L R o r—————

Agricultural Terrain Analysns
# Using Remote Sensing Denved
Elevations

#8% Pablo Mercuri
- August 28, 2002

‘.'.. 5, v,
...?- -' 1

) |.:" T ATty

Lﬂﬁ' ;r Tlr R



The Role of Topography

e Links many agricultural and environmental variables

e Influence of topography in the variability
e.g. Yyield variability, areas sensitive to weather conditions

e Spatial data to identify and quantify the variability

e.g. support of soil delineations, determination of crop
management zones

e Land Characterization for Hydrologic Modeling




Soils and Topography

Jenny (1941) 'Factors of Soil Formation*
s=1f(cl,o,r1,p,t,
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o Linkage of soil attributes and landscape position




Topography for Site-Specific-Farming

« Need of superior spatial resolution and accuracy

e Topography is a one-time acquisition




Improvement of Remote Sensing Resolutions

e New technologies

e Direct observations of surface topography

1. Spatial Resolution
meter / few meters

2. Vertical Accuracy
centimeters

3. Radiometric Resolution

8 bit system: 256 shades of gray
32 bit system: millions shades of gray




What is a DEM?

» Digital Elevation Model = DEM / DEMs

« Digital elevation: 3-D location (X,Y,2)
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Sources of Digital Elevation Data

« Building up a classification

Data Collection Sensor Vertical Accuracy
Ground Surveying: Geodesic GPS / Laser Beacon 2cm/15¢cm

Photogrammetric methods USGS DEMs 7-15m
Remote Sensing derived DEMs:

Passive Optical Systems

e Stereo Aerial photography  Orhtophotography
o Satellite stereoscopy Spot, ASTER, etc
Active Microwave Systems
e Radar Systems
1. Radar Stereo Radarsat

2. Interferometry
Two-passes interferometry ERS-1
Single-pass IFSAR  TOPSAR, STAR3i 0.51,3,5m

e Airborne Laser: LIDAR Lasescanners 0.3-1m




IFSAR: Interferometric Synthetic Aperture Radar

e November 13, 1999 (night)
by Intermap Co. & NASA

Stennis
o Vertical Accuracy: 3 m, 1 m
« Horizontal Pos Acc: 2.5 m
o File Format: 32 bit BIL

binary




Main Objective

Provide a comprehensive evaluation of

Digital Elevation Models with emphasis on IFSAR
technology for terrain analysis at field level and
land characterization for hydrologic modeling.

Particular Objectives

Analysis of main properties
Establish a framework of required pre-processing

Generation of primary topographic attributes,
hydrologic analysis and spatial representations

Landforms and soils characterization




Location

c

Crodits US DEME: USH DS i 1:250.000

Validations Sites:
Davis Purdue
Agricultural Center




Analysis of the IFSAR DEM

Lafayette West - 7.5 Digital Elevation Model Orthorectified Radar
Minute Quadrangle Image - ORI




Main Properties of IFSAR

Where in the Which Radar
Electromagnetic Spectrum? Artifacts?
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Analysis of the data

Understanding Properties of SAR Data
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Elevation / Vegetation Relationship

%

IFSAR DEM (GT1)

5 x 5 m postings




Analysis of the data

Spatial effects of pole lines, power lines and field boundaries on GT1 DEM
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Framework of research

IFSAR DEM
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1. What type of filter?

spatial domain methods

Variance

40 +

35 +

3.0
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0.5

GT1

Averaging filter

gl y)=7[r(x )]

« Averaging Filters (mean, low pass)
« Ranking Filters (median)
o Adaptive Filters: (e.g. Gamma MAP) ¢y, [ variance

Median Filter

Pixel of interest

L

H =

1 0.026

1+ 0.021

1+ 0.016

+ 0.011

1 0.006

Pre-processing Stages

Geodetic Adjustments

v

Filtering and Smoothing

mean

Semivariance (Error variance)

0.001

First mean 3x3mean 5x5
Return

—— 02

First
Return

median median
3x3 5x5

—m=— Error Variance

First
Return

Gamma- Gamma-
MAP 3x3 MAP 5x5



2. Amount of noise and smoothness

Sill

- Visual analysis of surfaces
« Descriptive statistics
. Spatial structure
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Pre-processing Stages

Geodetic Adjustments

v

Filtering and Smoothing

Linear Variogram

Distance

A A= AR 6 o rrli

Error Variance: 0.212
Z Variance: 0.3619

60 80 100 120 140

Lag Distance



Pre-processing Stages

Geodetic Adjustments

Filtering and Smoothing

Error Variance: 0.0079¢
Z Variance: 0.1209
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Stages

-processing

Pre

Geodetic Adjustments

Filtering and Smoothing

5x5

Gamma MAP
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Stages

-processing
Filtering and Smoothing

Geodetic Adjustments

Pre
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Pre-processing Stages
Geodetic Adjustments

Accuracy Assessment

Accuracy Assessment

» Testing vertical accuracy - bald-Earth

o Small errors in height lead to large errors in derivatives

o Assessment of Quality: Accuracy, Precision, Consistency
and Completeness

Root-mean-square criteria

 Two independent, reliable and higher accurate sources of
elevation:

1. National Geodetic Survey — NGS NOAA (2 cm)
2. Ground laser Leveling—DGPS (15cm)
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~ Pre-processing Stages

DEM GT1 vs Laser leveling  ceoicAdusmens

'Accuracy Assessment
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meters

Pre-processing Stages

D E M GT 1 VS La ser LEVE' i n g Geodetic Adjustments

FSAR GT1 Digital Surface Mod=i

100 0 #D0 Meters
e

0,
Specification RMSE Cl 95%
of accuracy
(RMSE)

Vertical Accuracy

v

Accuracy Assessment

« Surface residue of different crop:
No significant differences in mean

« The high r2value indicates a good
confidence in the assessment



Pre-processing Stages

GT3 DEM Extremely Flat Topography v

ARC: Field 69 : 16 Ha (39 acres) Terrain Analysis

Generation of Topographic Attributes
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Pre-processing Stages

Terrain Analysis
Hydrologic Derivatives

Observed Streams (Digitaliz.) Estimated IFSAR
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Pre-processing Stages

Soils and Terrain Analysis
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SRTM 02/2000

Mission Objective:

«To use C-band and X-band
(IFSARSs)

«80% of Earth's land mass

Resolution

30 x 30

16 Absolute vertical acc
10 Relative vertical acc

Data Distribution
«NIMA Level 2 (DTED-2)
+USGS

«JPL (C)

«DLR (X)




COMPARISON of 'IFSARs’ Data

STAR3i at 3000m —-10m
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OTHER IFSARs Systems

RADARSAT 2 & 3 GeoSAR and FOPEN
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Conclusions




Conclusions




IFSAR GT3 data was provided by NASA Project NAG5-7954
& GT1 was provided under AULA by Intermap

Technologies Corp.
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