Using break lineinformation in filtering process of a Digital Surface Model
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ABSTRACT:

The most important factor that everyone caresisthat of the smilarity of digital representations with the redl terrain surface.
The problem occurs when you try to eiminate off-terrain points like manmade objects and trees. Those objects not belonging to the bare
earth can be diminated through different filter methods. In aflat areq, an object can be detected by an dgorithm which anadyses the height
of the points in relation to the surrounding area. But, what is happening when the terrain surface is not flat? The same dgorithm is not
anymore suited to filter off-terrain objects from the area with the same threshold. You can have the surprise that this filter will diminate
points from bare earth surface. And you have to find a different approach to the problem.
This paper-work demongtrate the benefits brought by introduction of bresk lines in filtering the Digitd Surface Modd to achieve a more
accurate Digita Height Modd.
The methods of filtering and generation of DHM we use, were developed and implemented in software at Ingtitute of Photogrammetry
and Geol nformation at the University of Hannover (IPI).

LIDAR aess). Following the initid post processng and postiond
assurance, the Lidar data are filtered for noise remova and
prepared as afile of x,y,z points.
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In this study, Lidar is used for terrain data collection
technique i.e. photogrammetry, for generation of Digitd Height
Moded (DHM).

A pulsed laser ranging system is mounted in an arcraft equipped
with a precise kinematic GPS receiver and an Inertid Navigation
Sysem (INS). The signd is sent towards the earth where it is
reflected by a feature back towards the aircraft. A receiver then
captures the return pulse. Using accurate timing, the distance to the

feature can be measured. By knowing a speed of the light and the Figure 1 Theoretical pulse emitted from a Lidar system
time the signal takes to travel from the arcraft to the object and Theimagery can be used to add bresk linesto the Lidar datato
back to the aircraft, he distances can be computed. Usng a reved the terrain more accurately.

rotating mirror ingde the laser transmitter, the laser pulses can be

made to sweep through an angle, tracing out a line on the ground. DHM GENERATION FROM LIDAR DATA AND
By reversing the direction of rotation at a sdected angular intervd, FILTERING

the laser pulses can be made to scan back and forth dong aline.

Errors in the location and orientation of the arcraft, the beam
director angle, atmospheric refraction modd and severa other
sources degrade the co-ordinates of the surface point to 5 to 10

centimetres . An accuracy vdidation study showed that Lidar has A method for the generation of DHM from airborne

the vertical accuracy of 10-20 centimetres and the horizonta Lidar data is presented which was developed at I1PI. The method

accuracy of gpproximately 1 meter. diginguishes itsdf by udng the filter in the same time with
interpolation.

The original data obtained by ALS express the surface of ground

Obtaining DHM from Lidar data objects, not only the ground surface but aso trees and roofs of

Among their advantages, these systems afford the  buildings. These data are called digitd surface modd (DSM). It is
opportunity to collect terrain data about steep dopes and necessary to distinguish these ground objects and to cregte a digital
shadowed and inaccessible areas (such as large mud flats and tidal height modd (DHM) that expresses the ground eevation by
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removing trees and buildings from DSM. This process is caled
"filtering." The manud refinement is time consuming. The srategy
for automatic filtering is based on a combination of geometric
conditions together with Linear Prediction. The filtering was
applied to photogrammetric acquired data via automatic image
matching.

b

Figure2: DSM - Ydlow points belonging to surface of objects.

g

® L] ! * 8 =8
Figure 3: DHM - Only red points— belonging to bare earth
suface.
BREAKLINES

Digitized lines that define critical changes (naturd or
manmade) in topographica shape. The most important reason
why break lines should be located in global object recongtruction is
the demand to keep the number of unknown geometric, DEM
parameters low so that large image areas could be processed
smultaneoudy and as fast as possble As in the least squares
adjustment the size and the structure of the norma equation matrix
depend on the unknown quantities, and as the object surface
dements can be diminated in the matching, the amount of
unknowns depends mogtly on the number of DEM grid points.
Beside the largest errors of the matching occur due to break lines
when a continuous mode! is used in object surface reconstruction.
Thus, if a continuous modd is used without considering bresk lines,
the result of the image matching is not rdliable epecidly at bresk
line locations. These reasons imply that in globad object
reconstruction bresk lines should be detected at first so that bresk
line areas could be better modelled.

Thus, bresk lines can be detected by computing one ortho-image
per aerid input image and the difference (or deviation image in case
of more than two input images) ortho-image at the same image
pyramid level, and interpreting large differences between the ortho-
images as defects in the geometric mode originating, eg., from not
moddled bresk lines.

For the interpolation we use the “moving plane” method. The plane
is stopping a the bresk line, and will not diminate the points
beyond it. (see figure below).

The lasr scanner data are a point cloud without structura
information. A qudified terrain modd, on the other hand, exists in
the inclusion of dtructure lines, especidly bresk lines. A teran
modd, integrating a close dawn grid (raster data) and structure
lines (vector data) , is caled hybrid DHM. The raster data as well

as the vector data is smoothed, the hybrid DHM shows
discontinuities in the first derivation a the breek lines.

The solution found, combines filtering and interpolation of terrain.
Is caled a robugt interpolation or robust linear prediction. The
agorithm is embedded in a hierarchical approach, however, the
filtering of the laser scanner data on one leve will be described
first. In this Algorithm a rough approximation of the suface is
computed first. Next, the residuals, i.e. the oriented distances from
the surface to the messured points are computed. Each (2)
measurement is given a weight according to its distance vaue,
which is the parameter of a weight function. The surface is then
recomputed under the consideration of the weights. A point with a
height weight will atract the surface, resulting in asmdl resdud a
this point, whereas a point that has been assigned alow weight will
have little influence to the figure of the surface. If an oriented
distance is above certain vaue, the point is classified as off-terrain
point and eiminated completely from this surface interpolation. This
process of weight iteration is repeated until dl gross are diminated
or a maximum number of iteraions is reached. Program
RASCOR use maximum 2 iterations. The reason for this limitation
isthat moreitterations will result in avery smooth earth surface due
to therisk of dimination of too many points.

For the interpolation we use linear prediction. In this method the
classfication and DHM generation are performed in one step,
there is no assumption that the terrain is horizontd. It is gpplied
patch wise to the data, which result is an adaptive setting of the
shift origin of the weight function. Furthermore, the base are
determined for each patch separately, too. The process yidlds a
smooth surface, that means the accidental (random) measurement
errors have a'so been filtered.

However, the dgorithm relies on a “good mixture” of ground and
off-terrain (vegetation) points, which can aso be seen as a high
frequency of change from change from ground to vegetation paints.
This is necessary for a religble determingtion of the shift vaue for
the origin of the weight function. In this high frequency is not given,
we need to provide the input datain a suitable form. This can be
achieved by inserting the robust linear prediction in a hierarchic
environment.

On the right is the DHM derived by the linear prediction without
any manud intervention.

DHM

Figure 4 Surface interpolated using the origind data.
derived by thefiltered data.

PROGRAM RASCOR AND FILTERING

RASCOR is a program developed for autometic
improvement of digitd surface modds to digita €evation modds
(raster data set).

Program RASCOR can andyze, improve, smooth and interpolate
a digitd devation modd (DEM) which may be created by
automatic image matching or laser scanning (LIDAR) in an equa
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spacing arrangement. The identification of points not located on the
solid ground but on topographic festures like vegetation and
buildings is possble by a minima and maxima height in the areg,
by maxima height differences between neighbored points, by a
sudden change of the height leved, by a liner or polynomid
interpolation in X- and Y-direction, by a minimal and maxima
height difference againg a locd tilted plane or polynomid suface
and a loca prediction (least squares interpolation) based on the
tilted plane or polynomid surface. The find results can be filtered
(smooathened) in rdation to an inclined moving plane or polynomid
surface fitted to the neighbored.

The required parameters can be automaticaly determined by an
analysis of the DEM based on a Smple characterization of the area
as homogenous or not and smooth or undulated or mountainous.
RASCOR can respect bresk lines during data handling. A bresk
line will avoid an dimination a locations with rapid change of the
indination like adam.

Program RASCOR is using a sequence of different methods for
the filtering of a DSM. Only data sets with raster arrangement are
accepted.

RASCOR dgarts with an andyss of the height digtribution itsdf.
This methods requires flat aress, it does not work in rolling and
mountainous terrain. It is followed by an andyss of the height
differences of neighboured points. The accepted height limit of
neighboured points is depending upon the dope and the random
errors. With this method only small objects and the boundary of
larger dements can be diminated, but it is il very efficient.

Even large buildings can be found by a sudden change of the
elevation in a profile to a higher levd and a later corresponding
change down if no vegetation is located directly beside the
buildings. This method is used for laser scanning, but it is not
optimal for DEMs determined by automeatic image matching where
the buildings are looking more like hills.

Other larger objects not belonging to the bare ground are identified
by a moving locd profile andyss, at first shorter and after this
longer profiles are used. The required kength of the moving loca
profiles is identified by an andlysis of a sequence of shorter up to
longer profiles. In flat arees the individua height vaues are checked
againg the mean vaue of the locd moving profile, in ralling areas a
linear regression is used, in mountainous areas polynomids have to
be used. It will be combined with data snooping taken care about a
not even point distribution caused by previoudy diminated points.
All these methods are applied in X% and Y-direction. Elements
which have not been removed by this sequence of tests are
andysed by moving surfaces which may be plane, inclined or
polynomid. The sze of the moving surfaces is identified by the
program itsdf by checking the data set with a sequence of cdls
with different Sze. Asfind test alocal prediction can be used, but it
is usudly only finding few points not belonging to the surface after
the described sequence of tests.

In the case of the check for height differences of directly
neighboured points, the upper point will be diminaed if the
tolerance limit will be exceeded. The other methods are using a
weight factor for points located below the reference defined by the
neighboured points. This will keep points located in a ditch or
cutting in the data set. Usudly points determined by laser scanning
do not have blunders causing a location below the true postion,
but this may happen in the case of a DSM determined by
automatic image matching, justifying aweight factor.

In forest aress at first only the trees are removed by the program,
smaler vegetation is remaining, so a second iteration is necessary.
A second iteration in other cases may remove dso tarrain points
leading to a more generdised DEM. This may be useful for the
generdtion of contour lines, but it & not optimal for the correct
description of the terrain.

Highway

Highways are very often located on dams or in cuts, so
it corresponds to ralways and dams. A generd filtering without
taking care about the specia classes tends to an dimination or
reduction of the dams, especidly the upper shoulders. If only these
specid segments are filtered, the filter parameters will take care
about the specia sructure but neverthdess the upper dam
shoulders are influenced.

b=
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filtering with bregk lines
Figure 5 highway

These dements have to be handled in a specid manner. RASCOR
dlows the definition of such specid areas where only a locd filter
will be used for the dimination of points located on cars and on
bushes on the dope. Another possibility is the use of the segment
limits and aso the roads as bresk lines. The program will not teke
care about points located behind break lines.

Asit can be seenin figure 14, a sandard filtering of a highway dam
is removing the trees and also bushes on the dope, but it takes also
points out of the shoulder. A standard filtering removed 21.6% of
the points. If bregk lines are taken into account, only 10.4% of the
points were excluded and the dam looks quite more like it should
be.
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Slopes

Sopes do show smilar problems like highways and dams. They
can be handled as specia aress, but it is better to use bresk lines
instead of this.

Caused by the mirror effect of the water surface, usudly thereisno
sgnd avalable for waer bodies reating in missing heght
information about the water surface. But just beside the water,
height information is available which is suffident for the height
definition of the wae surface. Typicd characterigtics of
watercourses are sopes and adso pardld dams. Cuts are not
causing problems because they are not changed by RASCOR, but
problems exist with dams beside the watercourse if they have not
been separated.

result of filtering separately for water bodies
Figure 6 watercourse

Asit can be seenin figure 9, a globd filtering of the whole data set
is affecting the dam paralld to the water body while the individua
filtering is not causing problems. The effect of separate handling of
the water bodies is achieved by the introduction of bregk lines.

Bridges
Bridges do show a sharp change of the height without any dope.
Of course, if specia segments are used just for the bridges, they
will not be changed because points are only located on top of the
bridges without more or less varigion in height. The bresk lines can
include aso the neighboured dams, so a handling may be eesier.

Grass
Meadows and willows are Smple segments; they do include only
few points not belonging to the bare surface like located on bushes
and trees, 0 they can be handled with the globa and the
segmented filtering without any problems.

Vegetation
As vegetation aress a mixture of grass and bushes are defined.
These segments could be handled in a smilar manner like the
segment grass. Corresponding to this, the segmented aswell asthe
globd filtering yidlded to very smilar results.

Forest
A globd filtering of the whole area was done only with one
iteration because a second iteration affected especidly dams and
highways. For the forest area a second iteration is recommended.
The filter parameters are not so sengtive. With a second iteration
a0 the globd filtering was leeding to sufficient results in the forest
area, but as mentioned, other areas have been influenced.

Figure 7 Reaults in the forest area

Empirical resultswith RASCOR

study area: Williamstown USA.
RASCOR can be handled in the batch mode or a sequence of
batch modes The batch-handling is based on the file rascor.dat
which may incdlude a switch for the automatic handling as batch job.
5.2.1. using break lines

PROGRAM RASCOR

MAR 2003

UNIVERSITY OF HANNOVER

ANALYSIS AND FILTERING OF DIGITAL TERRAIN
MODELSIN RASTER FORM

FILENAMES

CODE FILE/FUNCTION NAME
1 INPUT FILE grid.dat
2 INPUT FILEWITH POINT NAMES?Y/N N
3 OUTPUT FILE OF FILTERED DEM DATA daxyz.da
4 FILEFORPLOT DATA
5 FILE FOR EXCLUSION
8 FILEFOR OUTPUT OF REMOVED POINTS

9 FILEWITH BREAK LINES
nj.brk
10 BREAK LINESWITH 1 CODE (1) 2 CODES(2)
POINT NAMES (P) NO POINT NAMES(N) 2
FILE NAME = BLANK = NO CREATION OF FILE
TYPE CODE AND FILE NAME IN ONE LINE
DEFAULT = NEXT INPUT

williamstown-

OPTIONS 1
1 LISTING INPUT VALUES?Y/N N
2 LISTING SHORT (S ORLONG (L) SLVV S
3 INTERPOLATION(I) OR ELIMINATION (E) E
4 OUTPUT WITH POINT NAMES? N/SIR N=NO

S=NAMES=SEQUENCE R=NAMES=RASTER S
5 SAME TYPE OF TERRAIN(S) VARYING (V) S
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6 FLAT (F), ROLLING (R) The break lines can be modified by operator .
OR MOUNTAINOUS (M) F/R/M R The file wich contains the coordinates for the tbresk lines can be
7 NUMBER OF ITERATIONS1/2 2 modified with atext editor.
8 USE MODE CHANGE UP/DOWN Y/N Y The following example shows the gtructure of this file. Bresk lines
9 SMOOTHING AFTER FILTERING 0=NO are coded with 0 and 1 values which represent the start and the
FINAL FILTER - SIZE 0/3/5/7/9 0 end of abresk line.
11 OUTPUT FILEFORLISA Y/N N
12 FURTHER HANDLING D =DIALOG # Design File Name = c\temp\**** dgn
A=AUTOMATIC = NO FURTHER DIALOG D/A #  Feature Type = Bresk lines
PREDICTION YES/NO DY/DN/AY/AN AN #INDEX HEADER X Y VA
13 SIMPLE/ENHENCED FILE INPUT SE S #

FILENAME =BLANK =NO CREATION OF FILE e e e e
TYPE CODE AND FILE NAME IN ONE LINE 26101 352073.824 331166.299 171.781

DEFAULT = NEXT INPUT 26101 351941.001 331016.496 168.652
Find reaults added break lines tart here.
384523 OUTPUT POINTS ( 65.10 %) INCLUDING 30000 356751.300 319548.010
SPECIAL POINTS 30011 356907.460 319552.770
206165 POINTS NOT USED ( 34.90 %) 30021 357891.270 318959.360
END OF PROGRAM RASCOR 3016 0 361888.980 317491.460

30071 357141.700 319740.170
30081 358125.510 319037.440
Results of program Rascor without consider break
lines: The following images shows the influence
Find results iy Y NG S
301908 POINTS NOT USED ( 51.11 %)

the added breeklines.

Program RASCOR creates an image Stu.raw with the location of
the remaining points. If a bresk line file will be used, situ.raw will
include an overlay of the bresk lines (gray vaue 0) and the
remaining points (gray value 120).

i, N
Figure 10 Fewer pointsare emoved 34,82%.

PROGRAM LISA

LISA-BASIC is a generd DEM-program. Based on
random or equa distributed height points, supported by bresk and
form lines an equa distributed DEM can be crested. Interndly the
DEM is handled as an image with grey- instead of Z-vaues This
has the advantage of a very fast computation of dl derived
products like contour lines, wire frame modds or 3-D-views.

An example of difference is marked with yellow.

- - ;- .#-‘H-. Ly |
Figure 9 file situ.raw — remaining points, with breek lines, 34,90%
of points removed
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Figure 13 Differentid DHM

CONCLUSIONS

Very good results were achieved when using bresk lines
for filtering the DSM to obtain DHM. Less points were removed
from initid data in comparison with case in which bregk lines are
not used. The example showed in this paper-work is suggestive.
The programs used (RASCOR and Lisa developed a IPl) are
very good . The filtering and interpolation works very fast and in a
smple to use interface , but more important : the program
RASCOR is usng now bregk lines for filtering , which is a big
improvement because the results are more close to the red
Stuation of terrain.

Like an advertissment | have to say that | only tested a single data
st . The results obtained with the programs are very good, but |

think with other data sets, the results may be little different. It

depends on configurations of terrain in combinations with manmede
or natura objects, you can find in fidd.

The operator should have aimage of the area or other type of data
, in order to set correctly the parameters for program RASCOR.

Or dse, the results may be wrong just because of not knowing
some little details which are very important for thefilter process.
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