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ABSTRACT: In construction automation applications, registration between the 3D computer-aided design (CAD) model 

and the point cloud obtained by remote sensing technology is an important process such as progress monitoring and as-built 

modeling. However, the registration method to align the 3D CAD model and point cloud in construction automation has 

limitations because the registration is performed manually, which is less accurate and more time-consuming. In this paper, 

an automated registration method for a 3D CAD model with point cloud from the construction site is proposed. 

Preprocessing is presented to convert points into suitable representation for registration. Then, an automated registration 

method that determines transformation parameters is presented. Field experiments have been conducted to test the proposed 

registration method and the results show that the proposed method is useful for construction automation. 

 

Keywords: Iterative Closest Point, Principle Component Analysis, 3D Registration 

 

1. INTRODUCTION 

Registration is a process by which the data acquired from 

different conditions such as time, viewpoint, sensors and 

source are transformed and aligned with the same 

coordinate system [1, 2]. Registration is a fundamental to 

perform various applications in computer vision such as 

change detection, object recognition, industrial automation 

and inspection [3, 4]. In construction automation, 

registration of the 3D computer-aided design (CAD) model 

with the point cloud obtained from the construction site is 

an important process for applications such as progress 

monitoring and as-built modeling [5, 6, 7]. To perform 

progress monitoring, the 3D CAD model which contains 

schedule information, needs to be aligned with the point 

cloud, which is obtained from structural components, for 

comparing two data sets. In as-built modeling, the 3D CAD 

models must be registered with a 3D as-built point cloud to 

match and retrieve 3D CAD components. 

Although registration is useful in construction automation, 

the current registration of the 3D CAD model with the 

point cloud method is inefficient. Registration in 

construction automation is customarily performed 

manually which can provide inaccurate results due to 

human error and users’ subjective interpretations. The 

process is also time-consuming because the point cloud 

acquired from the construction site is large. These 

problems limit the usage of point cloud that is obtained 

from the construction site. 

To minimize manual intervention during the registration 

process, [6] proposed a semi-automated registration 

method for aligning 3D CAD model and point cloud 

obtained from steel structures. In this research, n-point 

registration where the user manually selects more than 

three pairs of corresponding points in the 3D CAD model 

and point cloud, was used. The iterative closest point 

algorithm was then used to refine the results of the n-point 

registration. However, the n-point registration forces the 

user to select several control points to obtain reliable 

results, which can be tedious and labor-intensive [8]. 

In this paper, an automated registration method of a 3D 

CAD model with point cloud obtained from the 

construction site is proposed. Proposed registration method 

explained in detail in the “Research Methodology” section. 

Using the proposed method, field experiments have been 

conducted using 3D CAD model and photogrammetric data 

obtained from the construction site. 
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2. RESEARCH METHODOLOGY 

The registration process of the 3D CAD model and point 

cloud is composed of three steps. The first step is 

preprocessing, which converts points into a suitable 

representation for 3D registration. Then, the 3D 

registration estimates the transformation parameters to 

align model points and data points. The 3D registration can 

be divided into coarse and fine registration. A detailed 

description of the methodology is as follows. 

 

2.1. Preprocssing 

The 3D CAD model and point cloud that are obtained by 

remote sensing technology is represented by each format. 

To perform registration, the 3D CAD model and point 

cloud must be converted into the suitable representation. 

The 3D CAD model itself is exported in a 

stereolithography (STL) format consisting of normal and 

triangular facets. Uniform resolution model points are then 

generated based on the triangular facets. However, point 

cloud obtained by remote sensing technology, such as laser 

scanner or photogrammetry technology, is represented by 

multiresolution point cloud, because the resolution of point 

cloud is dependent on the distance between the object and 

sensor. It is difficult to obtain accurate registration results 

when two data sets have different resolutions [9]. To 

remedy this, the model points and point cloud were 

subjected to a data re-sampling process in order to improve 

registration accuracy. 

In this research, an octree representation was used to make 

regular points for data re-sampling. An octree is a tree-

structure that can be used to represent volumetric data 

surrounded by a bounding cube. The initial cube that is 

created using the boundary of the object is subdivided into 

eight sub-cubes (octants), which are then repeatedly 

subdivided several times, until each sub-cube contains no 

points, or until the results reaches the criteria defined by 

the application [10]. 

The re-sampling process is fourfold. First, each octree of 

the original data is generated through repeated subdivision 

as previously described. Second, a list of sub-cubes that 

contain the points, central points, and the cube lengths is 

generated. Sub-cubes that are larger than the criteria are 

deleted from the list because they are unnecessary. Third, 

all cubes with fewer points than the minimum requirement 

are removed from the list. This is done to reduce noise, 

which is an obstacle in robust registration. A cube will also 

be removed if it contains no points. Finally, the central 

points of all cubes are extracted, and the point cloud will 

have a uniform resolution. 

 

2.2. 3D Registration 

In this research, registration of the model points with data 

points consists of coarse and fine registration. In coarse 

registration, principal component analysis (PCA) is used to 

estimate the transformation parameter [11]. PCA provides a 

rough estimate by using only three vectors as principal 

components. Thus, to obtain the most accurate 

transformation parameters, the iterative closest point (ICP) 

was used as fine registration. 

 

2.2.1. PCA Based Coarse Registration 

PCA uses the direction of the principal axis of point cloud 

to perform registration [12]. The direction of the principal 

axis is defined as three eigenvectors of the covariance 

matrix of the point sets [11]. The covariance matrix K for 

given N points ݔ ൌ ሺݔ ݕ ሻTݖ , ݅ ൌ 1, … , ܰ  is 

defined as: 

 

K ൌ  
1
ܰ

ሼሺݔ െ ݔҧሻሺݔ െ ҧሻ்ሽݔ
ே

ୀଵ

 

 

where the center of points ݔҧ ൌ  ሺߤ௫ ௬ߤ  ௭ሻTߤ

ൌ  ଵ

ே
∑ ݔ

ே
ூୀଵ . 

Let ݑଵ, ,ଶݑ ଷݑ  
and

 
,ଵߣ ,ଶߣ ଷߣ  be eigenvectors and 

eigenvalues of K, respectively ߣଵ  ଶߣ   ଷ. Then, K canߣ

be factorized: 

 

K ൌ ܷΛܷT 
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where ܷ ൌ  ሾݑଵ, ,ଶݑ ଷሿ and Λݑ ൌ diagሺλଵ, λଶ, λଷሻ. 

The rotation matrix ܴ can be estimated from: 

 

ܴ ൌ  ܷܷௗ
ିଵ 

 

where ܷ and ܷௗ are eigenvectors of model points and 

data points. 

The translation vector ݐ can be estimated by calculating 

the distance between the center of the model and the data 

points. 

 

ݐ ൌ ҧݔ  െ  ҧௗݔܴ

 

where ݔҧ and ݔҧௗ are the center of the model points and 

data points, respectively. 

 

2.2.2. LM-ICP Based Fine Registration 

The ICP algorithm proposed by [13] is widely used to 

perform fine registration in two steps [14]. First, it 

generates correspondence between two point sets such that 

each set corresponds with the nearest point in the other 

point set. Then, it computes the new transformation 

parameters by minimizing the Euclidean distance between 

corresponding point pairs. These two steps are iterated 

until they converge at the user-defined criterion. This 

algorithm is attractive because of its simplicity and 

accuracy [15]. However, the original ICP algorithm 

assumes outlier-free data and 100% overlap of the model 

and data points [16]. These assumptions are not applicable 

for construction applications because the point cloud 

obtained from the construction site contains noise and only 

partially corresponds with the 3D CAD model. 

An algorithm that can improve these limitations is the 

Levenberg-Marquardt iterative closest point (LM-ICP) 

algorithm [15]. To generate the correct correspondence of 

noisy data, LM-ICP serves as the threshold and weights are 

introduced to deal with the issue of data points having no 

correspondence with model points. 

Below is the LM-ICP algorithm. Let ܽ  be the 

transformation parameter (rotation matrix ܴ  and 

translation vector ݐ ); then, the transformation can be 

defined as: 

 

ܶሺܽ; ሻݔ ൌ ݔܴ   ݐ

 

The objective of the registration is to obtain transformation 

parameters that minimize the distance between the data and 

model points. Thus, the error function to be minimized is 

defined as: 

 

ሺܽሻܧ ൌ   ߳ଶሺ|݉ െ ܶሺܽ; ݀ሻ|ሻ
ே

ୀଵ

 

 

where ݉ is the model points and ݀ refers to the data 

points. 

To reduce false correspondence caused by noise, the user 

can define the threshold value which serves to make the 

correspondence robust to noise. In addition, when dealing 

with data points for which there is no correspondence with 

the model points, weights ݓ are set to zero for points 

with no match; otherwise, one is introduced. Thus, the 

error function to be minimized is: 

 

ሺܽሻܧ ൌ   ߳ଶሺ|݉ݓ െ ܶሺܽ; ݀ሻ|ሻ
ே

ୀଵ

 

 

To solve the least squares problem, the Levenberg-

Marquardt algorithm uses a gradient descent to minimize 

the error function. It can be represented as follows: 

 

ሺܽܧஔ  δሻ ൌ JTe  JTJߜ ൌ 0 

 

where ܽ  is the transformation parameter, ܽ  δ  is the 

new estimated transformation parameter, and  is the 

Jacobian matrix with J ൌ
பா

ப
. 

The Levenberg-Marquardt algorithm updates δ
 

to reduce 

error and can be used to determine the transformation 

parameter through repetitive updates: 

 

ߜ ൌ െሺJT   IሻିଵJTeߣ
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where ߣ is 

iteration and,
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(a)                     (b) 

Fig. 4 Result of LM-ICP based fine registration (a) Full 

view (b) Top view 

 

4. CONCLUSION 

This paper presented a fully automated 3D registration 

method for use in determining the transformation 

parameters of a 3D CAD model with a point cloud 

obtained from the construction site. The proposed method 

has the advantages of full automation and robustness. The 

experimental results show that the proposed method can 

successfully determine the transformation parameters to 

align the 3D CAD model and noisy point cloud. The 

proposed method facilitates performing registration of 3D 

CAD model with point cloud obtained from the 

construction site without manual intervention. Thus, it is 

possible to obtain accurate registration results efficiently, 

and potentially contributes to the construction automation 

applications in terms of registration. Future research will 

include tests of the proposed methods in practical 

applications, including progress monitoring or as-built 

modeling. 
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