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Abstract 

One of the most famous technologies for the autonomous vehicle was using a scan matching algorithm, in 
which a high-definition 3D map created by the LIDAR sensor plays a significantly important role in localizing 
and path planning. Within this manuscript, a novel way of finding the effect from the Inertial Measurement 
Unit (IMU) on creating a high-definition 3D map from the LIDAR sensor was investigated. The collection data 
system was first ever created and collected in Vietnam. The results show that the normal distributions 
transform shows very good performance for creating the HD 3D map with have IMU sensor. On the other 
hand, without IMU the accuracy and the robustness of the creating map were reduced especially in the non-
flat area. This manuscript will start the evolution of preparation for autonomous vehicles in Vietnam as well 
as contribute to the autonomous vehicle research society in the world. 
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1. Introduction* 

According to the World Health Organization, a 
traffic accident is a critical problem for the world, it 
takes approximately 1.35 million people to die each 
year and it is still increasing [1]. One of the ideas is 
an autonomous vehicle, which can significantly 
reduce traffic accidents in the future.  

According to several researchers, to be ready for 
an autonomous vehicle, we have to prepare the 
facility included drive-by-wire vehicles, maps, and 
sensors (Fig.1). After that, the sensing data, 
perception, planning, control, localization should be 
completed to make a full system of the autonomous 
vehicle [2-8]. Here we only focus on the creation of a 
high definition (HD) 3D map. 

HD map for AV is not a new technology in the 
world, but in Vietnam, there is still no HD map 
database or HD map companies. The application of 
3D LIDAR for making point clouds is limited. There 
are only some companies and groups that use 
photogrammetry techniques to make 3D point clouds, 
mainly for geology and architecture conservation 
purposes. To realize AV in Vietnam shortly, it is 
necessary to develop both HD map databases and 
tools/devices. 

There are two kinds of techniques for creating a 
point cloud map [9]: 1/ Using camera (image) to 
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extract the point cloud by adding the global position 
system (GPS) information (Fig.2) and 2/ using the 
LIDAR (Fig.3). 

The point cloud is a set of points (x, y, z) in a 
space created with many purposes such as use in 
shaping, architecture, and especially applied to the 
survey of traffic works or using used to convert to 
vector maps for future autonomous vehicles. In the 
case of using the camera for creating a point cloud 
map, the series of pictures will be taken with the 
global positioning system (GPS) information. Each 
picture will be processed to be a set of the vector 
point, and then by comparing the nearest set of vector 
points of the next picture, the combination will 
combine two sets to become one and creating a new 
point cloud map. 

In the case of using LIDAR, all of the 
information from LIDAR will be collected. The scan 
matching algorithm will be applied for comparing 
with the previous scan and then combine them 
together. 

Furthermore, the HD map is not only using for 
vehicle navigation but also using for the vehicle to 
understand the surrounding environment such as lane, 
traffic signal location, road type, … by adding the 
information to the HD map (Fig.4).As recommended 
by the previous researcher [10], we have selected the 
second technology by using LIDAR 3D to create the 
HD 3D map and also investigate the effect of IMU on 
creating an HD map in Vietnam, which does not exist 
before.
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Fig.1.  A typical autonomous vehicle system overview 

  
Fig. 2.  Point Cloud map created by image Fig. 3.  Point Cloud map created by LIDAR 

 
Fig. 4.  Adding information for HD map 

  

2. Materials and Methods 

2.1. The Mathematic Calculation for Creating an 
HD 3D Map 

For creating the HD 3D map, Biber et al. 
introduced the Normal Distributions Transform 
(NDT) scan matching method by using point cloud 
and divided it into a uniform grid [11]. Each voxel 
(cell) uses the mean and distribution of the sub-point 
cloud assigned to it. After that, this algorithm was 
developed by Takeuchi et al to enhance the scan-
matching by adding the dual resolutions of NDT [12]. 
In this manuscript, we applied the same technique 
with Takeuchi, the equation shows below: 
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E(X,t) represents the matching or the well-
aligned. 

A high value of E(X,t) means both the input 
cloud and the reference map are well aligned. 
Newton’s nonlinear function optimization is utilized 
to find t such that E(X,t) is maximized. Therefore, we 
minimize the function f(t) = −E(X, t).  

The parameter t will be updated using: 

1 newt t H g−= −                                          (5) 

where g and H are the partial differentials and 
second-order partial differential of the optimizing 
function f. 

Basically, without IMU, the t parameter will be 
estimated through equation (5), which is not 
considered about the z-axis (the normal global 
positioning system doesn’t have z-axis information). 
Furthermore, with the high frequency from IMU, the t 
parameter will be updated more often. The processing 
data was shown in Fig.5. 

2.2. Data Acquisition System and Test Area 

• Data acquisition system 

For data logging (Fig.6), a hard-ware system 
was created by:1/an SUV vehicle; 2/ The LIDAR 
sensor that has a measurement range up to 100m with 
a range accuracy of ± 3cm and a vertical field of view 
from +15˚ to -15˚. The rotation rate can be adjusted 
from 5 to 20 Hz; 3/ Real-time kinematic (RTK): The 
GNSS system namely Piksi-Multi evaluation kit with 
high accuracy; and 4/ IMU namely Xsens Mti-G-710 
with gyroscope range +/- 450 degrees/s with bias 
stability 10 degrees/hour. 

All of the signals from IMU, LIDAR, RTK will 
be processed through a high specification computer 
by using Robot Operation System (ROS). All of the 
mathematic for scan matching was done in the ROS.

 

 
Fig. 5.  Data process on ROS 
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Fig. 6.  Data acquisition system.

• Testing area and strategy 

 
Fig. 7.  Testing area. 

 
In this study, we collected data at Phenikaa 

University (Fig.7), which is located in Hanoi, 
Vietnam with two scenarios: 1/ Inside the campus of 
Phenikaa University; and 2/ The campus and the road 
in front of the campus with the overpass. 

3. Results 

3.1. Data Collection 

The data collected show very good performance 
with clear data (Fig.8), especially for the LIDAR 
signal. All of the data will be input to the ROS and 
process the NDT algorithm for scan matching and 
then create the HD map with two cases: with and 
without IMU by removing the IMU topic. 

 
Fig. 8.  Creating the map. 
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3.2. Map creation inside the Phenikaa University 

 
Fig. 9.  A view of Phenikaa University. 

Phenikaa University is located in a flat area, 
south-west of Hanoi. The University just rebuilding 
all of the facilities so the road condition is good 

(Fig.9). There is not much vibration when the vehicle 
moves with low speed for mapping creation. 

The NDT shows very good performance with a 
high density of point cloud in both case with and 
without IMU. However, while zoom some parts in 
detail, the map creation is shown some error while 
matching the scan point in case of without IMU 
(Fig.10). 

In Fig.10, the overview of the HD map shows 
almost the same due to the flat area, and the vehicle 
moves slowly. However, at some corners, there is 
some vibration exit and it may make the scan 
matching work not so well. In this case of local 
closed-loop street mapping, both methods with and 
without using IMU data were able to deliver a usable 
point cloud of the area, as shown in Fig.10. However, 
as we zoomed up to the detail of each point cloud 
data, matching errors were found on the building’s 
walls in the case of not using IMU data. 

 
Fig. 10.  Map creation inside the campus.
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3.3. Map Creation Outside the Phenikaa University 

In this case, a long straight main road with no 
closed-loop was chosen.  There is an overpass in one 
ending of the testing area, which offers a large-
altitude change in point cloud data. Moreover, there 
are not many marks on the overpass, which makes it 
more challenging for the 3D matching without using 
IMU. Fig.11 shows very clearly in detail the effect of 
IMU, as we zoomed up to the detail of each point 
cloud data, matching errors were found on the side 
view, overpass in the case of not using IMU data. 
Furthermore, a clear and shaped point cloud was 
delivered in the case of using IMU data during point 
cloud generation. On the contrary, in the case of not 
using IMU data, only unusable data was formed. In 

this data, although the top-view of the main road part 
seems to be similar to the 2D-map shape, there were 
still matching errors on the building’s wall, which is 
similar to the first strategy case when closely looking 
into detail of the point cloud. Besides, the side view 
of the point cloud shows that the main road is bent 
during the point matching process, which makes the 
height of the road changed incorrectly when 
comparing with terrestrial data.  On the other hand, 
the NDT-matching method also failed to generate the 
detail of the overpass part of the main road where the 
logging vehicle’s altitude is suddenly changed. In 
conclusion, IMU is found to be an essential 
secondary sensor that provides stable performance for 
a mapping system. 

 
Fig. 11.  Map creation inside the campus.
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4. Conclusion and Outlook 

The revolution for transportation namely 
autonomous vehicles can make a significant change 
such as reducing accidents and congestion will be real 
soon by overpassing many technical challenges [13]. 
One of the key for autonomous driving in the city is 
HD maps, which is used for accurate localization 
[14]. Here, a novel creating the HD maps as well as 
the effect of the IMU sensor on the making HD map 
in Vietnam was shown. Basically, IMU, which is an 
electronic device that measures the orientation based 
on accelerometers, plays a very important role in 
navigation such as using with global position system 
to calculate EKF [15]–[17]. At this time, the result 
also indicated that IMU has a strong influence on 
creating HD maps. By collecting the information of 
x,y,z axis, the IMU can help the scan matching 
algorithm remove the noise as well as enhance the 
accuracy by giving exactly the altitude, which is 
necessary for the vehicle while running in a non-flat 
area. 

To make autonomous level 5 happened shortly, 
we still have to overcome a lot of challenges not only 
inside the vehicle but also the facility preparation. 
However, with the revolution of the sensors, the 
computer, the algorithm, we believed that the 
autonomous vehicle will be a key point for changing 
the society in near future. 

The map plays a very important role in the 
autonomous vehicle especially for path planning and 
localization. In this manuscript, the effect of IMU on 
the creating map has been shown. The results 
indicated that without IMU, the map creation may 
have a lot of effects such as cloud noise, incorrect 
potion, burry. It may help other researchers have a 
deep looking into the design system and move 
forward to make autonomous vehicles happened. 
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