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Key Point Extraction from LiDAR Data for 3D Modeling
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Abstract

LiDAR(Light Detection and Ranging) data acquired from ALS(Airborne Laser Scanner) has been intensively
utilized to reconstruct object models. Especially, researches for 3D modeling from LiDAR data have been
performed to establish high quality spatial information such as precise 3D city models and true orthoimages
efficiently. To reconstruct object models from irregularly distributed LiDAR point clouds, sensor calibration,
noise removal, filtering to separate objects from ground surfaces are required as pre-processing. Classification
and segmentation based on geometric homogeneity of the features, grouping and representation of the segmented
surfaces, topological analysis of the surface patches for modeling, and accuracy assessment are accompanied by
modeling procedure. While many modeling methods are based on the segmentation process, this paper proposed
to extract key points directly for building modeling without segmentation. The method was applied to simulated
and real data sets with various roof shapes. The results demonstrate feasibility of the proposed method through
the accuracy analysis.
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(a) Mansard roof building

(c) Correct segmentation (d) Under segmentation (e) Over segmentation () Invading/Invaded
segmentation

Fig. 1. Erroneous segmentations

Apex  Corner

|

N

|

ofx] eholct lolejiz 3319 54 #E5te] 3D we

o
4 "
%0,

o

o,

2
i
of

B Lo Jo

o of ot
= 0.?.‘, =
rlo
e
of

oz
_?1‘1

ol

=W

Vertex

ad

(@) 3D object (b) 2D object

R
f
E
do
2
Lo
:?L

[e
O

o

ofl M
o
QL

b 2

\lrn

w2

2

o &

Hurlr

NI

o ofl

o X

ok

b=

o =

z S

w S

kg

ol

)

25

o

2
of
-

5

]
A4 SARleI He) of
0 o] A B QKE ARl o3 HAx]
dlole] B4l FUE, o)z, AKX A @ A Sl

o
;O
U

T
[
)
i
Sl
ey
i
A
o
o
rlo
s
o o
0
rO
Mo
fol, 2
ol

1o o
8
R=IE)

£ g oX I

Fig. 2. Interest points of objects
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Corner(x,y) 3 max {C(x,y) < T} )

where Corner(x,y) is corner point, and C(x,y) represents

minimum height changing.
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where R represents corner response, det(M) is determinant
of M, trace(M) is summation of diagonal elements in M, and

k is an empirical constant. 4, and 4, are eigenvalues of M.
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Fig. 3. Bresenham circle generation
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Fig. 4. Determination of candidate corner point on
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(1) Zpox <(Zp—17Zp) = Lower
Spox = 3 () (Zp —Z7) < Zpoy < (Zp +Zr) = Similar (7)
(iii) (Zp +Zy) < Zpoy = Higher

for x €{1,2,3,...,16}
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where [ represents curve edge, and u is arc length.

L T8 I BB 0| 2F PN A7
o

rw) ={Xw,o0),Yu,o)} ©)

where X(u,0) = x(W®g(u,0) and Y(u,0) = y(u)Qg(u,a).
g(u, o) denotes Gaussian function with standard deviation, &
that is referred to scale parameter in scale space.
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) i} ) ]
where X(w0) = 2 {x®g(w )} and Y(u 0) =57 Vg, 0)}

are first derivatives, and X(u,o)= 2{x(u)®g(u 0} and
Y(u,0) = —{y(u)g:g(u o)} are second derlvatlves with respect

to u at scale level 0.
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(a) LiDAR data

AZ is interval of level slicing

(b) Level slicing

(c) Integration of corners
extracted from each level

S

(d) Extracted corners from each level

Fig. 6. Concept of level slicing and corner detection

whe} )5 th moko| Wakz] 9o m g 7o) &St 9o
A BAE R o] FEERNE AAFEOIU e & o] £ A
B o|o ufe} thdo] HEE R HARH QA% Walrh
Fig. 6(c)o 4] Y& o] B2 225 n e Ealal A}
ofu, T & 259 mARES A o 2 AR A gy
© 2 A gk o]e} o] glolrt HloJEl & wolof what
:ll b E/\iﬂ]ﬂ%—%— 5 clokshn BAsh moko] A
ot Sl Bz AR 3

Lo
-
i)
ol
=2
)
E‘i
rn
X
ru[o
W
HHN'

714%]]94 AL ==

(d)ofl A HofE= AAF level

)\1\
shclng J‘ﬂ% @%—s}@ g Ay} 7ho A 0] 3D ol 3=
23 EAHE 35T 4= 9l Fig. 72 level slicing) -r/d
EE HojFa 9l o, Level slicing®] 7HA(AZ)of] ufgf 3=
= m Ao Bl thach & AZ7)F Ao 714 2] LoD
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(b) Intermediate LOD with
medium slicing interval(AZ)

7} =11, AZ7F 3 2 LoDE 2R3 ch(Fig. 8 7). 1
22 2 level slicing 7H42 AXsH= @ 4= Q7%= LoD
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LiDAR data

‘ Level slicing

1

CSS corner detection

licing level <=max(

No

Fig. 7. Flow chart of level slicing and corner detection

Yes

(c) Low LoD with large
slicing interval(AZ)

Fig. 8. Reconstructed models with different slicing interval
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o} e 2Esk 7HA(AZ) O & level slicingS 4=3)3514]
o, Fig 8(b)Lt (@2} o] e} AR 2] Yeis Heksi m
93 @ % gk
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