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Abstract 

This project aims to accomplish indoor unmanned drive with KUKA as moving platform 

and Lidar as 3D sensor. Autoware is utilized as software platform while Rviz is 

implemented as simulation tool during the whole project. Autonomous movement 

requires the robot itself to do path planning, collision avoidance, guidance and 

navigation, which are the main objective functions to develop in this project. To be 

specific, the whole project can be divided into four parts which are: 

1.Localization

2.Path finding and clustering

3.Path tracking and autonomous control

4.Integration

Therefore, first we will introduce the motivation, commercial applications as well as 

specific objectives and missions. Then literature review and background information of 

each separate part will be provided, followed by technical content, which contains 

specific process, details and codes. Some experiments have been designed and conducted 

to test the operability as well as the accuracy. In the end, conclusion will be given 

together with discussion and further development. 



Introduction 

1. Motivation of this project

For the past hundreds of years, people have interest in making a robot. Accompany with 

the development of the computer and automatic technology, robotic technology becomes 

mature. Meanwhile, 5G and Artificial Intelligence are also developing at a very fast 

speed. All of these fundamental technologies can help to achieve autonomous technic. 

So, we try to combine these two concepts and focus on robotic navigation. 

Meanwhile, the application of robotic navigation is easy to be commercialized. For 

example, the express industry in Mainland China thrives, but most of the companies’ 

profit model is still based on demographic dividend (the company can hire courier at a 

relatively low cost). In the future, aggravating trend of the aging population can change 

the industry and our indoor robotic navigation system can provide another method- 

“robotic courier” to greatly decrease their cost. (As time pass by, the fertility rate is 

continuously decreasing. However, the proportion of population ages over 65 is 

increasing. So, the aggravating trend of the aging population is more and more intense in 

China. The Labor cost will also increase and the profit model which is still based on 

demographic dividend should be changed) 



(Fang,2015) 

The case of aging is not limited to China. The astonishing trend of aging population exerts 

great pressure on the labor-intensive mode of manufacturing. Beyond the scope of 

manufacturing, service industry suffers from the identical shortage of labor force. For the 

case of Japan, the working-age population shrinks from the peak at 80 million to 70 million 

in twenty years. The time span is counted from the 90s in last century to present time. 

Based on the approximation, the working age population will further downgrade to the 

level less than 50 million. Since the population in Japan is 1.2 billion nowadays, the 

approximation is terrifying (Takahashi,1999). The severe trend is not limited to Japan. 

European Union, the coalition led by developed countries, encounters similar threat (See 

appendix). 



(Takahashi,1999). 

Automation is one of the solutions to the shrinkage of the labor force. Research and 

development on the automated substitution of human force have already begun and 

becomes the souring area of investment. Autonomous driving, one of the automated 

applications in the service industry, is the main focus of the project. 

In the project, three main streams of autonomous driving (localization, path-planning and 

path tracking) will all be mentioned and analyze comprehensively. The interaction among 

dependent subsystems, error encounter and underlying potentials of the program will be 

included.  

The project aims not only demonstrates the devotion of group members but also attempts 

to inspire the reader of the report 



2. Commercial application

Autonomous driving has the tremendous market in the future. According to Techsci 

research report published in 2015, the semi-autonomous car will be the fastest growing 

section in next 10 years. In 2025 and 2035, the full-autonomous car will be the dominant 

sector (Mathew,2015). In addition, Asia-Pacific region will be the largest market of an 

autonomous car in the world. Hongkong will be an ideal metropolis to conduct relative 

research.  

The scope of the driverless car should not be limited to private cars. Business cars, 

included haulage system, forklift, trucks and mining vehicles, are ideal for the application 

of autonomous driving technology. Tesla ’s semi-autonomous electric driverless trucks, 

accompanied by the auto-pilot system consists of GPS, camera, and radar causes huge 

impacts in industry. Autopilot system enables the adjustment of speed, detect obstacles 

and applying brakes. Though autopilot system still demands drivers for accident 

avoidance, driverless car has the great market potential for fully replacing drivers in 

future. 



3. Specific project introduction

The robotic problem can be roughly divided into three parts: Where am I? &Where will I 

go? &How to go? 

Localization 

In this part, the question “where I am?” will be introduced. Localization is an important 

part of the whole navigation system because its accuracy can greatly influence path 

planning and then influence the performance of the whole system. By using LiDAR 

sensor, the robot can get a large quantity of environment information. Then, applying 

some probabilistic robotics theory and algorithm can help predict the current pose. 

Combining with the pre-made pcd map, localization output can be more accurate.  

Cluster and Path Finding: 



The path planning involves the part of object identification by applying mathematical 

algorithms. Then, based on the object identification and stratification, the edge of the 

zone for the blockade avoidance is decided. Accompany with the construction of the 

map, navigation set will integrate the blockade information and derives the path for the 

robot to follow. The part of path planning aims at resolving the issue of object avoidance 

and ideal path design for the robot. 

Path tracking: 

The mission of this part is to do the path tracking and autonomous control for robotics in 

indoor environment. Furthermore, simple path planning is needed to avoid obstacles in 

the pathway. Path tracking and autonomous control are fundamental problem that need to 

tackle in navigation for robotics with lots of movements. With both environment 

perception and clustering being finished, robotics need to conduct path tracking and 

control to implement the required task. 

4. Overall objectives

The project aims at utilizing the knowledge related to robotic control, guidance and 

navigation. Some basic requirements are required to be achieved: Path planning, collision 

avoidance, guidance and navigation. 



5. Specific objectives

5.1 Localization 

Apply the relative coordinate system to confirm the whole system uses the same 

coordinate system. 

Use LiDAR to scan the indoor experiment region beforehand and generate high precision 

map 

With the help of Autoware platform to achieve SLAM and generate the topic which 

contains constantly localization coordinate 

5.2 Clustering and navigation 

Cluster the point into certain group by Euclidean cluster. 

Extract the centroid from each clustered group. 

Complete the part of conversion from 3D to 2D mapping 

Connect the part of clustering to the path planning function. 

5.3 Path tracking and autonomous control 

Be familiar with KUKA youbot and able to control it. 

Design path planning method 

Finish and implement packages and topics in KUKA’s ROS system 

5.4 Integration 



Use switch and Ethernet cable to build a LAN and finish the ping test in relevant 

computers. 

Use topic to achieve multi-computer connection in ROS system. 

Evaluate the system that can meet the accuracy and stability requirement. 

6. Specific planning

Stage Period Detail (localization/Detection and path planning/Path 

tracking and control） 

Be familiar with the 

project background 
04/09/2017 to 

04/10/2017 

Read some literature material. (ndt, Monte Carlo 

Localization) 

Be familiar with Ubuntu & ROS. 

Adjust the software environment. 

Know about the hardware. (LiDAR, Kuka robot) 

Literature material. (K means, DCDC, SVM ) 

Construct the software system 

Adjust the software environment.(Ubuntu, ros)  



Literature review on PID controller. 

Install Ubuntu system and some other software. 

Practice on Ubuntu system. 

Try to complete the 

whole procedure 

roughly 

04/10/2017 to 

31/10/2017 

Install the Autoware and be familiar with inner 

packages  

Autoware installation. Mainly focuses on the processing 

of euler cluster. Try to install the bounding box in the 

process. 

Get access to KUKA youbot. 

Follow the tutorials of the guide book. 

Learn the codes in the KUKA packages. 

Use LiDAR to map 

the final 

demonstration field 

31/10/2017 to 

14/11/2017 

Use LiDAR to map the final demonstration field. 

Improve the open code method to fulfill specific 

accuracy. 

Use the mapping data to run the program. 

Mainly try to test the former rough procedure. 

Analyze the code. 



Balance the workload and unify the work process. 

Investigate path finding algorithm (A star) 

Build a base for the Lidar. 

Modify the packages in KUKA youbot to achieve some 

functions. 

Build my own executable packages. 

Conclude the topics and messages we need to use with 

my teammates. 

Make a connection 

with other group 

members 

14/11/2017 to 

22/12/2017 

Mainly try to test the former rough procedure. 

Balance the workload and unify the work process. 

Integrate clustering method with the centroid 

publication method for path planning. 

Finish the interim report. 

Continue learning C++ language and ROS system. 



  

  

Make a connection 

with other group 

members 

  

  

  

22/12/2017 to 

02/01/2018 

Mainly try to test the former rough procedure. 

Balance the work load and unify the work process. 

Try to install the LiDAR fixer. 

Start to integrate the centroid publication ,localization 

and path tracking. 

Try pathfinding ( A star) method 

Finish up the point cloud tutorial 

Finish building my own packages. 

Learn necessary contents from my teammates to 

prepare for the integration. 

DO some simple testing about KUKA. 

  

Test in the real 

situation(parts) 

  

02/01/2018 to 

30/01/2018 

Basing on the experiment performance, further improve 

the accuracy of the system. 

Try to finish up the integration of path finding and 

clustering. 

Balance the workload and unify the work process. 



Test in the real 

situation(parts) 

30/01/2018 to 

28/02/2018 

Focus on integration. Start to consider alternative 

methods to integrate the parts 

Testing focuses on the stability. 

test the path planning algorithm  in the project. 

Integrate the overall programs. 

Start to finalize the parameters and test on the KUKA 

youbot. 

Finish all the new 

program work and 

hardware installation 

28/02/2018 to 

28/03/2018 

Design and finish the ping test, topic test and final test. 

Finish the multi-computer communication. 

Checking for deficiencies and correct whether 

something wrong. 

Design field tests. 

Collect necessary data and make videos. 

Cooperate with partners to finish indeed test. 



Final preparation and 

adjustment 

28/03/2018 to 

Deadline 

Pay more attention on paper writing and demonstration. 

Regularly check the system. 

Organize the useful data for next year student. 

Conduct field tests. 

Finish final report. 

Equipment: 

Personal computer: 

 CPU: Intel i5-4200U

 Operating system: ubuntu 14.04 indigo

 Mother board: Dell 0T3T8M (Intel Haswell-ULT - Lynx Point-LP)

 DDR SDRAM:  12 GB (Hynix DDR3L 1600MHz)

 Hard Disk: Seagate ST500LT012-1DG142 (500 GB / 5400 rec/min)

 Video card: Nvidia GeForce GT 750M (2 GB)

 Network card: Intel Dual Band Wireless-N 7260



LiDAR: 

Kuka: 

KUKA youbot is widely used in many industrial applications and in this project, we will 

mainly use its base as a mobile platform. The operating system of KUKA is ROS (Robot 

Operating System). In the KUKA for this project, the ROS version is Hydro 12.04, which 

makes it difficult to install packages of other versions. Due to the version problem and 

the low-performance of the internal computer, we decide to use the external computer 

and the switch for communication. What needs to be emphasized is that KUKA has four 

omnidirectional wheels, which makes it easy to control its direction instead of 

considering the steering angle. The dimension and computer parameters of KUKA are 

introduced below: 



A = 74.87 mm B = 100 mm C = 471 mm D = 300.46 mm E = 28 mm (max diameter of 

the roll ) 

CPU : Intel Atom D510 Dual Core 1.66 GHz 

RAM : 2 GB; SO-DDR2-667 200PIN 

DC Input : 12 V 

Total weight: 20kg 

Load: 5kg 

Runtime: 90mins 



Literature review 

1. Localization 

1.1 background 

Localization is an important part of the whole navigation system because its accuracy can 

greatly influence path planning and then influence the performance of the whole system. 

It is easy to understand because localization part should pass data to path planning part. If 

the initial data is wrong or inaccurate, the final performance cannot be good. 

Nowadays probabilistic robotic is popular and our situation matches with it. So, most of 

the theories and ideas comes from it. First, some basic idea about probabilistic robotic 

will be introduced. Then, methods will be selected according to our specific situation. For 

example, relevant algorithms such Monte Carlo localization, MARKOV Localization and 

NDT-MC Localization will be introduced and I will explain which algorithm will be 

chosen and why it is the best choice.  

Why localization problem is difficult 

first of all, the computer needs time to calculate the data. Even though the modern 

computer is very high technical, LiDAR map contains lot quantities of data compared 

with the traditional sensor, so the Time-consuming cannot be ignored（Thrun, 2005）. 

In the other aspect, if the robot only uses the inertia surveying system, fraction and 

skidding cannot be avoided. With time going on, the error will grow and become 

inaccurate. So, the device needs more detail information to correct the localization. 

 



How to achieve it 

The objective is touchable because of these following reasons. First of all, the noise is 

predictable. After analyzing the predicted data, we can module a conditional probability 

density. The main idea comes from the Probabilistic Robotics（Thrun, 2005）. 

This is the basic algorithm of the noise prediction. Noise can be divided to hit, short, max 

and rand. (Hit: Correct range with local measurement noise; Short: Unexpected objects; 

Max: Failures; Rand: Random measurements) 

Figure 6The basic step of beam range finder model 

1.2 SLAM (Simultaneous Localization and Mapping) 

SLAM problems are difficult because robot neither has the map nor has position. (Thrun, 

2005) Without enough support information, almost all of the decisions are made by the 

robot itself.  Because it is difficult, SLAM is only used in mapping generation part but 

does not use it in the localization(ndt_matching) in the project. Meanwhile, Autoware 

platform contains the part and I can directly use it, so I do not focus on SLAM. 



1.3 Map 

According to the Probabilistic Robotics, map is a list of objectives and it can be divided 

into many branches depending on its characters such a Feature-based map and Location-

based map（Thrun, 2005）. High-precision map is also important in localization part. To 

achieve getting the relative pose, the system needs a coordinate and reference frame. 

Meanwhile, LiDAR detection has accuracy advantages, so we use LiDAR making a 3D 

high-precision map to achieve a relatively high accuracy performance. 

The map which is made by LiDAR is point cloud map. Comparing with the traditional 

map, it is more accurate and reliable. However, it also contains more information and 

needs more computer power to run it. In the project, the LiDAR will storage it’s scanning 

information and storage it in bag file. Some algorithm is needed to transfer it to pcd file. 

1.4 Localization algorithm selection 

Localization is a big topic and it also can be divided to many sub-topics. A lot of existing 

algorithms can solve the localization problem. According to the specific situation 

environment and accuracy demand, methods can be chosen to achieve localization. 

Real situation that our project will face is that 

i. Demo environment is indoor. So, there can be less unpredictable factor. We do

need to solve a large quantity of noise because Some noise can be avoided (such

as sun, atmosphere pressure difference, temperature difference)



ii. The environment can be seen as a static environment. The objective require that

all of the objects are static.

iii. Do not need to consider the rotation pose. In localization part, the output should

include x,y,z, pitch, yaw, roll and these factors can indicate the pose of the robot.

Because Kuka robot can translate left and right, we only need to consider x,y.

iv. Need relative high accuracy (because of the area and robot size)

Alternative algorithms 

MARKOV Localization 

MARKOV localization transforms a probabilistic belief at time t−1 into a belief at time t 

and the initial belief, bel(x0) reflects the initial knowledge of the robot’s pose. 

Meanwhile, point-mass distributions are discrete. therefore, do not possess a density. The 

algorithm makes decision depend on the data which is generated by multiplying its belief 

bel(x0) by p (zt | xt,m). It can be applied on almost all situation. 

EKF Localization 

EKF Localization is a special case of Markov localization. It represents bel(xt) by their 

first and second moment: mean µt and the covariance Σt.  



It also transforms a probabilistic belief at time t−1 into a belief at time t same as 

MARKOV. (input a Gaussian estimate of the robot pose at time t − 1, with mean µt−1 

and covariance Σt−1) Because it is a second order algorithm, it need more calculation 

power which can cause delay. So, it cannot consider so many features and need to bound 

to a limited parametric subset of distributions. It the other word, it cannot be used in the 

situation that has a lot noisy and error (because Tayler is used to approximate µt and Σt) 



According to our specific situation, we choice Monte Carlo localization method because 

of these following reasons: First, Monte Carlo Localization is the most popular 

localization algorithm in robotics. So, a lot of open code reference is available, and we 

have many learning materials. Comparing with other algorithms such as MARKOV 

Localization, it represents the belief bel(xt) by particles (more particles means high 

belief). It means that high belief place always correspondence high particle density

（Thrun, 2005）. 

However, particle density can cause large calculation even though it can increase the 

accuracy by increasing the total number of the particle（Thrun, 2005）. Meanwhile, it 

cannot recover from robot kidnapping. In the localization process, it needs LiDAR and 

Odom work together to fulfill the requirement which is a little bit complex. After 

consulting with our supervisor, another algorithm- NDT-MCL Localization method 

(Normal distribution transform) which is a brand of MARKOV Localization was found. 

NDT-MC Localization method (Normal distribution transform) can generate many 2D 

maps and integrate them to a 3D map instead of matching each particle. Generate many 

2D maps and integrate them to a 3D map (only need to match the surface). So, NDT 

localization can decrease the computation and increase the reaction speed in some way. 

Another reason is that NDT-MC Localization does not need Dead Reckoning(Odom). It 

can decrease my partner’s work load. With the help of literature information, the rough 

direction can be found. Follow the hint, a powerful platform-Autoware was found. The 

Localization part in it is mainly basing on NDT-MC Localization method. 

 



1.5 Autoware platform (open code) 

 

Autoware is an open-source software for urban autonomous driving, maintained by Tier 

IV. It contains following functions: 3D Localization,3D Mapping, Path Planning, Path 

Following, Accel/Brake/Steering Control, Data Logging, Car/Pedestrian/Object 

Detection, Traffic Signal Detection, Traffic Light Recognition, Lane Detection, Object 

Tracking , Sensor Calibration, Sensor Fusion , Cloud-oriented Maps , Connected 

Automation , Smartphone Navigation, Software Simulation, Virtual Reality. 3D 

localization, 3D Mapping and simulation can be used in our project. In the project, we 

will use it to achieve our objectives. 

2. Clustering and navigation  

2.1 Pathfinding 

2.1.1 Dijkstra Algorithm 

Path planning includes several ways. One way is called Dijkstra algorithm. Dijkstra 

algorithm calculates the distance between a starting point of the vehicle and the 

destination of the vehicle. First, we can assume that there are several nodes between the 

starting point and the destination. There are different weights between nodes. Usually, the 

weights can be assumed as the distance. If the distance is longer, the weights can be 

higher, so does vice versa.  Dijkstra algorithm will compare the distance between each 

node and select the one with the shorter distance, or lower weight. 



 

 

We assume that there is the function called G, which represents the point we have visited. 

Starting node is called V. U represents the node we have not visited. S is the interim 

summation of weights. 

 

As shown in the graph, the starting node is 1 and the final node is 6. Initially, G only 

includes node V, or node 1. Then, selecting from U, nodes of  4 and 5 should be excluded 

from the consideration, the rest of points should be considered as nearby nodes and 

comparison process starts. During the comparison, we calculate the interim sum, node 4 

is 11, node 3 is 9 and node 2 is 8. We select next node with lower weights, or shorter 

distance, which is node 2 with the interim sum of 8.. Now, G include point node 1 and 

node 2. Node 2 is removed from U. Then, from node 2, we repeat the process of 

comparison and interim summation. Interim summation from node 2 to node 3 is 18. 

Comparing with the previous interim summation to node 3, which is 9, the interim sum of 



the 1 st round is lower than that of the second round, 17>9. The interim sum of node 4 is 

22.  The summation is Repeating the process of comparison, we can have the interim 

weight of 20 at point 5, which is the shortest distance. 

 

By using Dijkstra algorithm, we can find the shortest distance between staring node and 

final node. However, Dijkstra algorithm is time-consuming, we need an alternative 

solution. 

 

 

2.1.1 A* Algorithm 

 

A star algorithm aims at finding the least value of f. f consists of two components: path 

cost function g(x) and h(x) as the heuristic function. 

f(x) = g(x) + h(x) 

We can assume cost as the distance. g(x) is the summation of cost from the starting 

position, or node, to the current node （Wu,Zheng,Lai &Suen,2015）. h(x) is the 

heuristic function, which is the estimated cost from the current node to the end node. In 

the example, we can assume that the cost of moving parallel to x and y axis is 1 and 

assume that the cost of diagonal movement as 1.4141…., since root of the summation of 

the square of x and y unit, which is 1, is 1,4141.  



 

g(𝑥) = ∑ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑐𝑜𝑠𝑡) ℎ𝑎𝑣𝑒 𝑚𝑜𝑣𝑒𝑑 

 

For the part of heuristic function, there are several methods for computation. The most 

widely used method is Manhattan distance. Manhattan distance calculates the summation 

of the absolute value of difference between location of x at current node and that of the 

compared node with the difference between location of y at current node and that of the 

compared node.  

 

h(x) = ∑ 𝐷 ∗ 𝑎𝑏𝑠(𝑛𝑜𝑑𝑒. 𝑥 − 𝑔𝑜𝑎𝑙. 𝑥) + 𝑎𝑏𝑠(𝑛𝑜𝑑𝑒. 𝑦 − 𝑔𝑜𝑎𝑙. 𝑦) 

 

Manhattan distance has drawbacks. The most serious drawback is that Manhattan 

distance only accepts the movement parallel to x and y axis. Therefore, we might choose 

Euclidean distance instead. 

 

Euclidean distance follows some steps of h(x), but still has some differences 

 

function Heuristic = 

dx = abs(node. x − goal. x) 



dy = abs(node. y − goal. y) 

distance = D ∗ sqrt(dx ∗ dx + dy ∗ dy) 

 

Euclidean distance returns the square root of dx square and dy square, which means 

diagonal movement is possible. Diagonal movement is similar with the real condition. 

 

(a) Manhattan Distance 

 

 

 

 

 

 

(b) Euclidean Distance 

 

 

 

 

Then, h(x) will combine with g(x), the summation of the distance that the vehicle has 

already moved, and we can get f(x). D is the factor that we can adjust for the speed of 



finding the path. If D is larger, the heuristic function will be more influential, which 

means g(x) is less influential. If h(x) is larger, pathfinding function will mainly follow the 

estimated path and the speed is faster, but we may not find out the shortest path from start 

node to the end node. If D is larger, opposite outcome will occur. g(x) will dominate and 

the algorithm will degrade into Dijkstra algorithm. 

2.2 Clustering 

 

2.2.1 K means Clustering 

 

K means cluster is one of the major clustering methods that requires no learning, which is 

different from the classifier. We do not need to classify the member into specific 

categories. Instead, we need to cluster the unlabeled points into coherent subsets. 

 

There are two steps for K means algorithm. The first step is the cluster assignment step. 

Next step is the cluster centroid rearrangement. First, we specify the clustering centroid 

and cluster points that are closer to the preset centroids into groups. In the step of cluster 

centroid rearrangement, we calculate the mean value of the points in each clustered group 

and move the centroid to the calculated mean. Then, we repeat the 1st step and 2nd step 

until points in the clustered group converge.  

 

Mathematical Steps can be written as follow. 



1. Input: point set {x1, x2, x3 … … . . xn} 

2. We randomly select the μ1, μ2 … . μk as the clustering mean 

3. cluster the points to the nearest μk 

4. c(i) = min‖𝑥(𝑖) − μk‖2 

Should be aware that μk in the 4th step is the mean of the points in the cluster. The 

resulted c(i) is the index that the cluster k where x (i) is assigned for. 

5. Calculate the mean 𝜇𝑐(𝑖)  based on the value of x with the same c(i) in the cluster k, 

where k=c(i) 

6. Repeat 4th and 5th step. 

 

 



In the graph (a), green data indicates points scanned. In the graph (b), we randomly 

assign two centroids μ_1  and μ_2, labeled as red and blue in the graph. Then, apply the 

formula stated in the 4th step. x(i) point will be assigned to the cluster k with the 

minimum with the distance. The targeted cluster k of point x(i) is stored in the index c(i). 

For instance, if c(1)=2, that means point x(1) is assigned to the cluster number 2. The 

computing result is shown in graph c. Then, we calculate the mean μ_(c(i)), which is 

based on the points x(i) clustered in the clusters with the index value c(i). We repeat the 

process of assigning points to cluster and calculation of new mean points. Finally, the 

cluster will reach the equilibrium, which indicates both cluster and cluster centroid will 

be fixed. The state of the clustering is calculated based on the distortion cost function. 

 

The J indicated the average square distance between point x(i) and cluster 𝜇𝑐(𝑖). In 

general, the J will decrease continuously until it reaches the constant value. 

 

K means is useful but still has some drawbacks. One of the major drawback is that the 

initial clustering centroid need to be preset, but most of the cases that require clustering 

involves points with preset value.  

 

2.2.2 Euclidean Cluster 



Euclidean cluster is the special type of Euclidean cluster, which contains the kernel. The 

kernel of Euclidean cluster involves the conjugate and defines in the complex space, 

which is different from the traditional kernel. Euler kernel is a matrix. Each element of 

the matrix in (j,q) form is calculated based on Kernel matrix Gjq=Φ𝑇Φ. Φ =

{ ϕ1, ϕ2 … . . ϕn} 

 

Gjq =
1

2
∑ cos (𝛼𝜋(

𝑑

𝑐=1

𝑥𝑗(𝐶) − 𝑥𝑞(𝐶)) − 𝑖
1

2
∑ sin(𝛼𝜋(

𝑑

𝑐=1

𝑥𝑗(𝐶) − 𝑥𝑞(𝐶)) 

 

Big letter C represents the number of clusters. Small letter c represents the cluster that the 

point set x(i) locates. d is the number of dimensions ( Wu,Zheng, Lai &Suen,2015）. 

 

The mapping function 

ϕ transforms the d dimensional real space into d  dimensional complex space. 

ϕis the mapping function.The mapping function is the key component in the kernel.  

 

ϕ(xj) =
1

√2
𝑒𝑖𝛼𝜋 =

1

√2
(cos(𝛼𝜋𝑥𝑗) + 𝑖𝑠𝑖𝑛(𝛼𝜋𝑥𝑗)) 

 

Since Euclidean cluster is the special type of K means. determination of distance between 

points and centroid of cluster is necessary. 



 

d(ϕ(xj), ϕ(xq)) = ‖ϕ(xj) − ϕ(xq)‖2 = ∑(1 − cos(𝜃𝑗(𝑐) − 𝜃𝑞(𝑐)))

𝑑

𝑐=1

 

 

The mean of the cluster mc can be determined from  

 

mc =
1

√2
(𝑎 + 𝑏𝑖) 

 

a =
1

𝑛𝑐
∑ cos (𝛼𝜋𝑥𝑗)

𝑥𝑗𝜖𝑔𝑐
 

b =
1

𝑛𝑐
∑ sin (𝛼𝜋𝑥𝑗)

𝑥𝑗𝜖𝑔𝑐
 

 

gc cluster includes the xj points. Since we have distance and mean functions, we have to 

converge the data set, or letting the points to fix in the cluster by minimizing the error. 

The distortion error f is 

 

f = ∑ ∑ 𝑈𝑗𝑐

𝑛

𝑗=1

𝐶

𝑐=1

𝑑(𝜙(𝑥𝑗), 𝑚𝑐) 

 

𝑈𝑗𝑐 = 1 if the point xj belongs to gc. 𝑈𝑗𝑐=0 is the point xj does not set in gc. 



Algorithm can be written as follow. 

（Wu,Zheng,Lai &Suen,2015） 

3. PID controller

PID controller: In this project, knowledge about control system is required and PID 

controller, which stands for the proportional-integral-derivative controller, will be briefly 

introduced in this section. PID controller is widely accepted in industrial applications 

because it is able to compensate a variety of practical industrial processes. Although with 

the development of the automatic control, there are more options for control schemes, yet 

more than 90% of industrial controllers are still implemented based around PID 

algorithms, particularly at lowest levels (W. S. Levine, Ed. Piscataway, NJ: IEEE Press, 



1996). In this section, I will introduce the basic knowledge, tuning methods as well as 

tuning objectives of PID controller. 

 

 

3.1 PID controller Introduction 

PID controller consists of three terms: proportional term, the integral term, and derivative 

term. The function of proportional term is to provide an overall control action 

proportional to the error signal. The integral term is the sum of instantaneous error and 

aims to reduce the steady-state error. The derivative term is related to the slope of the 

error over time and aims to predict the system behaviors. The S domain function of PID 

controller is given below: 

G(s)=Kp +Ki *1/s +Kd*S 

The following picture shows the time-domain function, which can be transferred to S-

domain function by Laplace Transfer. 

As these three terms change, many parameters in the control system will change 

correspondingly. The following table shows the influence of these three terms to the 

closed-loop response. 

  



Closed-loop 

response 

Rise time Overshoot Settling 

time 

Steady-state 

response 

Stability 

Increase Kp Decrease Increase Small 

increase 

Decrease Degrade 

Increase Ki Small 

decrease 

Increase Increase Largely 

decrease 

Degrade 

Increase Kd Small 

decrease 

Decrease Decrease Minor change Improve 

  

 

3.2 Some special situation 

There are some special cases for the control system if some terms are not chosen 

properly. One case is called integral windup. Integral windup happens when the process 

variable is larger than the maximum range limit or lower than the minimum ranger limit. 

This may cause by the wrong selection of proportional or integral term. When this case 

happens, the future correction in the control system will be not be processed until the 

saturation is over. Currently, nearly all software packages and hardware modules have 

implemented some form of integrator anti-windup protection. (Kiam Heong Ang, Chong 



and Yun Li, 2005) One general method is to add an anti-windup term by modifying the 

integral term to: 

 

where U'(s) represents the saturated control action and ᵧ is a correcting factor. Usually, 

when ᵧ is in the range of [0.1, 1.0], the whole system may perform well. 

Generally, the derivative term will improve the stability because it can provide a phase 

lead to offset phase lag which is caused by integration. However, the derivative term may 

destroy the stability because of the sudden and large charge of the output. Noise from the 

environment can also result in the instability. Thus, remedies are needed to improve the 

performance of PID controller. One method is to average the process variable through a 

low-pass filter. The following equation is a common filter where β is usually between 8 

to 16: 

 

Modifying the whole structure can also eliminate the sudden and large change in the 

output. Two samples are given below: 

  



Furthermore, adding a non-singular median filter can also prevent the sudden change. 

The filter will compare the neighboring data points and select the median as process 

variable. 

 

3.3 Tuning objective 

 

The control system should meet several requirements so that we can regard it as good 

performance. Tuning objectives are given below: 

1. stability robustness; 

2. set-point following and tracking performance at transient, including rise-time, 

overshoot, and settling time; 

3. regulation performance at steady-state, including load disturbance rejection; 

4. robustness against plant modeling uncertainty; 

5. noise attenuation and robustness against environmental uncertainty. (Kiam Heong 

Ang, Chong and Yun Li, 2005) 

 

3.4 Tuning method 

 

Since one term of the system may destroy the whole system, we need tuning methods to 

appropriately determine all the three terms. The most common manual tuning method is 



Z-N method. It increases proportional term to make the system oscillate. At this time we 

use the proportional term as Kp and the period time as Tu. Each term can be determined 

by the following table according to different control type: 

 

 

Control type Kp Ki Kd 

P 0.5Ku 

  

PI 0.45Ku 0.54Ku/Tu 

 

PID 0.6Ku 1.2Ku/Tu 3Ku*Tu/40 

Many tuning software have also been developed to gather the data, develop process 

models, and suggest optimal tuning. One of the best tuning software is called PIDeasy, 

which can support C++ and JAVA language and give a better result after tuning. 

 

4. Connection and integration 

 



In the part, most of work is practical and integration is a task orient task. So, it is not that 

necessary to do a lot of literature review in this part. In order to help you understand the 

methodology part, some definition about integration part will be provided. 

The network switch and LAN will be used to set up the multi-computer communication 

system.  

 

Network switch is a computer networking device that connects devices together on a 

computer network by using packet switching to receive, process, and forward data to the 

destination device. It will be used to build the multi-computer communication in 

hardware aspect. (Backplanes, O., & Cables, C,2014)  

Local area network (LAN) is a computer network that interconnects computers within a 

limited area. It will be used to build the multi-computer communication in software 

aspect. (Backplanes, O., & Cables, C,2014) 

The Robot Operating System (ROS) is a flexible framework for writing robot software. 

It is a collection of tools, libraries, and conventions that aim to simplify the task of 

creating complex and robust robot behavior across a wide variety of robotic platforms. 

The whole project is based on the system. (osrfoundation,2014) 

Topics are named buses over which nodes exchange messages. Topics have anonymous 

publish/subscribe semantics, which decouples the production of information from its 

consumption. In general, nodes are not aware of who they are communicating with. 

Instead, nodes that are interested in data subscribe to the relevant topic 

(osrfoundation,2014) 



 

Technical content 

1. Technical background  

1.1 Localization 

Autoware system is a powerful and updated tool comparing with other software which 

based on other algorithms, so we choose to achieve localization function based on the 

software.   

First of all, some installation and building software development environment procedures 

will be provided. The user only needs to follow the methodology step by step. After 

installing relevant dependence, platform and driver. How it works and how to operate 

them will be introduced. Then the output data will be introduced. Finally, simulation and 

test procedure will be explained. 

 

1.2 Clustering and navigation 

 

Navigation process of the robot can be divided into 3D or 2D. 3D navigation is more 

complex than 2D case because 3D case needs to consider centroids at a different height, it 

will add the complexity to the calculation and lower the speed of data processing. As the 

result, we select 2D instead of 3D to be the target. In the final year project, there are two 

methods applied. 

 



 

 

 

3D point cloud mode (senser_msgs::pointcloud) 

 

 

 

2D point cloud model (sensor_msgs::Laserscan) 



 

 

 

 

Mapping  

(navs_msgs::occupancygrid) 

 Costmap (costmap2D) 

 

 

 

   

 

Astar (odometry) 



 

 

Each parenthesis represents the output message of the block. In the beginning, we 

transform the point cloud, the basic 3D format of the data detected from the lidar to laser 

scan, the 2D format of blockade detected, which is presented in white dots. Then, we 

transform the laser scan message to the map. Before applying A-star algorithm, the cost 

of the step must be one of the input messages. As the result, through the processing of 

star,  the combination of grid map and cost map will produce the path of the shortest 

route that the robot follows.  

 

Another method is simpler than the method mentioned above. The detailed process is 

shown. 

Running bag  

 



 

 

 

Euclidean Cluster 

 

 

 

 

Extracting centroid 

 

 

 



Guidance 

 

 

The second method focuses on the extraction of the centroid from the Euclidean cluster. 

Based on the principle of Euclidean cluster, each cluster is based on the distance from the 

centroid identified. Therefore, each cluster will contain one centroid, though the cluster 

will shift with the number of iteration. After the extraction of the centroid, we assume 

that there is a cost area with radius R. During the application, if the robot enters the cost 

area, the robot will shift the direction and move out from the cost region.  

In each iteration, we have to ensure that the centroid is in the range of the map. 

 

1.3 Path tracking and autonomous control 

 

KUKA is a really powerful robot because in its source code, it has already programmed 

the controller for the base and some basic functions. We can easily use a joypad or 

keyboard to control its base to move vertically or horizontally. Its arm and gripper can 

also be controlled by a joypad or a keyboard, but we only focus on the base in this 

project. An example displaying command from a keyboard is shown below: 



 

 

 

There is a camera near the gripper, which can find certain shape of materials. Since Lidar 

is used as the sensor, we will not further explore it. Pictures showing its function are 

given below: 

 



 

 

To give Lidar the biggest degree for detection and avoid blocking too much sight of 

Lidar, we decide to settle Lidar at the back of KUKA and drive KUKA backward, which 

means in our case, left is right and forward is backward. For example, twist. linear.x = -

0.05 is moving forward and twist. linear. = -0.05 is moving left for this project. 

 

 

 

1.4 Integration 

In initial plan, all three parts will be integrated into one computer which is installed in 

Kuka. So, the useful part should be picked from Autoware and be transplanted to kuka. 

Then the problem occurs when the software is catkin_maked in kuka computer. Because 

the ubuntu’s version in kuka is hydro 13.04 which is not same as my PC’version (Indigo 

14.04), a lot of PCL version is not new enough to fulfill the localization requirement. 



First, I try to equip and update some missing PCL files by finding them in indigo ubuntu 

and pasting them to kuka ubuntu. But when the situation comes to the file “ndt.h”, the file 

is not readable. The problem is a very deep layer question which is also related to kuka 

develop problems. 

 

 

Meanwhile, the Autoware platform also require that the version of ubuntu should at least 

14.04. 

 

(Autoware platform software and hardware requirement ) 



After sending email to kuka company and confirming that the problem is difficult to 

solve, an alternative plan has to be chosen to solve the communication problem between 

Localization, Path tracking & control, and Detection & path planning. 

The rough idea is that different parts run on different computers. Topic in ROS and LAN 

can help achieve multi-computer connection. Comparing with integrating all parts into 

one kuka computer, multi-computer communication method owns these advantages: 

a.    The computer in Kuka is an obsolete model and it cannot fulfill algorithm 

requirement, but the external computer can provide enough computing power. 

b.    Indirectly solve the PCL version problem and provide the possibility to use 

Autoware platform which can greatly decrease the difficulty of the project. 

Meanwhile, the short coming is that net wire is required to deliver information. So, kuka 

has to drag the net wire when someone wants to use the system. 

 

Use router and WIFI 

Before considering use switch to achieve multi-computer connection, I used to try to use 

router and WIFI to achieve computer communication. The LAN structure needs at least 

two WAN. One is reserved for LiDAR and the other WAN responses to connect with 

Kuka.  Because of the limited number of WAN and network card of my computer, I 

abandon the idea. As I have mentioned, the whole system needs at least two network 

cards and two WAN. So, I come up with the idea that I can use the switch to achieve 



multi-computer connection. By using the system, I can achieve the communication 

requirement by taking a detour. 

Use switch 

Before introducing the whole system, defining the switch in advance is necessary. A 

network switch is a computer networking device that connects devices together on a 

computer network by using packet switching to receive, process, and forward data to the 

destination device. Meanwhile, local area network (LAN) is a computer network that 

interconnects computers within a limited area. 

 

 

(rough structure about the multicomputer connection) 

After introducing the hardware connection theory, some software theories will be 

introduced. According to ROS Wiki, roscore is a collection of nodes and programs that 

are pre-requisites of a ROS-based system. Having a roscore running is necessary to 

achieve ROS nodes’ communication. If we see all of the parts as nodes and roscore are 



responsible to the communication between these nodes, solving roscore problem cannot 

be avoided when the situation comes to multicomputer connection. 

In order to uniform standard, the master of roscore should be selected to command all 

parts in different computers. The subordinate roscore can use “export 

ROS_MASTER_URI=http:// ahren-Inspiron-7537:11311” code in terminal to 

communicate with master roscore and more information will be provided in methodology 

part latter. 

After trying many time, the sequence rules about roscore can be concluded as follow: 

a. first come first served 

b. One computer only can own one roscore in localhost. 

 

(it you repeat opening roscore, the error may occur) 



After completion of part of ndt mapping, which is used for localization, and Euler 

clustering, which is used for object classification, the combination of both function is 

achieved by placing those functions in Autoware, the platform used for autonomous 

driving. The basic flow chart is shown as follows: 

 

In the part of path tracking and control, we obtain current location from localization and 

centroid from Euclidean cluster. Then, we build up the cost area with radius R that 

encircles the centroid obtained from the cluster. If the robot moves into the area of 

inclusion, the robot will shift from the preset route and move out from the cost area.  

In the combination, the path tracking file receives location information and centroid of 

blockade simultaneously. The function will publish the current location of robot in 

parameter x and y, the velocity of the robot in parameter vx and vy and the block centroid 



presented in parameter block_x and block_y. In the function, only coordinate x and y are 

required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. Methodology  

2.1 Localization 

2.1.1 Relevant code explanation 

Because most of the code about localization was found in Autoware platform and it is 

really a complex system, I only pick some typical function and explain it to give you a 

rough idea about localization. 

 

Before explaining the code, some theories about coordinate should be introduced: x, y, z, 

roll, yaw, and pitch. Because x, y, z is easy to understand, they will be skipped. Roll, 

yaw, and pitch are three angles to describe the orientation of a rigid body with respect to 

a fixed coordinate system. (Imperatorskai, 2012) They can also represent the orientation 



of a mobile frame of reference in physics or the orientation of a general basis in 3-

dimensional linear algebra 

1. static void imu_odom_calc (ros::Time current_time) 

2. { 

3. static ros::Time previous_time = current_time; 

4. double diff_time = (current_time - previous_time).toSec(); 

5.  

6. double diff_imu_roll  = imu.angular_velocity.x * diff_time; 

7. double diff_imu_pitch = imu.angular_velocity.y * diff_time; 

8. double diff_imu_yaw   = imu.angular_velocity.z * diff_time; 

9.  

10. current_pose_imu_odom.roll  += diff_imu_roll; 

11. current_pose_imu_odom.pitch += diff_imu_pitch; 

12. current_pose_imu_odom.yaw   += diff_imu_yaw; 

13.  

14. double diff_distance = odom.twist.twist.linear.x * diff_time; 

15. offset_imu_odom_x += diff_distance*cos(-

current_pose_imu_odom.pitch)*cos(current_pose_imu_odom.yaw); 

16. offset_imu_odom_y += diff_distance*cos(-

current_pose_imu_odom.pitch)*sin(current_pose_imu_odom.yaw); 

17. offset_imu_odom_z += diff_distance*sin(-current_pose_imu_odom.pitch); 

18.  

19. offset_imu_odom_roll  += diff_imu_roll; 



20. offset_imu_odom_pitch += diff_imu_pitch; 

21. offset_imu_odom_yaw   += diff_imu_yaw; 

22.  

23. predict_pose_imu_odom.x     = previous_pose.x     + offset_imu_odom_x; 

24. predict_pose_imu_odom.y     = previous_pose.y     + offset_imu_odom_y; 

25. predict_pose_imu_odom.z     = previous_pose.z     + offset_imu_odom_z; 

26. predict_pose_imu_odom.roll  = previous_pose.roll  + offset_imu_odom_roll; 

27. predict_pose_imu_odom.pitch = previous_pose.pitch + offset_imu_odom_pitch; 

28. predict_pose_imu_odom.yaw   = previous_pose.yaw   + offset_imu_odom_yaw; 

29.  

30. previous_time = current_time; 

31. } 

32.  

Because of the information deliver delay and computer calculation time, the measured 

pose is not current pose. Because of the limitation of computer power and hardware, the 

measurement is difficult to fulfill the requirement. According to probability robotics, 

predicting its pose might be a reasonable method to solve the inaccurate problem. 

（Thrun, 2005） 



The sample can be used if it both has imu and Odom input. Depending on the scanning 

frequency, the diff_time can be determined. By multiplying with velocity, we can get the 

diff_distance which is a scalar. In order to transform the scalar to vector, the 

trigonometric function will be used to calculate the distance in x, y, z-direction. Because 

our experiment surface can seem like a plane, we do not need to consider pitch and roll. 

Then the value of distance x can be assigned to offset_x. 

Because the velocity cannot be suddenly changed, if the frequency is very high, the 

prediction of the pose can be achieved by considering velocity as an offset. 

1. predict_pose_imu_odom.x     = previous_pose.x     + offset_imu_odom_x; 

 

 

 

 

 

 

 

 

 

2.1.2 Equipment driver installation and operation 

 



a. Install the LiDAR driver 

 

Because LiDAR is very complex equipment, it need a driver to deliver data to PC 

$ cd 15_velodyne/ 

$ ./runVelodyne.sh 

b.  Autoware platform installation 

In the terminal, you can follow the following code to install the Autoware in Github and 

run it. 

1. $ cd $HOME 



2. $ git clone https://github.com/CPFL/Autoware.git 

3. $ cd ~/Autoware/ros/src 

4. $ catkin_init_workspace 

5. $ cd ../ 

6. $ ./catkin_make_release 

7. $ cd $HOME/Autoware/ros 

8. $ ./run 

c. Procedure to generate map and SLAM 

It is necessary to use LiDAR to scan the environment and generate bag file.  

i.    Carry the kuka robot to barrow and install the LiDAR on kuka.  

ii.    Follow LiDAR driver procedure to let all equipment standby. 

iii.    After opening the LiDAR and test the connection between PC and LiDAR. 

iv.    Move the kuka scan the environment of FJ005 for about 3 min. (Because scanning 

time influences the size of. bag file) 

After getting the bag file, the pcd mapping can be formed by using ndt_mapping. 

First, the Autoware should be opened. 

1. $ cd $HOME/Autoware/ros 



2. $ ./run 

 

Then, click the “ref” button and find “. Bag” file. Before starting choosing function, the 

bag file should standby by clicking “play” and “pause”. 



If the computer is directly connected with LiDAR, the data will be sent to Autoware 

automatically. 

 

Setup part: select the Baselink TF and Vehicle Model. 

The baselink is used to correct the localization because the localization data which is sent 

by LiDAR is LiDAR’s coordinate point instead of the point of robot. 

 



TF: Local launch is used in mapping & Localization launch is used in matching because 

we need different transformations to fit different topics. 



Sensing part: Select Voxel_grid_filter. Voxel_grid_filter is mainly responsible to select 

the useful data and get rid of the calculation load. 

 

Computing part: NDT_mapping is used to generate a point cloud map (pcd file). 

Depending on the map accuracy requirement, following factors can be edited to control 

the quantity of information content. 



 

Here is the screenshot of Rviz. The red concentric circle means that the LiDAR is 

scanning the environment data and the grey structure means the pcd (3D map) that is 

generated before. The pink line is the path line of the Vehicle Model.  

(figure a the pcd mapping of FJ005 generated by ourselves.) 

 



d. Localizatioin  

localization procedure is roughly similar to mapping generation. 

 

Simulation part: Ref to the bag file that generated by the LiDAR. If the computer is 

directly connected with LiDAR, the data will be sent to Autoware automatically. 

Setup part: select the Baselink TF and Vehicle Model. 

 



Sensing part: Select Voxel_grid_filter. 

 

Map part: Point Cloud refers to the pcd file (the grey structure) and it can be generated by 

using NDT_mapping 

TF: Local launch is used in mapping .Localization launch is used in matching because we 

need different transforms to fit different topics. 

Computing part: 



NDT_matching can acheive the localizaion 

 

e. coordinate selection 

Because all of the systems share one coordinate, select the coordinate is important. First 

pressure the 2D pose green arrow. Then ,drop the mouse to the positive direction. 



It can be observed in sample pcd map. (the black rectangular area without any particle 

density.) 

 

f. Further improvement  

Because Autoware platform is a complex system and it is difficult to change the inside 

code. Luckily, the system provides some changeable factor for us and make the system 

more flexible. According to our design requirement, these factors will be changed to 

fulfill the specific environment requirement. 

i. Ndt_mapping: user can change resolution, step size. transformation epsilon, 

maximum interation, leaf size. minimum scan range, minimum add scan shift and 

filter resolution. By changing these factor, some characters of pcd map can be 

changed such as changing the pcd file’s size by decrease the filter resolution. Because 



the project is in an in-door environment and our computer is not that advance, the 

accuracy requirement is not that high. So, the filter resolution is reduced to 0.2. 

ii. Ndt_matching 

In the part, the initial pose can be choosed. Error threshold, resolution, step size and 

transformation epsilon and maximum interation. According to PC calculation power, 

these factors can be changed to change the accuracy of SLAM. In this way, the Autoware 

system can be changed to match with the computer power. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2.3 Clustering and navigation  

 

2.2.1 Cost mapping method 

 

2.2.1.1 Conversion from 3D to 2D point cloud 

 

A.PassThrough Filter 

 

As mentioned above, before the application of the algorithm, the preprocessing of the 

cloud is required. In general, the map is stored in the pcd file. Each point in the pcd files 

is stored in the struct pcl::pointxyz. 

In the format struct pcl::pointxyz, the 3D information is stored.  

 

 

 

 

 

 

 

We load the PCD file created in the localization process, named fj005. The input cloud is 

read. The value is given into the pointer cloud and the prefiltered points are shown.  

 

Pcl::PointXYZ::PointXYZ ( 

    float _x, 

    float _y, 

    float _z, 

           ) inline 
 



 

 

 

Then, we apply the filter. We target the axis for the filtering and the range of the axis that 

is acceptable. 

Last ,we store the filtered data into the new pcd in the format pcl::pointxyz. 

 

 

 

 

In the function, setinputcloud receive the data from the pointer cloud, which points to the 



data in pcd file. Setfilterfieldname and setfilterlimits set the targeted axis of filtration and 

the range for the filtration. In this case, the range is from 0 to 0.3. The outcome is shown 

as follows: 

 

 

 

 

The outcome of the new pcd file is approximate to the flat plane. However, it is still not 

the actual 2D file we need in the construction of the map. The data is stored in the 

pcl::pointxyz. Therefore, we need another way to complete the target. 

 

 



B. Laserscan 

 

Another way to complete the job is to transform the bag of pointcloud to laserscan. The 

format transformation is shown as follows: 

 

 

 

Sensor_msgs::Laserscan is the format that includes the information of  the range of 

scanning between preset minimum angle and maximum angle, scanning time between 

measurement and angle increment. These parameters can be retrieved from the server. 

The overall flow chart of the scan is shown as follows: 

 

 

 



When the bag of pointcloud is played, the points will be published to the function 

pointcloud_to_laserscan and the final message is the laserscan in 2D mode. The final 

work is shown as follows: 

 

 

 

The function of transformation from 3D to 2D is posted on appendix. 

 

2.2.2 Clustering Method 

 

2.2.2.1 Euclidean Cluster 

A.Basic code explanation: 

The coding of the Euclidean cluster is complex to understand. Therefore, I prefer to 

explain part of the code that is crucial to the analysis. 

 



In the clustering process, performer sets the minimum clustering size and maximum 

clustering size of each cluster. In addition, the maximum range of clustering is specified. 

Each cluster occupies specific range.The input cloud is set in the 2D form. 

 

1. std::vector<pcl::PointIndices> cluster_indices;   

2.    

3.     //perform clustering on 2d cloud   

4.     pcl::EuclideanClusterExtraction<pcl::PointXYZ> ec;   

5.     ec.setClusterTolerance (in_max_cluster_distance); //parameters of clustering

 are set.   

6.     ec.setMinClusterSize (_cluster_size_min);   

7.     ec.setMaxClusterSize (_cluster_size_max);   

8.     ec.setSearchMethod(tree);   

9.     ec.setInputCloud (cloud_2d);   

10.     ec.extract (cluster_indices);   

 

The merging process of euclidean cluster is srongly recommended. If there are numerous 

clusters, the speed of calculation will be reduced. Therefore, the assigned value of 

threshold will be set.If the distance between centroids is less than threhold value,  clusters 

will merge. Threshold is the mean distance of the points in the cluster. 

 

1. void mergeClusters(const std::vector<ClusterPtr>& in_clusters, std::vector<Clust

erPtr>& out_clusters, std::vector<size_t> in_merge_indices, const size_t& curren

t_index, std::vector<bool>& in_out_merged_clusters)   

2. {   



3.     //std::cout << "mergeClusters:" << in_merge_indices.size() << std::endl;   

4.     pcl::PointCloud<pcl::PointXYZRGB> sum_cloud;   

5.     pcl::PointCloud<pcl::PointXYZ> mono_cloud;   

6.     ClusterPtr merged_cluster(new Cluster());   

7.     for (size_t i=0; i<in_merge_indices.size(); i++)   

8.     {   

9.         sum_cloud += *(in_clusters[in_merge_indices[i]]->GetCloud());   

10.         in_out_merged_clusters[in_merge_indices[i]] = true;   

11.     }   

12.     std::vector<int> indices(sum_cloud.points.size(), 0);   

13.     for (size_t i=0; i<sum_cloud.points.size(); i++)   

14.     {   

15.         indices[i]=i;   

16.     }   

17.    

18.     if (sum_cloud.points.size() > 0)   

19.     {   

20.         pcl::copyPointCloud(sum_cloud, mono_cloud);   

21.         //std::cout << "mergedClusters " << sum_cloud.points.size() << " mono:" 

<< mono_cloud.points.size() << std::endl;   

22.         //cluster->SetCloud(in_cloud_ptr, it->indices, _velodyne_header, k, (int

)_colors[k].val[0], (int)_colors[k].val[1], (int)_colors[k].val[2], "", _pose_es

timation);   

23.         merged_cluster->SetCloud(mono_cloud.makeShared(), indices, _velodyne_hea

der, current_index,(int)_colors[current_index].val[0], (int)_colors[current_inde

x].val[1], (int)_colors[current_index].val[2], "", _pose_estimation);   

24.         out_clusters.push_back(merged_cluster);   

25.     }   

26. }   

 



In this case, the researcher sets different thresholds for different sizes of clusters. For the 

clustering process,points that are distant from the clusters will have larger threshold 

value. 

 

Cluster_array (n) Distance from Robot (m) Threshold (m) 

0 0-15 0.5 

1 15-30 1 

2 30-45 1.6 

3 45-60 2.1 

4 >60 2.6 

 

1. for(unsigned int i=0; i<cloud_segments_array.size(); i++)   

2.     {   

3.         pcl::PointCloud<pcl::PointXYZ>::Ptr tmp_cloud(new pcl::PointCloud<pcl::P

ointXYZ>);   

4.         cloud_segments_array[i] = tmp_cloud;   

5.     }   

6.    

7.     for (unsigned int i=0; i<in_cloud_ptr->points.size(); i++)   

8.     {   

9.         pcl::PointXYZ current_point;   

10.         current_point.x = in_cloud_ptr->points[i].x;   

11.         current_point.y = in_cloud_ptr->points[i].y;   

12.         current_point.z = in_cloud_ptr->points[i].z;   

13.    



14.         float origin_distance = sqrt( pow(current_point.x,2) + pow(current_point

.y,2) );   

15.    

16.         if      (origin_distance < _clustering_distances[0] )    {cloud_segments

_array[0]->points.push_back (current_point);}   

17.         else if(origin_distance < _clustering_distances[1])      {cloud_segments

_array[1]->points.push_back (current_point);}   

18.         else if(origin_distance < _clustering_distances[2])      {cloud_segments

_array[2]->points.push_back (current_point);}   

19.         else if(origin_distance < _clustering_distances[3])      {cloud_segments

_array[3]->points.push_back (current_point);}   

20.         else                                                    {cloud_segments_

array[4]->points.push_back (current_point);}   

21.     }   

 

The clustered points will be classified into four main categories based on the distance 

specified.  

 

 

 

 

 

 

 



B.Euler Clustering 

 

Before applying the euler cluster, some settings need to be set up.  

 

 

 

 

Pcd is the map we need. We also are aware that the transfer function is necessary. We 

have to transform the data collected from the world to map. The world is the surrounding 

environment. The map is the map we want to build. The transfer function can transform 

the coordinate of point cloud from the world to the coordinate of point cloud from the 

map. Transfer functions are shown below. 

 

tf_lidar_localization  

  

 

 



tf_local.launch 

 

 

 

tf_lidar_localization will be used for creating the map. Mapping requires the additional 

transformation from velodyne, or vehicle, to the base. 

 

The next part is operation. During the operation, we follow the steps below.  

 



 

 

Euler cluster successfully clusters the points into the cluster. We can clearly remember 

the shape of the car, the points at the right and side shows the shape of the wall. Euler 

cluster demonstrates the good performance.  

 

 

 



 

 

The topic of Euclidean cluster is presented in points_cluster. In the following step, if the 

operator requires the information from the cluster, the subscriber will subscribe the topic 

points_cluster. The bounding box is the form that presents the cluster in the rectangular 

box. The detail information will be  

Explained in the following section. 

 

 

 

 

 



2.2.2.2 Centroid identification  

 

A.Bounding box method  

 

After the completion of clustering, we can form the bounding box, the result of euler 

clustering. Bounding box is the application that is used to detect the corner of the cluster 

and represent in the shape of rectangular boxes (Wu, Zheng, Lai, & Suen ,2015). In the 

bounding box format, we have pose and orientation of the bounding box, which is in the 

format of geometry_msgs::Pose. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Geometry_msgs/Pose 

Geometry_msgs/Point 

float x, float y, float z 

Jsk_recognition_msgs::BoundingBox 



 

The x ,y, and z in the bounding box indicate the pose of the bounding box in the free 

space, which represents the centroid of the bounding box. We apply the following code to 

extract the bounding box centroid. 

 

1. for(unsigned int i=0; i<final_clusters.size(); i++)   

2.    

3.     {   

4.         *out_cloud_ptr = *out_cloud_ptr + *(final_clusters[i]->GetCloud());   

5.    

6.     jsk_recognition_msgs::BoundingBox bounding_box = final_clusters[i]->GetBound

ingBox();   

7.    

8.         geometry_msgs::PolygonStamped polygon = final_clusters[i]->GetPolygon();

   

9.         jsk_rviz_plugins::Pictogram pictogram_cluster;   

10.         pictogram_cluster.header = _velodyne_header;   

11.    

12.         //PICTO   

13.         pictogram_cluster.mode = pictogram_cluster.STRING_MODE;   

14.         pictogram_cluster.pose.position.x = final_clusters[i]->GetMaxPoint().x; 

  

15.         pictogram_cluster.pose.position.y = final_clusters[i]->GetMaxPoint().y; 

  

16.         pictogram_cluster.pose.position.z = final_clusters[i]->GetMaxPoint().z; 

  

17.         tf::Quaternion quat(0.0, -0.7, 0.0, 0.7);   

18.         tf::quaternionTFToMsg(quat, pictogram_cluster.pose.orientation);   



19.         pictogram_cluster.size = 4;   

20.         std_msgs::ColorRGBA color;   

21.         color.a = 1; color.r = 1; color.g = 1; color.b = 1;   

22.         pictogram_cluster.color = color;   

23.         pictogram_cluster.character = std::to_string( i );   

24.         //PICTO   

25.    

26.         //pcl::PointXYZ min_point = final_clusters[i]->GetMinPoint();   

27.         //pcl::PointXYZ max_point = final_clusters[i]->GetMaxPoint();   

28.         pcl::PointXYZ center_point = final_clusters[i]->GetCentroid();   

29.         geometry_msgs::Point centroid;   

30.         centroid.x = center_point.x; centroid.y = center_point.y; centroid.z = c

enter_point.z;   

31.         bounding_box.header = _velodyne_header;   

32.         polygon.header = _velodyne_header;   

33.         geometry_msgs::Point centroid2;   

34.         centroid2.x=bounding_box.pose.position.x;   

35.              centroid2.y=bounding_box.pose.position.y;   

36.              centroid2.z=bounding_box.pose.position.z;   

37.         chat.publish(centroid);   

38.         chat1.publish(centroid2)  

 

 

 

 

 

Code for bounding box to get centroid:  

 

bounding_box.header = _velodyne_header; 

jsk_recognition_msgs::BoundingBox bounding_box = final_clusters[i]->GetBoundingBox(); 

geometry_msgs::Point centroid2; 

  centroid2.x=bounding_box.pose.position.x; 

             centroid2.y=bounding_box.pose.position.y; 

             centroid2.z=bounding_box.pose.position.z; 

  chat1.publish(centroid2); 

 

 

 



Be aware that the bounding box header should be received from the header of Velodyne, 

or lidar. The header file includes the information of the frame and the time the  

 

After we receive the bounding box of each cluster, we add the desired value to the class 

centroid2 and publish to the topic chatter1. The subscriber will read the center of the 

bounding box. 

1. void chatterCallback(const geometry_msgs::Point::ConstPtr¢roid2)   

2. {   

3.   ROS_INFO("I heard: [%d],[%d],[%d]", centroid2->x,centroid2->y,centroid2->z);   

4. }   

5.    

6. int main(int argc, char**argv)   

7. {   

8.    

9. ros::init(argc, argv, "boxing");   

10. ros::NodeHandle n;   

11. ros::Subscriber sub = n.subscribe("chatter1", 10, chatterCallback);   

12. ros::spin();   

13. return 0;   

14. }   

 

The output format is shown as follows: 

 



 

 

B.Cluster method 

 

Another way to extract the centroid from the cluster is to directly receive the centroid 

information from each cluster since each Euclidean cluster contains the information of 

finalized centroid. From the code mentioned above, we get the centroid of each cluster. 

 

 

 

 

 

 

 

 

 

The code for extracting centroid from the cluster: 

 

pcl::PointXYZ center_point = final_clusters[i]->GetCentroid(); 

  geometry_msgs::Point centroid; 

  centroid.x = center_point.x; centroid.y = center_point.y; centroid.z = 

center_point.z; 

chat.publish(centroid); 



 

Then, we construct the subscriber to receive the data from the topic called chatter. 

 

1. void chatterCallback(const geometry_msgs::Point::ConstPtr¢roid)   

2. {   

3.   ROS_INFO("I heard: [%d],[%d],[%d]", centroid->x,centroid->y,centroid->z);   

4. }   

5.    

6. int main(int argc, char**argv)   

7. {   

8.    

9. ros::init(argc, argv, "listener");   

10.    

11. ros::NodeHandle n;   

12. ros::Subscriber sub = n.subscribe("chatter", 10, chatterCallback);   

13. ros::spin();   

14. return 0;   

15. }   

 

The result is shown in the following diagram 

 

 

 



The centroids are published in 3d format, but we have already decided to use the info in 

2D. Therefore, in the youbot. We only assign x and y coordinates to the centroid of the 

block  

 

 

 

 

 

 

 

 

 

 



 

2.3 Path tracking and autonomous control 

In this part, the mission is to directly control the KUKA youbot based on the signals from 

the cluster part and localization part. Furthermore, simple path planning is required to 

avoid obstacles. The communication between KUKA and external computer is also 

necessary to consider and study. To install Lidar, a structure made by acrylic boards is 

manufactured and assembled on the KUKA youbot. Therefore, the methodology can be 

divided into several parts as followed: 

 

1. Manufacturing acrylic structure 

2. How to control KUKA to move by coding 

3. Communication between KUKA and external computer 

4. Real-time speed calculation and path planning 

 

2.3.1 Manufacturing acrylic board 

 

To fasten the Lidar on the KUKA, a structure which can hold Lidar, its switch and its 

battery are manufactured. CAD is used for the drawings and acrylic boards are chosen as 

the raw materials. We went to IC center to use laser machine for cutting. To stabilize the 

upper acrylic board, a T-shape board is installed below and screws are used to fasten 

them. Two square holes are for the switch and battery of Lidar. A ‘cup’ for holding Lidar, 



which height is approximately 5cm, is consisted of three c-shape acrylic board and long 

4mm screws. This height can make sure to hold Lidar tightly without blocking its sight. 

A hole is left for the wire of Lidar. The structure is shown below: 

   

(upper view)                                                     (install Lidar) 



  

(T-shape acrylic board) 

 

2.3.2 How to control KUKA to move by coding 

 

To control KUKA to move a certain pathway, it is necessary to follow the ROS rules to 

create a package and add dependencies. The system will automatically generate Source 

file and CMakeLists in the package. In the CMakeLists, dependencies and executable cpp 

for this package should be pointed out. In this case, the code should be as followed: 

  

1. find_package   



2. (catkin REQUIRED COMPONENTS   

3.   geometry_msgs   

4.   roscpp   

5.   std_msgs   

6.   rospy   

7.   message_generation)   

8. add_executable(sam1 src/sam1.cpp)   

9. target_link_libraries(sam1 ${catkin_LIBRARIES})   

The executable file name is sam1.cpp, which is inside the Source file. In the executable 

cpp, C++ language can be used to write codes and since the source code is quite 

comprehensive in KUKA, we can directly give the total speed instead of the speeds for 

each wheel. An example is given below: 

 

1.  geometry_msgs::Twist twist;   

2.     twist.linear.x = -0.05;     

3.     twist.linear.y = 0.1;   

4.     platformPublisher.publish(twist);   

5.     ros::Duration(30).sleep();  

 



In this case, the speed in the x-direction is -0.05 meter per second and 0.1 meters per 

second in the y-direction. This speed will last for 30 seconds before changing to the 

following speeds.  

  

Furthermore, in the main function, node name should be included and the command 

should be published to the topic that directly controls KUKA. The code should be like 

this: 

1. ros::init(argc, argv, "sam1");   

2. platformPublisher = n.advertise<geometry_msgs::Twist>("cmd_vel", 1);   

 

After completing the code in cpp, it is required to build the package so that it can be 

executed. We need to type the following command in a terminal: 

 

1. cd youbot_nav   

2. catkin_make  

 

If the package can be built successfully (see the picture below), we can run the package 

like this: 

 



 

In one terminal, to start the driver, type:  

1.  roslaunch youbot_driver_ros_interface youbot_driver.launch   

If the driver is started successfully, the terminal should be like: 

 



 

(base driver starts) 

 

In another terminal, type: 

1. rosrun sam1 sam1   

 

In this way, KUKA will move according to the speed as well as the duration we have set. 

 

 



2.2.3 Communication between KUKA and external computer 

 

To receive data from external computer, listeners should be included in the executable 

file. The listener for the localization is as followed: 

 

1. void ndt_poseCallback(const geometry_msgs::PoseStamped::ConstPtr& msg)   

2. {   

3.   current_ndt_pose_x = (*msg).pose.position.x;   

4.   current_ndt_pose_y = (*msg).pose.position.y;   

5.   std::cout<<"x"<<current_ndt_pose_x<<std::endl;    

6.   movePlatform(current_ndt_pose_x,current_ndt_pose_y);   

7. }   

In this code, (*msg).pose.position.x is the value of x in the coordinate system and 

(*msg).pose.position.y is the value of y in the coordinate system. The data type should be 

the same as it in the localization package. Otherwise, the data transmission will be failed. 

In KUKA’s package, current_ndt_pose_x is the global variable which represents the 

value of x while current_ndt_pose_y represents the value of y. Then the movePlatform 

function will be executed. As shown in the following picture, the position is changing and 

KUKA is receiving the information: 

 



 

(picture of the changing positions) 

 

To receive the central point of obstacles, another listener has been built in the package: 

 

1. void chatterCallback(const geometry_msgs::Point::ConstPtr& centroid)   

2. {   

3. block_x = (*centroid).y;   

4. block_y=(*centroid).z;   

5.   std::cout<<"block_x"<<block_x <<std::endl;    

6. }   



Where (*centroid).y is the x value of centroid and (*centroid).z is the y value. block_x 

and block_y are global variables that represent the corresponding x and y values.   

 

 

（picture of block position） 

It should be pointed out that a necessary function should be included in the main 

function, which is: 

 

1. ros::spin();   



This powerful function enables the listener to receive real-time data whenever any one of 

the data value changes, which means, KUKA will get its instant position information as 

well as the obstacles’ information during its movement, then execute movePlatform 

function again and again until it stops. With this function, speed value and direction can 

be calculated immediately, and path planning is achievable.  

 

As mentioned in the previous content, some problems have been encountered when we 

tried to connect KUKA to the external computer, yet we solved them. To sum up, after 

the connection between KUKA and external computer is established, the process should 

be like this: 

 

To start the driver of four wheels, in one terminal type: 

1. export ROS_MASTER_URI=http:// ahren-Inspiron-7537:11311     

2. roslaunch youbot_driver_ros_interface youbot_driver.launch  

 

To run the package in KUKA, in another terminal type: 

 

1. export ROS_MASTER_URI=http:// ahren-Inspiron-7537:11311     

2. cd youbot_nav     

3. source devel/setup.bash     



4. rosrun sam1 sam1  

 

Then the KUKA will receive data from external computer, calculate real-time speed and 

publish to the driver. 

 

2.2.4 Real-time speed calculation and path planning 

 

To do the speed calculation and path planning, it is essential to ensure that KUKA and 

Lidar use the same coordinate system. Since a map has been detected and built by Lidar, 

KUKA will use the coordinate system in Lidar as well.  

 

Real-time speed calculation 

 

To design how to calculate the real-time speed, we need to first analyze the requirements: 

1. The total speed should not be fast to avoid damage of KUKA and Lidar 

2. Both speed direction as well as duration can be calculated. 

3. Lidar is accurate enough to tell the instant position. 

4. After reaching the destination, KUKA should stop. 

 



Therefore, 0.2m/s is set to be the total speed and speed in x and y-direction will be 

calculated in regard to the current position and the destination. The speed-direction can 

change from time to time so that we do not need to consider the speed duration. When 

KUKA reaches the destination, the program will end. The main code is as followed, 

where m, n is the current x and y position while p, q is the destination. As mentioned 

above, twist.linear.x is the speed in x-direction and twist.linear.y is the speed in the y-

direction. 

1. void movePlatform(double m, double n) {   

2. double a;   

3. geometry_msgs::Twist twist;   

4. if(m==p&&n==q)    

5. {   

6.   return;   

7. }   

8. if(obj_y[obj]==n)   

9. {   

10. twist.linear.x=0.2;   

11. twist.linear.y=0;   

12. }   

13. else   

14. {   

15. a=abs(obj_x[obj]-m)/abs(obj_y[obj]-n);   

16. twist.linear.y=sqrt(0.04/(a*a+1));   



17. twist.linear.x=a*twist.linear.y;   

18. }   

19. if(obj_x[obj]<m) twist.linear.x=-twist.linear.x;   

20. if(obj_y[obj]<n) twist.linear.y=-twist.linear.y;   

21. platformPublisher.publish(twist);   

22. }   

 

As mentioned in the localization, in the Rviz simulation, the position is changing so we 

can use it to check whether the speed is changing corresponding to different positions. 

The result is shown below where x, y are position values in x and y-direction and vx, vy 

are speed values in x and y-direction. 



 

Path planning without obstacles 

 

After successfully reaching one destination, it is not difficult to give a certain pathway to 

KUKA. To be more specific, KUKA can move to the desired positions one after another 

or it can move a certain shape like a square. The desired positions are set in the main 

function as shown below, where obj_x[] and obj_y[] are the x and y position in the 

pathway: 

 

1. int main(int argc, char **argv) {   

2.     obj_x[0]=3;obj_y[0]=3;   



3.     obj_x[1]=4;obj_y[1]=-1;   

4.     obj_x[2]=6;obj_y[2]=-1;   

5.     ros::init(argc, argv, "sam1");   

6.     ros::NodeHandle n;   

7.     platformPublisher = n.advertise<geometry_msgs::Twist>("cmd_vel", 1);   

8.     ros::Subscriber sub1 = n.subscribe("ndt_pose", 10000, ndt_poseCallback); 

9.     ros::Subscriber sub2 = n.subscribe("chatter", 10000, ndt_poseCallback);  

10.     ros::spin();   

11.     return 0;   

12. }   

When KUKA reaches one point, it will automatically head towards the next point until 

the destination. The total speed is always 0.2m/s. The movePlatform function and an 

example of pathway is shown below: 

 

1. int times_n=3;   

2. double obj_x[3],obj_y[3];   

3. int obj=0;   

4.    

5. void movePlatform(double m, double n) {   

6. double a;   

7. geometry_msgs::Twist twist;   

8. if(m==obj_x[obj]&&n==obj_y[obj])    



9. {   

10.     if(obj==times_n-1) return;   

11.     obj++;   

12.     movePlatform(m,n);   

13.     return;   

14. }   

15. if(obj_y[obj]==n)   

16. {   

17. twist.linear.x=0.2;   

18. twist.linear.y=0;   

19. }   

20. else   

21. {   

22. a=abs(obj_x[obj]-m)/abs(obj_y[obj]-n);   

23. twist.linear.y=sqrt(0.04/(a*a+1));   

24. twist.linear.x=a*twist.linear.y;   

25. }   

26. if(obj_x[obj]<m) twist.linear.x=-twist.linear.x;   

27. if(obj_y[obj]<n) twist.linear.y=-twist.linear.y;   

28. platformPublisher.publish(twist);      

29. }    



 

 

Path planning with obstacles 

 

In the previous sections, all the missions can be fulfilled by implementing localization 

and direct control of KUKA. In this section, clustering is needed to detect the block and 

publish the center point to KUKA, just as introduced in the communication between 

KUKA and external computer. Therefore, we have the parameters as following: 

1.    Current position (m, n) 

2.    The center point of the obstacle (block_x, block_y) 

3.    Destination point (obj_x[obj], obj_y[obj]) 

To simplify the detection, it is assumed that the size of obstacle has been know before. 

Therefore, a circle, which is regarded as the forbidden area, has been drawn and the 



center point is the same as the obstacle. The size of KUKA should also be considered 

during the calculation of R. The minimum distance of the arc and the block should be 

bigger than 15cm to ensure the safety of KUKA. An illustrating picture is below: 

 

 

A point, which is 1cm before KUKA on its pathway, is set to determine whether KUKA 

will enter the forbidden area or not. If this point (mx, my) is in the area, KUKA will try to 

move to the left perpendicular to the original direction, which is shown in the following 

picture: 



 

 

In this case, the point after turning left is also in the area. Therefore, KUKA will turn 

right to avoid the obstacle and after (mx, my) is not in the forbidden area, KUKA will 

directly head towards the destination, just as shown below: 

 

 



The frequency for determining whether the point (mx, my) is in the area or not is 2HZ, 

which means KUKA will decide its direction every 1 cm. The code is shown below: 

1. void movePlatform(double m, double n) {   

2. double a,b;   

3. geometry_msgs::Twist twist;   

4. double mx,my;   

5.    

6. if(obj_y[0]==n)   

7. {   

8.     mx=obj_x[0]<m?m-0.01:m+0.01;   

9.     my=n;   

10.     twist.linear.x=0.2;   

11.     twist.linear.y=0;   

12. }   

13. else   

14. {   

15.     a=abs(obj_x[obj]-m)/abs(obj_y[obj]-n);   

16.     double dy=sqrt(0.0001/(a*a+1));   

17.     double dx=a*dy;   

18.     mx=obj_x[0]<m?m-dx:m+dx;   

19.     my=obj_y[0]<n?n-dy:n+dy;   

20.     twist.linear.y=sqrt(0.04/(a*a+1));   

21.     twist.linear.x=a*twist.linear.y;   



22. }   

23. if(obj_x[obj]<m) twist.linear.x=-twist.linear.x;   

24. if(obj_y[obj]<n) twist.linear.y=-twist.linear.y;   

25.    

26. if((mx-block_x)*(mx-block_x)+(my-block_y)*(my-block_y)<R*R)   

27. {   

28.     double temp=twist.linear.x;   

29.     twist.linear.x=twist.linear.y;   

30.     twist.linear.y=-temp;   

31.     double nx,ny;   

32.     ny=obj_x[0]<m?n+dx:n-dx;   

33.     nx=obj_y[0]<n?m-dy:m+dy;   

34.     if((nx-block_x)*(nx-block_x)+(ny-block_y)*(ny-block_y)<R*R)   

35.     {   

36.         twist.linear.x=-twist.linear.x;   

37.         twist.linear.y=-twist.linear.y;   

38.     }   

39. }   

40.    

41. platformPublisher.publish(twist);   

42. ros::Duration(0.5).sleep();    

43. }   

 



If the frequency is high enough, KUKA will move around the forbidden area like an arc, 

the following picture gives an overall view of avoiding obstacles: 

 

 

The following picture shows the changing of speed direction when simulating on Rviz: 

 



 

Because we have encountered quite a lot of problems when connecting the external 

computer with KUKA, there is not enough time to code a comprehensive solution for 

avoiding obstacles. However, this method can fulfill most of our needs and is able to 

integrate all the three parts together. 

 

Advantages of this path planning method: 

1. Easy and efficient to avoid a block. 

2. 100 percent sure to avoid the block. 

3. Good path planning, no need to drive extra path.  

 

Disadvantages of this path planning method: 

1. This method can only avoid one block or blocks that are far from each other. 

2. It is required to know the size of block in advance and code the size. 

3. Sometimes there will be some interruption when detecting blocks. 

 

 

 

 



 

2.4 Integration 

2.4.1 Methodology applied 

First, check the IP of PC and Kuka by typing command 

Ifconfig 

 

Then, change their IP to the same network segment(e.g.192.168.3.xxx) to build a LAN. 

Because my PC and ubuntu cannot be pinged by directly using IP, I bind the IP address 

and Hostname of the computer to make the multi-computer connection more convenient. 



gksu gedit /etc/hosts/ 

 

(figure: hostname of PC is ahren-Inspiron-7537 and hostname of kuka is ubuntu. 

Hostname can be checked by typing) 

hostname 

 

Restart and upgrade the network 

sudo /etc/init. d/networking restart 

In order to synchronize different computers, we need to synchronize their time. 

apt-get install chrony 



Install the ssh server and start it & Check the situation of ssh 

sudo apt-get install openssh-server & ps -e|grep ssh 

In the case, my PC is seemed as Master computer. 

ssh ahren-Inspiron-7537 

Roscore plays an important role in topic and node communication, so, all of the 

communicate should be commanded by one roscore. In ubuntu, we need to export master 

roscore which is run in “ahren-Inspiron-7537”. 

export ROS_MASTER_URI=http:// ahren-Inspiron-7537:11311 

 

 

 

 

 

 

 

 

 

 



 

3 Experiment design & data and error analysis 

3.1 Section test  

3.1.1 Localization 

 

The localization test is designed to roughly measure the performace of the localization in 

Autoware. 

i. Carry the kuka robot to barrow and install the LiDAR on kuka.  

ii. Follow previous ndt_matching procedure and LiDAR driver procedure to let all 

equipment standby. 

iii. After opening the LiDAR and test the connection between PC and LiDAR. 

iv. Move the kuka scan the environment of FJ005. At the same time, observe the 

rviz.  

v. Compare it with real situation pose.  

Data and result analyzation  

Even though we do not have third-party sensor to test its accuracy, the trail is almost 

same as what we observed. Some experiment result will be introduced in following. 

Colorful concentric circle: it means that the LiDAR is scanning the environment. The 

distance between LiDAR and barrier is directly proportional to scanning accuracy.  

Pink path line: it means the trail of the robot. A lot of localization pose can form the path 

line. We made a circle of the desks in FJ005 and the Rviz shows the trial of localization 



which is almost same as the real situation. Roughly, the localization is accurate and 

workable. 

Grey structure: it is the high accuracy pcd map which is generated by using 

“ndt_mapping”. It shows the rough structure of the lab and by using cluster it can centric 

the pose of barrier.  

 

Error analysis  

In localization part, the error can be affected by these following factors 

1. Ethernet cable and usb data transmission rate. Because of the quantity of data 

which is scanned by LiDAR need be transmated by net cable, it is necessary to 

consider the transmission rate. In the project, we use CAT-6 net cable and the rate 

of CAT-6 can achieve 250Mbps. 



2. In our project, odom and imu were not used. So, comparing with multi-sensors 

project, the project still a little weak in stability and accuracy. The prediction is 

also not that accurate. 

 

3.1.2 Clustering and navigation  

 

3.1.2.1 Cost mapping Method 

 

Laserscan Experiments 

 

Laserscan is the crucial part of the method 1. Laser scan is operated on RVIZ.RVIZ is the 

software that shows the result of clustering or localization by simulation. In the previous 

graph of laser scan, the outcome is not the targeted result because the bag is collected 

around the campus. If the data is collected in the room fj005. The following result can be 

received: 



 

 

Laserscan Test 

 

Data Analysis 

From the diagram above, we can see that the cluster of white spot is the scanning result of 

the scan. The scanning is in the 2D form, which is used for the construction of 2D map. 

The laser scan in the form targets on the boundary of the object if the object is large. If 

the object is small enough, the cluster will occupy the entire object. The size of the white 

spot can be reduced if we change the sizing value from 0.2 m to 0.1m. 

 

 

 

 

 



 

3.1.2.2 Clustering Method 

Eucldiean/Centroid Parts Experiments 

The experiments mainly carry out in RVIZ as well. Running the bag and implementation 

of cpp files results in the simulation of the operation if the formula is applied. 

 

The simulation experiment requires detailed explanation. The graph posted in the 

methodology part is based on the bag and PCD file collected from the environment 

around campus. In the final year project, the demanded environment is the static room 

fj001.  

 

 



 

 

The coloring of the point cloud presents the distinction among cluster. Each cluster will 

be assigned one color Some cluster only contains part of the clustering. The possible 

reason for the outcome is that the object in front of another target blocks the scanning 

process.  

 

The red concentric arcs indicate that the lidar is on the operation, which represents the 

zone that lidar is scanning. The range of scan is 360 degrees. 

 

 

 



 

Centroid Publication Test 

Data Analysis 

The result of cluster method 

 

 

 

The result of bounding box method 

 

 

Cluster method and bounding box method have the similar result since bounding box is 

the extension of clustering. Based on the primary observation, the output is in three 

dimensional. On the contrary, the preset guidance is based on 2D. As the result, the 

receiver of the path control only receives the coordinate of x and y. 

 

 

 



 

Clustering Test  

Data Analysis 

There are two methods for selection, but which one is more optimal to apply in the actual 

process needs further investigation.  

Centainly, there are several drawbacks for the bounding box method and euclidean 

cluster method. 

1.Overlap  

In the bounding box experiment, when two clusters are adjacent to each other, bounding 

boxes might overlap in the running process. In comparison, Euclidean cluster has better 

classification between clusters. 

 

 

 

 

 



 

Delay  

In the experiment, both Euclidean cluster and bounding box method have the problem of 

delay. The problem of delay occurs if the relative position between the robot and detected 

objects changes drastically. Two situations are possible: robot moves at high speed or the 

detected objects move at high speed. The possibility that the robot shifts at high speed 

can be deleted because the mapping process is based on the low speed of movement. 

Otherwise, the map cannot be formed. Therefore, the detected object moves at high speed 

cause the delay. The possible reason for the delay is that centroids of cluster change in 

each iteration. Therefore, if the objects move, the relative distance between the robot and 

the calculated centroids of detected objects changes. The additional calculation requires 

time. As the result, the delay occurs. 

 

3.1.3 Path tracking and autonomous control 

 

To examine the accuracy as well as the operability of the whole project, several 

experiments related to KUKA and Lidar have been conducted in FJ005. It is not possible 

to show the calculation process in KUKA’s computer because the wires of monitor and 



keyboard are not long enough to reach the moving KUKA. Instead, we can only provide 

the measurement and results of the experiments. The details are as followed: 

 

1.Accuracy of KUKA and Lidar 

 

Before conducting all the experiments, we would like to know how accurate KUKA can 

execute the command, that is, the accuracy of magnitude as well as the direction of 

KUKA’s speed. A pathway has been designed to show KUKA’s capability, as is shown 

below: 

 

  

KUKA will first move 0.5m with 60 degrees forward then turn right for the next 0.5m. 

The speed is always 0.05m/s. This pathway can examine both the magnitude and the 

direction of KUKA. Furthermore, it can show whether there is the deviation from 

changing the direction.  



 

After the measurement, the results are quite satisfied because the direction is almost the 

same as designed and there is the only about 0.5cm deviation between the final 

destination and desired destination, which means the error should be around 0.5%, and 

that is acceptable for this project.  

 

Next, an experiment related to both KUKA and Lidar is conducted. There are four aims 

of this experiment: 

a.    Check whether there is any delay or any problem between the communication among 

Lidar, external computer and KUKA. 

b.    Examine the accuracy of Lidar’s detection ability 

c.    Show that KUKA can drive according to Lidar’s signal 

d.    Measure the coordinate system in Lidar for further experiment 

To fulfill these missions, codes introduced in real-time speed calculation has been 

implemented. A one-meter square has been designed as its pathway and the code is as 

followed: 

1.     obj_x[0]=0;obj_y[0]=0;   

2.     obj_x[1]=1;obj_y[1]=0;   

3.     obj_x[2]=1;obj_y[2]=1;   

4.     obj_x[3]=0;obj_y[3]=1;   

5.     obj_x[4]=0;obj_y[4]=0;   



It is necessary to drive KUKA to the original point first because it is difficult to place 

KUKA to original point accurately every time. This pathway can also show the direction 

of x and y coordinates. During the experiment, there are plenty of problems encountered 

related to the communication yet we solved them. In the experiment, KUKA moved 

according to the designed pathway and changed its direction when it reached one 

midpoint. The error of the movement is less than 1cm and this may be because: 

a. The floor is not flat so there will be some influence 

b. Lidar may not be 100% accurate all the time 

c. Data transmission has some delay 

Overall, the results are quite satisfying and further experiments can be planned and 

conducted. The video will be played in the final presentation. 

3.2 Communication and connection test 

 

Test mainly contains three steps: ping test, topic test and final test. 

 

3.2.1 Ping test 

 

i. Objectives: test the hardware that is workable to achieve multi-computer 

communication 

ii. Test procedure 



After checking the hardware connecting is well established and computers are in right IP, 

the operator can open a new terminal and define the master computer by typing “ssh 

ahren-Inspiron-7537” Then, a new terminal should be opened to formally start the ping 

test. Typing “ping ubuntu” After typing “Ctrl + c”, the information passing efficiency can 

be checked. 

iii. Result analysis: ping testing is success without any package loss 

 

 

3.2.2 Topic test 

 

i. Objective: test the ros topic deliverability 

ii. Test procedure 

In this part, I program a sample publisher and subscriber to test the information transport 

via topic. If the subscriber successfully receives the data which is sent by the publisher, it 

will print “ kuka testing” in the terminal. Because the publisher and subscriber are easy to 

be written by following the roswiki, explanation is not necessary. 



(http://wiki.ros.org/ROS/Tutorials/WritingPublisherSubscriber%28c%2B%2B%29) 

Publisher： 

1. #include "ros/ros.h" 

2. #include "std_msgs/String.h" 

3. #include <sstream> 

4. int main(int argc, char **argv) 

5. { 

6. ros::init(argc, argv, "talker"); 

7. ros::NodeHandle n; 

8. ros::Publisher chatter_pub = n.advertise<std_msgs::String>("chatter", 1000); 

9. ros::Rate loop_rate(10); 

10. int count = 0; 

11. while (ros::ok()) 

12. { 

13. std_msgs::String msg; 

14. std::stringstream ss; 

15. ss << "wifi kuka testing " << count; 

16. msg.data = ss.str(); 

17. ROS_INFO("%s", msg.data.c_str()); 

18. chatter_pub.publish(msg); 

19. ros::spinOnce(); 

20. loop_rate.sleep(); 



21. ++count; 

22. } 

23. return 0; 

24. } 

Subscriber： 

1. #include "ros/ros.h" 

2. #include "std_msgs/String.h" 

3. void chatterCallback(const std_msgs::String::ConstPtr& msg) 

4. { 

5. ROS_INFO("I heard: [%s]", msg->data.c_str()); 

6. } 

7. int main(int argc, char **argv) 

8. { 

9. ros::init(argc, argv, "listener"); 

10. ros::NodeHandle n; 

11. ros::Subscriber sub = n.subscribe("chatter", 1000, chatterCallback); 

12. ros::spin(); 

13.  

14. return 0; 

15. } 

Cmake list: simply add these few lines to the bottom of CMakeLists.txt: 



1. include_directories(include ${catkin_INCLUDE_DIRS}) 

2. add_executable(talker src/talker.cpp) 

3. target_link_libraries(talker ${catkin_LIBRARIES}) 

4. add_executable(listener src/listener.cpp) 

5. target_link_libraries(listener ${catkin_LIBRARIES}) 

iii. test result 

 

Data can be successfully passed form PC to kuka. 

 

3.2.3 Project test 

 

i. Test objective: Evaluate the system that can meet the accuracy and stability 

requirement. 

ii. Test procedure 

By using 

Rostopic list 

Rostopic echo 



 

The data type of the output “ndt_pose” can be found. According to ros wiki tutorials 

material, the subscriber sample can be written as follow 

1. #include "ros/ros.h" 

2. #include "geometry_msgs/PoseStamped.h" 

3. void ndt_poseCallback(const geometry_msgs::PoseStamped::ConstPtr& msg) 

4. { 

5. ROS_INFO("I heard: [ndt_matching pose]"); 

6. } 

7. int main(int argc, char **argv) 

8. { 

9. ros::init(argc, argv, "listener"); 

10. ros::NodeHandle n; 

11. ros::Subscriber sub = n.subscribe("ndt_pose", 1000, ndt_poseCallback); 

12. ros::spin(); 

13. return 0; 

14. } 

Initally, we test the connection between Euclidean cluster and path-finding function. The 

function will only present  The result is shown as follows: 



The data can pass thorough rosout to ubuntu and active the subscriber in the ubuntu. If 

the subscriber successfully receives the data which is sent by the publisher, it will print 

“ I heard ndt_matching pose” in the terminal. 

In the real installation, the multi-computer connection is blocked with a lot of problems 

because of the unfamiliar with the roscore and master in multi-computer communication. 

There is only a little information that can be found on the internet about it, so I have to 

solve these problems by myself without enough past references. 

If all of the members integrate their work together, the testing is required as well. 

Initially, we test the connection between Euclidean cluster and path-finding function .The 

result is shown as follows: 



 

The connection between cluster and pathfinding is correct. 

 

Then, we add the y value of the centroid of block. 

However, when both and clustering and localization are applied, the pathfinding function 

can only present or receive the data from localization.  



 

 

iii. Test result 

The subscriber sucessfuly receive the data which is sent by the publisher , it prints “ I 

heard ndt_matching pose” in the terminal. 

 

a. Content of the data  

The following is a set of output data 



Seq: sequence means the data is the128th group. (In order to improve the localization 

performance, the frequency should be high.) 

Position: According to the coordinate system, it provides the coordinate point. 

Orientation: It corresponds to the movement direction. According to the past velocity, the 

direction can be predicted. The data in the part is indicated by using quaternion which is a 

super complex number. Because we only use the position in our project, orientation and 

quaternion is negligible. 

 

b. Frequency 

Because path tracking part needs to receive two kinds of data: localization pose and 

center barrier pose. All these two data should corporate and change every moment. So, 

these two kinds of data should have the same frequency and the frequency should match 

the computer power. By typing the following command in terminal, the topic frequency 

can be shown. 



1. rostopic hz -ndt_pose 

 

 

3.3 Field test 

3.3.1 Self-adjustment test 

To show that our project can overcome some interruptions from the outside environment, 

an experiment has been designed to examine whether KUKA can drive to the destination 

when it is suddenly moved to another place. The main code is similar to the code in real-

time speed calculation because, in that design, the speed direction is always towards the 

destination, which fulfills the requirement in this experiment. The pathway and the 

sudden movement, which position is random, are shown in the picture below: 

 



 

The measurement shows that after the sudden movement, KUKA still headed towards the 

destination and stopped when it reached the destination. The error is less than 0.5cm, 

which means our design has a relatively high self-adjustment ability.  

 

3.3.2 Obstacle avoidance test 

Another experiment is designed to test whether the project is able to avoid an obstacle. 

The code is similar to the previous one. However, the frequency is set to 0.05hz and total 

speed is set to 0.05m/s, which means KUKA will judge whether to change the speed 

direction every 10cm. This can make it easy to observe and measure when and where 

KUKA changes its direction to conduct the error analysis. The pathway is shown below. 

 



 

 

This pathway is almost the same compared to the desired one. However, KUKA should 

turn left around 2cm before the current pathway. The reason for this error may be: 

a. There exists some delay time among KUKA, Lidar and external computer. 

b. There may be some interference during Lidar’s detection. 

c. The center point of the block is not quite accurate. 

 

Despite of these errors, we can still conclude that the experiment of self-adjustment and 

avoiding obstacles are successful. 

 

 

 



 

3.4 Problems occurred 

 

3.4.1 Problems about KUKA driver in KUKA’s computer 

 

During the connection between the external computer and KUKA, a lot of problems have 

been encountered because of the communication and permission. One of the problems is 

that the driver cannot start after KUKA connects with the switch. To solve it, many 

actions related to communication should be taken and here just introduces what should be 

modified in KUKA’s computer except for IP address. 

 

Originally, there is only one cable that connected with KUKA computer, which is shown 

in the picture 

 



However, in this project, KUKA also need to connect with the switch so that it can 

receive information from the external computer, which means there need two cables. 

With these two cables, KUKA’s computer will be confused which one should give the 

command to drive and which one should receive information from the external computer 

so KUKA’s driver cannot start by command. The error shows in the following picture: 

 

Therefore, it is necessary to modify the config file so that KUKA knows the function of 

each ethernet. Furthermore, we need to give KUKA the permission command driver by 

the following command: 

1. sudo setcap cap_net_raw+ep /opt/ros/indigo/lib/youbot_driver_ros_interface/youb

ot_driver_ros_interface   

2. sudo ldconfig /opt/ros/indigo/lib   



 

3.4.2 Confliction between youbot_driver and Autoware 

 

Problem 1 

Confliction between youbot_driver and Autoware 

The situation is that the topic can be sent to Kuka computer. Meanwhile, the calculated 

velocity and position can be printed in the terminal (it means the raw data is readable and 

changeable). However, the youbot cannot move. 

Finally, I find that the problem is a roscore and master problem. 

 

(the figure shows the connection between each part, the ubuntu youbot,driver cannot 

connect with PC.) Before opening the driver, I only export controlling program but did 

not export the youbot_driver (export ROS_MASTER_URI=http:// ahren-Inspiron-

7537:11311). So, it cannot connect with master roscore in pc and cannot be activated 

(after exporting driver’s roscore, it can connect with PC. The PC can work) 



Finally, the standard opening sequence or process is provided as follow. 

 

Frist, the Autoware should be opened because the roscore in Autoware works as a master 

roscore. 

1. $ ssh ahren-Inspiron-7537 

2. $ cd $HOME/Autoware/ros 

3. $. /run 

Then,we come to kuka computer. Frist, export the ubuntu driver and then export the Path 

tracking and control part. 

1. export ROS_MASTER_URI=http:// ahren-Inspiron-7537:11311 

2. roslaunch youbot_driver_ros_interface youbot_driver. launch 

Finally, open a new terminal and it can work (refer to the appendix video. 

1. export ROS_MASTER_URI=http:// ahren-Inspiron-7537:11311 

2. cd $HOME/youbto 



3. source devel/setup.bash

4. rosrun sam1 sam1

3.4.3 Confliction between youbot_driver and LiDAR driver 

Confliction between youbot_driver and LiDAR driver 

LiDAR is a sophisticated device and it also needs a driver to send scanning data to PC. 

The problem occurs when integration LiDAR, PC, and ubuntu is in process.   In problem 

1, I have mentioned that Autoware needs to be opened first and it’s roscore works as a 

master. However, the situation is that if I open Autoware first then open the LiDAR 

driver, the LiDAR cannot send data to my PC. If LiDAR driver is opened first, the 

LiDAR can send data to my computer but the ubuntu driver cannot work. 

In background part, some operation rules about roscore are concluded. 

1. first come first served

2. One computer only can own one roscore in localhost.



The ubuntu driver cannot work because LiDAR driver is opened first and the ubuntu 

driver’s roscore is exported to LiDAR roscore. The connection between Autoware and 

ubuntu driver is broken. So, the ubuntu driver cannot be active by topic “ndt_pose” 

In order to solve the problem, we need to try to let the roscore in Autoware work as 

master. After trying many times, the idea that focuses on Autoware roscore is abandoned.  

By chance, I find that if roscore is opened before LiDAR drive and Autoware, they can 

share the roscore. In this way, the problem is easier to be solved. 

Then the standard opening sequence or process is provided as follow. 

Frist, the independent roscore should be opened firstly because the roscore works as a 

master roscore. Then open the LiDAR driver. 

1. $ ssh ahren-Inspiron-7537 

2. $ roscore 

3. $ cd 15_velodyne/ 



4. $ ./runVelodyne.sh 

 

After opening the LiDAR driver, we need to open the RVIZ and change the frame to 

velodyne. Then, add poind cloud in topic. If the LiDAR successfully send data to PC, we 

can continue our process-open the Autoware platform. 

1. $ cd $HOME/Autoware/ros 

2. $. /run 

Then, come to kuka computer. Frist, we need to export the ubuntu driver and then export 

the Path tracking and control part. 

3. export ROS_MASTER_URI=http:// ahren-Inspiron-7537:11311 

4. roslaunch youbot_driver_ros_interface youbot_driver. launch 

Then, open a new terminal and it works. 

5. export ROS_MASTER_URI=http:// ahren-Inspiron-7537:11311 



6. cd $HOME/youbto 

7. source devel/setup.bash 

8. rosrun sam1 sam1 

 

3.4.4 Discordance of subscriber 

 

In the graph below , only information of robot velocity and current location are shown. 

The function does not receive the information of centroid of blockade.  

 

The possible reason for the discordancy might be the frequency used for the subscriber 

and publisher. 

In the general, the format of publisher is shown as follows: 

ros::Publisher advertise(const std::string& topic, uint32_t queue_size, bool latch = false);  



Queue_size  is the size of the outgoing message queue, which can be considered as the 

frequency of data published. Subscriber follows the same format. 

For ndt mapping, the frequency is 1000 for queue_size in publisher and subscriber. For 

centroid, the frequency is 10 for queue_size in publisher and subscriber. If the frequency 

of subscriber of the centroid is 1000, the result is shown. 

 

All the desired data are shown. The possible reason for the discoordinance might be the 

low processing speed of kuka, which means that kuka robot cannot manage too much 

data instantly. Because the frequency of ndt_mapping is high compared with centroid 

subscriber and publisher, kuka robot has higher possibility to manage the data from ndt 

mapping than the data published from euclidean cluster. 

 

 

 

 

 

 



 

Discussion and conclusion 

In conclusion, all the fundamental functions for unmanned indoor drive are basically 

fulfilled and experiment results are quite satisfied after integration. To be specific, several 

missions as followed have been accomplished in this project. 

Localization is achieved by using ndt_localization which is contained in Autoware 

platform. Roughly, the accuracy and update frequency fulfill the requirement.  

For the part of clustering, edges of objects are successfully detected. The corresponding 

centroids are published and received by path tracking function. 

For path tracking and autonomous control, simple path planning is designed and tested 

according to the parameters from cluster and localization. Real-time speed control and 

obstacle avoidance have been achieved to directly control KUKA as well. 

By using Switch and LAN, whole multi-computer communication can be stabilized and 

accurately achieved, which means integration is successful and all the above functions 

can be utilized on KUKA.  

 

 

 

 

 



Future work 

 

a. Further integration 

Because of the time limitation, I only can use multi-computer communication as a 

compromise. If someone wants to continue work on this project, focusing on integrating 

all these parts into one computer to avoid using network cable might be a good direction. 

Before starting integrating, the computer in kuka should be updated because of the 

algorithm requirement. 

 

(the figure shows my computer power load when running the localization part. If 

someone wants to integrate all these three parts into one computer, the computer should 

be strong enough to calculate these data.) 

b. Simplify Autoware 

In localization part, simplifying the Autoware platform might be another direction. 

Because the platform is developed for autonomous vehicle and it is a little over-quality, I 

want to simplify it to decrease the computer power required. 

 

c. Take full advantages of the output 



In the output part, orientation data is not used, so in the future, the project can be further 

improved by containing the direction part to get more accurate localization coordinate 

point. 

d. Add more hardware to improve localization performance 

In the code of ndt_mapping and ndt_matching some addition hardware was mentioned 

such as imu and odom. In this project, we only use LiDAR to provide environment 

information. In the future, we can focus on cooperate different sensors to achieve better 

localization performance. 

e. Guidance 

The future work of the guidance is to find out the shortest path between starting point and 

destination that is randomly selected.  

In the previous schedule, the timetable is too tight for the completion of two methods. 

Therefore, we choose to complete the second method instead of the first one.  

Actually, part of the first method is finished. We have finished up the transformation 

from 3D to 2D. The extra process is required.  



 

The shortest path is achieved by applying Astar. As mentioned before, Astar needs the 

information from occupancy grid map and costmap. Occupancy grid is the format that 

transforms the map into the grid form. The grid form is crucial to the storage of data. In 

each grid, the grid stores the information of the estimated distance from current grid to 

the destination grid, which is labeled as h. The distance from the starting grid to the 

current grid, which is stored in g. The combination of g and h is f. The grid also stores f.  

The optimal outcome of occupancy map is shown in the form in this way: 

 



The cost map is added on the grid map. Cost map is required for the blockade avoidance. 

At the blockade scanned in the grid map, the additional area, or cost area, should be 

placed around the blockade.  

The red area on the costmap is the blockade. The blue area is the additional cost near to 

blockade. The blue area serves the same purpose as the area R in the pathfinding 

function. The cost area is used for robot turning. If there has no cost area, the robot may 

directly hit the edge of the blockade during the change of direction. As the result, a star 

implemented for the guide will demonstrate the shortest path based on the information 

given by gridmap and costmap.  

The desired outcome should be the following: 



 

The green line is the assigned path from the starting point to the destination. The blue 

area is the cost area. The red area is the edge of blockade.  

 

f. Avoid more obstacles and reduce costs 

Obstacle avoidance can also be further improved. In the real situation, obstacles may be 

close to each other or in some random shape so a better design is required for these complex 

situations. Furthermore, there are moving obstacles like human and dogs in real life, which 

needs prediction and decision-making. If these problems can be solved, it is not difficult to 

optimize path planning and reduce the costs for each obstacle. 
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