
2D LiDAR and Camera Fusion in 3D Modeling of 
Indoor Environment 

Juan Li, Xiang He, Jia Li 
Department of Electrical and Computer Engineering 

Oakland University 
Rochester, MI 48309, U.S.A 

jli234567@oakland.edu, xhe2@oakland.edu, li4@oakland.edu 
 

Abstract—Detailed 3D modeling of indoor scene has become an 
important topic in many research fields. It can provide extensive 
information about the environment and boost various location 
based services, such as interactive gaming and indoor navigation. 
This paper presents an indoor scene construction approach using 
2D line-scan LiDAR and entry-level digital camera. Both devices 
are mounted rigidly on a robotic servo, which sweeps vertically to 
cover the third dimension. Fiducial target based extrinsic 
calibration is applied to acquire transformation matrices between 
LiDAR and camera. Based on the transformation matrix, we 
perform registration to fuse the color images from the camera 
with the 3D points cloud from the LiDAR. The whole system 
setup has much lower cost as compared to systems using 3D 
LiDAR and omnidirectional camera. Using pre-calculated 
transformation matrices instead of feature extraction techniques 
such as SIFT or SURF in registration gives better fusion result 
and lower computational complexity. The experiments carried 
out in office building environment show promising results of our 
approach.    

Keywords—3D indoor modeling, 2D line-scan LiDAR, digital 
camera, extrinsic calibration, sensor fusion 

 
I.  INTRODUCTION   

Building 3D model of environments has become an 
important task for many applications, such as robot navigation, 
tourist guidance and cartography.  However, it is difficult to 
construct an accurate 3D model for common consumers, due to 
the fact of expensive detecting devices, complex system setup 
and computational costly reconstruction algorithms. In this 
work, we present a low cost prototype system that enables non-
expert users to construct a detailed 3D model of environments 
in fast, easy approach. 

The key problem of building 3D model is how to 
effectively fuse the data from multiple sensors. The color and 
texture information are usually collected by camera, and the 
depth information is captured by range sensor. In order to fuse 
with 3D points cloud, some existing works take advantage of 
an omnidirectional camera [1]. We use an entry-level camera 
for purpose of reducing the cost. The RGB-depth camera like 
Kinect is sensing device that capture both RGB image and 
depth image [2, 3]. However, RGB-depth camera can only 
provide depth information up to a very limited range (around 
5m). And its depth estimates are very noisy compare to LiDAR. 
Therefore, we select LiDAR as our range sensor. There are two 
different methods for generating 3D points cloud of 3D model 
from extracted distance information based on LiDAR sensor. 

Combined 2D line-scan LiDAR with servo [4] to generate 3D 
points and the density of the 3D points can be changed as the 
customer needed. The other way is using 3D LiDAR to capture 
distance information and to generate the 3D points instantly.  
Since 3D LiDAR is up to 6 times more expensive than 2D line-
scan LiDAR, we naturally pick the 2D line-scan LiDAR and 
mount it on a robotic servo to cover the third dimension. 

A prerequisite for fusing data is to extrinsically calibrate the 
correspondences between camera and LiDAR sensor. A variety 
of methods exist for extrinsic calibration of imagery and 
LiDAR coordinate frame. The first sort of methods is proposed 
to automatically calibrate 2D-3D data without especially 
multimodal setup. Peter Henry et al. work on a set of 
corresponding regions to solve a 2D-3D nonlinear shape 
registration problem based on Levenberg-Marquardt algorithm 
[5]. In particular, the works of Xiaojin Gong et al. rely on a 
trihedral configuration [6]. The moving objects are used to find 
potential transformation between a pair of depth sensors [3]. 
Harris features [7], SIFT features [2], or SURF features [8] can 
be used to automatically find corresponding feature pairs from 
imagery and 3D points cloud. These methods rely on extract 
special shape or features from two sensors synchronized.  It 
will produce misalignment if the experiment is accomplished 
under a noisy environment. The second sorts of methods deal 
with extrinsic calibration to find geometric constraints based on 
the fiducial targets. A single circle is employed to find the 
point-to-plane correspondences [9, 10]. Stefano Debattisti et al. 
rely on a polygonal shape like triangle [11] or diamond [12] to 
compute extrinsic parameters. These shapes cause range 
discrepancies for some LiDAR sensors to find corresponding 
points in camera images. Some algorithms rely on intensity 
information of LiDAR sensor extracted from a planar 
checkerboard pattern. Lipu Zhou et al [13] present the 
convenience of using checkerboard as the calibration target. 
Nonlinear least squares (NLS) method [6, 11, 14, 15] is 
employed to calibrate the relative transformation. Random 
Sample Consensus (RANSAC) algorithm can eliminate the 
outliers for providing a better estimation to find the 
correspondences [7, 8, 12, 16, 17]. Raymond Sheh et al. utilize 
some other methods [4, 18] like linear square method and so on.  

In contrast to previous works, this paper proposes a new 
method to extrinsically calibrate a 3D modeling system with 
2D LiDAR and camera. A planar checkerboard pattern is used 
to extract corners from camera image and intensity image of 
2D LiDAR. Instead of finding geometric constraints from 2D-
3D data, we rely on the 2D-2D correspondences. A pinhole 
camera model is applied to project 3D points cloud to 2D plane. 
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Figure 4: Camera positions for generating three 
 

III. EXTRINSIC CALIBRATION
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Figure 5: Pinhole camera model. 
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Figure 6: Extrinsic Calibra
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Figure 11: The detecting locations for 3D m
 

have scanned 24 location. These survey point
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Figure 12: 3D model of office corridor a
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