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Background: Civil Engineering (BSc) and Geomatics Engineering (MSc,
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within the private and public sectors in Israel and abroad

A Sincel996facultymember athe Techniod Israel Institute of Technology
(FullProfessor)

A Served as Head afDepartment, Deafia Faculty, and currentifeadinghe
Geodesy and Mapping Research Center at the Technion

A Research and Teaching are focused on the fields of geodesy, cadastre,
cartography, photogrammetry, computerized mappingl&d

Advised more thaB0OM.Sc., Ph.D. and postdoctoral students

Publishedcsome300paperqprofessiongbeerreviewed journalproceedings
of professional conferences and reseaggiorts)

A Active in International forums, inter alia, Council member andfH¢&d
(International Federation of Surveyors) Commi3sinrspatial Information
Management
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Until1995was involved in geodetic and mapping projects and consultations
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Introduction ¥
DTMs origin and main concepts:

OriginatedbOy ear s ago: éo0a stati s
continuous ground surfacee
of polintsdé

oBoosapédt hanks to the devel
computerized analytical systemainly GIS system2(years
ago).

A guantitative and qualitative mathematical model that desa
our natural environmedb r eal wor | do.

Usually presented in a grid format with X, Y, Z coordinates.

Main concepts needed to be addressed are: accuracy, des¢

realism; precision; robustness; generality; (and, simplicity).

IMiller and LaFlamrh@58

1l

q
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Introduction ¥
The importance of DTMSs:

A variety of applications in the military, environmental, engineetin

and geesciences domains:

A Civil engineering, including endfill projects an®D landscape
modellingand visualization tasks;

A Earth sciences, includimgodellingand analysis of gemorphologic
terrain entities for hydrologic and hazards maps;

A Planning and resource management, including remote sensing,
environmental and urban planning;

A Remote sensing and mapping, including correcting images, retriev
thematic informatiogeoreferencing

A Military applications, including intesibility analysis3D visualization,
simulations, linef-sight;
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Introduction
Seamless DTMBGI sciences infrastructudre

Data acquisition  Applications
(photogrammetry, field surveyingenvironmental and resource
remotesensingcartography, management, urban planning)
radargrammetry)

Computation and modeling Data manipulation and
(computer graphicsmputational managemer(tdata structuring,
geometrymage processing) computer graphics)

1Li et al.2005
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Introduction
DTMs from different sources and of various qualities:

0Tradi ti onal 0 Plb®drammetuiiizes ssered paifsn
of aerial or space imagery that cover
approximately the same area

AMostly produce a grid DTM (raster like)
ADTM presents constant resolution
AHeight accuracy is usually constant
a “within a specific campaign

| =R &?” AProbably the most common technique
/ nowadays
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Introduction
DTMs from different sources and of various qualities:

0Tradi ti onal 0 FidldSuaeyingstikresiTS andl GPS n
receivers for direct field measurements

AAccuracy of a position acquired

ey €Xtremely high

. *‘5-'?’ i ADeliver much fewer data samples
Iy N AUsed to measure and map small areas

; " .{ ATechnique is rarely used for DTM
_production

ACan deliver missing data other

. _technigues can not measure
ATypified by irregular and sparse positjol

of sample data
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Introduction (g,

DTMs from different sources and of various qualities:
0Traditional 0 Cdradraphicaligitzationnd tsdarming

utilizes raster vectorization techniques
of existing topographic/contour maps

ASemimanual digitization and quality
_assurance are sometimes required
Sm— = AAvailable in ofthe-shelf GIS packages
a2 St AHeight accuracy is usually constant
s 7%~ AMostly produces irregular data samples
_(contour)
AWas commonly used for DTM
productiond nowadays mainly in
developing regions via utilizing medium

scale maps

Display [ Source ]

isplay
| prawng > K
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Introduction g

DTMs from different sources and of various qualities:

O Moder nd dat aRalar hased systdmis 0 n
utilizes radargrammetry techniques
andlIfSARmaging

ARadar imagery are very sensitive to
_terrain variations

“Alarge accuracy deviations sometimes
_exist
AHeight accuracy within a DTM is usua
_constant
AEfficient for acquiring data of large
_regions

_extreme meteorological conditions

ADTMs produced are mostly regular
1 OGEOProcessing013 February®4- Marchl, 2013 Nice, France
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Introduction g

DTMs from different sources and of various qualities:
OModernd dat a ALBCLIDAR) Systemsilizes laser

ranging techniques for producisig
point cloud

ARandomly distributed data (irregular)

AData sample is already geferenced

AAccuracy of a position acquired is high

AEfficient for acquiring data of medium

sized regions

AI\Iot affected by the lack of sun light

ADTM production requires additional

} algorithms filtering, interpolation
PR Y usually performed on the raw data
R (raw/sample data include-t&frain

— _objects- vegetation and buildings)

AProduces the densest DTMs
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A LIDAR Sample
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Introduction ¥

Wide coverage DTMs from different sources and of various
gualities:vertical accuracy assessment

Aerial photogrammetry 0.1i 1

Satellite photogrammetry 17 10

Field surveying 0.01i 0.1
Digitization 1/3 of contouring interval
Aerial radargrammetry 21 5

Satellite SAR inteferometery 51 20

LIDAR 0.17 0.2
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Introduction

DTMs data models:
1. Contoursdisolinesof constant elevation at a specified interval

derived from point data (involving interpolation) or sfeodter

(photogrammetry). Anomalies are not represented,
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Introduction 74

DTMs data models:

2. Gridsoequally spaced sample points (méss$tpring z (height)
value- referenced to a common origin and a constant samplin
distance in x and y directions.
A Advantages: store and manipulation; trend surfaces; natural appearan

A Disadvantages: resolution dependent; anomalies (peaks/pits) not
represented;
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Introduction 74

DTMs data models:
3. TIN-surface representation derived from irregularly distribute
points: nodesdgestriangles (facetdppology.
A Advantages: several resolutions (sampling variations); trend surfaces;

A Disadvantages: store and manipulation; data control;
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Introduction

Gridvs. TIN:

Grid TIN

Due to the generation algorith
based on least squares
adjustment, grithased
methods perform smoothing.

"Bifficult to achieve because
the original data points are
used.

Smoothing

Geomorphology Break lines can be consideregdBreak lines can be considergd.
. . FHxed due to the matrix Variable as the original data
Point density :
structure. points are used.
L Problems due to the non
Robust estimation procedures . .
Robustness : uniqueness of ordering
can be applied. L
criterion.
Restrictions due t2.9D More general than giiidised
Applicabilit characteristics. Simple methods but also restricted.
PP y algorithms existent for many | More difficult algorithms
tasks. required.
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Introduction

DTM (grid) vs. LIDARN

L

¥

DTM LIDAR
Density/Resolution 2850m® (up to)18points per n¥
Accuracy Around few 0.160.2m
decimeters/meters
Data structure Grid (matrix) Irregular

Data production

Time consuming and
numMerous processes

Relatively fast

Terrain analysis

) In full Under development
algorithms
. : Filtering and segmentatior
Terrain relief
Other processes are usually

representation

required
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Introduction

Spatial m D) =
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Problem Definition

A DTMapplicationsequire that:
¢ Elevation models utilized are free of gaps;
¢ No discontinuities exist in the models;

A Overlapping terrain databases will usually present:
¢ Diverse sources and ddtamats;
¢ Differences in their density and/or accuracy;
¢ Topographic inconsistencies;

A Consequentl®integrating these models via common
GIS systems will show:
¢ Incomplete terrain description;

¢ Require full mutual coverage of both models (will not
complete missing data);
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Problem Definition g;

A Mergingoverlapping/adjaceBXTM models is aimed at:

¢ Achieving complete and continuous representation of the
terrain;

¢ Provide continuous height and topological representations;
¢ Construct a gafree DTM,;

A Generic integration algorithms development is aimed

¢ Indicated aforementioned, as well as;

¢ Integrating/updating topographic datagetst influenced by
their inner structure (grid, tin, etc.);

¢ Preserving morphologies presented by both datasets;
¢ Presenting wbo-date and continuous topography;
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Multidatasets: Challenges

A Fusion of two (or more) DTMs:
¢ Coordinatdased vs. FeatwHmsed relative gaeferencing

¢ Fusion of adjacent DTMs vs. overlapping DTMs

A Aspectsof noruniformity withithe DTMs:

¢ Different resolutions;
¢ Different coordinate systems (Cartesian vs. Geographical)
¢ Levels of accuracy within the same DTM

A Comparison of separate DTMSs:
¢ ldentifying terrain changes (landslides for example)

¢ A multidatasetsaapproach towardetermining@bsolute
accuracy of DTMS

2 2GEOProcessing013 February®4- Marchl, 2013 Nice, France



TwoadjacenDTMmodelseachpresentinglifferentdensity
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Problem Definition g;

Common algorithm types aimed at DTM integratioh:

AdOCut & Pasteod:

¢ The less accurate model is replaced with the more accurate ¢
In the overlapping zones.

AoHei ght Smoothingo:

¢ Heights within a band (buffer) surrounding the models mutua
seam line are calculated as weighted average of the heights
taken from the two adjacent DTMs.

Both algorithms address only the height issue representation of t
terrain, and not its characteristic®pology and morphological
structures.

2 4GEOProcessing013 February®4- Marchl, 2013 Nice, France



Problem Definition
Cut & Paste:

— Merged DIM
--- Left DIM \
--- Right DTM

g -

——— —— -

\seom line

Main features:

the right side zone of the seam line is taken from the right D’
¢ The seam line becomes a line of discontinuity in the merged
¢ No morphological adjustments are performed,;
¢ No accuracy adjustments are performed,;

¢ The left side zone of the seam line is taken from the left DTM ¢

1\
C
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Problem Definition
Cut & ste:

¢ The seam line is clearly seen as a line of discontinuity;

¢ Terrain structures within the band surrounding the seam line
appear more than once in the merged DTM,;
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Problem Definition
Height Smoothing

— Merged DM
-~ Left DTM \
--- Right DTM

- ——— i~

\seom line

Main Features:

¢ Heights in the band surrounding the seam line are calculatec

¢ No morphological adjustments are performed. Terrain struct
within the band surrounding the seam line may appear more
once in the merged DTM.

2 TGEOProcessing013 February®4- Marchl, 2013 Nice, France
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weighted average of the heights taken from both adjacent DTN

¢ The seam line becomes a line of continuity in the merged DTN
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Problem Definition
Heightmoothing

¢ The seam line is hardly V|e.

c Terraindbs topology and morp
preserved.
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Overlapping Approaches

A Coordinatédased vs. featusgased overlapping
¢ Coordinate approady duplicatiorof topographic features

¢ FeaturdbasedA accurate geoeferencing
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ProposedlgorithmsandProcesses

3 Different Approaches (Algorithms)

A Adjacent DTMs
¢ Spatial Rubber Sheeting Algorithm
¢ Plecewise Spatial Conflation Algorithm

A Overlapping DTMs
¢ Hierarchical Modelling and Integration Algorithm

3 OGEOProcessing013 February®4- Marchl, 2013 Nice, France



Adjacent DTMsRubber Sheeting

(A)Spatial Rubber Sheeting Algorithm

1. Global geometric correction of one of the adjacent DTMs
toward the other DTM by a thileaensional affine

transformation based on a given set of homologous point
pairs.

2. Seam line construction is based on the given set of
homologous point pairs.

3. Rubber band construction surrounding the seam line.

4. Local geometric correction by morphing the rubber band pf

each of the adjacent DTMs to the seam line on the merged
DTM.

3 1GEOProcessing013 February®4- Marchl, 2013 Nice, France



(A)Spatial Rubber Sheeting Algorithm

2. Seam Line Construction:

¢ Theseamline Sis constructedusinga givenset of homologous
pointpairs

¢ Eachvertexof the seamline is a weightedaverage(X,Y,Z)of a
homologougointpair.
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(A)Spatial Rubber Sheeting Algorithm

3. Rubber band construction:

¢ Arubberbandis definedby a parallelpolylineto theright or left of
theseamline ata givendistanceD.

¢ Two rubber band quadrilateralgrids are defined One on the
sourceDTMandtheotheronthetargetDTM
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AdjacenDTMs Rubber Sheeting
(A)Spatial ubber Sheetlng AlgorltcBlRlesuIts

¢ The seam line turns out to be a line of continuity in the mergec
DTM and it is invisible.

c Terrainds topol ogy and mor p/h
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Adjacent DTMsPiecewise Conflation

(B)Plecewise Spatial Conflation

1. Global geometric correction of one of the adjacent DTMs
toward the other DTM by a thdeaensional affine

transformation based on a given set of homologous point
pairs.

2. Triangulation of the overlapping region based on the giver
set of homologous point pairs.

3. Local geometric correction by morphing each of the adjac
DTMs to the merged DTM coordinate system.
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Adjacent DTMsPiecewise Conflation

(B)Piecewise Spatial Conflation
2. Triangulation of the overlapplng reglon

A

s S e O

¢ The tnangulatlon |s cstructed using Contiaehauny
Triangulation algorithm (CDT) given a set of homologous point

other for the right DTM.

¢ Two triangulations are constructed, one for the left DTM and th

3 6GEOProcessing013 February@4- Marchi, 2013
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(B)Piecewise Spatial Conflation

3. Target triangulation construction:

¢ The geometry of the triangular interpolation preserves linearity
the edges.

¢ Interpolation of a point on an edge of two adjacent triangles Yic
the same value in each of these two triangles.
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Adjacent DTMsPiecewise Conflation

c A smooth transition from one source DTM to the other.
¢ No discontinuities in the merged DTM.

c Terraindos topol ogy and mor p|r
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ProposedlgorithmsandProcesses
(C)Hierarchical Modelling and Integration

1. Global registratiod homologous interest points extraction
and mutual geweferencing.

2. Local Iterative Closest Point matching algorithm & extracti
of modelling matrix.

3. Integration based on geegistration values stored in the
modelling matrix and designated interpolation algorithms.

J
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Extractingnterest Points

Geomorphologiexaminatio®

-~ statisticakthresholds
. R / in fourprincipaldirections

| Grouping

Localbi-directional T
S Interpolation )
Final Interest O J/’
Point Matrix
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(C)Hierarchical Modelling and Integration
1b. Spatial geceferencing forward Hausdorff distance

h(A, B) = maxmin|

. ) a- b .
Interest points a A bB Interest point®
’\I - /A
LV
PN A T B iy !
YT T T e i e 4 R
i I = = = = S P
IS — ——_——T e = _"':'—-="'__'——_=-"_,\'
T i1y —— et AV &
/ N I' \
- B g e g e =

e Ik 3
[dx,, dy;, dz, é i A TL ]
,dx, dy, dz] 4 i Y 4
l Q , - .\/ ) )
Mean (dx, dy, dz) I 1 [TED pas
Std (dx, dy, dz) ? ~ -
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ProposedlgorithmsandProcesses
(C)Hierarchical Modelling and Integration
2a. Local gegpatial matching based on the ICP algorithm.

Matching model is implemented on mutual zonal f@mes
separately and independerdl§ georegistration values for

each frame: ex_ - X“y@ exX, - X"+1g e&dxg
e Mo U_ - € Mmoo U, e u
éYQ'YMg g_R(/ ,k,'/'/)ﬂéYf 'YMf L:J+édyg
&8Z,- Z"¢ Y &Z;- 2"+ Y edzy

3 spatial geometric constraintg? :% &9 %F ch")i X9 YO

2 b i

5 @)
z0= DY sg By gy iYQO‘%JZ oft %

! D2 D D2 : D

. h 6 . h & . h D¢
79 :ﬁ X9 47T I0—2 +X9 YO BEEAI
=5 @ D2 Y 5z A égzo 5 g
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(C)Hierarchical Modelling and Integration

I e
11 U

2b. Modelling matrix k

i )
e
| h e Georegistration vector
R {dx, dy, dz{, 9, ¥}
C Establlshlng a gegpatial matrixGGeoDB that stores the precise
zonalmodelling

¢ Continuitiesnodellingn the mutual coverage area.
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ProposedlgorithmsandProcesses
(C)Hierarchical Modelling and Integration

3. Designated interpolation algorithms for precise local
Integration:

-050+1.08% - 0563
+1.0- 25@% +1.5@°
+0.50+2.00° - 1.5@°
=-0.5@% +0.5(3

~—~
|

Bi-directional thirdlegree F (¢
parabolic interpolation on the thrde (t

georegistration translation values™s Et
t

F

4
Z A F (X)3 (y)QH i, j
Three rotation values translated a:‘lill ’( )& ()31 (i. )

Into Quaternions; SLERP

interpolation: g =cos*(q Q)

sin((L- t)&) .. sin(t@) .
sinfg) ' sinfg)
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(C)Hierarchical Modelling and Integradétesults:
Cut & Paste:

4!, *

B s

¢ No seam line is visible.

¢ Gapless and continuities terrain relief representation in the
merged DTM.

c Terraindos topology and morop

4 6GEOProcessing013 Februarn24- Marchil, 2013
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Environmental Control Processes

I.  Morphologic change&sandslide detection and
guantitative analysis

Landslideon newly acquired LIDAR data:

4 7TGEOProcessing013 February®4- Marchl, 2013 Nice, France



I.  Morphologic change&sandslide detection and
guantitative analysis

Modelling implemented on existing DTM and LiDAR &ates apart;

Statistical evaluation
of local matching:

(%]

w | ~ dz values

10

-
S

£
°

N 0

-10

20,

¢ Correctly geoeferenced and not directly superimposed.

¢ All mutual frames are matched accurately, except for frames
affected by the landslideas seen on the right.

¢ The affected landslide region can be identified clearly by the
bar values within the low ones.
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Il. Change detection

Modelling implemented on two models: 2@OM K(esolution) and
LIiDAR % points per ) datad 20yrs apart:

DTM
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Change detection

Hierarchical Modelling

rms-z values

2 4 6 8 10 12 14 16 18

Direct positioning produces more noise with less change

detection certainty.

Hierarchical Modelling identifies morphologic inconsistencies

exist between models.

c Statistical values of the Hierarchical Modelling are much smaé

Direct positioning

rms-z values

i- L.L

Statistical
evaluation
of local
matching:

o] (o2} S N

N o

18

all
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Environmental Control Processes
I1l.  Hybrid multgeospatial terrain modelling

Modelling and integration implemented on two models2B%M (
resolution) and LIiDAR doints per rf) data after filtering proceds
15yrs apart (mutual area is framed):

DTM LIDAR

5 1GEOProcessing013 Februarn24- Marchil, 2013 Nice, France
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¢ Receiving an uf-date nybrid terrain relief rébresentaiﬁon.

¢ Hybrid dataset is continuous, unified and complete.

¢ No seam line is visible; hybrid model preserves the topology|a
morphological entitiesas presented in both models.
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Considerationf Levels of Accuracies

Need- integration of DTMs is essential for obtaining computerizec
topographic infrastructure.

Status- multisource DTM
AProduced via various technologies and techniques;
Ainfluenced/affected by rapid dafalates. Accuracy polygon map

Acc 3

Resultd integrated DTM might present:

AChanging gualities and precisions of coverage area;
Avaried data characterizations and structures;

ADifferent magnitude of internal dagkations and correlations.

5 3GEOProcessing013 February®4- Marchl, 2013 Nice, France



Problem Definition

Different DTMs can vary and present different data
characterizations: structure, dakansity, levebf-detall,
accuracy, resolution, dat um,

Same coverage aréaifferent models

{:‘"‘“‘\\\\\
\

AR y
0 \‘\mg_-_!.al‘\‘\

I
T ’Jt’g\
4 \\"“4‘|

120

A Variedscale geometric discrepancies and inconsistedadferent

_acquisition epochs and diverse dsdarces;

A Globalsystematic incongruity and locahdom inaccuracies;

A Different magnitude of internal daglations and correlations has to be
addressed.

AL =4
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Problem Definition

Simultaneous use of several nsiirce DTMs introducich as
Integration or change detection, intensifies the before mentioned

problem.
Acc_2 \ Acc 3

Thus, It is essential ggprioriextract and quantify a reliable spatia
model i ng of DTMsO0O correlatio
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Problem Definition

A Reliable iIntegration (fusion) of msdturce DTMSs Is
required to:

A Apply morphologic and accuracy adjustments thus spatia
modeling is assured,;

A Provide continuous height and topological representation;

A Address locally the varied irregularities and inaccuracies jtr
exist within the DTM and between DTMs,;

A Ensure continues and semantic modeling.

A All this while taking into account the local accuracies
separate supegions

5 6GEOProcessing013 February®4- Marchl, 2013 Nice, France



L

Proposed Algorithm ¥

Implementing a hierarchical modeling algorithm:
PhaseD d producing smooth and continuous accuracy polygons r
Phasel 0 Global registration (mutual frame work):

A Identification and extraction of topographic unigue interest points;
A Spatial mutual qualiependent skeletal registration.
Phase2 0 Spatial modeling and matching:

A Qualitydependent local Iterative Closest Point (ICP) matching;

A Establishment of mutual modeling matrix.

Phase3 dintegration:

A Designated dafaandling interpolation concepts;

A Qualitydependent height calculation of integrated £XbMtinuous,
seamless and homogenous.

Nc
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Proposed Algorithm

Ve

Phase2 dlocal spatial modeling

Phasel 8 global registration Phaseléglobal _EﬁhaﬁfZQLQpaL_
registration modeling

Vs :\‘ BN S - ;‘_ 7 \“\‘_;‘_‘

MRS, SH

Phase) 6 smooth polygon maps
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Proposed Algor
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Producing smooth and continuous accuracy polygon m

Polygon A

-
~
-~
-~ -
~ - ———
~ —_———— e ———
~< — g = ————— =
~—m e ————

Polygon B

___________
SN = ———

Automatic process that generates this information:

A Topologic relations extraction of geometric objects that comprise the
accuracy polygon map: polygansolylinesd vertices (nodes);

A Vertices topology indexing: map borders; two polylines; three polylines; elc.

A Buffer width (D) required for given joint polylines (derived by accuracy
difference).
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Proposed Algorith@Phased ¥

ﬁCreating new trapeze and triangular shaped accuracy polygons (d
from existing polygonso topol ¢

Producing smooth and continuous accuracy polygon m

AAccuracy values in new polygons comprise of original accuracy valu

s
)
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Proposed Algorith@Phased 74

Producing smooth and continuous accuracy polygon m

Dy=Y,- Y,
Dx=X,- X,
D, =Dy’ +Dx
Dyy=Y;-Y,
Dxx=X,- X,
A= Dy* Dyy+ Dx* Dxx
B = Dyy* Dx- Dy* Dxx
a = atan2(A, B)

D

YL,. XL,

DD =

YR,. R, COS(%)

b = atan2(Dx, DY) +90“+%
YR, =Y, + DD*sin(b)
o XR, =X, + DD* cos(b)

:ievp_y)*%_(xp- X)*m\ YL, =Y, - DD*sin(b)
ZDé 1 1 D U
e L Lu XL, = X, - DD* cos()
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________

Trilinear coordinates

30

1 1 1

2S5=|X0 X3 Xao

Y20 Yso  Yao
[ 1 "(X30 (::3/40 = Xa0 (::3/30) (yso - y4o) (X4o - X30) 1
L3 = 55 X40 F20 = X0 C3/40) (y4o - y20) (Xzo - X4o) DX,
s (Xzo Qa0 - Xs0 Q’zo) (Y20 - yso) (X3o - Xzo) Yp
Acc_ P = Acc_20Q,,+ Acc_30Q,, + Acc_ 40Q,,
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|dentification of topographic unique interest points:

x16
~—

xlB
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Spatial mutual qualtdependent skeletal registration:
(using the forwardausdorftlistance)

L L O L L L L

- =~

-
_______
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Implementin@ geometric
constraints to assure €0
registration of two
corresponding pointsone
from each DTM

DTM source | (g)[

Z,-2,- 2,+Z
2

Oaf a Yl
5 g

Zf:Z1'Zo("3(f+Zs'Zo@f+
D D
Zl' Zo('j( i} (Zz' Z1' Zs"'zo)(“)(tg
D D’
At 2 At
(2,-2,- [z;;zo)ofgfxf L 21[-)223+zo &, &, %tg_ (2 - Eo)o/g

—_~

+Zz-Zl-Z3+Z Zl-ZO)C")(tg
2

D

O
-|-CDO

I,

. . &
2 = SO O+ -
¢

Z,-Z, .
Z; = 3D 20, -

-aDO
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Ko 4

Proposed Algorith@Phase? 74

Qualitydependent local spatial ICP matching

Due to varied accuraci@gach ceegistered pointf& g das
different accuracy value.

DTM source |l

DTM source |

Weightp, for each caegistered points is introduced into
adjustment process:
Acc_0 _ R T I
Py = —= x=(AT P CAJ AT P )
J(Acc_3)% +(Acc_7)? _
x={dx,dy,dz/ ,w, k}
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DTM source |

Establishment of mutual modeling matrix:

" . (cell = frame)

Mutual
modeling
(registration) matrix

Phase? dlocal

Phasel 8global
registration

* DTM source |l
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.’ ‘Integrated DTM
1. Final (integrated) DTM planar

AT coordinates (X, Y)
&} 2. Calculation dd registration valuef
. 1 ] via designated interpolation
DTM source |I ‘5\..,09‘263"’ 3. Weighted transformation from
- —— integrated DTM to sources

s"‘"%’ -

P he)

Mutual modellng
matrix

dce 5 4. Calculation of two heights;, cel

and h2—sourcell
5. Calculation of weighted height in
integrated DTM
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Accuracy polygon map|——
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-— Smoothed accuracy polygon map |
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lygon map-H——
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Accuracy polygon map-}——
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Absolute Accuracyf DTMS

A Topographwftwo datasetsfter transformation with evident
localizeddiscrepancies

A Two DTMs enable only to determine relative accuracies

A What if we have several DTMs?

7 6GEOProcessing013 February®4- Marchl, 2013 Nice, France



