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Introduction

Nowadays DTM databases, which describe terraiefradre among the main interactions between data
acquisition and a wide area of applications. Onghefmain problems in this discipline is data meggi
which involves integrating data from different sdts most cases each dataset has been collectedove
different period of time using different productimthnologies. The discrepancies exist when comgari
different DTMs representation of the terrain relefy occur due to natural causes or human actvitie
that took place during the data acquisition epoaksyell as having inherent errors occurring duthrey
observations stage or production (Hutchinson & &ull 2000). These various factors present global-
systematic errors as well as local-random ones;hwtdflect on a different scale of spatial geonsednid
radiometric differences. The common "cut and pastetching procedure on different datasets will
produce incorrect results, mainly for the fact tiitre are irregularities in the topographic repnéstion
between the datasets. A sample of these phenomatepicted in Figure 1. Consequently, the required
integration process yields the merging of geo-spatitasets consisting of different resolution,uaacy,
datum, orientation, and level of detailing. Furthere, DTMs only partly describe terrain relief, whiis

a continuous entity, mainly because of its discrepgesentation in terms of points or lines. Thafthe
integration of different geo-spatial datasets caduce the gaps existing between reality and its
representation, and thus attain a unified mergell D better describe the terrain relief.

One can divide the merging problem into two maimgss: finding the best correspondence between
datasets; and, executing the merging process. iRe#finkiewicz & Levoy (2001) showed that the iiti
knowledge regarding the geometric spatial relatibesveen the datasets must be known prior to the
matching process itself. This can be achieved bglémenting initial registration processes on the
different datasets — for instance, pairing-up gsoaptwo congruent geomorphologic features existing
the different datasets. This yields the extractdrthe geometric spatial relations, i.e. a staisly
gualitative initial registration value of the twatdsets (three-shift values for example). Afteraeting

the initial registration value, a full 3-D matchipgocedure is feasible. This can be done by onhef
available processes for spatial geometric dataséthimg — ICP (lterative Closest Point) for example
first presented by Besl & McKay (1992). This aldgiom is mainly designated for point cloud matchigg b

a nearest neighbor criteria procedure, using iterdtSM (Least Square Matching) (Gruen A., 1996).
The calculation of the accurate spatial affine dfarmation (three rotation angles and three shdts
example) is more accurate and reliable when usiagtior registration knowledge extracted earlier.

This paper describes a new approach to mergingetatan which a careful examination, investigation
and eventually an appropriate solution is givene Ttea is to implement a hierarchical solution of
pyramidal approach, in which local geometric dipargcies are monitored and prevented. In contrast to
the common approach based on global features tmysolution given here for the dataset matching
procedure suggests the implementation of two wgrkavels of topographic zoning — global and local.
The suggested procedure is as follows: zonal dnisf the whole datasets area into patches, inlwdic
local registration is extracted for each; sub-zadiglsion, in which an accurate 'local' ICP matchin
procedure achieved with the local extracted cooedmg registration values. This new approach sklowe
good results for DTM datasets merging, therefor@iesing a singular, unified and spatial continuous
surface representation of the terrain relief.
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Figure 1. Contour representation of "Cut and Paste" supgmgition of two datasets showing

topographic discrepanci€® 1 hill existing omyone datase®) 2 topographic horizontal shifts

M ethodology and Algorithm
The general mathematical strategy is as follows:

First order division

The entire area is divided into medium-sized-patcesp) (Figure 2). The extraction of unique local
geomorphologic points, i.e. interest points, andnthhe calculation of the initial registration valu
corresponds to each congruemp is carried out.
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Figure 2. Two working topographic zoning levels: global stgation (nsp); and, local $sp)
matching



Extracting interest points

A computational approach for extracting local gegphologic interest points, such as mountain or hill
peaks, is implemented. These interest points tdlhtbe used for extracting local registration values.
initial shift vectors - by the pairing-up proceduihe idea is to examine the topological conditions
around each grid-point, and then statistically gadmorphologically define by a set of rules whethir

an interest point. This is achieved according &fttlowing steps:

1.

2.
3.

Extracting four perpendicular second degree polyatndescribing the topography surrounding
the grid-point (Figure 3).

Calculating the area under each of these polynarimia direction (Figure 4).

Carrying out statistical tests on the values extihc which define topologically and
geomorphologically whether a preliminary definitioh the examined grid-point as an interest
point can be considered.

Local grouping of the defined interest points, inieh the highest grid-point is chosen (Figure 5).
A local bi-directional interpolation near each dfese interest points calculates the highest
topographic location, thus achieving sub-resolutioouracy (Figure 5).
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Calculation of initial shift vectors

The shift vector for each congruangp is calculated by implementing topographic regigtrasearch on
all interest points extracted in the previous sta@estatistical procedure is implemented in this
registration search procedure to achieve a begtgainty of the three-shift values calculated.

'‘Local' ICP matching

Everymsp is sub-divided into overlapping small-sized-patcfssp) — second order division (Figure 2). A
constrained ICP procedure is then implemented lipcad each congruerssp. The initial shift vector
used for eaclssp ICP-matching is the one that corresponds targs. This procedure ossp yields a
better localized six registration-parameters caliboih, thus ensuring topographic continuity of émire
area, as well as excluding a local minima solufamthe ICP procedure and minimizing computation
time. The output of this stage is a database, M'Ddok like (Figure 6), assembled of six-parameter
registration values corresponding to the centenads for each congruessp.

Merging

The calculation of the merged Geo-spatial datasehdw feasible through a merging procedure
implemented on the entire data available: two Guadisl datasets and six-parameter registration
database. This is performed iteratively by usingewerse engineering" procedure on the registration
values extracted, until a pre-defined degree ofi@ay is achieved. Among other factors the proczdur
takes into consideration the accuracy of each datas
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Figure6. 'DTM' look like database representing the comesing six-parameter registration
values for overlapping congruessp zones of the two datasets

Experimental Results

The suggested approach was tested on different DiiMisspatialdiscrepanciesanging up to hundreds
of meters. The interest points extraction procedomaved geomorphologically to be accurate and
efficient, by defining local surface-derived extesnn the topographic relief - i.e. hills and mains
(Figure 7).As can be seen from these figures of the two DTislével of detailing, which is mainly
dependent on the resolution of the dataset, hafaat on the number of the extracted interest tgoin
Furthermore, the precise identification of the liegt points' location enabled thecurate calculation of
the registration shift-vector values between thegcoentmsps. Finalizing with the implementation of the
constrained ICP and merging procedures, the algontielded very good results in terms of topographi
accuracy and topographic topology of the merged DWMich was unified and continuous throughout
the entire area of the datasets (Figure 8). Statigiests which compared the discrepancies betuleen
different datasets before the merging procedureadied — compared to the merged DTM — proved that
the merged dataset made use of both data avaitatile different sets, and hence represented ttfi@acgu
accurately.
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Figure 7. Extraction of interest points in both DTMs, showieffective results in identifying
and extracting local geomorphologic surface-deripenhts

Discussion and Conclusions

Generally, when two Geo-spatial datasets designfiiednerging - while one is with much better
accuracy and level of detailing than the other mist cases the better one will be chosen as tinecto
terrain representation, while ignoring the infer@mre. The common situation is when the two datasets
have 'similar' level of detailing and accuracy whilaving some local or global discrepancies. It tha
case, the merging procedure of the two datasets preiserve the internal morphology, while achieving
more accurate and reliable result than any ofwleedatasets separately.

This new pyramidal approach ensures the preservafidocal geometric features and their topological
relations, while preventing any distortions. Théugon outlined in this paper is a reliable and wete

one as long as the topographic conditions derivedh fthe data enables it. In extreme geometric
conditions, such as major discrepancies or eveoon@spondence, or in case of very smooth surfaces
that might lead to a wrong registration-vector enwfew interest points extraction, the solutiovegi by

the ICP matching procedure may divert to a localima instead to an implicit one.

The implementation of relying on local registrativalues calculated accurately from a qualitative
procedure of identifying surface-derived geomorpha interest-points, is in contrast to ignoring or
'smearing' these local-features when using theafdtae whole area at once. Hence, this solutiGuess
better degree of reliability of the calculated neatglataset, as well as resulting with a singulaifjad,

and spatial continuous surface.
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the common approach based on global features tmysolution given here for the dataset matching
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Figure 1. Contour representation of "Cut and Paste" supgmgition of two datasets showing

topographic discrepancié€® 1 hill existing omyone datase®) 2 topographic horizontal shifts

M ethodology and Algorithm
The general mathematical strategy is as follows:

First order division

The entire area is divided into medium-sized-patcesp) (Figure 2). The extraction of unique local
geomorphologic points, i.e. interest points, andnthhe calculation of the initial registration valu
corresponds to each congruemp is carried out.
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Extracting interest points

A computational approach for extracting local gegphologic interest points, such as mountain or hill
peaks, is implemented. These interest points tdlhtbe used for extracting local registration values.
initial shift vectors - by the pairing-up proceduihe idea is to examine the topological conditions
around each grid-point, and then statistically gadmorphologically define by a set of rules whethir

an interest point. This is achieved according &fttlowing steps:

1.

2.
3.

Extracting four perpendicular second degree polyatndescribing the topography surrounding
the grid-point (Figure 3).

Calculating the area under each of these polynarimia direction (Figure 4).

Carrying out statistical tests on the values extihc which define topologically and
geomorphologically whether a preliminary definitioh the examined grid-point as an interest
point can be considered.

Local grouping of the defined interest points, inieh the highest grid-point is chosen (Figure 5).
A local bi-directional interpolation near each dfese interest points calculates the highest
topographic location, thus achieving sub-resolutioouracy (Figure 5).
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Calculation of initial shift vectors

The shift vector for each congruangp is calculated by implementing topographic regigtrasearch on
all interest points extracted in the previous sta@estatistical procedure is implemented in this
registration search procedure to achieve a begtgainty of the three-shift values calculated.

'‘Local' ICP matching

Everymsp is sub-divided into overlapping small-sized-patcfssp) — second order division (Figure 2). A
constrained ICP procedure is then implemented lipcad each congruerssp. The initial shift vector
used for eaclssp ICP-matching is the one that corresponds targs. This procedure ossp yields a
better localized six registration-parameters caliboih, thus ensuring topographic continuity of émire
area, as well as excluding a local minima solufamthe ICP procedure and minimizing computation
time. The output of this stage is a database, M'Ddok like (Figure 6), assembled of six-parameter
registration values corresponding to the centenads for each congruessp.

Merging

The calculation of the merged Geo-spatial datasehdw feasible through a merging procedure
implemented on the entire data available: two Guadisl datasets and six-parameter registration
database. This is performed iteratively by usingewerse engineering" procedure on the registration
values extracted, until a pre-defined degree ofi@ay is achieved. Among other factors the proczdur
takes into consideration the accuracy of each datas
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Figure6. 'DTM' look like database representing the comesing six-parameter registration
values for overlapping congruessp zones of the two datasets

Experimental Results

The suggested approach was tested on different DiiMisspatialdiscrepanciesanging up to hundreds
of meters. The interest points extraction procedomaved geomorphologically to be accurate and
efficient, by defining local surface-derived extesnn the topographic relief - i.e. hills and mains
(Figure 7).As can be seen from these figures of the two DTislével of detailing, which is mainly
dependent on the resolution of the dataset, hafaat on the number of the extracted interest tgoin
Furthermore, the precise identification of the liegt points' location enabled thecurate calculation of
the registration shift-vector values between thegcoentmsps. Finalizing with the implementation of the
constrained ICP and merging procedures, the algontielded very good results in terms of topographi
accuracy and topographic topology of the merged DWMich was unified and continuous throughout
the entire area of the datasets (Figure 8). Statigiests which compared the discrepancies betuleen
different datasets before the merging procedureadied — compared to the merged DTM — proved that
the merged dataset made use of both data avaitatile different sets, and hence represented ttfi@acgu
accurately.
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more accurate and reliable result than any ofwleedatasets separately.

This new pyramidal approach ensures the preservafidocal geometric features and their topological
relations, while preventing any distortions. Théugon outlined in this paper is a reliable and wete

one as long as the topographic conditions derivedh fthe data enables it. In extreme geometric
conditions, such as major discrepancies or eveoon@spondence, or in case of very smooth surfaces
that might lead to a wrong registration-vector enwfew interest points extraction, the solutiovegi by

the ICP matching procedure may divert to a localima instead to an implicit one.

The implementation of relying on local registrativalues calculated accurately from a qualitative
procedure of identifying surface-derived geomorpha interest-points, is in contrast to ignoring or
'smearing' these local-features when using theafdtae whole area at once. Hence, this solutiGuess
better degree of reliability of the calculated neatglataset, as well as resulting with a singulaifjad,
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