Returns

• Oracle 10g Spatial (SDO geometries)

• Enable analytical work with raw data (all returns and 
breaklines)

• Classification aided by existing vector geometry
– Coordinate system transformations handled in the database
– All spatial operators available

• Fast retrieval and aggregation based on combination of 
geometry and attributes

• SDO_NN (n nearest neighbors) and 
SDO_WITHIN_DISTANCE operators enable filtering 
operations

Center of Excellence in 
Spatial Data Management
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SELECT a.geometry
FROM city_limits2003_ahtd a
WHERE a.city_name = 'Greenland'

SELECT a.geometry
FROM railroads_tig99 a, city_limits2003_ahtd b WHERE b.city_name = 'Greenland' and  
SDO_RELATE(a.geometry,b.geometry,

'mask=ANYINTERACT') = 'TRUE'
SELECT SDO_CS.TRANSFORM(a.geometry,8265) FROM beaver a,

(SELECT SDO_GEOM.SDO_BUFFER(a.geometry,50.0, 0.0005,  'UNIT=FOOT' ) as geometry
FROM railroads_tig99 a, city_limits2003_ahtd b
WHERE b.city_name = 'Greenland' and              

SDO_ANYINTERACT(a.geometry,b.geometry) = 'TRUE') b WHERE
SDO_ANYINTERACT(a.geometry,b.geometry) = 'TRUE';

RETURN COUNT: 4579

Extract all “surface” returns within 50ft of all 
railroad tracks through the city of 
Greenland, AR from data set of 200 million

Retrieval in < 2 seconds on a desktop computer
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LAS Return Data
id
point_geometry
pulse_number
x
y
z
intensity
return_number
number_of_returns
scan_direction_flag
edge_of_flight_line
classification
scan_angle_rank
file_marker
user_bit_field
gps_time

Full Header Supported for both Loader and 
Writer 
• datum and projection (per GeoTiff header)
• bounding box
• date of flight
• return counts (1,2,3,4,5)
• scale factor

LAS from Oracle 

Subset of returns for 
transfer to other 
packages.
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� Optech ILRIS
� A long-range, TOF scanner used for 

scanning large structures or entire 
landscapes

� Typical Working Range: 
10 - 350 meters
� Capable to 850 meters +

� Modeling Accuracy: published 3 - 5 
millimeters 
� Achieving 6 mm -- currently being 

tested further
� Data compatible with GIS and 

visualization software applications

Terrestrial Laser ScannerTerrestrial Laser Scanner
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An example of raw – unprocessed data

*Notice :  ROTC cadets standing in front of building

Image:  Old Main
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Same scan – Elevated view.

*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.

Image:  Old Main
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Effective Processing Software Essential

� Innovmetric’s Polyworks® Suite
� Processes large organized/unorganized point cloud 

data sets – up to 100 million points
• Multiple Scan Alignment
• Polygonal Mesh Generation
• Data hole filling
• Geo-referencing
• Data Measurements, Feature Extraction, Primitive 

Fitting, GD&T objects
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Typical Steps in Data processing

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

• Step 2: Align Scans
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Results of Scan Alignment
* Each color represents a different scan
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Brief specs

� 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
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Data resolution

5 mm data 
Scan time:  34.5 minutes

File Size: 44mb

2 cm data
Scan time:  2.5 minutes

File Size: 2mb 1 cm data 
Scan time:  9 minutes

File Size: 10mb

* Notice the different level of 
architectural detail displayed in  

the data sets of varied resolutions

Note the detail of 
individual bricks in 
the 5mm dataset

Old Main Data
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Feature Extraction

• 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..)
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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.
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True 3-D measurement
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Strategies for automated object detection
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Machine vision and image 
segmentation
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Difference between measurements

2.921
- 2.917

.004 of an inch

Data Measurements
•Here, length measurements in PolyWorks 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
2.917 ft

Greek Theatre 
Data
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Difference between measurements

4.583
- 4.574
~  .009 of an inch

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

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

Circumference Measurement in Field
C = 4.583 
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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 I use first or last return?  What is the 
difference?

� Questions of accuracy…Can I trust the scanner 
specifications listed in the brochure?
� NIST task force on terrestrial accuracy assessment

� Widely accepted data standard
� Aircraft LIDAR has standard format (LAS) .. Terrestrial has none
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Testing Scanner Specifications

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

Depth 
Resolution

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

� Plane Fit Statistics
Standard Deviation (� ):  .005690m
Depth Resolution:  ~ 6mm
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Implications of laser beam width

Laser Beam Width 
D = 0.17R + 12, where
D = Diameter of Spot (mm)
R = Range to target (m)

Laser Beam Width in Relation to Range
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100 meter range

20 meter range

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

40mm
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X,Y,Z first

First Return

X,Y,Z last

Structure

Last Return

Laser Spot Diameter at Target = 29 mm

(Range = 100 m)

Object geometry, 
scanner location and 
accuracy impact

Scanner
location

Scanner “beam”
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Topographic Mapping

• High resolution mapping of landscapes 
and surfaces is possible with the Optech

• Primary Issue:  Vegetation
• Currently working on vegetation removal 

techniques for scanner data
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High resolution -robotic 
theodolite

Images courtesy: Christine J. Markussen, Eileen G. 
Ernenwein,  Stanley A. Ahler, and Kenneth L. Kvamme
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Laser scanning of vegetated surfaces requires 
removal of vegetation

Significant horizontal 
vegetation impacts on 
infrared system
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In the field this summer at Tiwanaku, Bolivia 
under an NSF High Performance Computing Grant  w/ Univ

Penn
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Panchromatic backwards
NIR band Panchromatic nadir

Blue band Green band
Red band

Panchromatic forward

Leica
ADS40 

Airborne 
Digital 
Sensor

Published spec to 5 cm res!
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UA Campus -
April 15
2005 

Leica ADS 40

15 cm pixel

Old Main

Ozark Hall
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Corona based image mapping
• Collaborating with Anthropology Department at UA (Dr. Jesse Casana)

• Imagery dates from 1960s-70s - prior to major development in Middle East

• Pilot effort used Corona imagery to identify 3x as many archaeological sites 
as were previously known

• DSP Corona KH-4B Panoramic Imagery from USGS Eros Data Center
– Single image provided in three scans 
– Automatic tie identification to recombine

• Rigorous model 
– Transform image from panoramic to frame model using collinearity equations
– Use Leica Photogrammetry Suite (LPS) to automatically generate orthoimages

• DEM choices for orthoimage generation
– Generated from Corona stereo
– SRTM 90m global coverage
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The Roman Legionary Fortress 
at El-Lejjun, Jordan (31.21N 
35.8E), covers an area of 
approximately 4.6ha. 
Excavation has shown that the 
fortress was originally 
constructed around AD 300 but 
occupation extended through to 
the sixth century.

Corona satellite image acquired 
on 29 Sep 71 by a KH-4B 
photo-reconnaissance satellite 
shows the fortress in plan view. 
The image covers an area of 
some 1km by 1km with a pixel 
size equivalent to approximately 
2.5m on the ground.
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“Bow-tie” footprint
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Simple Panoramic Camera Model

• Even a simple model must take 
into account motion of platform 
during image scan.

• Current results indicate that 2nd

order RFM does not adequately 
model sensor.

• Partial ephemeris is available for 
KH-4B missions and is sufficient 
to initialize non-linear bundle 
adjustment.

Initial results indicate RMS of 9 m is 
possible with approximately 30 
ground control points. 
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Mensuration Visualization



44

Visualization
• The Narrows - An 

archaeological site in 
Northwest Arkansas known 
for its series of human-
figured painted petroglyphs.

• Goal: Create a realistic 
visualization of the Narrows 
rock shelter as it exists 
today.

The Narrows Rock Shelter

Close-up of the Petroglyph Panel
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Step 3: Finally, the rest of site environment was recreated 
using a combination of 3D modeling techniques and 
site imagery(i.e. trees and backdrops were added).

Step 2:  Next, realistic rock textures and images of the petroglyphs
were draped over the rock model. 

Step1:  The 3D laser scanner was used to obtain an accurate, 
scaled replica of the shelter.
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Mensuration Animation        Interpretation?

Final 2 minute animation of the Narrows virtual site environment
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Many new technologies
• Substantial opportunities for location and documentation

– Increase information
– Decrease time/cost

• Significant technical issues remain to be resolved
• Requires focused collaborative and multidisciplinary R/D 

effort 
– Photogrammetrists
– Survey specalists
– Remote sensing specialists
– IT specialists
– Preservationists
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