o Geographically Refe

et

The plan for today .....

* The emerging AND converging 3D world
* How?
* What are the technology drivers and emerging technologies?
* Why?

» Beyond the “way cool” effect why is 3D (and visualization) going to
be pervasive ?

* Why not 3D ?
* What are the impediments?
. <k:< is there the potential that we will miss out on the next big
thing?
» What are the “cultural” impediments to our community playing as
large a role as it might ?

 “The fault dear Brutus (or Bob or Mary, or ...) is in ourselves not
our stars. (with apologies)

» Don't be like the railroads who through they were in the rail road
business.....




At the “intersection” of emerging

technologies
* Mapping « Computer science
— Terrestrial surveying — Machine vision
- GIS — Databases
— Remote sensing — Computer graphics
— Photogrammetry « Gaming
» Aerial, terrestrial and close — MMOGs ...

range
— LIDAR, terrestrial scanning
— Sensor fusion

— Geodesy

— Geo-visulaizers

e CAD and BIM

» SecondLife, FarCry, Worlds
Construction
Animation
Auto Navigation ......

... and at the intersection of
professions and business silos

* Creators
— Architecture
— Civil engineering
waqwmﬁm@ + Consumers
_ GIS — Construction management
. — Emergency management
— Gaming developers _ Entertainment
— ...efc

— Asset management

— Facilities management
City management
Planning

— ....etc




Multiple fields means ...

« Bad news .
— Multiple vocabularies, confusion about terms
* “polygon (e.g. GIS or CAD) “scale” ....
— Multiple fundamental world views
» Confusion and conflict

— Difficult to change “business as usual” for current players

« Good news
— Opportunities for disintermediation
— Money to be made
— Improvement in public policy and savings to be had ....
— Entirely new businesses to be created

Abstraction

» Mensuration professions move from “real
world” to an abstraction of the real world
— Survey, GIS, photogrammetry, etc..

“real world”




In contrast ...

» Design professionals (e.g. architects) move
from the abstract (an idea) to the real world

“idea” “real world”

Levels of abstraction

* We (Ohio GIS Conference
attendees) think in “map scale

(1:12,000)
— BTW hardly anyone else H”Bo/ Less Abstract X\_____o3m
does!
» The larger the scale the LESS 100,000s
the abstraction
« Conversion from an abstraction 1,000s

to the “real world” is learned

e The LESS the abstraction the
MORE the number of people
who understand

1:1,000,000 10s
Map scale People
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Photography --
usually less abstract
than maps
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Higher resolution
photography...

Less abstract

even “more real”

Digital Globe imagery originally acquired by City o f Fayetteville

85 Windows Live Local |

b Virtuah Earth  Bets  WRRE Bocmeer rams TR

Even less abstract
than orthos...

live.local.com
Pictometery

Picotmetry imagery initially acquired by NW Arkansa s Imagery Consortium




Verisimilitude vs scale

« Verisimilitude - the level of visual reality in
a visualization -- “how real is it?”

* No ready relationship between some
measure of verisimilitude and the image
 Terms coming into practice
— Level of detail (LOD)
— related to but different from “scale”

Level of Detall

 Thomas Kolbe and Gerhard Groger

— Institute for Cartography and Geoinformation
Univ. of Bonn

* David Colleen et al Planet 9
(www.planet9.com)
» Basic concerns in 3D graphics — speed!
— Number of polygons!
— Use of texture




Multi-scale modelling: 5 level of details

-

LOD 0 — Regional model

— 2.5D Digital Terrain Model
LOD 1 —City / Site model
~ “block model* w/o roof structures
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BUILDING HIGH RESOLUTION CITY MODELS.... EVOLVING S TANDARDS
David Colleen et al IMAGE 2005 Conference
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Sketchup to
Google Earth

www.sketchup.com
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Lodgnr

More LOD = more interest

’ >onc._.mﬂ.< "versus” LOD N_/ Less Abstract \H_ooo_a
verisimilitude
— Requirement for 100ks
accuracy (often) £ 000
contradicts requirement
for verisimilitude LOD 1 10s
— More polygons (CAD or v People

GIS types)
* more accuracy
* less performance




LOD and scale Disciplines/professions
Manufacture
Asset management
CAD <<
Tools Architecture
Construction
Surve Engineering
urvey
Photogrammetry Facilities Management
Planning
Emergency
GIS - management
Remote sensing -
geodesy Logistics

Increasing scale and LOD

More LOD = more interest

Complexity of acquiring LOD

Contrast/overlap w/ “traditional” mapping
methods

Accuracy “versus” verisimilitude
Multiple methods




OK — so how do we do all this ??

ALS 50 from
Leica Geosystems

Airborne Laser Scanning — fast digital terrain data
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. . . ORACLE ek |
Manipulating Airborne LIDAR

Center of Excellence in
Spatial Data Management

Returns

* Oracle 10g (now 11g) 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

» Fastretrieval and aggregation based on combination of
geometry and attributes

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

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

SELECT a.geometry //
FROM city_limits2003_ahtd a
WHERE a.city_name = 'Greenland'

SELECT a.geometry N

FROM railroads_tig99 a, city_limits2003_ahtd b WHEREb.city_name 3 ‘Greenland' and
SDO_RELATE(a.geometry,b.geometry,
'mask=ANYINTERACT') = 'TRUE'
SELECT SDO_CS.TRANSFORM (a.geometry,8265) FROM heaver a,
(SELECT SDO_GEOM.SDO_BUFFER(a.geometry,50.0, 0.8005, '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 WHE
SDO_ANYINTERACT (a.geometry,b.geometry) = 'TRUE";

RETURN COUNT: 4579




Generate the best possible surface
representation along part of the 1-540
corridor (500 ft buffer).

Existing tiling scheme requires 18
quarter-quads containing 31,269,468
surface points.

Spatial SQL query results in a view
with ~3M points inside the corridor
buffer.

Elapsed time: 3 min 50 sec

Different surface point densities
(caused by foliage and buildings)
support different interpolation sample
and contour interval.

Full return information
allows more detailed
analysis.

Blue = last returns
Red = first returns

Existing geometries
may be used in the
classification process.

For example,
building heights may
be estimated from
building returns and
surround ground
returns.




Oracle 10g
=) GeoMedia
m) SketchUp
m) Google Earth

More than 3,000
structures created in
less than 30 minutes

Creating more verisimilitude

Start with building foot print from
City of Fayetteville GIS

Use LIDAR to determine height

Apply photo
texture to surfaces




www.cast.uark.edu/local/cadis_crate 06 and Google Picks!

Traditional photogrammetry

New twist in systems and methods
— old dogs new tricks

Not just bare earth
Point clouds,
Building footprints
Building shapes




2t o)
Leica ADS 40 - Seven bands

Image courtesy Lieca GIS and Geospatial Imaging

UofA
Campus

6 inch

pixel

RGB

also near-IR

Acquired by LandAir Mapping




Processing
Via Leica
G-Pro, LPS
and

Stereo Analyst

State of Arkansas ADOP 2

« Statewide ADS 40
« Standard ortho products
 All raw data provided

« With increasing number of consumer
stereo products need for stereo data

« CAST is currently working on project to
deliver stereo-pairs to desktop frpm Oracle
119




Desktop “close range” photogrammetry
...... for the masses

PhotoModeler (www.photomodeler.com)

.
B S
O
O O

PhotoModeler calculates the position of additional reference points as
indicated by an epipolar line once enough reference points are selected
and the photographs are oriented in respect to each other










Terrestrial Laser Scanners

Optech ILRIS 3D

A long-range, TOF scanner

Typical Working Range: 10 - 350
meters

Capable to 850 meters +

Modeling Accuracy: published 3 -5
millimeters

Achieving 6 mm -- currently being
tested further

X,Y, Z, | (laser intensity)
Minolta-Konica Vivid 9i
A close range triangulation scanner
Typical working range: 0.6-2.5 m
Modeling accuracy: published 0.05mm
XY, Z,R, G, B
Data compatible with many applications

—




Typical Steps in Data processing

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

« Step 2: Align Scans

Results of Scan Alignment
* Each color represents a different scan




Data resolution

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

the data sets of varied resolutions

2 cm data .m 33 data .
Scan time: 2.5 minutes Scan time: w.b.m 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 ~~_|




True 3-D measurement

Machine vision and image
segmentation




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

[

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

Circumference Measurement in Field
C =4.583

Difference between measurements

4.583
-4.574
~ .009 of an inch

Machu Pichuu




Machu Pichu Video




Invirmet - Data Distribution

 Distribution of data and free software for analysis

www.cast.uark.edu/invirmet

3D design options

Visualization systems

— Landscape and nature
* Virtual Nature Studio, World Construction Set, Vue5, etc.

— Buildings and structures
» Bentley, AutoDesk, SketchUp, ArchiCAD etc...

Animation

— Softimage XSI, Maya, Studio 3D Max, Alias, etc...
Game Engines

— FarCry, Unreal, Torque, RenderWare many others
Massive Multiplayer On-line games (MMOGS)




Motion Capture
(aka “real time”
photogrammetry)

Many, many movies
most recent major film - Polar Express




Massive Multi-player On-line
Games

e.g. Second Life
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It’s exciting but not all is well...

« Interface of multiple disciplines, cultures,
ideas....

— Machine vision, photogrammetry, “traditional
GIS,” gaming ...

* No single field is capable
* Isolation (esp. in US) in silos

— Machine vision researchers not familiar w/
photogrammetry




US educational systems is not designed to
prepare students for this brave new world

» Multi-departmental fragmentation is common
* Machine vision = computer science department
Geospatial explorers = geography department
Photogrammetry/survey = civil engineering
CAD = architecture
. etc.
« European and Canada (some integration)
— Geomatics

— Geoinformation

* Also — a lack of training in standards and
interoperability requirements

CLICK for video ....
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Thanks to:

Snow Winters A vm_wv*#
Jack Cothren

Malcolm Williamson + - )
CAST Staff v

NWA Regional Planning

NWA Regional Image Consortium .)/01)10)/*/

UA Facilities Management

Software and data providers

Trademarks are property of firms

More on 3D at: http://www.geoplace.com




