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Overview

• Examples of Data (taken from NWA collection)
• Raw returns
• Bare earth

• Quality Control Activities
• Vendor
• Independent QA/QC

• Enterprise Database Storage and Manipulation
• Storing and indexing large, point clouds
• Querying point clouds
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Northwest
Arkansas

Collection Area
• Two Counties

• 1800 mi2

• 2,380 ft high

• 860 ft low

• Area gently
slopes towards
the North and
West

DEM: 30m Digital Elevation Model

Beaver Lake
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• Ortho-images
• 1-foot GSD

• DOQQ tiling scheme

• NSSDA 5.7 ft

• Elevation Data
• Bare Earth returns

• ASCII xyz point list

• Interpolated DEM grid (25 ft posting)

• ArcGrid ASCII

• LIDAR Raw return information (LAS format)

• 1st and last returns

• Intensity, pusle number, return number, scan angle, etc
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Laser Frequency  25 KHz  
Height of Flight Above Mean Terrain  12,000 ft 
Aircraft speed  120 mph 
Swath of flight 1.67 miles 
Flight line spacing 15% of swath width 
Field of View 40 Degrees 
Scanning rate 14 Hz 
Maximum Point Spacing 14 ft (4.2m) 

LIDAR derived DEM was intended to only support orthorectification.
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65 flight-lines, each with
approximately 10 - 20 million
returns.

Side-lap  > 50%

Higher point densities in
multiple side-lap areas.

Swath width ~ 3,000 m.

LAS format (www.asprs.org)

Flight Lines
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Bare earth points
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Bare earth and structures
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Tree canopy
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Statistical
Analysis
(Vendor)

1.20 ftNSSDA

8.720.891456.731455.84755856772341.1114

.......

.......

.......

5-0.541594.91595.44767157.3785926.913

6.49-0.411246.531246.94670275.3618177.812

5.12-1.141091.551092.69562018.879822511

70.11300.931300.83660823.8668971.310

6.14-0.331182.471182.8660425.2722914.99

8.720.861384.561383.7770845.37411458

6.820.131268.631268.5650165.4749090.97

11.53-0.551189.211189.76739717.9741038.46

10.92-0.491189.271189.76739717.8741037.45

5.23-0.571263.521264.09617557.6795332.44

6.84-0.251347.351347.6690174.5729221.63

7.45-0.51182.721183.22545120.8777390.62

5.69-0.981107.771108.75578522.7655759.61

Min. D_XYZl-ZcZlZcXYControl Id
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Independent Vertical Quality
Control Checkpoints

20 Forest Cover

OPUS / GPS Static Survey

21 Brush Heavy Grass

OPUS / GPS Static Survey

235 Built-up areas (combination land cover in developed areas)

Variety of sources

City of Springdale aerial control (GPS)

City of Fayetteville aerial control (GPS)

City of Bentonville aerial control (GPS)
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Category
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Forest / Tree Canopy
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Online Positioning User
Service (OPUS)

Report

Ellipsoidal Height
Predicted Error = 5.7 cm

(NOT RMSE)
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Manipulating Airborne LIDAR
Returns in an Enterprise

Environment

• Enterprise implies…
• data stored and

updated in a
distributed database

• data is accessed by
clients locally

ArcGIS

GeoMedia

AutoCad

ERDAS
Imagine, LPS

Oracle 10g
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Manipulating Airborne LIDAR
Returns in an Enterprise

Environment

• Oracle 10g R2 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
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Pre-processed bare-earth
points

• Loaded 196 million bare earth xyz points
• State Plane Coordinates in US Survey Feet
• Cover Washington and Benton Counties
• From ALS40 sensor flown at 12,000 feet AGL

• Generated three-dimensional spatial index on X,Y,Z coordinates
• Used default R-tree index
• Required < 5 hours on a Xeon server (single-processor) computer
• Partitioning will allow effective use of multi-processor machine

• Resulting database table space  ~ 12 GB
• Index table space also ~ 12 GB
• Typical of spatial indices
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R-tree Indexing

http://www.dblab.ece.ntua.gr/~mario/rtree/ Interactive Demonstration:
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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 Greenland, AR

Retrieval in < 0.5 seconds on a Xeon-based server
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Generate the best possible surface
representation along part of the I-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.
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All returns (no pre-
processing)

• Useful for more in-depth land cover analysis

• Load returns in LAS format directly
• Have approximately 1 billion returns from NWARPC (ALS40)

• Study best storage and indexing options

• Select by spatial queries, return number, return number and pulse
number combination

• LAS to Oracle application (version 0.8.7)
• Reads full header and all combinations of data (e.g. up to 5 returns,

classification, intensity, etc)
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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

www.asprs.org

LAS from Oracle

Subset of returns for
transfer to other
packages.
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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
surrounding ground
returns.
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Classification (or
filtering) may also be
accomplished in the
database using
neighborhood
operations.
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Filtering operations
may be
implemented in the
database.

Median of all
returns with 15 ft
of each return

Std Dev of all
returns with 15 ft
of each return

Correlation
between height
and intensity
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Identifying efficient storage
options in Oracle 10g

• Table Partitioned Index

• Nested tables

• Enables indexing in a distributed
computing environment

• Indexing options

• by point

• by clusters (defining optimal size and
density)

• by pulse number (linear)

• Based on predominate queries

• spatial operators

• attribute operators

MBR containing
subset of records

Returns in MBR stored as
table or perhaps as indexed
VARRAY
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Future Directions

• Indexing
• Multiple processors

• Variable partitions

• Retrieval

• Classification
• Multiple processors

• Product generation
• TIN

• DEM

• Variable contours
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AQ&
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Questions?

Jackson Cothren

jcothren@cast.uark.edu

Center for Advanced Spatial Technologies


