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ABSTRACT: As a continuation of the authors’ research presented in previous years (ISARC), these authors focus on the 

processing aspect of the 3D terrain models acquired from heterogeneous 3D scan sources. This includes a revision of the 

authors’ ICP-based merging algorithm to achieve better accuracy in the ever-changing shape of an earthwork site with 

acceptable penalty in speed, and the introduction of a new side-scanning fast laser to obtain accurate local shapes at a 

reasonably fast time. In conjunction with these issues, the data format for holding the terrain data was also taken into 

account, for faster processing. 
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1. INTRODUCTION 

Due to the difficulty in improving the productivity in 

construction sites due to such sites’ variety and complexity, 

automation has become an attractive method of improving 

productivity. Focusing on one phase of the intelligent 

excavation system (IES) development process, this study 

aimed to automate the excavation work using an excavator, 

and to find the optimal workpath at an earthwork site. In 

earthworks, automation technology can improve the work 

quality by preventing safety accidents and other risks. Here, 

the development of IES targets automation, and 

accordingly, this study aimed to model and merge the 

development process at a 3D virtual space. 3D virtual 

modeling is useful in efficiently expressing 3D models and 

in creating the appearance of an object in a virtual 

environment, thus requiring an accurate and appropriate 

algorithm that can merge the global and local models to 

produce a world model. This merging algorithm has long 

been researched on in the fields of robotics and vision 

studies. ICP (iterative closest point) [1], one of the most 

well-known and widely used algorithms, is often used by 

many groups for registration. This paper used not only ICP 

but also another algorithm to merge the global and local 

models and to reflect the construction environment (i.e., 

the site), which is part of nature. ICP is a method that 

allows one to compare and verify whether all points of one 

model are identical to those of the other model. Due to the 

variety of earthwork sites, however, it is difficult to find 

characteristics that do not change. Already, in the previous 

stage, the process used GPS to create the global model, and 

the local model also contains GPS values. If these 

characteristics are to be used, one can roughly determine 

where in the global model the local model is located. 

Compared to the x, y distance, the two models do not show 

many errors, and the x, y axis rotations are not huge either. 

Therefore, this paper determines the plane using the 3D 
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point, and rotates the local model before the 

implementation of ICP using the normal vector. After the 

movement of the location, it places the local model onto 

the global model. Then, using the ICP algorithm, correction 

is made on the z axis rotation. 

As such, this study verifies the location information of 

both the global model, which was acquired from the 3D 

scanner, and the local model, from the stereoscopic vision, 

with the GPS measurement, and develops an algorithm to 

create a world model. 

 

2. RELATED WORKS 

The recent domestic and foreign research directions for 

3D modeling can be categorized into research on the 

acquisition of effective and varied 3D-form information, 

and research on developing reliable modeling in a 3D 

space. 

For the acquisition of effective 3D-form information, the 

research has focused on the fast acquisition of spatial 

models using the point cloud of laser scanning [4]. Such 

method will not only allow real-time 3D modeling through 

terrain laser scanning for modeling in a 3D space but will 

also improve the possibility of coming up with an obstacle 

avoidance system, which will become a required drive for 

construction automation and will greatly influence various 

decision-making systems [5]. 

Image registration is used not only in computer vision 

but also in construction automation and medical 

engineering, etc., and is being studied by various research 

groups. The algorithm that was used in this study was well 

surveyed in the study conducted by Barbara [6]. ICP, which 

was used in this study, has also been actively studied in 

South Korea and abroad. One of the most basic ICP 

algorithms was first proposed by Besl and McKay [1] in 

1992. They used the ICP algorithm to match the freeform 

with 6 degrees of freedom (6DOF). To raise the speed of 

the representative registration ICP algorithm, the number 

of repetition n as well as the data points Np and Nx were 

reduced [7]. Another study on the registration algorithm 

used the Kernel correlation, which expanded the concept of 

point sets correlation [8]. These studies used only one type 

of equipment, a laser scanner, to acquire 3D-form 

information, and converted and merged the point cloud 

data of the acquired 3D-form information. 

There are no existing data and algorithms, however, for 

converting and merging 3D-form information in the 

domestic and foreign construction industries, particularly 

in earthworks. Therefore, in the following chapter, the data 

and algorithm required for 3D formation in earthworks are 

introduced. 

 

3.  ALGORITHM 

3.1 Setting and Data Collection 

GLOBAL DATA, the point cloud data scanned from the 

construction site through a 3D scanner, are updated through 

the MESH GENERATION and delivered to the Task 

Scanning System. Moreover, the data acquired by scanning 

the terrain after the excavation work with the stereoscopic-

vision sensor installed on the excavator during the actual 

earthwork are collectively called “local model.” These data 

were modeled by considering the specifications of the 

excavator to improve the compatibility of the task planning 

system. Here, the local model is included in the global 

model, and recorded on these two dataset values were the 

UTM coordinates, which were identical to the terrain 

information. As a result, the study aimed to determine the 

terrain of the working site in real time by merging these 

two datasets. 

Shown in Fig. 1 is the earthwork process from the 

excavation work using an excavator to the task planning 

system, which allows the optimal workpath. 

Once the scan models with different data types coming 

from each machine are transmitted via a communication 

protocol, the global and local scan data are stored on the 

central DB, and to merge the two data in real time, an 

algorithm-based viewer is required. Further, based on the 

object data of the world model, task planning is performed 

to acquire useful information, such as the work allotment 

and order within the zone, the location of the platform, and 

the optimal movement path.   
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The algorithm that is required to merge the global and 

local scan data in real time are explained below. 

 

 

Fig. 1 Data process. 

 

3.2 Merging Algorithm 

Using GPS, the local data are placed onto the global data. 

That is, based on the global coordinates, only the x and y 

axes of the measured local data are rotated and placed on 

top of the global map with a different z value. Shown in 

Fig. 2 is the merging of the global and local data. 

 

 

Fig. 2 Merging of the local and global data. 

 

 

  

 

Fig. 3 Local and global models: While the black part of the 

global model is the place where the local model should be 

located, the local model (orange) has z translation, and the 

x, y, and z axes are also rotated. 

 

As shown above, the initial data have x and y rotations. 

Thanks to the GPS values, the location is somewhat 

reliable. The z translation, however, as shown above, has a 

huge difference. As such, the merging of the two data 

requires the rotation of the x and y axes and z translation. 

The two data are merged in the following way. First, the 

plane on the local data is determined, and the region in the 

global data that corresponds to the x and y axes of the local 

data is sought. Then the normal vector of the two planes is 

calculated, which is used as the standard for setting the axis 

vertical to the normal vector towards the x axis. Finally, the 

final axis is calculated using the two axes. After 

transforming the three axes, the local map will be placed 

onto the global map, which will complete the first merging 

process. Second, while the local model is being placed on 

top of the global model, it will be rotated by the z axis. To 

adjust this rotation, ICP is used. 

(a) Finding the plane 

First, randomly determine a point in the local area, and 

take a region whose radius is R, with the point as the center, 

using the spherical equation. 

After determining the plane, find the plane on the global 

region with the same x and y coordinates. 
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Fig. 4 The detached plane. 

 

Determine the covariance using the three points at the 

extracted plane, and decompose the covariance into three 

parts using SVD (singular-value decomposition) [1]. The 

central matrix corresponds to the eigenvector, which is the 

normal vector of the plane. 

 

 

 

 

 

Fig. 5 Normalized plane. 

 

                (1)  

Verify if the taken region is a plane using the normal 

vector, which can be done by using the normal vector and 

the major axis. 

            (2) 

Acquire more points corresponding to the plane within 

the fixed region using the plane equation. If it is not a plane, 

select another spot as a point, and find the plane. This 

process should be repeated until both regions that are taken 

satisfy the plane equation. 

(b) Transformation-1 

Create a straight line 90 degrees vertical to the a axis 

from the normal vector, and after translating it by the x and 

y values of the center of the region taken by (1,0.0) vector, 

project it onto the taken region to create an axis vertical to 

the normal vector. Another axis, vertical to the two axes, 

can then result from the cross-production of the two axes. 

Using the two regions, three vectors, each of which is 

vertical to the others, are created. These three vectors can 

then become the transformation matrix. 

 

Fig. 6 Three axes. 

 

Shown below is the transformation matrix. 

           (3)    

           

 

Fig. 7 Robotic inverse transformation. 

 

Two transformation data, each of which results from two 

regions, can be calculated. Merging the local region with 

the global region requires inverse transformation. 

 

           

(4) 

As shown in the above equation, all the points in the 

local region are transformed once using local 

transformation, and are multiplied by the global map 

inversion of the global transformation matrix. In other 

words, by multiplying the inversion of the global 

transformation matrix to the local transformation matrix, 

the transformation matrix by which the x and y axes of the 

local region is parallel to the x and y axes of the global 

region can be calculated. 

S28-2

966



(c) Transformation-2 

After correcting the rotation of the two axes, place the local 

region at the accurate location by calculating the distance. 

Determine the Euclidian distance among the center points 

of the planes, which were calculated at the previous stage, 

and perform translation. 

 

 

 

 

 

Fig. 8 Translation by the determined distance. 

(d) ICP 

The ICP algorithm is based on the principle that after 

translating the coordinates using the representative value of 

two datasets (e.g., the center of gravity) so that the error of 

the two representative values becomes minimal, such a 

translation (rigid-body fluctuation) is repeated until the 

error between the two datasets is within the determined 

error. Using ICP, the z rotation is adjusted. 

 

Fig. 9 Local and global regions by z rotation. 

 

4. RESULT 

The study tested the proposed algorithm by applying it 

to actual data, which are the point cloud information 

acquired from the site where an excavator is to be used. As 

global points are very large, some of them were excluded 

for easy calculation. 

 

 

 

 

 

Fig. 10 The region taken from the global map and the local 

region. 

 

Between the two regions exists a 20-cm error between 

the x and y axes. That is, the local model is 20 cm on top of 

the global model. Moreover, the roll and pitch errors are 

within 20 degrees. The error on the z axis is within 60 

degrees. 

 

Fig. 11. The original error between the two models. 

 

To make the two models parallel to each other, find the 

planes from the two models. These two planes, however, 

should have the same x and y values both in the global and 

local models. That is, they should be in the same place. 

 

Fig. 12 Discovering a plane in the local model. 

 

Fig. 13 Discovering a plane in the global model. 

 

Once the planes are discovered in the two models, 

estimate the normal vector of the two planes, create two 

vectors centered on the normal vector, and rotate them. 

After the rotation, use ICP to adjust the z axis error. 
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Fig. 14 Result of the merging of the two models. 

 

The result shows that the merged model resulting from 

the proposed model has a considerably smaller error than 

that of the merged model based on the previous method, 

that is, creating the global model using the laser and then 

creating the local model. The translation by the x and y 

axes was within 10 cm, the rotation of the local data by the 

ax and y axes was within 10 degrees, and the translation 

and rotation by the z axis were also reduced within 10 cm 

and 20 degrees, respectively. The proposed algorithm can 

merge any two models if planes can be found in the models. 
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