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Outline

Data driven city model generation based on airborne
laser scanning point clouds

RANSAC with support vector
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Background

Model based LoD 2 city model of North Rhine-Westphalia:

Standard roof types, complex roofs are missing (churches,
castles,...)

Wrong roof slopes because of unrecognized dormers

More precisedata based roof reconstruction required for
Texture mapping

Training data for segmentation of building structures in
oblique aerial images with deep learning 1 i
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Di erent approaches to plane segmentation in
sparse point clouds

RANSAC-Algorithmus
robust against noise

detects spurious planes (but local
features like normals can be
integrated)

Hough-Transformatioh
di cult to avoid spurious planes

study shows that RANSAC is better . -
suited for roof plane detection 5

Region Growing based on normals
normals are distorted at ridge lines a
step edges and due to noise
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1F. Tarsha-Kurdi, T. Landes, P. Grussenmeyer: Hough-transform and extendecRANSAC

algorithms for automatic detection of 3D building roof planes from lidar data. ISPRS Archives
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Our algorithm

F‘""}‘ b
Detection of planar roof facets ) g

Reconstruction of roof polygons
Region growing of detected plane
segments under consideration of ridge
and step edges

Detection and simpli cation of facet
boundaries and roof topology \

Establishing orthogonality of edges by
solving a mixed integer linear program D (|0

Avoiding step edges by height

adjustments

Correcting planarity with a linear
program

Model simpli cation and CityGML
generation
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Computation of height map

Linear, triangulation based interpolation method
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Segmentation of areas with homogeneous gradient
direction prior to RANSAC

@2‘&. .
2.

Compute gradients of
height map

Exclude regions with small
gradient lengths: at roofs

Classify angles of gradients

Find connected areas for
each angle class

Estimate plane equations
using RANSAC per area
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Comparison with data-driven city model of North
Rhine-Westphalia
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Comparison with data-driven city model of North
Rhine-Westphalia (2)
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However,. ..
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Outline

Data driven city model generation based on airborne laser
scanning point clouds

RANSAC with support vector
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Set G of footprint directions
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Footprints can
be taken from
cadastral data
or from point
clouds.

Walls are visible as dense lines in
photogrammetric or laser scan-
ning point clouds.

Hochschu\e Nlederrheln \ |Pattern
Uni Mustererkennun

siy of Applied Sci




RANSAC

procedure RANSAC (P, G, iteration counti, threshold )
lpest == ;, k=1
while (ki) " (jlpesy < jPj) do
randomly selecpy; p2; p3s 2 P with det[p1; p2;p3] 6 0
(/; ) := getPlaneParms (p1, p2, P3, G)

if .z 6 0then . no wall
I:=getlnliers (r, , P, )
if jIj > jlpesd then lpest:= |, Apest := A, pest :=
k:=k+1

if jlpesd > 2 then return (Rpest; best: Ibest)
else return \no plane"
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Adjusted computation of plane parameters (1)

procedure getPlaneParms  (p1, p2, p3, G)

Ro = (P2 P (Ps P1)

0= k(p2 p1) (P POK2 Rz=1
0:=< Ro;p1 >
if Rp:z  Othen return (Rg; o)
Ry = sign(Ro:z) Mo nz=0
1:=sign(mo:z) o
if /:z  1thenreturn ((0;0;1); 1)

Ry = (A1:X; R1tY) =K(A:X; Rty ) Ko.

Normal /y points upwards. Its projection to groundplanens.
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Adjusted computation of plane parameters (2)

m:= 1
for g 2 G do
C:= X §X+ my gy
if jcj > cos( ) ”jcj> mthen
h:=sign(c) ¢
m = jcj
d:=mxXx ( gy)+ my ¢X
if jdj > cos( ) ~jdj > m then
h:=sign(d) g
m := jdj
if m= 1then return (ry; 1)

If this point is reached, the normal can be adjusted to a fawtp
direction.
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Adjusted computation of plane parameters (3)

Adjust normal to footprint vector:
f1.= P11 P2, 2= P2 P3, 3=
[SARN v ]
for i 2f1;2;3g do

g = fy:X F]’1:x+ fy hy

-

bi = JaIJ: ﬁ:Xz + ﬁ.:yZ slluildingf)sfootprint y:
for i 2 1;2;3g do ‘\‘ >

if bj = maxfby;by;bsg then NP Pe

a=a,r:=f,p:=p “\ -

if 2z =0 then |:=0;
else

| == pL

' a2+ rz2

r:=(1 fx;l h:y;pl 12)
return (m< p;R>)
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Minimum angle between inital normal and footprint
directions
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Su cient number of iterations

If one selects a footprint direction from height map gradign
RANSAC only has to consider two instead of three di erent pisi
in each iteration.

A plane withjlj inlier points in a pointcloud wittjPj points is
given. Then only

N p  _ n@ p)
TR TR
N1 5 ez N1 5 e oere

iterations are required to nd two di erent inliers of this lane with
probability p.
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Slope adjustment with PCA

Using a Principal Component Analysis, the plane model can be
optimized such that distances between plane and inliersobez
minimal subject to keeping the direction of the normal in the
projection to the ground plane. RO ~ \

Goebbels, Pohle-Fehlich: RANSAC for Roof Planes. -18- R




Angle changes due to PCA
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Result based on standard RANSAC
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.and based on modi ed RANSAC
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Thank you
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