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Ailan1AnnAY
a %4

AReszUUUfURN1SUEUA (ROS) Ul Ubuntu 16.04 LTS %32 Ubuntu 18.04 LTS
%gumauﬁ 1 Wiﬂ%L%ﬂL’J@%‘%ﬂﬂ@ﬂ Ubuntu

$ lsb_release -a
Sunaudl 2 faksszuuUFoRnsvueui(ROS)

$ sudo sh -c ‘echo "deb http://packages.ros.org/ros/ubuntu $(lsb_release -
sc) main" > /etc/apt/sources.list.d/ros-latest.list’

S sudo apt-key adv --keyserver hkp://ha.pool.sks-keyservers.net:80 --recv-
key 421C365BDIFF1F717815A3895523BAEEBO1FAL16

$ sudo apt-get update
ﬁﬂﬁ%'urzﬂsﬁﬁﬂum% Ubuntu 16.04 LTS $ sudo apt-get install ros-kinetic-desktop-full
ﬁm%’u;ﬂ%mﬁi%’ Ubuntu 18.04 LTS  $ sudo apt-get install ros-melodic-desktop-full

$ sudo rosdep init

$ rosdep update
ﬁm%’u;ﬂ%mﬁi%’ Ubuntu 16.04 LTS $ echo "source /opt/ros/kinetic/setup.bash” >>
~/.bashrc source ~/.bashrc
ﬁm%’urzﬁ%ﬂ’mﬁw Ubuntu 18.04 LTS $ echo "source /opt/ros/melodic/setup.bash” >>
~/.bashrc source ~/.bashrc

$ source ~/.bashrc

$ sudo apt-get install python-rosinstall python-rosinstall-generator python-
wstool build-essential
amﬁg\aaﬂ@w (Arduino)

sudo apt-get install ros-indigo-rosserial-arduino

sudo apt-get install ros-indigo-rosserial
AnnslauTi3ssuudiRnisviusud (ROS)
cd <sketchbook>/libraries
rm -rf ros_lib

rosrun rosserial_arduino make_libraries.py .
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Tusunsun1svineuvese1gli (Arduino)
#include <ros.h>

#include <std _msgs/String.h>
#include <stdlib.h>

#include <geometry msgs/Twist.h>
#define MT1 IN1 4

#define MT1 IN2 5

#define MT1_PWM 6

#define MT2 IN1 7

#define MT2_IN2 8

#define MT2_PWM 9

double CmdSpd[2] = {0,0};
double WheelSeparation = 0.44;
double girth = 0.38 ;

double maxRPS = 3 ;

int (pwm=0,rpwm=0 ;

void velCallback(const geometry msgs:: Twist&CVel)}
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double vel x = CVellinearx, vel z = CVel.angular.z; double r vel = 0.0, L vel =

0.0;

if (vel x == 0){r_vel = vel z* WheelSeparation/2.0; | vel = -r vel; }
else if (vel z==0){1 vel =1 vel = vel x;
else { Lvel = vel x-vel z*WheelSeparation / 2.0;

r vel = vel x + vel z* WheelSeparation / 2.0; }

if (Lvel >=0) lpwm = constrain((( 255 * L vel)/(girth * maxRPS * 1.00)), 0,255);

else lpwm = constrain(((-255 * |_vel)/(girth * maxRPS * 1.00)), 0,255);

if (r_vel >=0) rpwm = constrain((( 255 * r_vel)/(girth * maxRPS * 1.8)), 0,255);

else rpwm = constrain(((-255 * r_vel)/(girth * maxRPS * 1.8)), 0,255);
CmdSpd[0] = L vel;  CmdSpd[1] =r_vel;
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}

ros::NodeHandle nh; ros:Subscriber<geometry msgs:Twist> sub('cmd vel",
&velCallback);

geometry msgs::Twist msg; ros:Publisher Pub ("PWM", &msg);

void motorGo( )
if ( CmdSpd[0] > 0X

if  (CmdSpd[1] > 0) { digitalWrite(MT1 IN1,1); digitalWrite(MT1 IN2,0);
digitalWrite(MT2_IN1,1); digitalWrite(MT2_IN2,0);
analogWrite(MT1_PWM,lpwm);
analogWrite(MT2_PWM,rpwm);}

else ifl CmdSpdl[1] < 0){ digitalWrite(MT1 IN1,1); digitalWrite(MT1 IN2,0);
digitalWrite(MT2_IN1,0); digitalWrite(MT2_IN2,1);
analogWrite(MT1_PWM,lpwm);
analogWrite(MT2_PWM,rpwm);}

else { digitalWrite(MT1 _IN1,1); digitalWrite(MT1_IN2,0);
digitalWrite(MT2_IN1,0); digitalWrite(MT2_IN2,0);
analogWrite(MT1_PWM,lpwm);
analogWrite(MT2_PWM,rpwm);}

}

else if ( CmdSpd[0] < 0X

if  (CmdSpd[1] > 0) { digitalWrite(MT1_IN1,0); digitalWrite(MT1_IN2,1);
digitalWrite(MT2_IN1,1); digitalWrite(MT2_IN2,0);
analogWrite(MT1_PWM,lpwm);
analogWrite(MT2_PWM,rpwm);}

else ifl CmdSpd[1] < 0){ digitalWrite(MT1_IN1,0); digitalWrite(MT1_IN2,1);
digitalWrite(MT2_IN1,0); digitalWrite(MT2_IN2,1);
analogWrite(MT1_PWM,lpwm);
analogWrite(MT2_PWM,rpwm);}

else { digitalWrite(MT1 IN1,0); digitalWrite(MT1_IN2,1);
digitalWrite(MT2_IN1,0); digitalWrite(MT2_IN2,0);
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analogWrite(MT1_PWM,lpwm);
analogWrite(MT2_PWM,rpwm);}

}

else {

if  (CmdSpd[1] > 0) { digitalWrite(MT1_IN1,0); digitalWrite(MT1_IN2,0);
digitalWrite(MT2_IN1,1); digitalWrite(MT2_IN2,0);
analogWrite(MT1 PWM,lpwm);
analogWrite(MT2_PWM,rpwm);}

else ifl CmdSpdl[1] < 0){ digitalWrite(MT1 IN1,0); digitalWrite(MT1 IN2,0);
digitalWrite(MT2_IN1,0); digitalWrite(MT2_IN2,1);
analogWrite(MT1_PWM,lpwm);
analogWrite(MT2_PWM,rpwm);}

else { digitalWrite(MT1 IN1,0); digitalWrite(MT1 IN2,0);
digitalWrite(MT2_IN1,0); digitalWrite(MT2_IN2,0);
analogWrite(MT1_PWM,lpwm);
analogWrite(MT2_PWM,rpwm);}

}

void setup() { nh.initNode(); nh.subscribe(sub); nh.advertise(Pub);
pinMode(MT1_IN1,0UTPUT); pinMode(MT1_IN2,0UTPUT);
pinMode(MT1_PWM,OUTPUT); pinMode(MT2_IN1,0UTPUT);
pinMode(MT2_IN2,0UTPUT); pinMode(MT2_PWM,OUTPUT); }

void loop() { msg.linear.x=lpwm; msg.linear.y=rpwm; nh.spinOnce();

Pub.publish(&msg); motorGo(); delay(50); }

TUsunsunsinauvadsuwasianis (Lidar)

<launch>

<node name="ydlidar_node" pkg="ydlidar" type="ydlidar_node"
output="screen">

<param name="port" type="string" value="/dev/ydlidar"/>

<param name="baudrate" type="int" value="128000"/>



<param
<param
<param
<param
<param
<param
<param
<param
<param
<param
<param
<param

<param

name="frame_id" type="string" value="laser frame"/>
name="angle fixed" type="bool" value="true"/>
name="intensities" type="bool" value="false"/>
name="low_exposure" type="bool" value="false"/>
name="heartbeat" type="bool" value="false"/>
name="resolution _fixed" type="bool" value="true"/>
name="angle min" type="double" value="-180" />
name="angle max" type="double" value="180" />
name="range_min" type="double" value="0.05" />
name="range_max" type="double" value="10.0" />
name="ignore_array" type="string" value="" />
name="samp _rate" type="int" value="10"/>

name="frequency" type="double" value="5"/>

</node> <node pkg="tf" type="static_transform publisher"
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name="base link to laser" args="0.0 0.0 0.0 0.0 0.0 0.0 /base_link /laser_frame 40" />

</launch>

TUsUATUNISYIN9IUYUBS hector SLAM

<launch> <arg name="geotiff map file_path" default="$(find hector_geotiff)/maps"/>

<param

name="/use_sim_time" value="false"/>

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

hector_slam_launch)/rviz_cfg/mapping_demo.rviz"/>

<include file="S(find hector_mapping)/launch/mapping_default.launch"/>
<include file="S(find hector_geotiff)/launch/geotiff mapper.launch"> <arg

name="trajectory source frame_name" value="scanmatcher_frame"/> <arg

name="map _file path" value="$(arg geotiff map file path)'/>

</include>

</launch>



TUsuNTUN15911914204 rf20_odometry
1 Msvieuludruues xml
<launch>

<node pkg="rf2o laser odometry" type="rf20 laser odometry node"
name="rf20 laser odometry" >

<param name="laser_scan_topic" value="/scan"/>

<param name="odom_topic" value="/odom" />

<param name="publish_tf" value="true" />

<param name="base_frame_id" value="/base_link"/>

<param name="odom frame id" value="/odom" />

<param name="init_pose from topic" value=""
<param name="freq" value="12.0"/>
<param name="verbose" value="true" />
</node>

</launch>

2 myiauludiuees C++
#include "rf2o_laser_odometry/CLaserOdometry2D.h"
#include <tf/transform_broadcaster.h>
#include <tf/transform_listener.h>
namespace rf20 {
class CLaserOdometry2DNode : CLaserOdometry2D
{
public:
CLaserOdometry2DNode();
~ClLaserOdometry2DNode() = default;
void process(const ros:TimerEvent &);
void publish();
bool setLaserPoseFromTf();
public:

bool publish_tf, new scan_available;
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double freg;

std:string laser scan_topic;

std:string odom_topic;

std:string base frame id;

std:string odom frame id;

std:string init_pose from_topic;

ros::NodeHandle n;

sensor_msgs::LaserScan last scan;

bool GT _pose_initialized;

tf:: TransformListener tf listener;

tf: TransformBroadcaster odom broadcaster;

nav_msgs:Odometry  initial_robot pose;

ros:Subscriber laser _sub, initPose sub;

ros::Publisher odom pub;

bool scan_available();

void LaserCallBack(const sensor_msgs::LaserScan::ConstPtr& new_scan);

void initPoseCallBack(const nav_msgs:Odometry::ConstPtr& new_initPose);
I
ClLaserOdometry2DNode::ClLaserOdometry2DNode() :

CLaserOdometry2D()

ROS_INFO("Initializing RF20 node...");
ros::NodeHandle pn("~");
pn.param<std::string>("laser_scan_topic",laser_scan_topic,"/scan");
pn.param<std::string>("odom_topic", odom_topic, "/odom")
pn.param<std::string>("base_frame_id", base frame id, "/base_link");
pn.param<std::string>("odom_frame_id", odom_frame _id, "/odom");
pn.param<bool>("publish_tf", publish_tf, true);
pn.param<std::string>("init_pose_from_topic", init_pose from_topic,
"/base_pose ground_truth");

pn.param<double>("freq',freq,10.0);
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pn.param<bool>("verbose", verbose, true);

odom pub = pn.advertise<nav_msgs::Odometry>(odom _topic, 5);

laser_sub = n.subscribe<sensor msgs::LaserScan>(laser scan_topic,1,&
ClLaserOdometry2DNode::LaserCallBack,this);

if (init_pose from_topic = "")

{

initPose sub = n.subscribe<nav_msgs::Odometry>(init_pose from topic,1,&

ClLaserOdometry2DNode::initPoseCallBack,this);

GT pose_initialized = false;

}
else
{
GT pose initialized = true;
initial_robot pose.pose.pose.position.x = 0;
initial_robot_pose.pose.pose.position.y = 0;
initial_robot_pose.pose.pose.position.z = 0;
initial_robot_pose.pose.pose.orientation.w = 0;
initial_robot pose.pose.pose.orientation.x = 0;
initial_robot_pose.pose.pose.orientation.y = 0;
initial_robot_pose.pose.pose.orientation.z = 0;
}
setlLaserPoseFromTf();

module_initialized = false;

first_laser_scan = true;

ROS_INFO_STREAM('Listening laser scan from topic: " << laser_sub.getTopic());
}
bool CLaserOdometry2DNode::setlaserPoseFromTf()
{

bool retrieved = false;

tf::StampedTransform transform;

transform.setldentity();
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try
{

tf_listener.waitForTransform("/base_footprint

ros::Duration(5.0));

retrieved = true;
}
catch (tf:TransformException &ex)
{
ROS ERROR("%s",ex.what());
ros::Duration(1.0).sleep();
retrieved = false;
}
const tf::Matrix3x3 &basis = transform.getBasis();

Eigen::Matrix3d R;

for(intr = 0; r < 3; r++)

}

for(int c = 0; ¢ < 3; c++)

R(r,c) = basis[r][c];
Pose3d laser tf(R);
const tf:Vector3 &t = transform.getOrigin();
laser_tf.translation()(0) = t[0];
laser_tf.translation((1) = t[1];
laser_tf.translation()(2) = t[2];
setLaserPose(laser_tf);

return retrieved;

bool CLaserOdometry2DNode::scan_available()

{

}

return new_scan_available;

non
)

/\aser_frame", ros:Time(),

void CLaserOdometry2DNode::process(const ros:: TimerEvent&)

{
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if( is_initialized() && scan_available() )

{
odometryCalculation(last_scan);
publish();
new_scan_available = false; }
else
{
ROS_WARN("Waiting for laser_scans....") ;
}
}
void CLaserOdometry2DNode::LaserCallBack(const sensor msgs::LaserScan::ConstPtr&
new_scan)
{

if (GT_pose_initialized){
last_scan = *new_scan;
current_scan_time = last_scan.header.stamp;
if (ffirst_laser_scan)
{
for (unsigned int i = 0; i<width; i++)
range Wf(i) = new_scan->rangeslil;
new_scan_available = true;
}
else
{
init(last_scan, initial_robot pose.pose.pose);

first laser_scan = false;

}
void CLaserOdometry2DNode::initPoseCallBack(const nav_msgs:Odometry::ConstPtr&

new_initPose)



{
if (IGT pose initialized)
{
initial_robot pose = *new_initPose;
GT_pose _initialized = true;
}

}
void CLaserOdometry2DNode::publish()
{
if (publish_tf)
{
geometry msgs::TransformStamped odom_trans;
odom_trans.header.stamp = ros:Time:now();
odom_trans.header.frame id = odom frame id;
odom_trans.child frame_id = base frame _id;
odom_trans.transform.translation.x = robot_pose_.translation()0);
odom_trans.transform.translation.y = robot_pose_.translation()(1);
odom_trans.transform.translation.z = 0.0;
odom_trans.transform.rotation = tf::createQuaternionMsgFromYaw
(rf20::getYaw(robot_pose_.rotation());
odom_broadcaster.sendTransform(odom_trans);
}
nav_msgs:Odometry odom;
odom.header.stamp = ros:Time:now();
odom.header.frame_id = odom _frame _id;
odom.pose.pose.position.x = robot_pose_.translation()(0);
odom.pose.pose.position.y = robot pose .translation()(1);
odom.pose.pose.position.z = 0.0;
odom.pose.pose.orientation = tf:createQuaternionMsgFromYaw
(rf2o::getYaw(robot_pose .rotation()));

odom.child_frame_id = base_frame _id;
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7

odom.twist.twist.linear.x = lin_speed; //linear speed
odom.twist.twist.linear.y = 0.0;
odom.twist.twist.angular.z = ang_speed; //angular speed
odom_pub.publish(odom);

}

}

int main(int argc, char** argv)

{
ros:init(argc, argv, "RF20_LaserOdom");

rf20::CLaserOdometry2DNode mylLaserOdomNode;

ros: TimerOptions timer_opt;

timer_opt.oneshot = false;

timer_opt.autostart = true;

timer_opt.callback _queue = ros::getGlobalCallbackQueue();

timer_opt.tracked object = ros::VoidConstPtr();

timer_opt.callback = boost::bind(&f20::CLaserOdometry2DNode::process,
&myLaserOdomNode, 1);

timer_opt.period = ros::Rate(mylLaserOdomNode.freq).expectedCycleTime(),

ros:Timer rf2o_timer = ros::NodeHandle("~").createTimer(timer_opt);

ros::spin();

return EXIT_SUCCESS;

TUsUATUNITVINIUVBINITTLYAMUIA8TTNTHBURAS lawuuUSUAT (AMCL)
<launch>
<node pkg="amcl" type="amcl" name="amcl" output="screen">
<param name="odom_model type" value="diff"/>
<param name="odom_alpha5" value="0.1"/>
<param name="transform_tolerance" value="0.2" />

<param name="gui_publish rate" value="10.0"/>
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<param name="laser max_beams" value="30"/>
<param name="min_particles" value="500"/>
<param name="max_particles" value="5000"/>
<param name="kld_err" value="0.05"/>

<param name="kld z" value="0.99"/>

<param name="odom alphal" value="0.2"/>
<param name="odom alpha2" value="0.2"/>
<param name="odom alpha3" value="0.8"/>
<param name="odom_alphad" value="0.2"/>
<param name="laser z hit" value="0.5"/>

<param name="laser z short" value="0.05"/>
<param name="laser z max" value="0.05"/>
<param name="laser z rand" value="0.5"/>

<param name="laser sigma_hit" value="0.2"/>
<param name="laser lambda_short" value="0.1"/>
<param name="laser_lambda_short" value="0.1"/>
<param name="laser_ model type" value="likelihood field"/>
<param name="laser_likelihood max_dist" value="2.0"/>
<param name="update_min_d" value="0.2"/>
<param name="update_min_a" value="0.5"/>
<param name="odom frame_id" value="odom"/>
<param name="resample_interval" value="1"/>
<param name="transform_tolerance" value="0.1"/>
<param name="recovery alpha_slow" value="0.0"/>
<param name="recovery alpha_fast" value="0.0"/>
</node>

</launch>

TUsUASUNISTINIUVBINTTAUIUUAUT (Costmap)
map_type: costmap

robot_base frame: /base_link



transform_tolerance: 0.5

obstacle range: 2.5

max_obstacle height: 1.0

raytrace range: 3.0

footprint: [ [-0.22,-0.32] , [-0.22,0.32], [0.62,0.32] ,[0.62,-0.32] ]

inscribed _radius: 0.2

circumscribed radius: 0.3

inflation_radius: 0.2

map_server lethal cost threshold: 100

observation_sources: sensor sensor: {data_type: LaserScan, sensor_frame:

/\aser_frame, topic: /scan, marking: true, clearing: true}

1 global Costmap

global costmap:
costmap global frame: /map
update_frequency: 2.0
publish_frequency: 0.5

costmap static_map: true

2 local Costmap

local_costmap:
costmap global_frame: /odom
update_frequency: 8.0
publish_frequency: 4.0
static_map: false
rolling_window: true
width: 6.0
height: 6.0

resolution: 0.10
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TUsuNTUNTMINNUVREIUKY (Planner)
TrajectoryPlannerROS:
acc_lim_theta: 0.2
acc_lim x: 0.1
acc_lim_ y: 0.1
max_vel x: 0.30
min_vel x: 0.15
max_vel theta: 1.5
min_vel theta: -1.5
min_in_place_rotational vel: 0.4
Metre meter scoring: true

holonomic_robot: false

Iﬂmnsumsv‘hmu%aamsmﬁlaué’iwgﬁu (Move Base)

#include <move base/move_base.h>

#include <tf2_ros/transform_listener.h>

int main(int argc, char** argv){
ros:init(argc, argv, "'move_base node");
tf2_ros::Buffer buffer(ros::Duration(10));
tf2_ros:TransformListener tf(buffer);
move_base:MoveBase move_base( buffer );
ros::spin();

return(0);
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NITATIUAUT
sunaud 1 Wanmsvhaues hector slam Tngldd
$ roslaunch hector slam tutorial.launch
Sunaudl 2 dilijusudiiulumugarnestoueiigesnslisandoudi
$ rosrun teleop twist keyboard teleop twist keyboard.py
sunaud 3 vhnstufinamunuiiiagldmds

S rosrun map_server map_server -f my_map
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A9 L YITUTAVUHIRUAID A LU

'
o o

Yupaui 1 Bannisvinanulagldeds
$ roslaunch move base.launch

2UINVTIA1990LUTNTUITIVTUNIRINN

-~

RViz*
Minterat | 57 Move Camera  [JSelect <> FocusCamera == Measure .~ 2DPose Estimate .~ 2DNavGoal @ Publish Point P -, b
ED Displays x o Views x
v @ Clobal Options .
Type: | Orbit 2
Fixed Frame map e ibit leviz) = Zero
Background Color [l 48; 48; 48 v Current View  Orbit (rviz)
Frame Rate 3(_) NearClip... 0.01
Default Light & Invert Z Axis
v v Global Status: Ok Target Fra... <Fixed Frame>
’ v’ Fixed Frame oK Distance 19.7382
» 2 Map ~ Focal Shap... 0.05
» . LaserScan B Focal Shap... &
» wl Footprint & Yaw 6.21858
» 2 LocalCostMap ~ Pitch 1.1448
» [ GlobalCostMap ¥4 ¥ Focal Point  0;0;0
» @ PoseWithCovari... & X 0
Y 0
z 0
v
Add Save Remove Rename
© Time L
ROS Time: |1557218734.77 ROS Elapsed: |118.30 wall Time: |1557218734.87 Wwall Elapsed: 118.30 Experimental
Reset 25fps

AN 0.2 Freg1eutindngensi

Yunaui 2 nadudedn 2D Nav Goal tilonafiduuaiainlu Grid lnevuiianigldludie

UJa1gn199deanis agUsingamgnasyesuatgniaiidesnisivjusuiingsunduuily
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Juazldunvessr UL URn1sueuRd mTuTavudduAanludi lawdidaya

sandu 2 Inawmes (folder) ) Fsdoyalaagluunudd (CD) Muuulivihean lnelisieaziden
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