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1、Introduce RPLidar 
Ø RPLidar A1/A2 Performance and ToolKit

2、RPLidar Driver Package for ROS：rplidar_ros
Ø Introduce Package 

Ø How to using it on Robot Base

3、 RPLidar for SLAM
Ø RPLidar running SLAM:  Gmapping/Hector/slam_Karto /cartographer      

Ø Laser SLAM (2D) - ROS open Sources

4、SLAMWARE Solution for Mobile Robot



1、Introduce RPLidar

RPLIDAR A2

RPLIDAR A1





RPLidar A1



RPLidar A2



RPLidar SDK ToolKit

RPLIDAR   SDK V1.5.7



RPLidar Test Tool (win32)
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2、 RPLidar drive package for ROS：rplidar_ros

rplidar_ros  ROS wiki 

rplidar_ros  GitHub

Issue(closed)

Pull Request

Wiki (tutorial)

ros-jade-rplidar-ros
ros-xxx-rplidar-ros



rplidar_ros
Topic:   

scan (sensor_msgs/LaserScan)
Services:

stop_motor (std_srvs/Empty)
start_motor (std_srvs/Empty)

rplidar.launch



How to install RPLidar ：TF
sensor_msgs/LaserScan.msg
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How to install RPLidar ：TF

[0,360)

Robot frame
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    Laser frame 
(default output on ROS )

Z-axis is directed outside  
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view_rplidar.launch

roslaunch  rplidar_ros   view_rplidar.launch

rplidar_ros   start  status:  Health status: 0



Mobile robot platform

SDP

rplidr A2
X_laser

Y_laser
.

X_robot

Y_robot.



RPLidar install on base：TF

<node name="base2laser" pkg="tf" 
type="static_transform_publisher" 
args="0.07 0 0 0 0 0 1 /base_link /laser 50"/>

TF: RPLidar with Base 

1.Setup model:URDF
 URDF(user-defined reference frame ) 

2.TF publish
（static_transform_publisher）

Launch_file 链接: http://pan.baidu.com/s/1hswfHKK 密码: r2d2

 x y z qx qy qz qw frame_id child_frame_id  period(milliseconds)



rplidar_ros on MATLAB 

http://blog.csdn.net/zyh821351004/article/details/51124658

 



 RPLidar For SLAM/Navigation



3、RPLidar For SLAM/Navigation

Robot 
rplidar_ros

odom

RVIZ : Different Display

SLAM
robot

gmapping

Navigation
robot 

amcl   +  move_base

Explore
Robot  +  gmapping  +  move_base   

goal(map analysis)



Laser SLAM (2D) - ROS open Sources

Gmapping                      ros-perception/slam_gmapping
                                          ros-perception/openslam_gmapping

                                                         

Karto ros-perception/slam_karto
ros-perception/open_karto
skasperski/navigation_2d

Hector                      tu-darmstadt-ros-pkg/hector_slam

Cartographer
googlecartographer/cartographer
googlecartographer/cartographer_ros 



maps 

HECTOR

KARTO

GMAPPING

GMAPPING

cartographer



Running SLAM(videos) :  Gmapping Hector  karto cartographer

Gmapping

Karto

Hector

cartographer
链接: https://pan.baidu.com/s/1boNxWFt 密码: iuwh



Laser SLAM - ROS open Sources

q Gridmap:   increase map / rebuild map / submap

Ø Filter：
              KF structure :  ekf/ukf      feature     
              Particle Filter:  rbpf         gmapping

 

Ø   Graph optimizer:   karto     cartographer

ScanMatcher:                  hector 
                     

q Framework method ：

q Loop Closure：global accumulator error

q Scan Matcher：correct trajectory



Framework method
Rao-Blackwellized Particle Filters(RBPF)          

 Graph optimizer

Scan Matcher Non-linear optimization



Scan matcher(scan-map)

 1 Simple Gradient Descent  / ICP                           Gmapping

  2 Guass-Newton   ( multi-resolution map)         Hector
 
 3 Real Time Correlative Scan Matcher            karto / cartographer

  4  Fast Correlative Scan Matcher                            cartographer

 

Multi-resolution     window     

Resolution + Branch And Bound     Loop detector



Score(m,p,r) / likelihoodAndScore(w,m,p,r)

laser endPoints   map frame

mapCell   (accumulator )   cell.mean    

Total score:

Cell score:

Scan matcher (evaluation)



Decrease global error

PF(gmapping)

v Sample 
           motion model
v Weight update
           likelihood score 

v Adaptive resampling 
         effective sample size  

Decrease  global error
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eliminate global error



Occupancy Grid Map update
1. Insert scan data to create gridmap: based frequancy   

2.  keep increased building /  rebuilding  / submap

3. nav_msgs/OccupancyGrid.msg

std_msgs/Header                 header
nav_msgs/MapMetaData   info
int8[]                                      data

nav_msgs/MapMetaData.msg

time                      map_load_time
float32                          resolution
uint32                                   width
uint32                                  height
geometry_msgs/Pose       originrange [0,100].  Unknown is -1.



Configure Launch file for RPLidar A2 to SLAM 
                                                         Gmapping + Hector + Slam_karto

Topic:  /scan 
TF （ frame_ID 、 transform）:  base->laser   
Configure param:  max_range(8.0), min_range(0.15)

rosrun tf view_frames  
rqt_graph 
rostopic  list
rqt 

Configure

Check



rqt_graph TF

map_to_odom_



Gmapping 
launch



 Hector_mapping
launch



Configure param of slam_karto



Configure param of   cartographer



4.  SLAMWARE solution for localization and navigation



4.  SLAMWARE solution for localization and navigation

  Topic:
               Odom(50hz )

                Scan( 10hz)

                 Map(2hz)

                /cmd_vel

               /move_base_simple/goal

 slamwareAPP  Test for ROS   Github:   https://github.com/kintzhao/slamwareAPP



4.  SLAMWARE solution for localization and navigation



4.  SLAMWARE solution for localization and navigation

Topic:
                Odom
                Scan
                 Map

                /cmd_vel
               /move_base_simple/goal



4.  SLAMWARE solution for localization and navigation

slamware      

gmapping 

Laser:  angle_increment   



SLAMWARE solution for localization and navigation

Design
SLAMWARE BUILDE



ISSUE 1：Power

Check your power: current



ISSUE2：Authority

Check USB Authority 

Sudo chmode



USB REMAP: udev

udevadm info --attribute-walk --path=/sys/bus/usb-serial/devices/ttyUSB0

lsusb



 RPLidar A2 running Navigation: Notice

Local_costmap all zero : 
Map type: voxel  (3D)

Min_obstacle_height

Max_obstacle_height
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WELCOME JOIN IN SLAMTEC

Email:  jobs@Slamtec.com 



Gmapping
MCL : Particle Filters(PF)

Improve Odom

Observed during mapping



Gmapping
MCL / Particle Filters(PF)

The number of particles               small

Sampling  :               Motion model(odom)  



Scan Matcher (SGD/ICP)

Iteration number
Local minimal value

Score Function

Simple Gradient Descent



updateTreeWeights / Resample 

updateTreeWeights  : Normalize (max + distance)

Neff （effective number of particles）

Neff < threshold : Particle deletion 

Resample :  
       Roulette wheel resampling
        Stochastic universal



ØOptimizer ：SPA(Sparse Pose Adjustment) 

karto_slam(SPA) / nav_2d_karto（TBB+G2O）
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sudo apt-get install  libcsparse3.1.2 libcxsparse3.1.2  
libsuitesparse-dev 



Hector SLAM  

Only scan 
Multi-Resolution Map 
ScanMatcher (Guass-Newton) 
IncreasedMap

  Demand

Laser frequent 
Move slowly 
Map memory  constant  

Features



ScanMatcher  (Gaussian-Newton) 

State
(t-1)

Estimate
    (t)

Optimization
 Function:

Active map_cell: 
            (t)

Measure error:



ScanMatcher  (Gaussian-Newton) 

Taylor 
Expansion:

Partial Derivative :

Estimate :
     (t)



Map Access

P = occ/(occ+free)

Bilinear filtering



KeyScan:   机器人运动一定的距离或角度     

addScans: 将chain laser生成map(occupy), scanToMap的方式调整odom预测的pose.

Add Links  

Link to other near chains      
              NearChain: 以当前节点开始广度优先的方式从graph中遍历相邻的一定距离范围

内所有节点，依据当前id从sensorManager中分别递增与递减寻找一定范围内的chain，

生成nearLinkScans.

Link to previsous scan        

Link to Running scans
         RunningScan chain：一定数量且距当前一定距离内的激光数据链。滑动窗

口式抛 距离最远的scan。



Loop Closure ：
1) 依据当前的Vertex, 从Graph中找到与之相邻的所有vertex(一定距离范围内).

2) 采取广度优先搜索的方式，将相邻（next）与相连（adjacentVertices）添加进

nearLinkedScans.

3) 从sensorManager中取从前到后，依据id序号挑选与当前在一定距离范围内，且不在

nearLinkedScans中的candidateScans, 当数量达到一定size，返回。

4）loopScanMatcher进行scanTomap的匹配，当匹配response 和covariance达到一定要求

认为闭环检测到。得到调整的correct pose.     

5）Add link to loop :  调整边（全局闭环）

6) 触发correctPose: spa优化



AMCL + map_server + move_base + ROBOT(base + sensor)



SLAM + move_base + ROBOT(base + sensor) 



Laser

IMU

Odomet
ry

LocalTrajectory
Builder SparsePoseGraph

Laser

Submap

LocalTrajectoryBuilder模块：使用Odometry数据和上一帧机器人位姿得到机器人在

当前时刻的初始位姿，利用Laser Scan数据和Submap，使用

RealTimeCorrelativeScanMatch方法找到最优的dx,dy,dtheta. 

利用找到的最优位姿进行进一步的优化，优化目标函数如下所示:

CartoGrapher 流程



 
Platform：
  pc(i7-4710hq 8G ) ubuntu 14.04 indigo   +  sdp( serial ) + rplidar A2 
  e105 : 16.9*25.2 = 425 m^2 
 内存：500M     scan_index  3065       constraint 3394     submap 31  （一圈）
 



 
Platform：
  工控机（celeronJ900 1.9Ghz×4，  3.8G）ubuntu16.04 Kinect [cartographer 算法] 
   raspberry pi2 ubuntu 14.04 inidgo [ sdp( serial ) + rplidar A2  ] 
 e105 : 16.9*25.2 = 425 m^2 
 内存：内存 2.78G   



 rosbag : 面积：  166.3× 271.4 = 4万 m^2
c   内存： 2.7G    28552 constraint ;   356 submap    32283 scan_index
 pc(i7-4710hq 8G ) ubuntu 14.04 indigo  
 


