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APPLICATION OF THE WAVELET TRANSFORM TO FILTERING
AIRBORNE LASER SCANNING DATA

K rzysztof Sosnica®

Abstract

In the recent years the meaning of the airborner lasanning as the technique for obtaining pretéda of terrain
has grown. One of the priority result, which camide from ALS data is Digital Terrain Model. Fitteg is the first
step in processing the airborne laser scanning ddtis process is based on elimination of all piwhich were
reflected by objects which do not represent thesjgay surface of the ground. It means that in tBep®int cloud all
construction, vegetation, engineering objects shdod eliminated, when naturally formed elementdaofi should
remain intact. The problem which may come acrosinduthe filtering process is huge datasets ofainb laser
scanning. This makes the need to seek fast andtigéefiltering algorithms. This paper presents atmod of the
filtering based on discrete fast wavelet transfofime studies and practical experiences show tlatrtéthod is very
effective and allows the filtering of one milliomipts in the time of 3.4 seconds. This makes thesld@ed algorithm
fulfills its role perfectly and brings intended ués.
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1. Wavelets

Wavelets are mathematical expressions that sasigégial requirements. The name wavelet suggestthieae
functions integrate to zero, waving above and bealmvx-axis. Like sines and cosines in Fourier ysig) wavelets are
used as basic functions in representing other imet(especially non-continuous functions). Thsibalifference
between Fourier and wavelet transform is the nurob@arameters. Fourier basic functions are loedliin frequency
but not in time. Small frequency changes in therleouransform produce changes everywhere in time tilomain.
Wavelets are local in both frequency and time, vemestures a very great advantage of wavelet tramgfo3].

There are many sorts of wavelets, so one can dhledtind of function for the particular applicatiocOne of the

simplest is Morlet's wavelet, which has got a letdommon with cosines function (used in Fouriengfarm). The
“basic” cosines is just multiplied by a coefficighat makes the function extinct for the arguméaatsrom zero.

Fig.1 Examples of simple wavelets — Morlet's wavelettf@nleft) and Mexican hat wavelet (on the right)

The primary advantage of the fast wavelet transf@FdvT) is computational complexity, which in the nse case
is O(n), when the computational complexity of fast Reutransform (FFT) i©(nlog.n). It makes that decomposition
of the ALS signal can processed approximatelyridgster even than using the FFT [13].

Furthermore wavelet transform is very well locadizeoth in time and frequency domain. When the Fouri
transform decomposes 1-dimentional signal in donaditime into 1-dimentional domain of frequencye tivavelet
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transform decomposes signal in the same based dantaithe 2-dimentional domain of time and frequenThis is
possible through two parameters — one responsiltledale, and the second responsible for dilatafidwis property
makes the wavelet transform useful for analysié liotime and frequency domain.

The continuous wavelet transform is based on egu3:

10 t-b
s,(a,b) = j s(t)(//(—a jdt
(1)

The coefficienta is responsible for both amplitude and scale ofvtlaeelet, when the coefficieht responses for
dilatation. The elemerg(t) means the value of signal in the tilpeandy means the value of wavelet function in the
particular pointAbove equation can be used directly for the comtirsuwavelet transform or may be reconstructed into
the discrete form.

1.1 Wavelet decomposition

Many data operations can be done by processingahresponding wavelet coefficients. The figure bekhows
the way of decomposition of the signal. The proaagfsdecomposition of the signal may consist of sevsteps. In
every step (level of transformation) one finds ealwf transform coefficiers(a,b)of the scaling function as well as the
wavelet function, whera is constant on the entire level. The set of ortimag function — wavelet (low-pass filter) and
scaling function (high-pass filter) is called thgagrature mirror filters. These coefficients enalleonstruction of the
approximated signal through inverse wavelet tramsfd@ he approximated signal on the first levelted tlecomposition
has got twice worse resolution than the originat.ofhe residuals between the signal on the highel land the
approximation are called details (obtained by wetvélinction). Details on the particular level oettransformation
have got the same resolution as the signal onigiehlevel (twice better than the approximationtiom same level). In
the next step (level) of transformation, one takeder consideration only the approximation of tignal (due to
scaling function). Details show the residuals arellaft unchanged. To reconstruct original signa das to take the
approximation on the highest level and values tditteon each level of transformation.
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Graph 1Decomposition of the signal using wavelet tramsfaiccording to Mallat's schema [3]

2 FILTERING OF AIRBORNE L ASER SCANNING DATA

Airborne Laser Scanning (ALS) is a very efficienbl of remote sensing for creating Digital TerrModel as the
digital representation of ground surface topograplmy this method active remote sensing instrumeahsmits
electromagnetic radiation and measures the anitiad that is scattered back to the receiver ef AlLS system after
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interacting of the various surface. After a singleS sensing campaign a huge amount of point daiasebtained.
Filtering is the first step in processing the airf#laser scanning data. This process is baselinoima&ion of all points
which were reflected by objects which do not repnéshe physical surface of the ground. It meaasiththe 3D point

cloud all construction, vegetation, engineeringeots should be eliminated, when naturally formesmelnts of land
should remain intact.

Fig.2 The trace the laser beam of ScaLARS system

The process of filtering ALS data can be perforritetime domain or frequency domain. Among the figgte of
filtering methods stand out among others:

— Methods based on robust linear prediction of thyenasetric suppression [8]
- Methods based on moving polynomial surfaces, ugiagestimation method for robust M-estimators [6]
- Methods, consisting of an iterative bringing ofwaface (TIN) to the measured data [1]

— Methods using mathematical morphology operatoitef@wn inheritance of ground) [11]
— Methods using cluster analysis [10]

— Methods based on the minimization of surface eneripch depends on the slope (decrease) [7]
and a generalized version [4]

Methods of filtering in the frequency domain imtdualgorithms based on Fourier transform as welvagelet
transform. Deserve special attention include:

— Methods based on Fast Fourier Transform (FFT) amdgass filters with finite impulse response (FIR)
(el

— Methods for the extraction of specific parts of fledd using a field-length wavelets transformatiamd
supervised classification [12]

— Methods to eliminate large-area variations basethermigh-pass filter of discrete wavelet transf¢ain
— Methods of extinction a certain level of detail wit decomposition [5].

Taking into consideration all the requirements fiata filtering methods, in particular the computasil
complexity of the algorithm, minimizing errors, atite universality according to land cover, a algun has been
developed for filtering the ALS data. This methdibwas for rapid and effective separation of themsirepresenting
the land surface from the points recorded as abjettland cover (trees, buildings, engineering citnes), while
leaving the essential elements of field structusesh as river embankments, ditches, hills andeslopue to adapt to
the global path of the terrain, the method can seduboth in the flat, and in the hilly area. In trast to most
algorithms working in the field coordinates, th@posed method is based on the original data, alemgrace of the
laser frequency in the wavelet field. Filteringss one-dimensional character, without the needoofverting the
coordinates to a regular grid (GRID).
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2.1 Test data

In this paper the data of the airborne laser scanaf Widawa river valley near Wroclaw was analyzetiere a
prototype scanner — ScaLARS was used [3]. The prdjewolved scanning 20 km of the Widawa river asyuwith a
with range of about 2 km. The mean error of catibrain reference to control areas carried outrfi.8long the flight
direction and across the flight direction, as vesl0.1 m in the vertical direction. ApproximatelyOlmillion points
were registered with an average resolution 35tfAin

Fig. 3 ALS data derived from the same are: béfore filigeifleft) and after filtering (right)

2.2 ALSdatafiltering based on low-passfilter of discrete wavelet transform

The developed algorithm consist of two-steps fittgr and provides the process of filtering in themain of
wavelet frequency. In this process, high frequen@é the signal, which can be thought as the terpabfiles,
correspond to surface objects. Low frequenciebasically responsible for the surface of the ground

In the first step of filtering process, based ow-feass filter of discrete wavelet transform, thentification of all
points, which are far from the approximation suefais made. Then the depreciation of the heiglgaoofits is done.
Furthermore the construction of the final approxiora surface, which is intact by the influence efrain objects,
finishes the process of filtering. The algorithmrisoproperly in the flat area, as well as in moumtarrains.

The process of filtering can be described as fallow

1) Wavelet decomposition on thdevel,

2) Hard threshold for all the details at the maximlavel,

3) Synthesis of the signal back to the time domain,

4) The imposition of the mask data for the outligbeve the surface,

5) Reduction the height of data with a mask,

6) Wavelet decomposition on thdevel,

7) Hard threshold for all the details at the maximiavel,

8) The synthesis of the signal back to the time @amto obtain wavelet approximation of the temrprofile,
9) Filtering - the analysis of each point of detimafrom the surface approximation.
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Fig. 4 Wavelet db4 at the first (yellow) and second $teg) of decomposition ALS data.

2.3 Theverification of thealgorithm

The algorithm was implemented in MATLAB environmarging additional wavelet toolboxes. The method has
been tested on the real data of the airborne ksmining from the “Widawa Valley River” campaign2605. The
result of every test data set were compared wéhibdel data, considered as an error-free. It mpadsible to examine
the accuracy and performance computing of the ndetiitie results of filtering are appropriate. Theuracy of
algorithm was estimated on 95%, with the possibditfiltering of 1 million of points in the timef&.4 seconds.

Fig.5 The result of filtering in the sloping terrain. Asown in figure, the wavelet approximation of sheface is
adapted to the ground: vegetation is eliminatelilevsiope remains intact.
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3 CONCLUSION

In this paper the possibility of application of tkiéscrete wavelet transform to fast filtering of 3ldata is
described. For this purpose the algorithm of tvapstfiltering has been developed. This method mtiegrocess of
filtering in the domain of wavelet frequency, whéiigh frequencies of the signal (which can be thdwg the terrain
profiles) correspond to surface objects. Low fremies are basically responsible for the physicease of the ground.
The algorithm works properly in the flat area, aallvas in hilly and mountain terrains. The resultfiltering are
satisfactory. The accuracy of algorithm was estmain 95%, with the possibility of filtering of liliion of points in
the time of 3.4 seconds.

Fig. 6 The height of ALS points (coded by grey scaldt}-dad the résult of filtering on the orthofotagint)
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