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Cloverleaf interchange boundary extraction from airborne LiDAR data
based on advanced neighborhood structure and contour analysis
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Abstract: It is difficult to detect city cloverleaf which is arised from shortcomings in traditional remote sensing image and the lack
of appropriate methods. This paper presents an effective approach to extract city cloverleaf interchange footprints and boundary
based on laser scanning data. We developed a plane-based approach to segment the data in the profile area and built a point o
rganization structure called advanced scanline profile neighborhood system to identify the seed points. Alpha-shape algorithm was in—
troduced to segment the seed points and generate the point sets boundaries. The cloverleaf interchange boundary was located by
three-dimensional contour analysis based on model description. The complete cloverleaf footprints were determined by region-grow—
ing algorithm in the end and meanwhile the final cloverleaf boundary was obtained. The experiment was performed on the LIDAR
data collected on a urban city. The result shows integrity and validly of our function that can get accurate length width and mor—
phology measurements comparing with the manual measurements from the high resolution ortho image.
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1 INTRODUCTION

judgment cannot solve the problem. Zhang try to reconstruct

three-dimensional road network by stereo mapping and knowledge

Urban cloverleaf interchange is the multidevel three-dimen— based i mage analysis but the process is complex and is not the

sional landHdorm structure which consists of the bridge deck

reconstruction of multidevel structure( Zhang 2004) . As a preli-

space intersection and space connection. It is an important part mary a ttempt of three-dimensional road visualization Zuo build

of the urban traffic and the most complicated section of urban
road ( Chen et al. 2000; Li 2011).

fic has been long based on acquisition and reconstruction of the

three-dimensional road model by projecting two-imensional road

Research on urban traf- p rofile into co—registered DTM to get the height values of the
points on road edge however the localization and expression of
road information while the information extraction of urban clo— line and planar in three-dimensional environment are not m

2004) . Airborne LiDAR s

ystem obtains fast development in past decades which is capable

verleaf i nterchange is limited. Therefore the information extrac— entioned in his paper ( Zuo et al.

tion of urban cloverleaf interchange from remote sensing data

needs e ffective methods. of providing high-density point cloud of the area in a short time

( Ackermann 1999)

Traditional road research includes the extraction of road pix— provides a good condition for a cquiring

els road edges and estimation of road parameters ( orientation
width the center line) from images or other data source through
automatic or semi-automatic methods ( Hu & Tao 2007; Zhang
2008; Poullis & You 2010; Lin 2012) . However al—

though the cloverleaf interchange has certain similar characteris—

et al

tics of the road it also has a multidevel space complex struc—

ture so that the two-dimensional method of road recognition and

information on complex three-dimensional geographic object. In
the field of urban traffic research there have been some methods
based on LiDAR data ( Zhu 2004; Clode
2006) . Vosselman (2003) proposed methods of three-dimen—

sional geographic object information extracting by updating two—

et al. et al.

dimensional structure reconstruction with LIDAR data he also

put forward a variety of three-dimensional reconstruction algo—

Received: 2011-08-5; Accepted: 2013-03-25; Version of record first published: 2013-04-02
Foundation: National Science and Technology and Ministry ( No. 2012BAH34B02); Wuhan University Doctroal Candidate Independent Research

( No.2013213020203)

First author biography: CHEN Zhuo ( 1985— ) male Ph.D. candidate he majors in LiDAR data processing and three-dimensional modeling technolo—

gy. E -mail: zchen0916@ whu. edu. cn

Corresponding author biography: MA Hongchao (1969— ) male professor. His research interest are LIDAR data processing and application remote

sensing image processing and geostatistics. E-mail: hchma@ whu. edu. cn



CHEN Zhuo, et al.: Cloverleaf interchange boundary extraction from airborne LiDAR data
based on advanced neighborhood structure and contour analysis 1147

rithms for modeling of roads and trees in urban areas based on the
edge information in cadastral. Following his idea Oude E
Iberink completed the reconstruction of three-dimensional multi—
level roads with LiDAR and cadastral map. ( Oude Elberink
&Vosselman 2009) . But in his algorithm a lot of planar seg—
mentation and fitting were employed which needs a great amount
of calculation his road detection method based on linear feature
d etection was not suitable in large curvature structure of the ¢
loverleaf interchange.

This paper presents a method of abstracting large-scale ¢
loverleaf interchange from LiDAR point clouds which acquires
cloverleaf interchange feet point and its outline from urban ¢
ompact district data constructs an advanced scanline profile
neighborhood structure based on dispersed point clouds sepa—
rates point set belongs to different surface features. These ap—
proaches thus form multiple independent connection sections
and identify cloverleaf interchange through abstracting and a

nalyzing seed points three-dimensional outline.
2 METHOD

In the city both the main body of cloverleaf interchange and
the ramps rise above the bare earth both of which have big ele—
vation change. In our method the advanced point neighborhood
system helps to detect and extract multidevel structures and the
detection is less sensitive to the object’s geometry characteristics.
Therefore it is suitable for cloverleaf interchange detection. Af-
ter selecting the seed points Alpha-shape a lgorithm is intro—
duced to segment the seed point sets and get their high precision
outlines. The seed points are screened and the outline of clover—
leaf interchange is selected. We complete the extraction of clo—
verleaf interchange by finishing the extraction of points in the
connections between cloverleaf interchange and the bare earth u—

sing region-growing algorithm. The entire workflow of our method

Buld advanced points

is shown in Fig. 1.
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Cloverleal mterchange seed

points selection
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in the connection by region-
erowing algonthm

¥

Fig. 1  workflow of our method

2.1 Advanced point profile neighborhood system

The effective point neighborhood system is the vital part
and foundation of calculation and it is the primary task to estab—

lish the point neighborhood relationship ( Filin & Pfeifer 2005) .

The common forms of point neiborhood system like regular grid or
Triangulated Trregular Network( TIN) lost precision of points and
could not express the topology.

The profile tool is a common data-processing tool which pro—
jects points in the narrow area to the vertical plane and checks the
terrain rises and falls. Sithole suggests establish profile-based point
neighborhood system with such idea( Sithole & Vosselman 2003) . Tt
is to cover the points by scanning-ine and to set the range of the
scanningline as the profile area within ordered points. The point-to—
point neighborhood relationship is established according to the value
of slope threshold ( Fig.2) . The divided point section is called line
segment e.g. L,. The whole points are scanned in different direc—
tions ( normally in horizontal direction in vertical direction and in
the direction with the slope of 45°)  they are segmented and multi—
directional s egmentation results from different independent connec—
tion s ections. The multi-directional scanline profile tool can achieve
good results while applying to laser points filtering and the result of
the segmentation are independent of the surface condition however
the unitary value of slope threshold can lead to the wrong segmenta—
tion in several cases like L, L, in Fig.2. This will influence the
processing of the subsequent calculation.

In the point sets of the profile the points of different surface
features are on different planes so they have different values of
slope. In addition the densities among points are d ifferent. In or—
der to avoid error segmentation the advanced plane-based method
and advanced point neighborhood system are proposed in this paper.
Our method checks the straight lines of various slopes in the profile
while judging in light of densities combining the neighborhood re—
gions with gentle slopes and establishes advanced point neighbor—
hood structure according to the scanning-lines in various directions.
Compared with the previous system the advanced neighborhood sys—
tem can precisely express the subordinate relationships between
points and the surface features ( as for many irregular surface fea—
tures such as buildings with gabled roof like Ls L, in Fig.3) . At
the same time the error segmentation in the profile can be avoided.
The visualization of those different points neighborhood system we
discussed are shown in Fig. 4. The process of building our a

dvanced points neighborhood system are as below

Fig.2 The segmentation by the slope threshold values

Fig.3 The segmentation by our local plane-based function

(1) Get the points in one profile the points are sorted by X~
=xsinf +ycosf( x y are points coordinates @ is the direction for

the scan-ine) . For any point P,( i is the index of point) calculate



1148 Journal of Remote Sensing

EAFR 2013,17(5)

the slope of P; and its previous point P,_, slope S(P,_, P,) =

g T

arctan —|/m calculate the distribution

(% =) ’ +(y =)
of slope values by histogram the interval of the histogram is 5 /.
Points in different intervals are put into different collection G, =

(P, = P}.

(it Advaneed pomt

nelghborhood svstem

() Sithole’s point

netehborhood svstem

Fig.4  Visualization of different points neighborhood system

(2) Get G, in the profile which the number of points is bigger
than 2. Select P, at random if P,_, P, € G, take {P, , P,
P,.,} as the starting point for the line segment L, connect the
neighborhood point and calculate the average point distance D,; the
variance of point distance is §, and the average slope is S, a
straight line [, is fitted with the least square method based on the
points of L,.

(3) Construct a space cylinder region whose radius is R and
take L, as its central axis search for one front point and one rear
point P,_, and P, at both ends. If the distance 1D, ,, , =D, | <
35,(or 1D,y ;,, =D, 1 <38,) and P, ,(or P;,,) falls into the cyl-
inder region add P,_,(or P;,,) to the line segment L, update the
value of average point distance and invariance §, fit the straight

Line [, again. If P, ,(or P

..2) do not satisfy the above properties

make the same judgment on P, ;(or P,,;) and add it to the line
segment take P, ,( or P, ,) as isolated point; otherwise stop the
search of this end. Having finished the growing of the line segment
L, e liminate the points of L, out from G, and search for new line
segments. Repeat (3) until the number of the rest points in G, is
less than 2.

(4) Go through all the line segments in the profile if for the
two neighboring line segments L, and L; if the distance between the
end point of L; and the starting point of L, satisfies the condition:
D, <max(D, D;) +3max(8; §)

1
1+ w (Dai _ny') ’ +B( Sdi _Sxy) ?

parameter if its is larger than predefined threshold min_,, merge L,

i by calculate the similar coeffi—

cient sim, ; = B is a regnlation

and L, as one line. Repeat (4) till there are no neighboring line

segments to be combined.

2.2 Seed points extraction

According to the various characteristics of the city cloverleaf
and the features of LIDAR we describe the cloverleaf as below.

(1) The cloverleaf interchange is spatially the three-dimen—
sional space extension of the city roads. The main bridge and the
branch roads are all above the bare earth. (2) Huge cloverleaf i
nterchange normally crosses very long distance of road so in its re-
gion the length of the existing line segment should be larger than
the other surface features such as the building and the v egetation.
(3) The connection between terminal points of the main bridge and
the end of the ramps and the connections with the bare earth should
be gentle and the bridge direction of the connections should be

parallel to road direction( Fig. 5) .

A

Road direction:

9

Connection

Langth - !
.n.l]._.l‘ Road direction
easd ki g

—
Connection

<Width»>

Fig.5 Model for cloverleaf interchage

Based on the point neighborhood system built in Section 2. 1
and according to model description (1) we collect the seed
point from the point statistics as below.

First define the threshold of the height difference A
Then select the set of line segments from one profile { L, L, -
L} . If the height H, of each point L,
verage point height of the neighboring line segments H, H,
satisfies the formula H, —min( H, H, ) >A

as the upper line segment. Is for a line segment L; adjacent to an

upper *
compared with the a

L, is tagged

upper

upper line segment L, the average point height of L; have | H,

L; is also tagged as upper line segment. Finally

- Hl,, < Aup}m
for each point P; in the las file N ( P)
u pper line segments through the point in different directions
Num, G,) define Num
ments through P, the seed point set can be chose by N, ,( P) =
{P;eN,s(P) INum,,,.(G;) <Num(G,) /2}. Point 1 point 3

point 4 point 5 ( Fig. 6) the calculating approach can be applied
to multidayer structure ( point 5) and it can also be applied to
point 3 point 4) .

calculate the number of

wpper ( wper( G;)  the total number of line seg—

surface features with various geometry( point 1

2.3 Seed points filtering and complete cloverleaf inter—
change footprints extraction

In seed point sets the filtering of the seed points should be



CHEN Zhuo, et al.: Cloverleaf interchange boundary extraction from airborne LiDAR data
based on advanced neighborhood structure and contour analysis 1149

conducted through the analysis of the point sets” outlines ¢
ombined with the description of the model of cloverleaf inter—
change. However for scattered points the conventional convex
hull calculation methods cannot give precise vector of its out—
lines and cannot do segmentation among the points in different
independent sections ( Fig. 7( a) ) . This has hindered the further
processing of the calculation. In this paper Alpha-shape algo—
rithm is introduced to calculate the point sets” precise outline vec—
tors and a filtering process based on cloverleaf interchange mod—
el description is than conducted which has secured the correct

location of the cloverleaf.

— Upper line section
Non-upper line section
* Seed points
Non-seed points

Fig6  Seed point selection

(a) Traditional convex hull

(b} Alpha-shape
Fig.7 The outline of the sced points

Alpha-shape algorithm is efficient for outline reconstruction
from scattered points. We can imagine that a circle with « radius
is rolling around the points. When o value is big enough the ¢
ircle will not fall into the area of accumulated points. The rolling
track will form the boundary of these discrete points. Contrarily
when « value is very small every point might be the boundary.
When the « value is approaching infinity ~Alpha-shape will be
the convex hull ( Shen 2008) . Alpha-shape algorithm

satisfies our need for seed points fitering. The stages of the

et al.

process include:

(1) Tsolate the seed points from the non seed points the
noise and outliers are removed by K-means clustering and the
connection between points.

(2) Use Alphas-shape algorithm to obtain the outlines of
different sets of seed points: a-Shape ={A, A, -+ A,} A, is
a polygon vector.

(3) A, is a polygon vector which consist of a set of edges
connected with the beginning and the end: A, ={E, E, - E,}.

We classify the edges E, into two classes by calculating high

difference of the points H,y; in two rectangle buffer zones at both
sides of E,( Fig. 8) the threshold is A if Hy <A,,.. tagE,

june
as Junction edge if not tag it as Common edge.

Jjunc

—— Common edge
Junction edge
----- BufTer zone(lefi.nght)

Fig. 8 Cloverleaf interchange outline detecting

(4) The outlines without Junction edge should be ruled out
from the location of clovereleaf interchage ( Fig. 8) in the re-
maining according to model description (2) the outline within
the longest line segments should be located and take as the out-
line of the cloverleaf points and all the points inside are labeled
as the initial cloverleaf points.

In the initial points most cloverleaf footprints have been
collected but the connections with surfaces of the bare earth are
not completed because the points of the line segments in some
directions are connected with the earth surface and they do not
belong to the upper line segment. The final complete cloverleaf
interchange points are collected by region increase approach.
Find the end points of the Junction edge in the outline and label
them as the initial points of the region growth.

For the initial point P get the lengths of the line segments
through the point and take the direction of the maxdength line
segments as the direction of the road which is also the growth di—
rection. Obtain the successive point P; of the line segments in the
direction. Set the front point and the rear point as the centre fit
and compare the differences Diff . Diff,
( the distance between local points usually three local points and
line,, ( Fig.9) . If Diff . <Diff, add it to the point set of
the cloverleaf interchange. Repeat the process till the point that

lines line,_  line,,

line; _

does not meets the inequality formula.

e apimene
Line+

Fig.9 The region growth in the line section in road direction

3 EXPERIMENT AND ANALYSIS

In order to testify the feasibility of our method we chose la—
ser point cloud collected in 2009 at Nanning in Guangxi Prov—
ince as our experimental data. The experiment data collects

from dense urban district which includes large-scale cloverleaf
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interchange various urban surface features ( Fig. 10( a)). We
design and implement our algorithm model in self-dependent de—
velopment ALDpro software platform. After experiment and testi—
fy it is proven that adopts the following parameter values can ac—
quire satisfying result ( Table 1) . The threshold for estimating
upper line segment and Junction edge can be set by manual the
result will not changed much if these two values have shifted in a
small range the value of parameter « should be greater than av-

erage point distance.

Table 1 Algorithm parameter

Parameter Description Values
min,, Line segments similarity threshold 0.74
B Accommodation parameter in similarity calculation 0.11
A,.I,,‘,, Upper line estimation threshold 2.47m
Ay Junction edge estimation threshold 1.52 m
« Alpha-shape parameter 2.8 m

Fig. 10( b) shows the result of seed points extraction the
seed points includes cloverleaf interchange footprints there are
also points from building vegetation surfaces and so on we can
see that the points neighborhood system we built performs good
for seed points extraction. Fig. 11( a) shows the outlines of dif-
ferent seed point sets gained by Alphas-shape algorithm after get—
ting rid of noise and outlier of points and this method can sepa—

rate the seed points subset and acquire its outline accurately.

(a) Laser data (b) Seed m’nls ctton

Fig.100  Seed points selection

(b) Cloverleaf interchange
points (red)

(a) Outlines of different
seed pomts sets

Fig.11  Cloverleaf interchange points extraction

Fig. 11( b) shows the location of cloverleaf interchange after
screening the outlines includes the points of main cloverleaf i
nterchange and all of the ramps but some regions ( A B C in
Fig. 11( b) ) are incomplete Fig. 12( a) shows the complete re—
sult after region growth process. Fig. 12 (' b) shows its outlines.

To validate the completeness and correctness of our clover—
leaf interchange extraction method this paper makes comparison

with the manual classification result. The number of cloverleaf

interchange point obtained by our method is 42367; while the
manual result is 44352. The completeness of our method is 9
2.94% . In addition the rate of the true positive points we lost is
4.47%

in the connection between cloverleaf and the bare earth. The rati—

which mainly dues to the incomplete extraction of points

o of false negative points that were wrongly extracted is 2 . 75%

which dues mainly to the few vehicle points which are moving on
bridges. We also overlao the cloverleaf interchange outline we get
with ortho image (0.3 m resolution) ( Fig. 13) . By comparison

a finding can be seen that is in most areas the o utline that is
obtained differs one or two pixels of the edge of the i dentified
one in the ortho image. This mainly comes from the difference
between point cloud samples and image grids itself. In the local
area ( Fig. 13( b))

ty and data holes the difference is about three or four pixels.

due to the tree shelter lower points densi-

(b) Cloverleaf
interchange outline

(a) Complete cloverleaf
interchange footprints

Fig.12

complete cloverleal interchange footprints extraction

Fig.13  Owerlap the outline of cloverleaf interchange with ortho-image

Other reasons that affect exiraction correctness mainly i
ncludes: because the few handrail point of the bridge floor edge
and points from isolation belt of the main bridge center in the
middle using the method of this place has great difference with
surrounding height they are seen as outliers elimination. Holes
on the edge of dates affect in some degree the algorithm of region
growth; there are many data points on the wall. Because they have
the same X coordinate value sorting in the profile cannot be

done. This leads to the wrong segmentation of wall point set.

4 CONCLUSION

This paper presents a method for extracting cloverleaf inter—
change footprints and its outline from airborne laser scanner data

with height precision. First an plane-based profile points s
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egmentation method is proposed to build advanced points neigh—
borhood system it provides detail segmentation of point sets from
different surfaces and objects avoids mistakes made by single
slope judgment and obtains the seed points of cloverleaf inter—
change. Then this paper seed points screening is performed by
locating the cloverleaf interchange outline generated by Alpha-
shape algorithm which can obtain its irregular outline e xactly

and raises the accuracy of location. Experiment proves that using
the method of this paper to obtain cloverleaf interchange foot—
prints has higher completeness and precision. Its practical and
effective. Its result can play great importance in cloverleaf inter—
change designing digital city construction and traffic information
management. What need to be improved are the correctness and
completeness of extraction points in the ¢ onnection between the
cloverleaf interchange and the bare earth. The process of detec—
tion of points from bridge vehicles needs to be added in so rate
of false negative points extracted can be d ecreased further. Fur—
thermore effective line simplified algorithm of cloverleaf inter—
change outlines is needed to be studied so rags and serious

sunken of outlines can be eliminated.
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