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Title The Design of Robot Path Planning and Navigation

System Based on ROS

Abstract

Today, in the context of global technological globalization, artificial
intelligence has rapidly developed, and the research and application of
wheeled robots have been widely infiltrating various industries. In this
field, simultaneous localization and mapping (SLAM), path planning and
navigation have become the three core issues of mobile robots. At the
same time, there are some common problems for mobile robots, such as
how to use low—cost LIDAR to construct accurate 2D grid maps, how to
plan accurate paths quickly based on the maps, and how to improve
navigation accuracy to reach the destination accurately.

To address these issues, this paper designs a robot hardware platform
based on Mecanum wheel chassis, and establishes a corresponding
mathematical model according to the mobile robot’s kinematic model. In
ROS, a software framework is built to implement SLAM technology by using
FKF (extended Kalman filter algorithm) to fuse data from single—line
LIDAR and IMU (inertial measurement unit). The research then utilized
the mobile robot’s constructed global map to conduct further research
using AMCL adaptive Monte Carlo particle filtering localization
algorithms, A% global path planning algorithms, and DWA and TEB local
path planning algorithms.

Finally, in the complex environment of the laboratory, the mobile robot
successfully used Gmmaping algorithm to build a map, and implemented

the visualization of the navigation of designated target points using




Rviz after multiple training and experiments. Further, the research also
validated the mobile robot’s ability in localization, path planning and
obstacle avoidance navigation. By studying SLAM, path planning and
navigation Kkey points, the research team successfully built an
autonomous path planning and navigation system with practical value,

which has many advantages such as low cost and high accuracy.

Keywords Mobile robot ROS Path planning Navigation
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Hrb dWw)FE7R v BITE SR EIE S, wu, v)ERRL(, v)FIRE.

(Q)A*H i
A*BENER R R A R 7 SOk A R T R, IR PP B fn) TR MR
AR B R E. AN
f(n) =h(n)+gn) (4-2)
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X E B R S B IR BB IR h(n) =0, M) A*SIEHLAS AL T Dijkstra 535,
1M h(n) B/, AABVEREBE, BA—TaRERMAM. WiERE h(n) B FRZELE
0 2R3 S R O B 2 IRV BEATAUA, & 2410 h(n) P RAABI AR T I R AR
442 REBREIX
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DWA J& Dynamic Window Approach (B 17775) WM4EE, & —FM=Egail
RIGE: o FL B R G T LA B 2H s A3 2 2 8] (v, w) Wil — 8 LU RSR I AT IR T
o A 2HL T P A5 0 S AR B 3 B B AT VAL, S PP B A R A R R R 1Y
P TT AR LI HLES N RS B8
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Vs = {(v,w)|v <2 dist(v,w)a, 0 < /2 - dist(v,w)a’} (4-5)

Hr, dist(v, w) RAEEED 8 (v, ) T, BT B b4 5l 1 #E S .

ZrtriN(4-3). (4-HR4-5), FHLAs NFDEEIRFIEY, n VRGN, VAV N,
B N2 F
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(2)TEB

TEB (Timed Elastic Band) & —#i F T L8 N R R Eg A2 AR IO S0 . Bl
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TV A PR 28 Bk % A2 i 75 B R AT RE IS TR ARG e M, [R] B ke - e s 47
HORIFLE — 2 (138 B AT FE R i1l < 9UST. TEB W] LAKLERAE N A AR 2240 5%
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Hh SERHZ BRI EE R . TEB € L& ALZE A

Xi= (oo BT (4-6)
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TEB 5Lk A 2 A AR T VLR IR G S A AL %, B H AR R EUE
f(B) = Xk Yifi(B) (4-7)
B* = arg™}f (B) (4-8)
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I, B Rz,
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fpath = er(dminjrpathrgr §,n) (4-10)

far = er(—dmin, —Tpath» & S,n) (4-11)
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Tl R B% A2 Move Base IERT LAACERBNAS G A% RS I S 45T LA Kx 4 Jay i 1
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geometry_msgs/PoseStamped Navigation Stack Setup
move_base "map" |
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M= A TREEFF (F%)

Al HBRAERENXHE
A1l EEESED
<launch>
<node pkg="ucar control" type="robot base" name="robot base" output="screen">
<rosparam file="$(find ucar_control)/config/base driver.yaml" command=" load"
/>
</node>

</launch>
Al12 HEHEX
<launch>

<!--- Run Rplidar -->

<node name="rplidarNode" pkg="rplidar ros" type="rplidarNode" output="screen">

<param name="serial port" type="string" value="/dev/rplidar"/>
<param name="serial baudrate" type="int" value="115200"/>
<param name="frame id" type="string" value="laser"/>
<param name="inverted" type="bool"  value="false"/>
<param name="angle compensate" type="bool"  value="true"/>
<param name="scan_mode" type="string" value="Sensitivity"/>

_n

<remap from="scan" to="scan_raw"/>
</node>
<node pkg="base driver" type="lidar" name="lidar"/>

</launch>

A2 HMB/ASMBINIXH
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<launch>
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<node name="map server" pkg="map server" type="map server" args="$(find
ucar_nav)/maps/map.yaml"/>

_n

<node pkg="move base" type="move base" respawn="false" name="move base"
output="screen">

<param name="base local planner" value="dwa local planner / DWA Planner
ROS " />

<rosparam  file="$(find  ucar nav)/config/costmap common_ params.yaml"
command="load" ns="global costmap" />

<rosparam  file="$(find  ucar nav)/config/costmap common_ params.yaml"
command="load" ns="local costmap" />

<rosparam file="$(find ucar_nav)/config/local costmap params.yaml"
command="load" />

<rosparam file="$(find ucar_nav)/config/global costmap params.yaml"
command="load" />

<rosparam file="$(find ucar nav)/config/move base params.yaml" command
="load" />

<rosparam  file="$(find  ucar nav)/config/dwa local planner params.yaml"
command="load" />

<node pkg="rviz" type="rviz" name="rviz" args="-d $(find ucar nav)

/rviz/nav.rviz"/>

</launch>
A3 HB/ARERF
A31 ¥R

#include"string.h"
#include"stdlib.h"
#include'"ros/ros.h"

#include <iostream>
#include<std msgs/Bool.h>
#include<std msgs/Int8.h>
#include<std msgs/String.h>

#include<dynamic reconfigure/client.h>
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#include <move base msgs/MoveBaseAction.h>
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#include <actionlib/client/simple action_client.h>
#include"move base msgs/MoveBaseActionFeedback.h"

#include<iostream>

ros::Publisher reconfigure;

std::string reconfigure topic= "dynamic";

bool get command,go,if recognize=1,get food;

int i,count,voice play,get info=99,lock,playone;

int point_goal,food goal=3,finall;

int flag0,flagl,flag2, flag3, flag4, flag$5, flag6, flag7,flag8,flag9,flagl0,flagll,flagl2,flagl3;

void pub_goals(double goal num|[]){
actionlib::SimpleActionClient<move base msgs::MoveBaseAction>
ac("move base",true);
ROS INFO("Waiting for move base action server...");
11554 60 A5 LLAE R il 55 75 7T H
if(!ac.waitForServer(ros::Duration(30))){
ROS INFO("Can't connected to move base server");
ros::shutdown();}
ROS INFO("Connected to move base server");
ROS INFO("Starting navigation test");
move base msgs::MoveBaseGoal goal,
IS B A 5 S H b 3
goal.target pose.header.frame id
114415} [A) R 1 BN “now™
goal.target pose.header.stamp = ros::Time::now();
I BARE A E N i MR

goal.target pose.pose.position.x=goal num[0];

_n

map";

goal.target pose.pose.position.y=goal num[1];
goal.target pose.pose.position.z=0;
goal.target pose.pose.orientation.x=0;
goal.target pose.pose.orientation.y=0;
goal.target pose.pose.orientation.z=goal num[2];
goal.target pose.pose.orientation.w=goal num[3];
[AERLEE N TE) H brte 3
/144 B AR 23 1% 2l MoveBaseAction il 45 2%
ac.sendGoal(goal);

}

void Callback(const move base msgs::MoveBaseActionFeedback & msg){
if(flagl==0){
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doubledistance= sqrt(pow(goal 1[0]
msg.feedback.base position.pose.position.x,2)+pow(goal 1[1]-
msg.feedback.base position.pose.position.y,2));
if(distance<0.6){
flagl=1;
std::cout<<"Goal 1 reached!!!"<<std::endl;
pub_goals(goal 2);}
int main(int argc, char* argv[])
{
ros::init(argc,argv,"go_goals");
ros::NodeHandle nh;
P RA A BN SSRGS S+
reconfigure = nh.advertise<std msgs::Int8>(reconfigure topic, 10);
/1] %] move base J 15i*/
ros::Subscriber goal result = nh.subscribe("/move base/feedback", 10,Callback);
PAT B R 4/
ros::Subscriber voice_command = nh.subscribe("/start",10,voice_command_callback);
PTG 35 L/
ros::Subscriber scan_aruco = nh.subscribe("/scan_aruco",10,scan_aruco_callback);
[*service 15K 1E T Rk
ros::ServiceClient client = nh.
serviceClient<xf mic_tts offline::Play TTS srv>("xf mic tts offline node/play txt wav
")
xf mic_tts offline::Play TTS srv srv;*/
system("sh ./test.sh");
while(ros::0k()){
ros::spinOnce(); }

return 0;}
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