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ABSTRACT:

This article describes the method of constructibgn3odels of objects (buildings, monuments) basedigital images and a point
cloud obtained by terrestrial laser scanner. Tist §itep is the automated determination of exter@ntation parameters of digital
image. We have to find the corresponding pointthefimage and point cloud to provide this operat®efore the corresponding
points searching quasi image of point cloud is ¢eted. After that SIFT algorithm is applied to guasage and real image. SIFT
algorithm allows to find corresponding points. Eide orientation parameters of image are calculdteth corresponding points.
The second step is construction of the vector obiedel. Vectorization is performed by operatoP@f in an interactive mode using
single image. Spatial coordinates of the modelcaleulated automatically by cloud points. In adxiti there is automatic edge
detection with interactive editing available. Ediggection is performed on point cloud and on imagk subsequent identification

of correct edges. Experimental studies of the niettave demonstrated its efficiency in case of lingjdacade modeling.

1. INTRODUCTION

One of the most frequent tasks for land surveyigs ldetailed
survey of building facades, monuments and objettsuttural
heritage. The purpose of this survey is to obtaitaited model
of object’s interior and exterior. Several differekinds of
survey can be used to obtain model satisfying tdesgands. In
this paper we’ll discuss two methods: photogramimetr
processing of digital images and terrestrial |as@mning with
further modeling. These methods could be compared
application to facade modeling.

The process of image capturing is simple and fastjgh needs
planning of total image captures and their relajpesitions.
Absolute and
photogrammetric model, therefore additional metbbdurvey
is used to achieve coordinates of absolute tietpofpuality and
precision of modeling based on photogrammetric ggsing of
photographic images in high degree depends on iexper and
qualification of PC operator and
physiological abilities.

Terrestrial laser scanning needs much more timedpturing
spatial data, because a laser scanner needs ttaded pon a
tripod, prepared for scanning and only after tltansing could
be started, which is not as fast as simple imaggudag.
Absolute tie points are needed for increasing o¢éltonodel
precision or for referencing to external coordinsystem, but
total quantity of tie points is less then for plgraammetric
model. Precision and quality of modeling by thenpailoud
much less depends on qualification and experienfcd®©
operator. But operator should perform several difiekinds of
manipulations with parameters of point cloud prb@t onto
2D surface of screen (rotation, translation, scplitefore
operator get concept of object in his imagination.

Practical experience shows advantages and disadyemtof
these methods (Fabris, Achilli, Artese 2009).

Cost of good enough digital camera is low comparing
terrestrial laser scanning system and obviouslyetancan be
added into kit. Using combination of these two rmoeth
complementing each other allows resulting model liua
increasing and reducing time efforts (Jansa J.drétka N.,
Forkert G., Haring A., Kager H., 2004).
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These two methods could be combined on severatrdift
levels.

The first, easiest, level of combination is colgriof cloud
points according to digital image colors. Naturddlger scanner
is capturing point coordinates and intensity oluneéd laser
beam (Chunmei Hu, Yanmin Wang, Wentao Yu, 2008).
Coloring of cloud points makes easier process ofa dat
perception by PC operator.

The next level is creation of the digital surfacedal from
cloud points, orthophototransformation of digitataiges and
surface texturing. Efficiency of this level is high
Furthermore, operator can vectorize orthophotoDna®d then
project vectors onto 3D, because the surface nmudebe used

relative tie points are needed to terea as DTM for orthophoto (Ayman Zureiki, Michel RouxQ(D).

Lines, extracted automatically from orthophoto, Idoalso be
projected onto DTM surface. But the quality of potieg
depends on quality of created surface model. Ire cab
terrestrial laser scanning captured point cloudstain many

furthermore on his“noise” points due to great number of obstructiamsatural

environments. Point clouds needed to be filtered eleaned
from “noise” points before surface modeling. Eveénpise”
point leads to incorrect surface modeling and ttousicorrect
orthophototransformation of digital images. Butefilhg is not
enough. Breaklines should be created for accuratéacsu
modeling. All these operations need labor inputfi@perator.
New methods of modeling developed to solve thesblpms.
Nex and Rinaudo (2009) proposed new approach ohmiio
modeling using digital images and point cloud pesggg. On
the first step bundle block adjustment and edgeaetibn
performed for digital images. After that edge ectien
performed for point cloud using extracted imageesdg

New method of vectorization proposed in this agticThe
method is based on vectorization by single untanséd
images. Automatic image and point cloud segmemai®
performed. Segments are used for edge extradirinacted
edges are transposed onto images and onto quagiesma
generated from point cloud. SIFT operator usedti®rpoint
extraction. Tie points are used for calculation efterior
orientation parameters of images. After image sfeing edges
could be projected onto image plane. Matching edgedeft as
vectors. Operator of PC manually creates new vedigrsingle
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untransformed image. Created vectors are projeatéal moint
cloud using interpolation.

2. DESCRIPTION OF METHOD

2.1 Digital image
The camera used for capturing of photographic imag®uld
be calibrated, i.e. internal orientation parameterd distortion
should be known with high enough precision. Onlgemthis
condition good result could be achieved.

Transformation of images performed after loading ifnage
distortion correction. Collinearity equations aredigor image
transformation:

_ ¢ A(X-Xs) +a,, (Y -Ys) +a, (Z-Zs) _

X, x+d, =0
a; (X -Xs)+a,, (Y-Ys)+ay,(Z-Zs) ()
Yo~ f 8, (X -Xs) +8,, (Y -Y$) +a,(2-25) _ . 4 _g
T A, (X-XS)tay, (Y-YS)ra,(Z-zs)
where

Xo: Yoo f ° interior orientation parameters;

%Y - coordinates of the image point;
a, " elements of rotation matrix;

Xs.Ys,Z - Spatial coordinates of focal center point;
X,Y,z - spatial coordinates of image point;

d,.d, image distortion;

d, =x{r2=r2k +{r*=r'k,
d, = ylérz - I’02%(1 + ErA - I’;;kz
where

k, k, - radial distortion;

p,. p, - tangential distortion;

+ (r2 + 2x2)p1 +2%yp,
+2xyp, + (12 +2y°)p,

()

r=./x? +y? - distance to the main point of image;
- distance to the zero distortion point.

After transformation image segmentation is perfatme
Segmentation is performed using region growing rtgm.
Process of segmentation starts from initial pixedrshing. A
criterion of choosing initial pixel is homogenousdiometric
intensity of neighboring pixels. Next all the ndigiiing pixels
are checked for homogenous intensity. If pixel ist n
homogenous, then it is bounding pixel. Growinglef segment
continues until bound is locked.

Bounds of segments are extracted as radiometricsedge

2.2 Point cloud
Point cloud segmentation is performed after poitdud
loading. It is also region growing procedure. SegfaEon
starts from grouping of cloud points. Curvatureatulated for
each group. For curvature calculation covariancérira is
calculated from point coordinatgsand centroigs (3).

p,-P ' p.—P
c=| .. (3)

p-P pi-P
cv=Am, Y|p-p =4 +A+4,

iON,

(4)

After that considering eigenvalue problem (4) eigaor v
and eigenvalueg of matrix ¢ are calculated. Curvaturg is
calculated as:
o=— 5
Ayt A+ A,
If curvature is below preset threshold (0.01), appnation
plane is calculated using least squares methodeufation of
distances from points to approximating plane is dowhen
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threshold (0.01m), group of points becomes “centdr
crystallization”. All neighboring groups of poingse iteratively
checked for planarity.

Point cloud segments are used for geometric edgaction.

2.3 Imageto point cloud referencing

Corresponding part of point cloud should be selediefbre
referencing. Approximating plane is calculateddelected part.
This plane is used for quasi image creation. Tla@elof quasi
image is coplanar to approximating plane; its cenvé
projection is far enough from the plane to fits#lected points
into one single image; size of image is calculaedording to
scanning resolution.

Quasi image is similar to photographic, but coulot e
successfully compared in automatic mode by any tiagis
algorithm. But edge extraction performed on poimud and
photographic image makes possible comparing otthmages.
Process of geometric and radiometric edge extractascribed
above, besides of that Canny edge detection couldsbed for
radiometric edge extraction.

SIFT algorithm (Lowe 2004) is used for comparingirohges
and tie point extraction.

Operator of PC controls mismatches, because mofgtcafies
contain a lot of duplicated elements. Duplicatidngeometric
elements leads to point mismatching. Operator alsie to
create matching points manually if automatic matgHails.
After tie points extraction external orientationraaeters of
digital image are calculated using least squarghade

2.4 Vectorizing

After referencing digital images against point dogeometric
edges could be projected onto plane of digital in&eometric
edges are matched with radiometric edges. Matchgdseare
saved as vectors. Operator can delete false mataedrs or
add new ones.

In practice total number of corrections could beryve
considerable. It is almost impossible to achievagiete vector
model automatically regardless of used method. Thatvhy
operator should have possibility to perform manual
vectorization and correction.

Operator creates vectors manually by photographage. For
each node point spatial coordinates are calculatsfter
calculation of two vector nodes, middle point idcatated. If
point to line distance is higher then thresholdddie point
becomes additional node point. New check of theeskimd is
performed for two neighboring line segments. Chemktioues
until all nodes are fixed.

Spatial coordinates are calculated using interjuiabf point
cloud points. Point cloud is projected onto plané
photographic image. Distances from center of pt@macto
point cloud points are also calculated and stooedeéch point.
Two types of interpolation are available.

Dynamic interpolation is performed when operator ve®
cursor: interpolation starts from searching oftlearest point in
the plane of image, then distance from the negreisit to the
center of projection is loaded, after that appratiam point
coordinates are calculated according to loadedamiist and
cursor 2D plane coordinates.

Another type of interpolation performed only aftevde point
creation, because this process needs much more fome
calculation. As the point cloud and the image agnsented,
corresponding segments could be identified. Depgndin
position of the cursor and direction of move befqreint
fixation cursor could be identified as belonging @oe or
another segment. After segment identification thieug of
nearest points from segment selected.
approximated by plane. Spatial coordinates of tiierpoint are

Selected pgrou
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calculated as the point of intersection betweerpthae and the
ray running from the center of projection througte timage
plane.

3. EXPERIMENTAL RESULTS

3.1 Realisation of method

For experimental testing of the proposed methodwsoé
package was created. This package consists of tarts p
implemented in C++ and in MATLAB.

Compiled C++ application allows loading of raster ges
saved in device independent bitmap. If distortiarameters are
set, image transformation is performed. Transfornmedge
visualized on the screen for referencing and vezton.

Point cloud loaded from PTS and PTX files — formdttext
files. After loading points are saved into spefial format and
indexed. This operation is made for increasing ofalt
productivity of calculation and visualization. Arfdrthermore
maximum number of loaded points in point cloud imited
only by free hard disk space, because only needegdpdata is
loaded in operative memory.

The point cloud could be visualized in 3D windowsdd
initiates segmentation of the point cloud and pbaphic
image. After that quasi image is created and passed
MATLAB, where SIFT algorithm is implemented. SIFTves
tie points. Tie points are returned back to apfiicea where
external orientation parameters of the photograiphgge are
calculated using Least Squares Method. After catmg of the
orientation parameters operator is able to inigat®matic edge
extraction. Besides of that operator is able to teraectors
manually, edit vectors or delete them. Created datdd be
visualized in 2D window with photography image and3D
window with point cloud. The result is saved in togdormat.

3.2 Test site

Test object is the fagade of building with regudad irregular

elements. Point cloud captured by the terresteaéd scanner
Topcon GLS-1000. Photographic images are captuyethd

digital camera CANON EOS. The camera is calibraied
MIIGAIK laboratory.

(right).
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Figure 3. Corresponding points.
9 points out of 18 are matched, 7 of them were raatizally
excluded after superposition analyses and two emtiwere
excluded during adjustment.

RMS of the tie points is 0.9 pixel (1 pixel is 0.G0&m).

Total number of automatically extracted edges 13, &pproved
is 490. Most of them needed to be corrected.

Control measurements performed by the measuring ok
shown mean error of the created vectors below @016

4. CONCLUSIONS AND FUTURE DEVELOPMENTS
The first experimental result shown advantages and
disadvantages of the proposed method. Automatiexilsacted
corresponding points should be corrected manuallpgerator
in case of facades with mostly regular image elémd?Process
of automatic tie point extraction should be imprbverhe
process of geometric edge extraction should alsoripeoved
for increasing of total accuracy.

Three more test objects are prepared for futurs.tésis three
different facades: simple facade with regular eletsie(12
images, 2.4 million points); simple with irregulalements (8
images, 1 million points) and complex fagade ofrchu(12
images, 10 million points).
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