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1、Introduce RPLidar

 RPLidar A1/A2 Performance and ToolKit

2、RPLidar Driver Package for ROS：rplidar_ros

 Introduce Package 

 How to using it on Robot Base

3、 RPLidar for SLAM and Navigation

 RPLidar running SLAM: Gmapping/Hector/slam_Karto

 RPLidar running Navigation

4、SLAMWARE Solution for Mobile Robot



1、Introduce RPLidar

RPLIDAR A2

RPLIDAR A1





RPLidar A1



RPLidar A2



RPLidar SDK ToolKit

RPLIDAR   SDK V1.5.4



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



rplidar_ros
Topic:   

scan (sensor_msgs/LaserScan)

Services:

stop_motor (std_srvs/Empty)

start_motor (std_srvs/Empty)

rplidar.launch



view_rplidar.launch

rplidar_ros  start  status:  Health status: 0



How to install RPLidar ：TF
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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 ？ SLAM  



3、RPLidar For SLAM/Navigation

rplidar_ros

RVIZ : Different Display

SLAM Navigation

ROSbag DataSet： RPLidar A2 + SDP

链接: http://pan.baidu.com/s/1gfI2z3H 密码: if46

Explore



Configure Launch file for RPLidar A2 to SLAM 

Gmapping + Hector + Slam_karto

Topic:  /scan 

TF （ frame_ID 、 transform）:  base->laser   

Configure param:  max_range(6.0), min_range(0.15)

rosrun tf view_frames  

rqt_graph 

rostopic  list

rqt

Configure

Check



Running SLAM(videos) :  Gmapping Hector slam_karto

Gmapping

ROSbag SLAM record： RPLidar A2 + SDP + gmapping/hector/karto

链接: http://pan.baidu.com/s/1o8dCCaQ 密码: vd1q

Hector

Karto



MAPs 

HECTOR

KARTO

GMAPPING

GMAPPING



LASER 2D-SLAM Algorithm simple Analysis

Gmapping
RBPF 

SGD/ ICP

Motion model + 
observation model

scanMatcherMap

Map Display

Hector

Multi-resolution- maps

Guass-Newton

IncreasedMap

Karto
Multi-search

CSM

loopClosure

SPA/G2O

poseMap

Gmapping
ros-perception/slam_gmapping

ros-perception/openslam_gmapping

Hector
tu-darmstadt-ros-pkg/hector_slam

Karto
ros-perception/slam_karto

ros-perception/open_karto

skasperski/navigation_2d



Gmapping

Rao-Blackwellized Particle Filters(RBPF)



Gmapping
MCL / Particle Filters(PF)

The number of particles      small

Sampling  :               Motion model(odom)  



Gmapping
MCL : Particle Filters(PF)

Improve Odom

Observed during mapping



Scan Matcher (SGD/ICP)

Iteration number

Local minimal value

Score Function

Simple Gradient Descent



Global minimal / Local minimal

Odom  

+ 

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

Observation map Point

Focuse: Matcher /  Observation

EndPoint : hit && free  (threshold) => found?

mapCell (accumulator )   cell.mean

Closest to        (kernelSize)

Total score:

Cell score:



updateTreeWeights / Resample 

updateTreeWeights  : Normalize (max + distance)

Neff （effective number of particles）

Neff < threshold : Particle deletion 

Resample :  

Roulette wheel resampling

Stochastic universal



Map update : Based Frequancy

computeActiveArea  :  mapCell  pointer memory

MapSize :

PatchIndex :  gridLine(p0, p1, &line); 

registerScan:    gridLine(p0, p1, &line); 

Cell Update :    Statistics（acc  n visits ）

MapDisplay:   BestParticle(pose, smap, readings)

Tnode ：all reading



rqt_graph TF



Configure 
param 



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)



Configure param of Hector_mapping



Slam_karto  ：POSE-GRAPH

Scan Matcher

Loop closure（global/local）
Non-linear

optimization



Constraint  :   scanToMap
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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



Optimizer ：SPA(Sparse Pose Adjustment) 

karto_slam(SPA) / nav_2d_karto（TBB+G2O）

Objective function:
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Continuable Levenberg-Marquardt：

  T
diagH H c J e    

where
TH J e 

J e c  

 ijdiag , ij E   

c c c  

sudo apt-get install  libcsparse3.1.2 libcxsparse3.1.2  
libsuitesparse-dev 



Configure param of slam_karto



Sparse

CSparse 
Compressed Column Storage



Pose Graph Compression

Spatial Decimation / Information Filter

Cyrill Stachniss 2012



RPLidar A2 running Navigation: (amcl + move_base)

Navigation
monitoring and controlling the movement  from one place to another 

Perceptual environment： map / sensor(rplidar,sonar,camera,bumper)

Analysis environment： costmap(global/local)

Localization： AMCL(current) / Goal

Path： Global Planner

Action： Local Planner

ActionServer /actionlib 



Framework of move_base 

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

SLAM + move_base + ROBOT(base + sensor) 



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



SLAM + move_base + ROBOT(base + sensor) 



RPLidar A2 running Navigation:  

(amcl + move_base)



RPLidar A2 running Navigation: Notice

Local_costmap all zero : 

Map type: voxel  (3D)

Min_obstacle_height

Max_obstacle_height



4.  SLAMWARE solution for localization and navigation



SLAMWARE solution for localization and navigation



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



ISSUE 3 : Specify Output Angle

Advice:

Rplidar_ros is the official derive package of RPLidar A1/A2 ,

which output 360°datas . 

1) Filter process in your application program.

2) Fork the source code, change the publish_scan function.
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