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Abstract—In order to alleviate the problems inherent of 
automatic segmentation of LiDAR data, an interactive 
graph-cut segmentation method of LiDAR data is proposed. 
Firstly, the research background and the basic conceptions 
of the interactive graph-cut algorithm are introduced. 
Secondly, by analyzing the characteristics of LiDAR data, 
four-dimensional feature vectors are extracted, which as the 
graph-cut algorithm's input. Thirdly, the optimal parameter 
is estimated according to a new Sample-fitting method. At 
last, the experimental results show that this interactive 
segmentation method of LiDAR data is able to accurately 
locate the buildings region with less interaction, and at the 
same time guarantee the accuracy rata when buildings and 
trees are connected to each other. 
 
 
Index Terms—feature extraction, segmentation, graph-cut, 
sample-fitting, LiDAR 
 
 

I.  INTRODUCTION 

Light Detection and Ranging (LiDAR) is an active 
remote sensing system developed in the early nineties, 
which utilizes laser beam to detect and measure the 
surface information of urban area with high spatial and 
temporal resolution. As we all know, Laser Radar or 
Airborne Laser Scanning System (ALSS) [1] is one of the 
most commonly used system, which can be applied to 
measure range and reflectance of objects on the earth 
surface. Using LiDAR for urban area data capturing is an 

accurate, fast, high-density and versatile measurement 
technique. Compared to traditional photogrammetry, 
LiDAR is low cost and can be more widely applied to 
extracts the patches of objects at a different height, such 
as feature extraction[2] and the reconstruction of 
terrain[3], buildings[4, 5], roads[6] etc. 

Building is the main indispensable component to form 
a city. The more accurate buildings information extracted, 
the more accurate models reconstructed. Currently, how 
to get the accurate building information from LiDAR is a 
popular subject. However, building extraction is an 
extremely difficult task because of the complex diversity 
of buildings and other targets' interference, such as 
vegetations, trees etc.  

Many researchers have proposed different methods for 
building extraction using LiDAR data. Some researchers 
extract and classify object information in LiDAR data 
directly. In [5], the author presents an automatic approach 
to extracts efficient geometric features based on discrete 
differential geometry theory. Then the outlines of 
buildings are extracted automatically according to the 
discrete curvature analysis of all LiDAR points' 
geometric characteristics. In [7], LiDAR points are 
rasterizing into Digital Surface Model (DSM). Then the 
morphological method and alpha Shapes algorithm 
applied to DSM for extracting buildings. In [8], the 
author applies a special region growing method to 
LiDAR data for obtaining objects, such as trees, buildings 
and terrain objects. Then object specific features are 
extracted and classified by means of a fuzzy logic 
approach. However, building extraction is awfully 
difficult owing to the discrete distribution of LiDAR data 
and the building's points mingled in the vegetation's 
points. Some researchers attempt to get objects according 
to the combination of LiDAR data and corresponding 
aerial image. In [9], an approach is proposed for building 
extraction based on LiDAR data and corresponding aerial 
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image. Firstly, a gray image can be calculated by height 
information of the points in LiDAR Data. Then the 
outlines of objects are extracted from the image and the 
textures of the objects are obtained from corresponding 
aerial images. In [10], the author combines LiDAR data 
with CCD images obtained simultaneously, which is 
applied to improve the accuracy of object extraction. By 
the intensity of CCD images, LiDAR data can be 
classified by its’ color and intensity. Then a Building 
extraction method is presented by integrating the spectral, 
intensity and spatial attributes of return points. However, 
there are also some disadvantages in these methods: 
increasing equipment costs and matching difficulty. 

In this paper, according to the current research 
actuality, the interactive graph-cut method is described 
and analyzed in detail [11, 12]. Then an undirected 
graph G is constructed by LiDAR points as nodes, nodes 
connected with adjacent nodes as edges. Subsequently, 
the 4-D feature vectors of LiDAR points cloud are 
proposed to calculate the boundary energy and regional 
energy of the undirected graph G . Finally, optimal binary 
segmentation is obtained by solving a graph-cut problem. 

II.  INTERACTIVE GRAPH-CUT THEORY 

Interactive graph-cut method [11] has been widely 
applied to segment image. It is a useful tool to get the 
minimize energy. The result of this method is that an 
image is divided into two parts: “object” set and 
“background” set. In segmentation process, additional 
constraints for segmentation must be satisfied: certain 
pixels belong to “object” and certain pixels belong to 
“background”. 

In [11], the author considers the constraints of 
interactive graph-cut method are obtained by computing 
certain property of segmentation areas. In an image, some 
pixels were marked as internal pixels and some as 
external pixels. The border of segmentation can separate 
the “object” pixels from the “background” pixels. The 
author verifies the accuracy of graph-cut algorithm. 

In this section, some basic conceptions of graph cuts 
are introduced. Let , ,G V E W=< >  is a weighted graph 
with node setV , edge set E and weight setW . All edges 
in G  are assigned weights like this: { }ew e E∈ . If a 
subset C E⊂ satisfies the condition sub-graph 
G(C) V,E C=< − > separated from G , C is called a 
graph-cut. Normally, the cost function of a graph-cut is 
obtained by computing the sum of the weights of the 
edges in G :  

cost( )e
e C

w
∈
∑                                  (1) 

The minimum cut [12] among all possible graph-cuts 
is the optimal binary segmentation of G . 

Consider an arbitrary image with a set P including all 
image pixels, and a set N including all unordered 
edges { }p,q of eight-neighborhood elements in P . P can 
be divided into three parts: "object" pixels, "background" 
pixels and "unknown" pixels. The goal of interactive 

graph-cut method is to find the global optimal solution 
among all segmentations satisfying the hard constraints, 
which is imposed by manual. Under a graph-cut of C, let 

1( ) ( ( ),... ( ),..., ( ))p PA C A C A C A C=  be a two-value vector 

with p P∈ and the number of points P . The value 
of ( ),pA C p P∈  be specified by the following formula:  

1,
( )

0,p

p object
A c

p background
∈⎧

= ⎨ ∈⎩
      (2) 

Let total energy, region energy and boundary energy 
[11] are defined respectively as ( )E A , ( )R A and ( )B A :  

( ) ( ) ( )E A R A B Aλ= ⋅ + ,   (3) 

where 

 ( ) ( )p p
p P

R A R A
∈

= ∑ ,   (4) 

 { , } { , }
{ , }

( ) p q p q
p q N

B A B δ
∈

= ⋅∑    (5) 

and 

 { , }

1,
0,

p q
p q

p q

A A
A A

δ
≠⎧⎪= ⎨ =⎪⎩

.   (6) 

The parameter 0λ ≥ in (3) reflects the significant 
degree of region energy term ( )R A and boundary energy 
term ( )B A in total energy term ( )E A . The term ( )R A  
reflects the cost of p assigned to "object" or "background". 
If p is similar to the "background", the value of 

(" ")pR background is very small. The term ( )B A  
comprises the boundary energy of segmentation, { , }p qB is 
large when p and q are similar each other and close to 0 
when p and q are awfully different. 

Optimal image segmentation is equivalent to 
combinatorial optimization problem:  

min( ( )) min( ( ) ( ))
c C c C

E A R A B Aλ
∈ ∈

= ⋅ +                (7) 

Fig. 1 illustrates the optimal binary segmentation 
process of a 3 × 3 image. In Fig. 1 (a), the source set is 
O  and the terminate set is B . The weight of each edge in 
Fig. 1 (b) is reflected by the edge’s thickness. The 
regional energy term (4) define the costs of terminal links. 
The boundary energy term (5) defines the costs of 
neighborhood links. In Fig. 1 (c-d), these two parts 
corresponds to a segmentation of the image in Fig 1 (a). 
A minimum cut produces a binary segmentation that is 
optimal binary segmentation in accordance with regional 
energies and boundary energies that are built into the 
edge costs. 
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Fig. 1 A 3×3 image segmentation process of graph-cuts 

III.  INTERACTIVE LIDAR DATA SEGMENTATION 

As the ground point can be removed by building 
digital terrain model (DTM), we only take the 
classification of building and vegetation into account in 
this paper.  

Let P′ is a set of LiDAR data, and 
1( ,..., ,..., )p PA A A A′ ′=  is a cut of P′ . Where p Ρ′ ′∈ , 

Ρ′ is the sum of LiDAR point clouds and pA ′ :  

1,
0,p

p object
A

otherwise′

′∈⎧
= ⎨
⎩

   (8) 

A.   Feature Vectors Extraction 
In the classification of LiDAR data, the most widely 

related method is bases on feature vectors. In general, the 
building's surface is more regular than vegetation's. This 
means that the characteristic properties of building's 
points are probably consistent with each other, or may be 
have some small differences at the edge of the building. 
However, Trees, vegetations, etc. are not the same as 
building. Owing to the growth of trees and vegetations 
etc. is irregular, the unique properties of building's points 
can be collected to distinguish between buildings and no-
buildings.  

Assume that p Ρ′ ′∀ ∈ , and pM ′ denotes the set of 
points within δ − neighborhood of point p′ :  

 { }pM q q P p q δ′ ′ ′ ′ ′ ′= ∈ − <        (9) 

p  is the centroid of all points in pM ′ :  

  1

pq Mp

p q
M ′∈′

= ⋅ ∑          (10) 

According to the above analysis, building points 
should have the following geometry features:  

Feature 1: Normally, The sample points collected 
around a building point should be close to a plane. So in 
this paper, all points in pM ′ can be seen as a plane. The 

least-squares method applied to fitting the plane 
equation K . Then the mean square error 2σ calculated by 
means of the following formula:  

[ ]22
1

1

1 ( , )
1

pM
p

i
ip

f L p K
M

δ
′

′

=′

′= = ⋅
−

∑ ,         (11) 

where the term ( )L p ,K′ is Euclidean distance formula to 
measure the distance from point p′ to plane K . If the 
value of 1

pf ′ is close to zero, that is to say, actually, the 
points in pM ′ are most likely in the fitting plane K . 
Namely, these points are most likely to belong to building. 

Feature 2: As we have discussed above, LiDAR 
captures the surface information of the building, the 
normal vectors of building surface points should be 
consistent in pM ′ . We can estimates the normal 
vectors pn ′

r of p′ applying the directional vector of K , then 
consider their sum:  

2
1

( , )
p

i

M
p

p p
i

f arc n n
′

′
′

=

= ∑ r r               (12) 

Where ( , )
ip parc n n′

r r corresponds to the angle of pn ′
r  

and
ipnr , when they are tend to parallel, the vector 

of ( , )
ip parc n n′

r r is close to zero. At the same time, it 

indicates that the possible type of point p′ should belong 
to the building. 

Feature 3: Normally, LiDAR points cloud around a 
building point's δ − neighborhood should be regular [14], 
so the Euclidean distance p′ and p of set pM ′ is more 
likely to zero. 

  3
pf p p′ ′= −     (13) 

Feature 4: The authors of [14, 15] estimates local 
surface properties using a statistical analysis of the 
neighboring points. In particular, covariance matrix 
analysis method is an efficient algorithm for estimating 
the characteristics of the building points. Firstly, the 3×3 
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covariance matrix pC ′ of pM ′ can be calculated by the 
following formula:  

1 1

M Mp p

T

i i

p

i i

p p p p

C
p p p p

′ ′

′

⎡ ⎤ ⎡ ⎤′ ′− −
⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅
⎢ ⎥ ⎢ ⎥′ ′− −⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

          (14) 

Where pC ′ describes the statistical properties of the 
distribution of the points in the δ − neighborhood of p′  
by accumulating the squared distances of these points 
from p . 

Secondly, the three eigenvalues 0 1 2λ ,λ ,λ of the 
matrix pC ′ calculated. Assuming 0 1 2λ λ λ≤ ≤ . The value 
of 0λ describes the variation along the surface normal and 
it is defined as:  

0
4 2

0

p

i
i

f
λ

λ

′

=

=

∑
                            (15) 

The surface variation 4
pf ′ corresponds to the 

distribution of points set pM ′ . It is indicates that all points 

lie in a plane when 4 0pf ′ = . 
Finally, a set of feature vectors will be obtained:  

{ }1 2 3 4( , , , )p p p p pF f f f f p P′ ′ ′ ′ ′ ′ ′= ∈            (16) 

Fig. 2 shows the corresponding feature classification of 
LiDAR data. The left part of Fig. 2 is original LiDAR 
data, and the right part is feature classification results. 
 

1f

:color

 
Figure. 2. The distribution of features of LiDAR data 

 

B.   Graph Construction 
Assume that O and B represent the subsets of LiDAR 

points data marked as "object" and "background", 
satisfying O P′⊂ , B Ρ′⊂ and O B Φ=I . In order to 
segment LiDAR data using interactive graph-cut, we 
construct a graph ( )G V ,E′ ′ ′=  . V ′ is node set that 
contains each point of Ρ′ , a source node S and a sink 
node T , where S and T connect all points of Ρ′ . So 
setV ′ denoted as:  

{ , }V P S T′ ′= U  
Edge set E′ contains two types of edges: neighborhood 

links and terminal links. Each point has two terminal 
links { }p ,S E′ ′∈ and { }p ,T E′ ′∈ . Each pair of 
neighboring points satisfying condition p q δ′ ′− < is 

connected by a neighborhood link, namely{ }p ,q E′ ′ ′∈ . 
All adjacent points in Ρ′  constitute a set of edges 
named N . We can get a set:  

1 1{{ , },{ , }} {{ , },{ , }}P PE N p S p T p S p T′ ′′ ′ ′ ′ ′= ⋅⋅ ⋅U U U  
We can set the weight of each edge { }p ,q E′ ′ ′∈  by the 
following formula:  

{ , }

{ , }

, {{ , } }
(" "), { , , }
(" "), { , , }

, { , } { , }
0, { , } { , }

p q

p

p q p

B p q N
R background p P p O B q S

w R object p P p O B q T
K p B q T or p O q S

p B q S or p O q T

λ
λ

′ ′

′

′ ′ ′

′ ′ ∈⎧
⎪ ′ ′ ′ ′∈ ∉ =⎪⎪ ′ ′ ′ ′= ∈ ∉ =⎨
⎪ ′ ′ ′ ′∈ = ∈ =⎪

′ ′ ′ ′∈ = ∈ =⎪⎩

U

U

(17) 
where { , }

:( , )
1 max( )p qp P q p q N

K B ′ ′′ ′∈ ′ ′ ′ ∈

= + ∑  

In [11], the author has proven the existence of the 
min-cut minC on G′ . At the same time, the minC  
corresponding to min( )A C satisfying the following 
hard constraints:  

,
,q

"object" q O
A

"background" q B′

′∀ ∈⎧
= ⎨ ′∀ ∈⎩

          (18) 

C.  Energy Function 
What needs to be pointed out is that the calculation 

method of energy function is not unique. Generally, 
function meeting the following conditions can be used as 
energy function:  

1) If the point p′ is similar to the point in user-
specified background set, the value of 

(" ")pR background  is small. If the point p′ is similar to 
the point in user-specified object set, the value of 
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(" ")pR object  is small. 
2) If the features of any two adjacent points are similar, 

the value of { , }p qB is big. Otherwise small. 
In this paper, the energy function computed by the 

feature vectors, which identified in section 3.1. Gaussian 
mixture model (GMM) method be used to determine the 
probability density function of O and B respectively. 
Then the conditional probability of LiDAR points 
estimated by ( )P p O′ , ( )P p B′ , where p′ ′∈Ρ . 
According to the MAP-MRF formula mentioned in [16], 
we set:  

(" ") ln ( )pR object P p O′ ′= −                (19) 

(" ") ln ( )pR background P p B′ ′= −            (20) 

In addition, the boundary energy function can be 
simplified calculated as follows [11]:  

{ , }

p qF F
p qB e

′ ′− −
′ ′ =                      (21) 

D. Parameter Estimation 
In the formula (3), Parameter λ reflects the relation 

of B and R , affecting the value of E . In the segmentation 
process, differentλ values lead to different segmentation 
result. It requires an estimate of λ optimal value ôptλ . In 
this article, sample-fitting method proposed to estimates 
optimal value ôptλ . 

Assume that D is a subset of the LiDAR data, 
namely D ⊆ Ρ . The classification of D has been labeled 
by manual with DO and DB , satisfying DO D⊂ , DB D⊂ . 
According to a certain intervalζ , a sequence of values 
can be obtained:  

{ }0 0,..., ,...iQ iλ λ ζ= = = ⋅  
For each value i Qλ ∈ , A segmentation result of D can 

be computed by using the proposed segmentation method 
in this paper. From the segmentation result, we can get an 
"object" set

i
D Dλ ⊂ . The accuracy of segmentation 

calculated by:  

i

i

D
R

Dλ =                                  (22) 

Where i Qλ ∈ , and D , 
i

Dλ denotes the number of D , 

i
Dλ respectively. 

A subset 1Q from Q be obtained according to a certain 
way of sampling, :  

{ }1 2 11 11 , ,..., ,
n ni i i iQ λ λ λ λ
−

=  

We can extend the set 1 2Q Q→ :  

{ }1 1 2 2 1 11 1 1 12
ˆ ˆ ˆ ˆ( , ), ( , ),..., ( , ), ( , )

n n n ni i i i i i i iQ R R R Rλ λ λ λ
− −

=  

The least squares method is used to fitting 2Q :  

ˆ ( )R S λ=                               (23) 

The maximum peak of fitting curve S  is maxR̂ . The 
corresponding λ value of maxR̂ is the estimates of ôptλ . 
Approximate estimation errors obtained using the 
following formula:  

max
ˆ1 Rε ≈ −                           (24) 

IV.  EXPERIMENTS AND ANALYSIS 

Experiments are performed on an Intel (R) Core (TM) 
Duo E7200 computer running at 2.53 GHz. To test the 
validity of the proposed method, experimental LiDAR 
data set with multiple roof shapes and trees area is 
selected for the experiment. Data set is a small part of 
XXX city in China. The density of points of LiDAR data 
set is approximately 2.25 points/m2. The total number of 
points in test data set is 423, 438 points. The original 
LiDAR data is shown in Fig. 3:  

 
Fig 3 Original LiDAR data 

In order to define and calculate the accuracy of 
segmentation algorithm in this paper, we set classification 
of all LiDAR points manually:  

,1 , ,( ,..., ,..., )manul manul manul p manulA A A A′ ′Ρ=  
The result of classification is shown in Fig. 4:  

 
Fig. 4 Classification result by manual 

In Fig. 4, the green part represents trees and vegetation, 
pink part represents the building and black part represents 
land. 

The final segmentation results by our algorithm are 
denoted as:  

,1 , ,( ,..., ,..., )graphcut graphcut graphcut p graphcutA A A A′ ′Ρ=  

So the segmentation accuracy ofΡ′can be divided in 
accordance with the following formula:  
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0
(1 )

Ρ

graphcut,i manul,i manul,i
i

A A A
R

Ρ

′

=

− −
=

′

∑
         (25) 

Experiment 1. Parameter λ estimation experiment  
In the LiDAR test data, a region is extracted:  

{ ( , , ) 0 , 100}D p x y z x y′= ≤ ≤  
The manual classification result of points for D  is 

shown in Fig. 5:  

 
Fig. 5 Sub-set D, "object" and "background" points 

Where the blue part is a "object" region and the red 
part is a "background" region. 

The interval of [0, 1] is divided into 50 equal portions. 
Each split point can be denoted as 0 02 0 50iλ . i, i= ∗ ≤ ≤ . 
So we can get 2Q based on the above method in section 3.4. 
Least-squares fitting method can be used fitting a curve 
of second degree shown in Fig. 6:  

 
Fig. 6 Least-squares method fitting 2Q result 

Experiment shows that result is the best one 
when ˆ 0 6630optλ .≈ . Therefore λ is set to 0.6630 in the 
following experiments. 
Experiment 2. Segmentation experiment 

The segmentation accuracy of LiDAR data based on 
interactive graph-cut theory is shown in Table I.  

TABLE I.  
SEGMENTATION STATISTICS 

Manual 
times 

Number 
of 

"object" 
points 

Number of 
"background" 

points 

Segmentation 
accuracy 

Execution 
time 
(min) 

1 694 926 64.6% 3.24 
2 314 517 78.3% 3.59 
3 375 322 84.1% 4.58 
4 219 384 93.4% 4.93 

5 176 195 95.8% 5.30 
 

As can be seen from the table 1, with the number of 
points by manual increasing, the segmentation accuracy 
is increasing quickly. Adding a small number of “object” 
points and “background” point, the accuracy rises to 90% 
easily. When the segmentation accuracy rate is up to 95%, 
the total number of "object" points only need 1, 778 
points, and "object" points only need 2, 344 points. 
Result is shown in Fig.7:  

 
Fig. 7 Segmentation result 

In Fig. 7, some points marked as red color are 
classification wrong points by our method, which mainly 
concentrated in the edges of buildings, trees or vegetation. 
Therefore building extraction and modeling in the future 
is not affected. 

V. CONCLUSIONS 

In this paper, the extraction of buildings from LiDAR 
data based on the theory of interactive graph-cut is 
proposed. Firstly, we apply four-dimensional feature 
vectors to compute the region energy and boundary 
energy of each LiDAR point. Secondly, the Parameter λ  
is estimated by a new sample-fitting method. Thirdly, we 
apply interactive graph-cut method to obtain the optimal 
two-value segmentation of all LiDAR points. After all 
these steps above, most points of buildings are obtained. 
By the experiment, our method can extracts building area 
from LiDAR data accurately. This paper's algorithm has a 
strong adaptability in the situation of buildings and trees 
connected to each other.  
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