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: IFSAR Technology (X/L/P Band)

i X-Band DTM Improvements
4 QOrthorectification using IFSAR
: |FSAR derivative datasets

4 Discuss Licensing of IFSAR Data and DEM derivative
datasets
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IFSAR Technology (X/C/P Band)

P

Penetration of radar microwaves into a
forest canopy depends on the wavelength of
the microwave system.

Rule of thumb for the same forest
conditions, flying height and viewing
geometry, is as follows:

= K-Band Leaves
= X-Band Leaves, twigs, small branches
= C-Band Leaves, secondary branches

= |L-Band  Primary branches, trunk,
ground

Primary branches, trunk,
ground, below the ground

SAR beam
penetration
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P-Band — Not usually at the bottom of the canopy

L-Band Quad-Pol utilizes Pol-
INSAR to fully characterize all
scattering mechanisms

P-Band Dual-Pol utilizes ‘double
bounce’ to extract terrain using
tree trunks as corner reflectors

« P-Band often penetrates more into soil * L-Band penetrates less into soll

due to longer wavelength « L-Band PolInSAR Random Volume over
» P-Band Dual-Pol ‘double bounce’ Ground (RVoG) approach provides more
approach often results in erroneous accurate measurement for terrain

terrain measurements
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Why L-Band and not P-Band (Collection)

Radar systems are classified as radiolocation’ equipment by US NTIA
and other international organizations

i%“-:;_ U.S. DEPARTMENT OF COMMERCE

P-Band L-Band
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=P-Band does NOT have any allocation for *L-Band has 125+ MHz allocated for
radiolocation (cannot be licensed radiolocation (can be licensed for
operationally) operations)
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Relative Power [dB]

Why L-Band and not P-Band (Interference)

Since P-Band utilizes the same frequencies
used by terrestrial communication and
navigation systems, interference between

the systems is very common.
Interference
experienced in
Intermap’s early
P-Band repeat
pass system

Interference
resulted in very
poor signal and
iImage quality

To reduce effects in imagery, extensive filtering in
the radar receiver is required.

Extensive filtering on transmit is required even
for special R&D operating permit to reduce
interference with communications devices.

© 2008 Intermap Technologies. All rights reserved.

L-Band does not share
frequencies with navigation and
communication systems, so
interference is not present

Since L-Band has broad
radiolocation frequencies
allocated, full bandwidth
Is available for full

resolution imagery.
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We have opted for PolInSAR L-Band

Cross Section

World’s first single pass L-Band PolInSAR system. PpiRE _;m
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Phase optimization approach for topographic phase
estimation.

» The green ellipse is the estimated coherence region.
The straight line (blue dashed) passes through two
ends of the coherence region. The ground
topographic phase centre is estimated from one of
the line-circle intersection points (red circle).
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X-Band — Not usually at the top of the canopy

Intermap has created a canopy height model
to retrieve tree heights to within 1.5 m.

Example here is shrub. We have also looked at

evergreen, deciduous, wetlands, and mixed
trees.

Photo] (x z{es;:er’:_:;;:iit::c:::-rtlilntes} FI(:(EI'?S Field | Field | DSM- | DSH- X-band| C-band C1II:;Ba|::{IeIs Delta f Delta
Site # [F "0t Y- ¥,  geoqral ‘ Site Type ' |Height|Height| DTM | DTmM [A72N4] S-hand ) Lanopy CHM1 | cHm1
# Radius BIAS | BIAS
Latitude Langitude | Height Circle (ft) (m) {m) {m) CHM1 | CHM2 |- DSM)-DSM
newl 19 n/a 31.54489512] -111.336571] 1157.9|Base Station Ha na

119-1 31544581639 -111.336773] nfa |Shrub 124 8l 244] 0B3]  1.55]2594%| B3.52% 1.77 213 067 03
118-2 | 31684479947 -111.33679] nfa |Shrub 8l 244] 091 1.56) 37 34%| B3.93% 1.75 241 089 003
118-3 | 31.64518381] -111.336557] nfa  |Shrub 7l 2131 1.03]  1.44]48.50%| B7.B1%] 202 2531 011 -0.40
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X-Band Enterprise Workflow

Workflow dedicated to deriving high quality elevation data and customer
satisfaction. All aspects of production are managed with rigorous QC checks
throughout and within the framework of 1SO9000 certification.
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10

Newest DTM Product

4 480 Editors working in a semi-automated 3D editing

Product Handbook
& Quick Start Guide

B g

system
Feature Description DTM v1.0 DTM v1.5 Benefit
Streams Single Line No interruption No interruption of Further supports
Drains of monotonicity monotonicity greater flood modeling
greater than 2 than 1 meter shall be applications
meters shall be present in single line
present in single | drains
line drains
Buildings | All man-made | Built-up areas Buildings are removed Further supports
dwellings greater than 100 | regardless of magnitude | flood modeling
meters across of built-up area using and contour
are smoothed but | best technology and applications
will contain some | ability (see section 6.2.2
remnant building | FITS Editing Process).
elevations
Forests All trees and Tree stands No magnitude criteria Further supports

groupings of
tree canopy
heights

greater than 100
meters across
remain in DTM

— all trees / forests are
removed from the DTM

flood modeling,
contour, forestry
applications

© 2008 Intermap Technologies. All rights reserved.
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& Quick Start Guide

Newest DTM Product

Moved from Socet Set to our IES Proprietary Editing system
based on Autometrics to allow better alignment between edit
rules and editors to provide seamless data

I Feature Description DTM v1.0 DTM v1.5 Benefit
Crops All field crops Crops are Crops are removed Further supports
detectable in smoothed to when detected within agricultural
the radar data | bring their radar sensed data applications such
greater than elevation closer as precision
1 meterin to surrounding farming and
height ground flood modeling
elevations applications
Major Highways, Highways, major | Highways, major roads, | Flattening
Roads major roads, roads, and and railroads are left as | major roads
and and railroads railroads were sensed by radar did not provide
Railroads flattened so an appreciable
as to be more benefit from
aesthetically an analytical
pleasing perspective.
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Newest DTM Product

& Quick Start Guide

'I—' .F‘

Feature Description DTM v1.0 DTM v1.5 Benefit
Bridges Bridges over Bridges remain Bridges are removed Bridge removal
water features, | in the DTM and from the DTM iS necessary
roads and were edited when doing
railroads to the road flood modeling
elevation applications
Voids Data gaps Interpolated Ancillary data augments | Further supports
due to radar using available our radar data as one applications
anomalies seed points infill component to radar | such as contour
(See section across void void areas (See section | generation,
5.3 IFSAR areas 6.2.2 FITS Editing forestry, biomass
Artifacts) Process) analysis,
environmental
assessment, etc.
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Old Versus New DTM Product

V1.5
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Orthorectification

ORTHORECTIFICATION OF SATELLITE IMAG

Orthorectification of IKONOS and
QuickBird images at off nadir R

Intermap Technologics Corp., #1000, 736 — &% Ave. W, Calgary, Canada, T2P 1H4

viewing angles to 23 degrees, T
has been demonstrated using a
Rational Functions method.

other hand, savings of time, nesoumes and cist way be salized trough we of . exterml Digind Ekevation Modl (DEM) of
appropriate quality 1o perform the othorectification on single, nonslerco, frapes.  The quality of the DEM & a key Fxctor in the
ultinste sccursey and robustoess of the orhorectification. DEM quality in this sense i equated s vertical sccurscy and o sanmple
spachng (posting). 11 s been shown that s the off-aedic viewing sngle fncreses, the vertical sccuracy required muust fmprove for any
iven borieontal scciracy requinensent ts creed by the STAR-37 IFSAR system have been used 1o test and demonstrate
orthorectification of IKONOS, QuickBind and EROS-A1 irsgss i sbdithn 1o serial photography. Several methodologies have been
used including that of a simple Ratiml Functions approach. Together with fmput of GOPs (Ground Comtrol Poins) taben from the
AR Orthrectified Radar nages (OR1s) that sccompany the DEMs, nepping scale sccurscies suitsble for 1:4800 and lager

have been achieved. In his presentation we demonstate several examphes of orhorectification performed with single insges from
Va u es ette r t an TKONOS snd Quick Bird. Qumtitstive snd visual ssuls are presented.

1. INTRODUC N Tradiomal onhorectification imvalves e we of storeo pains

USING EXTERNAL DEMS FROM

KEY WORDS: Mapping, Orthovectification, SAR, Interferometer, DTM/DE

IKONOS, Quickbivd

from which ehvation 8 exwacied directly w0 be wed for

- In arder for imagery % be wilised in GIS and uﬂm applications production of  comours sl DEMs om0 aldinen 1o

m ete r S We re O t al n e W e n for which pisels aust be correc L e onborectfistion of the insges. However the cost of acquising
orforectification. # 2 necesity.  The ]1.:n1|\.|||.11 application aanl processing stereo msy not be justified if the purpose & 1o

determines the factos required - specifically the imape do orharectification only.  In the case of the high-resolution
- sesalution snd hortzomal accurscy. These ane offen defined n satellites, hene i3 also am appartunily cost for stenso scquisilion
terms of desived mepping scale. Onborectification fnmhies et the time spent in scquiring the slereo parter 15t bost in

CO I I l p are O I n e p e n e n C e C both sensor system and tlerrain rebied errors are reduosd scquiring alditimal prrsry eges. Given the saall fooprin
same spocified kvel st the inaps pivels sersanmled 0oa (100-200) ke’ per fmspe. this & aserious cost factor. Provided

particulsr projection sd reference system. a sultsble DEM is avaibsble from extermal sources, i1 seems
plamsible s coteflactive b sequine single frspe and perform

. .
Aerial phatography and sutellite inmspes exhibit centain similarites the oahosecti ficatkm without invaking steneo squiremsents.
. amd differences in terms of the parameters and issues 0 be dealt

with during arthorectification. In both cxses, be horfeontl pisel  The purpose of this pper & %o demomtrste orhorectification
displooment cansed by of faudic viewing monsses with viewing resuls achievable using extemal DTM: derived fram airhorne
angh B, Specifically, A-h tan@ for serial photography, s 2 IFSAR - specifically the lmemap STAR-3 system. We
b ks envelipe caleulstion ahows, where & = the terrsin provide visil exsmples snd quostitative scurscy results relating

displacensent and h = the terrain height of the pixel. For typical W the oborectification of TRONOS ad QuickBind imsgpes.
cal muerits we abio sddress the cost e

h-resalution stellites, A increases samewhat faster than o @ Aside from the
This paralbe displscement al the process.
a piuelby-phel asmer dus

L arthanectification, provided the elevation, b, of the ground pixel We provide a brief roview of the [FSAR dats in section 2,
is koown. However the consequence of the viewing angle  deseribe the arfhorectification methodobgies ued in sectio
e I I I e O u I I Z e eX e r n a dependence is it the displacement correction required depends 20 the dats sets in section 4. Wethen present the resulss of the

more critically an the vermical accuracy of the elevatin  Seeusscy smlysis akng wilh visel exspls inosectio 5.4
informstion 2 B inceses. A second el bted factor of sl is rﬂ\lwbd i section &

- impacs the socuracy of dhe anbomectfiction: e spaial folkwed by conchuding s soction 1
- r I V n frequency of the termin relief drives the requirement far spatial B i
sampling density of the serrain elvation. For examgple, chkvations 1. THEIFSAR DAT

sammpled a1 30 meter spacing would be apprapeiste for retsining
\I)‘\ll\lnlnl.'. accuracy akmg diches or ather bnd feaures tha

STAR-3 15 3m X-bamd imerferomsetric SAR (IFSAR ) carrisd in 2

Learjet (Mercer and Schaick (2000)) and ks been aperated

associated ORlIs as prolific P
sources of GCPs.

s JO0ET, Hammen

ber 6-55h, 2003

Joint ISPRE Workshap High R

Germany, {

ihttp://www.intermap.com/uploads/ll70362785.|odf
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http://www.intermap.com/uploads/1170362785.pdf

Imagery Orthorectified Using IFSAR

How IFSAR DEM's can be used to make Orthoimagery that meets
NMAS at 1:24K in Alaska?

= Require set of specifications, orthorectified imagery, elevation data and
software.

= Orthorectification: existing data may need to be orthorectify (correct for
horizontal and vertical distortions) ancillary data

Orthorectification Example

Ancillary data

Input:

= Ancillary data

= Elevation data

= Ground Control Points (GCPs)

= Commercial software Orthorectifiad

Data

Output:
» Orthorectified data layer

ad ™
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Data Orthorectification — IFSAR Example

Use radar imagery as a source of GCPs (+)
Using GCPs + Optical imagery + DEM + Commercial software
= orthorectified product

Landsat 7 (7,4,2) SAR-sharpened Landsat 7 (7,4,2)

ud .
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=
USGS vs. Intermap DTM (Orange County, California)

17 © 2008 Intermap Technologies. All rights reserved.
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Presenter
Presentation Notes
The following are two examples from a business partner AirPhoto USA illustrating that the poor USGS DEM causes distortions in the image even when viewing from directly overhead. Note the wobbles in the road on the left introduced by the USGS DEM.


=
USGS vs. Intermap DTM (Orange County, California)

@1§9?—2006 -AirPhotoUSA
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Presenter
Presentation Notes
Here is another illustration where the poor DEM from USGS causes even the building shapes to be warped.


=
Accurate and Quality data

+ Data Quality and
Data Accuracy

*|mproved with
higher resolution
data (smaller

posting)

=*Google example
using USGS 30 m
DEM compared to
Intermap’s 5 m
DEM draped on an
orthorectified image
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Presenter
Presentation Notes
Google has laid down the challenge with 3D technology in Google Earth and directly challenged Microsoft. 

Is MSN going to abdicate or respond to the challenge or will they respond?  When they do, where will the next competition take place? We believe it will be data quality. The data that is currently in the Google Earth is a hodgepodge of different data sources, different resolutions with no attempt at color balancing. They have left the door wide open to be trumped by MSN or Yahoo, 

In 2005 Intermap created a uniform color layer of the entire state of California draped over our superb elevation model. How long will it be before the data in Google Earth is an embarrassment to them?


High-Quality Orthorectification

First Image orthorectified with a 30 m posted USGS elevation data — note vertical error
in road (Red circle).

Second Image orthorectified with a 5 m posted Intermap elevation data — note a
better rendition of the roads, buildings and mountains.
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Presenter
Presentation Notes
Currently in the US, Google is using an elevation model created by from USGS that is 30 meter data. Over most of the world, the elevation data used is even FAR less accurate. This creates significant limitations when satellite or aerial images are draped over the elevation model in hilly or mountainous terrain. Inaccuracies create smearing effects in the imagery on the terrain and create gross errors in the position and slope of roads and other features. The mountain road in the center of the image has a ski jump effect that would stop a HMMMV – if it was real.  This distortion is caused by a lack of vertical accuracy.  Without updating the elevation models it is not possible to consistently achieve overall accuracies better than 15 meters using high resolution satellite imagery. With accurate vertical information data from Intermap supports the image drape, even in the mountains. Now we see that we don’t need a Hummer to traverse the road in the center of the image.




Holyhead, Wales

Virtual Earth higher resolution images (aerial) provide more “crisp”
detail about the landscape then Goggle Earth’s spaceborne “blurred”
Image over Holyhead, Wales

Elevation data provided by Intermap’s NEXTMap® data (10-m posting)
provide a more accurate rendition of the landscape over the coarser
SRTM data (30 m posting) used by Google Earth.
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DEM derivative datasets

Intermap has two divisions (Professions Services & Solutions) to

assist in creating and supplying DEM derivatives such as:
= Contours WD

]

= Topographic/Geology Maps /_,&' W
= LANDFIRE o {/“
= Canopy Height Models *
= Hillshades |
= Slope and Aspect Maps @I
. Repro;ect_e_d Deta slulelE alalol| P
= QOrthorectification == '
» Technology Transfer
33—.,
-':,:-'é'q
-5 9 }v
-0, e &
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[Ishub - S
[ Wetlands - \;g
Evergreen o = — =

<49 Contour Line, Minor - (Height = 48,8 meters - N38W122C30T [GEQ (NADB3) - ( -122,35210482, 3634625599 )
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NEXTMap USA Status September 2008

Current Project Status

- Legend
33) "] ULL Blocks
> e [ Acq. Ops Started
5‘ I ~cq. Ops Completed
B P Completed
EE ncPR

Current as of September 1 2008
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Intermap Licensing Tiers

Licensing Tiers as Described in USGS contract
O8CRCNOO37

Single Organization - This license permits unlimited use of source
data and derived products within a single organization of the United
States Government, specified at the time of purchase.

Federal Civil Department Tier- This license permits the unlimited
use of the source data and derived products within a single civilian
department of the United States Government, specified at the time
of purchase.

Federal Civil -This license permits unlimited use of the source data
and derived products within all U.S. Federal Government
Organizations excluding DoD and Title 50 organizations.
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Intermap Licensing Tiers (continued)

: Federal Civil & State/Local Governments - This license
permits all uses covered by the Federal Civil license. In
addition, this license permits use by State and local
governments. All source data and derived products shall
be retained by the State and local governments.

: Additional licenses may be negotiated as the need arises
on terms mutually agreeable to the parties (e.g. Alaska —
public domain).

: DEM derivative products licensing may be negotiated as
the need arises on terms mutually agreeable to the
parties.
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Questions

gbuckman@intermap.com

www.intermap.com



mailto:gbuckman@intermap.com

	National Digital Orthophoto Program (NDOP) Meeting�October 6-8, 2008
	Agenda
	IFSAR Technology (X/C/P Band)
	P-Band – Not usually at the bottom of the canopy
	Why L-Band and not P-Band (Collection)
	Why L-Band and not P-Band (Interference)
	We have opted for PolInSAR L-Band
	X-Band – Not usually at the top of the canopy
	X-Band Enterprise Workflow
	Newest DTM Product
	Newest DTM Product
	Newest DTM Product 
	Old Versus New DTM Product
	Orthorectification
	Imagery Orthorectified Using IFSAR
	Data Orthorectification – IFSAR Example
	USGS vs. Intermap DTM (Orange County, California)
	Slide Number 18
	Accurate and Quality  data
	High-Quality Orthorectification
	Holyhead, Wales
	DEM derivative datasets
	NEXTMap USA Status September 2008
	Intermap Licensing Tiers
	Intermap Licensing Tiers (continued)
	Questions

