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Abstract—The development of mobile robots has led to 

their wide application in a variety of fields. This study focuses 
on the intelligent application of mobile robots in laboratory 
management, especially the environmental awareness and 
self-positioning of a robot in the laboratory. In this study, a 
wheeled mobile robot is selected and equipped with a 2D laser 
scanner. Based on this, a Robot Operating System (ROS) 
environment is built. The nearest neighbor iterative closest point 
(ICP) matching algorithm is utilized to perceive the laboratory 
service environment, construct the indoor map in real time, and 
locate the robot precisely. Subsequently, data collected in the 
corridors and indoor environment of the experimental building 
are used to test the accuracy of the ICP matching algorithm. The 
results showed that the minimum translation error is as low as 
0.0003 m and that the minimum rotation angle error is less than 
0.5°. In addition, the positioning and mapping of the robot were 
analyzed. The experimental results show that the ICP matching 
algorithm is well suited to map construction and positioning of 
the laboratory service robot. This is of great significance for 
further research on laboratory service robots. 
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I.  INTRODUCTION 

ith the rapid development of the robotics industry, 
service robots have become widely used in all 

walks of life. As an important location for experimental 
teaching and technology research, the laboratory requires 
a large amount of manpower to complete monotonous 
and repetitive work such as teaching, equipment sorting, 
information recording and so on. A service robot, which 
is a type of high-efficiency automation equipment, can 
effectively solve those problems in laboratory 
applications. This paper describes a laboratory service 
robot based on a Robot Operating System (ROS) as the 
control platform that obtains indoor environmental 
information through a 2D laser scanner, and establishes a 
task of simultaneous localization and mapping. 2D codes 
were pasted on the experiment cabinet and equipment to 
access the equipment information, and a monocular 
camera was used to obtain the information stored by the 
2D code. 
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Fig. 1. Architecture of laboratory Service Robot 

As an indoor service robot, the laboratory service robot 
needs some key technologies to realize autonomous work 
in complex environments, including positioning, 
navigation, identification and interaction. Among them, 
the laboratory service robot's judgment of the laboratory 
environment and its estimation of its own location are the 
primary foci of this research [1][2]. Because it provides a 
prerequisite for the robot to achieve other functions, such 
as avoiding obstacles, moving to target points, planning 
paths, and automatic charging. It is also the core 
technology of autonomous mobile robots and the key to 
achieving intelligence. Thus, we introduce simultaneous 
localization and mapping based on laser data (Laser 
SLAM). The core part of Laser SLAM is the head match. 
The data is matched according to the data measured by 
the external sensor. The main function of the head match 
is pose prediction, which refers to the estimation of the 
robot’s current posture by using the relationship between 
the known previous posture and the current observed 
value , and the pose of robot are obtained [3]. The 
detection information of the current position of the robot 
is matched with the known map to accurately obtain the 
position of the robot [4]. The iterative closest point (ICP) 
algorithm is the most widely used point cloud registration 
algorithm, which can meet the precision requirements of 
point cloud registration. Therefore, the ICP algorithm is a 
good choice for data matching in Laser SLAM for the 
head match. 

The ICP algorithm was proposed by Bsel and Mckey to 
solve the registration problem of 3D point clouds [5]. 
Since then it has been continuously improved by 
researchers and widely used in robot research. Holz and 
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Behnke in [6] proposed an effective combination SLAM 
algorithm based on the ICP algorithm in a dynamic 
environment. Peng extracted the line segments from the 
laser data and fitted them, then used the ICP algorithm to 
scan and match the laser front and back frame scan data, 
so as to correct the odometer information [7]. Tiar tested 
two variants of ICP-SLAM in Robucar, a d ual-steering 
robot, and achieved good results [8]. In [9], the 
application of the Trimmed ICP method, corner feature 
matching based HAYAI algorithm and point-line 
matching based the point-to-line ICP (PL-ICP) method in 
an indoor SLAM were explored, and their applicable 
scopes were given. In [10], Djehaich et al. proposed a 
Boolean-based ICP-SLAM method, which makes it easier 
to find rigid transformations. In order to eliminate 
discrete points in the scanned data, Liu proposed an ICP 
matching scanning method based on continuous lattice 
sequences, which reduces the correspondence between 
extreme distances and improves the matching accuracy 
[11]. In [12], researchers have proposed a SLAM that 
combines two matching methods of ICP and feature 
points in an indoor environment. Yang et al. proposed a 
self-localization method based on filtered ICP (FICP) for 
solving the robot positioning problem in the ICP 
algorithm [13]. 

This paper focuses on the effectiveness of the ICP 
algorithm in the operation of laboratory service robots. In 
terms of practicality, the accuracy and efficiency of the 
ICP algorithm for environmental awareness and 
self-positioning of laboratory service robots are described 
in detail. The robot experiment platform consists of a 
wheel robot and a 2D laser scanner operating under the 
ROS system. The scan data in the actual laboratory 
environment is analyzed, and the matching results 
between the two frames before and after are obtained to 
perform the pose prediction. Finally, a grid map is used to 
construct a map of the experimental environment, and the 
positioning problem of the robot is tested. 

II.  ICP ALGORITHM 

he ICP algorithm is a mature scan-matching 
algorithm. The principle is to select the target point 

cloud P and source point cloud X, find the nearest point 
(pi, xi) according to certain constraints, and then calculate 
the rigid transformation (rotation matrix R and translation 
matrix t) between them. The error is as follows:  

𝑒𝑒𝑖𝑖 = 𝑥𝑥𝑖𝑖 − (𝑅𝑅 ∗ 𝑝𝑝𝑖𝑖 + 𝑡𝑡). #(1)   
By constructing the least square equation, the error 

function E (R, t) were obtained: 
𝐸𝐸(𝑅𝑅, 𝑡𝑡) = 1

𝑁𝑁𝑝𝑝
∑ ‖𝑥𝑥𝑖𝑖 − 𝑅𝑅𝑝𝑝𝑖𝑖 − 𝑡𝑡‖2𝑁𝑁𝑝𝑝
𝑖𝑖=1 #(2)   

The algorithm flow is as follows:  

○1 The point set 𝑝𝑝𝑖𝑖  is selected in the target point cloud 

P, and the corresponding point set 𝑥𝑥𝑖𝑖  is selected in the 
source point cloud X. 

○2 The centroid of the target point cloud and the source 

point cloud is defined as 

𝑢𝑢𝑥𝑥 = 1
𝑁𝑁𝑝𝑝
∑ 𝑥𝑥𝑖𝑖
𝑁𝑁𝑝𝑝
𝑖𝑖=1 ,𝑢𝑢𝑝𝑝 = 1

𝑁𝑁𝑝𝑝
∑ 𝑝𝑝𝑖𝑖
𝑁𝑁𝑝𝑝
𝑖𝑖=1 #(3)   

and the centroid coordinates are obtained 
X𝑖𝑖′ = {𝑥𝑥𝑖𝑖 − 𝑢𝑢𝑥𝑥}, P𝑖𝑖′ = �𝑝𝑝𝑖𝑖 − 𝑢𝑢𝑝𝑝�   #(4)   

○3 R and t are computed by singular value 

decomposition, assuming 
𝑊𝑊 = ∑ 𝑥𝑥𝑖𝑖 `𝑝𝑝𝑖𝑖`𝑇𝑇

𝑁𝑁𝑝𝑝
𝑖𝑖=1 = 𝑈𝑈∑𝑉𝑉𝑇𝑇    #(5)   

the rotation matrix R and translation matrix t are 
𝑅𝑅 = 𝑉𝑉𝑈𝑈𝑇𝑇 , 𝑡𝑡 = 𝑢𝑢𝑥𝑥 − 𝑅𝑅𝑢𝑢𝑝𝑝   #(6)   

○4 A new set of points is obtained, 

𝑝𝑝𝑖𝑖∗ = 𝑅𝑅𝑝𝑝𝑖𝑖 + 𝑡𝑡#(7)   
and the average distance d from 𝑝𝑝𝑖𝑖∗ and 𝑥𝑥𝑖𝑖  is calculated 
by (2). 

○5 If d is less than the preset threshold or the number of 

iterations is more than the maximum, it will stop and 

jump to step ○2  until the convergence condition is 

satisfied [5][14-18]. 
The essence of the ICP algorithm is the best match 

based on the least square method. The ICP algorithm 
repeats the process of "determining the point set of the 
corresponding relationship, calculating the rigid body 
deformation and calculating the error" until the 
convergence criterion of the correct match is met. 

 
Fig. 2. ICP algorithm flow chart 
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III. ICP-SLAM ALGORITHM 

he basic principle of ICP-SLAM is to match the 
point cloud scanned by LiDAR with the point cloud 

in the original map [8][18] to get the initial pose of the 
robot 𝑃𝑃(𝑥𝑥,𝑦𝑦,𝜃𝜃)  and store it in  the map. Next, the 
LiDAR data from the mobile robot to the next state are 
read, and the next pose is estimated. The predicted pose is 
optimized by using ICP algorithm. Then, the optimized 
position and posture are stored in the map to complete the 
map updating. These steps are repeated until the robot 
stops working. ICP-SLAM is mainly divided into three 
parts, as shown in Figure 3. 

 
Fig. 3. ICP-SLAM algorithm 

A. Coordinate transformation and data association 

As shown in Figure 4, the laboratory service robot 
mainly includes four important coordinate systems: 
base_link, laser, odom and map. Among them, base_link 
represents the robot coordinate system, odom represents 
the odometer coordinate system, laser represents the lidar 
coordinate system, and map represents the map 
coordinate system (global coordinate system). 

 
Fig. 4. The coordinate systems of robots 

Coordinate transformation refers to the projection 
among the laser coordinate system, the robot coordinate 
system and the world coordinate system. 

For example, a co ordinate system 𝐶𝐶𝑟𝑟𝑒𝑒𝑟𝑟  is defined as 
the robot coordinate system, and the LiDAR data 𝐶𝐶𝑛𝑛𝑒𝑒𝑛𝑛  
is projected into 𝐶𝐶𝑟𝑟𝑒𝑒𝑟𝑟 , and 𝐶𝐶𝑛𝑛𝑒𝑒𝑛𝑛′  is obtained. The 
conversion relationship is as follows: 

𝐶𝐶𝑛𝑛𝑒𝑒𝑛𝑛′ = 𝑅𝑅𝑙𝑙 ∗ 𝐶𝐶𝑛𝑛𝑒𝑒𝑛𝑛 + 𝑡𝑡𝑙𝑙 . #(8)   
In the equation, 

𝑅𝑅𝑙𝑙 = �cos 𝜃𝜃 − sin 𝜃𝜃
sin𝜃𝜃 cos𝜃𝜃 �#(9)   

is the rotation matrix, 𝜃𝜃 is the angle between the laser 
coordinate system and the robot coordinate system, and 

𝑡𝑡𝑙𝑙 = �
𝑡𝑡𝑥𝑥
𝑡𝑡𝑦𝑦�#(10)   

is the translation matrix, where 𝑡𝑡𝑥𝑥  and 𝑡𝑡𝑦𝑦  are the 
differences in the direction of X and Y axes respectively. 

The data points in the two coordinate systems are 
correlated, and the minimum Euclidean distance 𝑑𝑑 
between them is calculated. When 𝑑𝑑 is the minimum, the 
two data points are the associated data points. 

B. Posture estimation and positioning 

Posture estimation is based on data association, 
calculating the difference [𝑡𝑡𝑥𝑥 𝑡𝑡𝑦𝑦 𝜃𝜃] between the two 
frames of laser data, thus predicting the current position 
and motion of the robot, and verifying the accuracy of the 
prediction by minimizing the error [8]. The error function 
is as follows: 

J = 1
N
∑ ��Xref �c(i)� − Xnew

′ �c(i)��
2

+ �Yref �c(i)� −N
i=1

Ynew
′ �c(i)��

2
�           (11)  

in the equation, 𝑋𝑋𝑟𝑟𝑒𝑒𝑟𝑟  and 𝑌𝑌𝑟𝑟𝑒𝑒𝑟𝑟  refer to the coordinates 
of the laser data of the previous frame in the reference 
frame, 𝑋𝑋𝑛𝑛𝑒𝑒𝑛𝑛′  and 𝑌𝑌𝑛𝑛𝑒𝑒𝑛𝑛′  refer to the coordinates of the 
laser data of the current frame in the reference frame, 
which are obtained by 𝑋𝑋𝑛𝑛𝑒𝑒𝑛𝑛  and 𝑌𝑌𝑛𝑛𝑒𝑒𝑛𝑛  in equation (7). 

At the same time, the feature 𝑚𝑚  in the laboratory 
environment is extracted from the laser scanning data, 
and the pose of 𝑚𝑚 in the robot coordinate system is 
estimated. Then the pose of 𝑚𝑚  in the laboratory 
environment coordinate system is calculated, and 𝑚𝑚 is 
added to the map. When the position and posture of the 
robot are changed, 𝑚𝑚 is estimated again. The position of 
the robot in the laboratory environment can be obtained 
according to the pose changes of 𝑚𝑚 in the coordinate 
systems of the robot and laboratory environment. 

C. Map management 

Since the grid map is easy to construct, save and 
express, this paper adopts the grid map. A grid map 
divides the environment into a series of grids that 
discretize the environment, each grid corresponding to a 
point on the map. After the robot moves for a cer tain 
distance, the established laboratory map should be 
updated in time. Its main content is to update the 
probability of occupancy of each grid. For each grid 𝑚𝑚𝑖𝑖 , 
the assumption 𝑝𝑝(𝑚𝑚𝑖𝑖) > 0.8 indicates that the grid is 
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occupied and 𝑝𝑝(𝑚𝑚𝑖𝑖) < 0.2 indicates that the grid is not 
occupied, 𝑥𝑥𝑡𝑡  refers to the position and attitude of the 
robot at time 𝑡𝑡, 𝑧𝑧𝑡𝑡  refers to the observation data at time 
𝑡𝑡. The shape of the grid 𝑚𝑚𝑖𝑖  can be expressed as 

p�mi�x1:t , z1|t� = p(mi |zt ,xt )∗p(zt |xt )
p(mi )

∗ p(mi |z1:t−1,x1:t−1)
p(zt |z1:t−1,x1:t )

 .  

(12) 
The probability of the opposite value of the state of a grid 
𝑚𝑚𝑖𝑖  can be expressed as 

p�~mi�x1:t , z1|t� =
p(~mi |zt ,xt )∗p(zt |xt )

p(~mi )
∗ p(~mi |z1:t−1,x1:t−1)

p(zt |z1:t−1,x1:t )
 . (13) 

The ratio of the two can be obtained by taking the 
logarithm. 

l(mi|z1:t , x1:t) = l(mi|zt, xt) + l(mi|z1:t−1, x1:t−1) −
l(mi)    (14)  

In the equation，𝑙𝑙(𝑚𝑚𝑖𝑖|𝑧𝑧𝑡𝑡 , 𝑥𝑥𝑡𝑡) refers to the logarithm of the 
inverse observation model of LiDAR, l(𝑚𝑚𝑖𝑖|𝑧𝑧1:𝑡𝑡−1, 𝑥𝑥1:𝑡𝑡−1) 
refers to the logarithm of the state of the grid 𝑚𝑚𝑖𝑖  at time 
𝑡𝑡 − 1, and 𝑙𝑙(𝑚𝑚𝑖𝑖) refers to the logarithm of the a priori 
value for the grid. After the above transformation, map 
updating becomes a simple addition and subtraction 
process, which facilitates map management. 

Because of the independence of grids in maps, the map 
𝑚𝑚 can be expressed as 

p(m) = ∏ p(𝑚𝑚𝑖𝑖)𝑖𝑖=𝑛𝑛
𝑖𝑖=1 .    (15) 

The process of map model construction is shown in 
Figure 5. The motion model “Motion” is obtained from 
the estimated pose 𝑥𝑥𝑡𝑡−1 at time 𝑡𝑡 − 1 and the odometer 
information 𝑢𝑢𝑡𝑡  at time 𝑡𝑡 , and 𝑥𝑥𝑡𝑡  is derived. The 
observation model “Observation” is obtained from the 
measurement data 𝑧𝑧𝑡𝑡  from the LIDAR at time 𝑡𝑡 and the 
map at time 𝑡𝑡 − 1. The observation model is combined 
with the motion model to derive the map model at time 𝑡𝑡. 

 
Fig. 5. The process of map management 

IV. EXPERIMENT AND RESULT ANALYSIS 

his experiment was tested under the ROS indigo 
operating system. The robot uses a Kobuki mobile 

chassis equipped with the UST-10LX 2D laser scanner 
from HOKUYO. Using this experimental platform to 
collect the laboratory dataset, the experimental results are 
directly viewed using the Rviz graphical tool under ROS. 
The results verify the application of the ICP algorithm in 
the construction and positioning of the laboratory service 

robot in the laboratory environment. 
The ROS system is designed for robot software 

development, with independent programming language, 
node communication, and visualization tools. It abstracts 
sensors, controllers, and motion planning into nodes, and 
nodes can communicate by publishing subscription topics. 
So it fully satisfies the requirements of this experiment. 

The UST-10LX 2D laser scanner has a measuring 
range of 10 meters and 270°. The measuring accuracy is ± 
40 mm, the angular resolution is 0.25°, and the input 
noise is <=25 dB. Thus, the laboratory service robot has a 
good sense of the outside world. 

The environment used in the experiment was the 
engineering building Test Technology Laboratory of 
Beijing Forestry University, including the laboratory 
corridor and the test bench area in the laboratory. It is a 
normal laboratory environment, with structural and 
non-structural characteristics, providing a wealth of 
experimental characteristics for this study.  

A. ICP algorithm matching results 
To verify if the ICP algorithm met the accuracy of the 

experimental results, this study simulated the algorithm 
firstly. Since the number of particles of laser data per 
frame after filtering in this experiment is between 500 
and 1000, we performed two simulations, with 500 and 
1000 particles randomly placed on the plane as data 
(𝑡𝑡 − 1). These are both rotated by 10°, followed by a 0.5 
m translation along the X-axis to obtain data (𝑡𝑡). Then the 
ICP algorithm is used to match data (𝑡𝑡 − 1) and data (𝑡𝑡) 
in both simulations, and the matching result of data (𝑡𝑡) is 
obtained. Figure 6 shows the results of the ICP algorithm 
matching, where the blue particles are the data (𝑡𝑡 − 1) 
point cloud data, the green particles are the data (𝑡𝑡) point 
cloud data, and the red particles are the ICP algorithm 
matching results. Table 1 shows the matching result error. 
As the number of particles increases, the number of 
matching iterations will increase accordingly, and the 
error will decrease. That is, as the number of particles in 
each frame of cloud data increases, the real-time effect of 
the ICP algorithm will decrease and the accuracy will 
increase. The ICP algorithm should be determined to 
meet the experimental requirements. In this experiment, 
the ICP algorithm can meet the experimental 
requirements. 
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Fig. 6. ICP matching results 

 
Table I 

ICP matching result error 
Number of 
particles 

Number of 
iterations 

X-axis 
error (m) 

Y-axis 
error (m) 

Angle error 
(degrees) 

500 31 -0.0006 0.0004 0.9661 
1000 44 -0.0003 -0.0003 0.3553 

B. Map Construction 
In this session, the robot walked through the laboratory 

corridor and inside the laboratory at a speed of 0.5 m/s 
under remote control, and recorded data sets using an 
ROS bag, and verified in ROS Rviz. The node diagram of 
the mapping process is shown in Figure 7. After the 
odometer message and radar message are subscribed by 
ROS master, ROS master publishers the message to 
ICP-SLAM. After a s eries of processing, such as 
coordinate change, map management and pose prediction, 
the map information and robot pose are obtained and 
published. 

 
Fig. 7. Node diagram of the mapping process 

Figure 8 and Figure 9 show the construction of the map 
in the experiment, in which the black area represents the 
presence of an obstacle (occupied state), the white area 
represents that no obstacle is present (idle state), and the 
gray area is the area unknown to the robot (unknown 
state). Figure 8 is a map construction of the laboratory 
corridor environment, in which obstacles are displayed on 
both sides of the corridor, and obstacles can be better 
identified on the constructed map. Figure 9 shows the 
construction of the internal map of the laboratory, and it 
can be seen that it is better to distinguish the placement of 
the experimental table and to identify it on the map. 

 

 
Fig. 8. Construction of the corridor map 
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Fig. 9. Construction of the internal map of the laboratory 

C. Robot positioning verification 

The experimental platform stayed at the corner of the 
middle aisle of the lab table, and the coordinate system of 
each module of the robot was displayed in the 
corresponding ROS Rviz graphical interface, which fully 
demonstrated the posture of the experimental platform at 
this time. Figure 10 shows the positioning of the robot 
during the experiment. (a) is the actual position of the 
robot in the laboratory. (b) is the simulation image in 
Rviz, where the red circle is the location of the coordinate 
system of the robot. From the results, we can see that the 
position of the robot on the constructed map has a small 
error compared to the actual location, and meets the 
basic positioning needs of self-positioning of laboratory 
service robot in laboratory management. 

 

 
Fig. 10. Robot positioning based on ICP matching 

V．CONCLUSION AND DISCUSSION 

his study builds a laboratory service robot platform 
with the two goals of map construction and 

self-positioning in the laboratory and verifies the role of 
the ICP algorithm in this process. Experiments show that 
by scanning and matching the laser points with the ICP 
algorithm, the robot can realize its perception of the 
laboratory environment, establish a laboratory map, and 
estimate its own position as well. This has far-reaching 
significance for the use of robots in the field of 
experimental teaching and in scientific research 
experiments. However, in the study, the movement of 
personnel in the laboratory was not considered, and 
dynamic objects were not processed. These factors would 
cause interference points to be present in the experiment. 
Therefore, the identification of walking personnel will be 
taken into account in the next study. In addition, the 
service robots should have good human-machine 
interaction capabilities, which is also the next research 
focus. 
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