Spatial Data Quality

Dealing with the Devil in the Details

A Dlscussmn of Photogrammetrlc Mappmg Technologles Potential
Pitfalls and Related Project Planning Considerations



Topics

Aerial Imagery Quality and Accuracy %

LIDAR Quality and Accuracy
Feature Extraction: Which technology?

Summary of data quality parameters for aerial
mapping

: Please ask questions. :
Questions / comments are welcome at anytime.



Aerial Mapping Base Layers

Planimetrics

Topography

(DTM/DEM)

Ortho Photos



D:/Present/MyFiles/DOCS/springfield/finalslides/img_proj_2000 Mapsheet C08.pdf
D:/Present/MyFiles/DOCS/springfield/finalslides/img_proj_2000_ortho_big.pdf

Photogrammetry

The application of the principles of
geometry and optics to determine the size,
shape or location of features and objects
using measurements from photographs,
“electro-magnetic radiation and other
phenomena”
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Ground Sample Raw Pixels

Terrain Matters

Pixels further from the camera (low elevations) have less
ground resolution (smaller GSD) than pixels closer to the
camera (high elevations)



Rectification Process

e Control determines coordinates of photo center

<= Exposure Station:
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e Ground coordinates extrapolated using height above ground and pixel
location on the photo

* New pixels “resampled” and iInter
fixed grid ground resolution



Output Pixels vs. Raw Capture
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Stereoplotter: Let the Computer Do
the Math

Analytical: Computer
Image Driven, Optics View Film

Operator moves cursor in 3D through a stereoscopic 3D
Image; computer tracks cursor movements as measurements
on each photo and computes X,y,z coordinates on the fly






Control

 Directly measure camera location at each
exposure (GPS/IMU)

— Risky
 Aerotriangulation
— Redundant measurements on adjacent photos

— Semi-automated with manual interaction
— Reliable; results easily verified



What ' s Attt al

e Orthophotography
—Resoluti ons range fron

e Feature Extraction

-0. 05" (hel il copter)
—-<0.15-°10t"o0o (#H/1 xed wi ng)
—~-Typically O0.5° to 2. 0°



What ' s Attt al

 LIDAR
— Laser hits are within 10 to 15 cm
— Topography must be extracted

— Bare earth accuracies depend on density, and modeling
and manual corrections

— Bare earth accuracies vary widely:

e Ol der King County data, 5’ coc

* Newer high densid4g,ddt acoad'’t oda
edits



WHATOS COST EFFE

Best cost/value
One size does not fit all

Variables:
* Project shape/size/relief
e Other deliverables (contouring/planimetry)
e What do you need to see
 Other existing base layers
 Avallability/accuracy of existing DEM data




Pitfall #1.:
Difficult to Know What to Specify

Accuracy Standards Not Standardized!
No Standard of Practice for Typical Specifications
Ultimately, Project Design is Key Factor

Final Quality /Accuracy Depend on the Flight Plan



HOW DO | DECIDE?

DO YOUR HOMEWORK

2

B,

GET HELP
LOOK AT SAMPLES

GET BUDGET ESTIMATES FOR ALTERNATIVES

DON" T ASSUME PER AREA
OTHER PROJECTS APPLY



Data Quality Parameters

« Flight Plan: Affects all other products

— Know what accuracies the control solution will support

—Know what pi xel resol utio
Terraln matters

— Know what accuracies resolution will support

— Final flight plan needs to balance cost/value



0.5 Pixel Orthophot
1”=850" Photo Scale 17 =500" Ph
t) (5x Enlargement

‘.\‘N







0.3 Pixel Orthophot
1”=400" Photo Scal @”=1058" Pho"

16 micron film scan 7.6 micron CCD
1:4800 x 0.016 = 76.8 mm/pixel=0 . 2 5
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Ground Sample Raw Pixels

Terrain Matters

Pixels further from the camera (low elevations) have less
ground resolution (smaller GSD) than pixels closer to the
camera (high elevations)



Data Quality Parameters

e Orthophotos

—-Understand “clarity” s
opposed to final pixel size output

— Clarify expectations for buildings in steep
terrain

— Understand what accuracies proposed DEM
will support

— Clarify expectations for bridges






Building Skew In Steep Terrain




MYTH : All Elevation Models are created equal

Short Version: Horizontal Accuracy Is Directly
Related to the Accuracy of the Elevation Model

Horizontal Error at Edge of Frame for:

6” f ocal l ength fi1 I m = 0.5 X
12” focal |l ength film = 0. 25
Zeiss DMC = 0.5 x Vertical Error

Ultracam L, X = 0.35 x Vertical Error

Leica ADS 80 = 0.4 x Vertical Error




Summary of Common Orthophoto
Pitfalls

Specifying orthophoto GSD and not
comparing raw capture GSD

Not comparing or considering flight plan
relative to terrain relief when evaluating
proposed GSD

High quality imagery, low quality DEM

Bridges, building skew and quality
control



Data Quality Parameters

e Feature Extraction
— Source imagery. Orthophoto, LIDAR, Stereo

— Accuracy dictated by control, reslution and
flight plan

— Manual process
— Experience and Quality Control Matter
— Clarify expectations for GIS topology



FEATURE EXTRACTION —
ORTHOPHOTOS

Easy/does not require specialized equipment
2D collection/everything is flat
Fast If simple (road centerlines)

Slow/innaccurate for detailed features (curb lines,
fences, fire hydrants, etc.)



FEATURE EXTRACTION —
ORTHOPHOTOS

BUILDING OUTLINES
0
Y////4

PROCEED WITH EXTREME CAUTION



FEATURE EXTRACTION —
STEREO PHOTOGRAMMETRY

Requires specialized equipment and training

Viewing full resolution of source imagery, not
resampled orthophotos

3D collection

Fast
Well suited for:

— Detailed Planimetrics

— Terrain data breaklines and topography
— LIDAR Q/C and Review



Data Quality Parameters

e Topography - LIDAR
— Quality varies widely
— Density, overlap and calibration are critical

— Topgraphy Is not automatic. Must be extracted
from point cloud

— Standard process Is good for GIS

— Advanced edits using photogrammetry may be
required for hydro-flattening or engineering



LIDAR

LIMITATIONS

eLight/ direct |1 ne of s
vegetation

« Automated classification models often omit abrupt
breaks from ground model

o Water is included in ground model

o Shorelines are poorly defined

o Water Is not flat

 Calibration and Density directly affect accuracy



LIDAR Breaklines

o LIDARgrammetry (stereo images generated from
LIDAR intensities)

— Good source for missed cliffs/hard breaks

— Poor horizontal resolution, accuracy

— Good choice If stereo Imagery Is not available
e QOrthophotos

— Poor choice; 2D Is not accurate
« Stereo photogrammetry

— Best choice for independent accuracy

— Not necessary for most GIS applications



Integrated Photogrammetry/LIDAR
datasets

Engineering
Hydraulic Modelling
Detailed Municipal data sets

Can concurrently digitize buildings, levees, roads
and other key features

Not necessary for large area terrain modeling or
many GIS applications
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Hillshade of OLC DEM produced at 3' pixel from the lidar ground points




Data Quality Parameters

« Topography - Photogrammetry
— Better for smaller areas
— Better if detailed planimetry is desired
— More easily integrated into engineering workflows

— Quality standards the same as for feature extraction:
 Flight plan/control
e Operator’”s experience
 Quality control processes



DISCUSSION

YOUR EXPERIENCES

QUESTIONS?
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MAP ACCURACY STANDARDS

« National Map Accuracies (90% confidence):

-1/ 40" at pl ot scal e: S 2
— % Contour interval: +/- 1.0' for 2' contours
e ASPRS:

—-RMSE of 1. 0'° at 1" =100" h

— RMSE of 1/3 contour interval: .67' RMSE for 2
contours

— RMSE of 1/6 contour interval for spots: 0.33' for 3'
contour

« FGDC

— Reporting and testing standard; absolute accuracy at
95% confidence

— Correlation to ASPRS map scale guidelines:
e 1'RMSE = 1.73" at 95% horizontal
e 0.67' RMSE vertical = +/- 1.3" at 95% vertical



Other Processing Considerations

e Quality Is not Automatic ”

0

e Human Element

Feature Extraction
Buildings

Bridges

Mosaic 1Ssues



Factors that Impact Image Quality

e Main Factors:
— Camera Quality / Resolution
— Camera Geometry
— Height of Camera Above Ground

e Results In:
— Photo Scale for Film
— Ground Sample Distance (GSD) for Digital



Factors that Impact Orthophto
Accuracy

e Image Resolution (GSD)

e Control Solution (Location of Camera
Relative to Ground)

o Elevation Model Input



Factors that Impact Vector

Accuracles

Proportional to Photo scale / GSD

Larger Scale = Smaller Error
1" 1000 (0.001"
17 100" (0.001”" o

Rule of thumb: measurement accuracy approx.
equal to GSD (one pixel/raw capture)

Final map accuracies less than measurement
accuracies



