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1. Introduce RPLidar

RPLIDAR A2

RPLIDAR Al
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RPLidar SDK ToolKit

RPLIDAR SDKV1.5.7

rplidar_sdk_v1.5.4
sdk
app

frame_grabber

simple_grabber :

ultra_simple
sdk

include

SrC

workspaces

VS T#=E
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2~ RPLidar drive package for ROS: rplidar _ros

rplidar_ros ROS wiki ros-jade-rplidar-ros
rplidar

hydro m jade  kinetic = Documentation Status

Package Summary

ros-xxx-rplidar-ros

rplidar_ros GitHub

The rplidar ros package support rplidar and rplidar A2

= Maintainer status: maintained

» Maintainer: Slamtec ROS Maintainer <ros AT slamte
« Author:

» License: BSD

« Source: git https://github.com/robopeak/rplidar_ros.c ~ NO descri-uon or website provided

Issue(closed)

Pull Request

Wiki (tutorial)




rplidar_ros
Topic:
scan (sensor_msgs/LaserScan)
Services:
stop_motor (std_srvs/Empty)
start_motor (std_srvs/Empty)

rplidar.launch

le name="rplidarNode" pkg="rplidar ros" type="rplidarNode" output="screen">
n name="serial_ port" type="string" value="/dev/ttyuUsBe"/>
n name="serial baudrate” type="int" value="115200"/>
m name="frame_id" type="string" value="laser"/>

n name="inverted" type="bool"™ value="false"/>

n name="angle compensate” type="bool" value="true"/>




How to install RPLidar : TF

-+d —--z/Header header

Laser frame T angle_min
|
|
I
|
[

N, angle_max

S angle increment
\ time increment

-1 scan time
Tange mih
Tange max

[] ranges

[] intenszities

Y

/ Laser frame
(default output on ROS )

|
Interface Lead i

r Z-axis is directed outside

RPLidar A2




How to install RPLidar : TF

Laser frame

0 [0,360)

-|——|,_".

Laser frame
(default output on ROS )

Z-axis is directed outside

RPLidar Al




view_rplidar.launch

roslaunch rplidar _ros view_rplidar.launch

efyhzhao/ros_ws/rplidar/src/rplidar_ros/launch/ @S 3 rplidarrviz* - RViz

| ne/
‘Press Ctrl-C to interrupt
Done checking log file disk usage. Usage is <1GB.

1

v
sstarted roslaunch server http://X5501D:57655/ Global Options

: Fixed Frame
‘fHTTﬁ?Y_ Background C.
________ Frame Rate
PARAMETERS .

* frosdistro: indigo » & Grid

* [rosversion: 1.11.19 ¥ *1- RPLidarLase..

* frplidarNode/angle_compensate: True » v Status: Ok

* [rplidarNode/frame_id: laser Topic [scan

* frplidarNode/inverted: False Unreliable

% /rplidarNode/serial_baudrate: 115200 Selectable &

* frplidarNode/serial_port: /dev/ttyUsBe yle Squares
NODES

Decay Time
Position Trans.
Color Tran
Queue Size
AXis
Autocompute...
Use Fixed Fra...

rplidarNode (rplidar_ros/rplidarNode)
rviz (rviz/rviz)

auto-starting new master
process[master]: started with pid [18611]
ROS_MASTER_URI=http://localhost:11311

setting /run_id to 55aB3e34-4a76-11e6-affb-08626614ffb2
process[rosout-1]: started with pid [18624] Fixed Frame

started core service [/rosout] Frame into which all data is transformed before being
process[rplidarNode-2]: started with pid [18627] displayed.

RPLidar health status : @

/Y. Right-Click:: Move Z. Mouse Wheel:

rplidar_ros start status: Health status: O



Mobile robot platform

SDP

rplidr A2




RPLidar install on base: TF

l m;lum _j:
ErMsttr fba:se controller

TF: RPLidar with Base

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

2.TF publish
(static_transform;publisher)

ost recent I:mnsfurm 1468585205.23
dest transform: 1468585204.23

<node name="baseZlaser" pkg="tf"
type="static transform publisher"
args="0.07 0 0 0 0 0 1 /base link /laser 50"/>

Xy z gx qy 9z gw frame 1d child frame id period(milliseconds)

Launch_file #£7%: http://pan.baidu.com/s/1hswfHKK %45 r2d2



rplidar_ros on MATLAB

»>» plot (msg) é.| Figure 1 — O 4
»>» rostopic 1list ! : : :
i E : File Edit Wiew Inset Tools Desktop Window Help b
fclicked point
AT . ) i e [=| 7 "

fomd wvel I | .,'1'1 =) [:E | ‘iw? @ L Fa @_.l |:| 1w
initialpose
/move base simple/goal Laser Scan
/roscut oo,

3T . e, .
/rosout_agg 4 My
/slamwareNode/global plan path 7| & T -
felamwarelode /map i T
f51amwaIEHDdEfmap_mEtadata 1[5 - BT
/slamwareNode/map updates i
fslamwarelode /odom 0 L S
fslamwarelode/scan 1t 1

5 | e .
_.'Jt-f }q: .I. s n

- = ol :

ftf static 2T . - - y
»>> sub = rossubscriber{'/slamwarceHode,/scan'}; . Fi
»> msg = receiwve (sub):; -3 b = o
»>> plot (m=sg): 4 _f ; |
-3 L} [ ]
- —5 B :
”}:} _E E L] 5

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



RPLidar For SLAM/Navigation



. RVIZ : Different Display
3. RPLidar For SLAM/Navigation

Robot

rplidar_ros

odom

Navigation

robot

amcl + move_base

SLAM

robot

Explore

Robot + gmapping + move_base
goal(map analysis)

gmapping




Laser SLAM (2D) - ROS open Sources

Gmapping

Hector

Karto

Cartographer




cartographer




Running SLAM(videos) : Gmapping Hector karto cartographer

Gmapping

Hector

9. '
space key, k : force stop

anything else : stop smoothly

CTRL-C to quit

currently: speed 0.2 turn 1
currently: speed 0.22 turn 1
currently: speed 0.242  turn 1
currently: speed 0.2662  turn 1
l currently: speed 0.29282  turn 1
currently: speed 0.322102 turn 1

raints.
[ INFO] [1488245908.635006671]: 10228 09:38:28.000000 3396
Malntibunder.cc:zwl Score histogram:
SN count: © ;
[ INFO] [1488245908.641126023]: 10228 09:38:28.000000 3396 sparse|
B} pose graph.cc:280] We caught up. Hooray
[ INFO] [1488245912.986667107]: 10228 09:38:32.000000 3368 collat
.editra]etturyibuﬂder.cc:79] scan rate: 11.27 Hz 8.88e-02 s +/- 2.
57e-03 s (pulsed at 100.05% real time)
L)

00 simplescreenrecor|
79 simplescreenrecor|
92 simplescreenrecor|

2445
| 2447 yhzhao

| 2456 yhzhao 30
M‘ 2457 yhzhao 30
30

2458 ]hzhau

85 simplescreenrecor]

Karto

cartographer

B4 https://pan.baidu.com/s/1boNxWFt Zf5: iuwh



Laser SLAM - ROS open Sources

J Framework method -

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

ScanMatcher: hector

» Graph optimizer: | karto || cartographer

J Scan Matcher: correct trajectory

J Loop Closure: global accumulator error

J Gridmap: increase map / rebuild map / submap



Framework method

Rao-Blackwellized Particle Filters(RBPF)

poses map observations & movements

|

P(E1:4, 7 | Z1:e, w0 Y1) =
T p(x1:t | 21:¢>v0:2—1) - P | T1:¢, Z1:¢)

SLAM posterior ‘
Robot path posterior

Mapping with known poses

Graph optimizer

optimized configuration (updated poses)

constraints
sensor data front—end back—end

(graph—construction) (optimization)

Scan Matcher Non-linear optimization




Scan matcher(scan-map)

a rg_p1 axp(ze | zg, mp_1) - p(ay | T5_1,up_1)
Tt

1 Simple Gradient Descent / ICP

2 Guass-Newton

3 Real Time Correlative Scan Matcher

4 Fast Correlative Scan Matcher



Scan matcher (evaluation)

Total score:

Cell score:

laser endPoints = map frame

mapCell (accumulator) cell.mean

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



Decrease global error

M

\ .
global maximum

local maximum

2

local minimum

global minimum

PF(gmapping)
s Sample

¢ Weight update

s Adaptive resampling

Decrease global error



Create Graph and optimizer (karto)

/”——_~\* h(llJ)

Sparse Pose Adjustment / g2o / ceres eliminate global error



Occupancy Grid Map update

1. Insert scan data to create gridmap: based frequancy

Y (Y T — { (7Y +1,v7Y +1)  if occupied
= (7Y, vPY) =

s (0%, uiY 4 1) if free

2. keep increased building / rebuilding / submap

3. nav_msgs/OccupancyGrid.msg nav_msgs/MapMetaData.msg

std_msgs/Header header time map_load_time

nav_msgs/MapMetaData info float32 resolution

int8[] data uint32 width
uint32 height

range [0,100]. Unknown is -1 geometry _msgs/Pose  origin



Configure Launch file for RPLidar A2 to SLAM

Gmapping + Hector + Slam_karto

Configure

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

rosrun tf view_frames

rqt_graph Check
rostopic list

rqt



rqt_graph TF

Recorded at time: 1468659471.34

rplidarNode
@ map_to_odom_
rplidarNode
/ plida d Brdadcaster: /famcl
Average rate: 8.486
Bufifer length: 0.943
L Most recent transform: 1468659472.15
base2laser Oldest transform: 1468659471.2
/base2laser visyalizer @

Brgadcaster: /base_controller

Average rate: 11.001

Bufifer length: 1.0

Mokt recent transform: 1468659471.31

footprint2base Olgest transform: 1468659470.31
. base_Footprint
footprint2base -
Broadcaster: /Footprint2base
Average rate: 20.944
Bufifer length: 1.003
base_controller - P motor_actuator Most recent transform: 1468659471.37
/ioint_spee Oldest transform: 1468659470.37
/base_controller ) /joint_encoder| ( /motor_actuator @

Broadcaster: /base2laser

Average rate: 20.944

Bufifer length: 1.003

Most recent transform: 1468659471.37
Oldest transform: 1468659470.37

Clser)

Jodom




<launch>

— ., = — 3 L] = _I.EEJEE";’E"’
<node pkg="gmapping" type="slam gmapping"
name="slam gmapping” output="screen">

<!--remap from="scan" to="base scan"/-->

— A

<param name="map update interval"™ walue="5.0"/>

<param name="maxUrange" wvalue="6.0"/>
Tparam name—"=Sigma value—"U.05"7F

<param name="kernelSize" wvalue="1"/>
<param name="l=zstep" wvalue="0.05"/>

<param name="astep" value=“D.DS“H}
<param name="iteration=" value="5"/>
<param name="l1szigma" value="0.075"/>

<param name="ogain" wvalue="3.0"/>

<param name="1skip" wvalue="0"/>

<param name="minimumScore" wvalue="30"/>

<param name="srr" wvalue="0.1"/>

<param name="=srt" wvalue="0.2"/>

<param name="str" wvalue="0.1"/>

<param name="stt" wvalue="0.2"/>

<param name="linearUpdate" wvalue="1.0"/>
<param name="angularUpdate" wvalue="0.53"/>
<param name="temporalUpdate" walue="3.0"/>

<param name="resampleThreshold" value="0.5"/>

Gmapping
launch

<param name="particles" wvalue="30"/>

<param name="xmin- valuse="-—o2.07 />

<param name="ymin" wvalue="-5.0"/>
<param name="xmax" value="5.0"/>
<param name="ymax" value="5.0"/>
<param name="delta" wvalue="0.05"/>
<param name="llzamplerange" wvalue="0.01"/>
<param name="llzamplestep" walue="0.01"/>
<param name="lazamplerange" wvalue="0.005"/>
<param name="laszamplestep" wvalue="0.005"/>
</node>
<node name="visualizer" pkg="rviz" type=
$(find sdp navigation)/rviz/navigation.rviz"/>
</launch>

rviz" args="-d




<!-- Zuthor: Fint Zhao @SLAMTEC Jan.29%.2016
<launch>

<arg name="tf map scanmatch transform frame name"
default="odom laser"/>

<arg name="base frame" default="base link"/>

<arg name="odom frame" default="odom"/>

<arg name="pub map odom transform" default="true"/>
<arg name="scan_subscriber gueue size" default="5"/>

Hector_mapping
launch

<arg name="scan topic“ default="scan"/>
<arg name="map size" default="800"/>

<node pkg="hector mapping" type="hector mapping"
name="hector_mapping" output="screen">

<!-— Frams namsz ——->

map_frame" value="map" />

<param name="base frame" wvalue="$5(arg base frame)" />
<param name="odom frame" wvalus= "S(arg odom frame)" />

<param name=

<!—— Map update parameters ——>

<param name="update factor free" value="0.4"/>

SIS ESare <param name="update factor occupied" walue="0.5" />

<param name="map uﬂda e distance thresh" wvalue="0.4"/>

—mg

<param name="use tf scan transformation" wvalue="true"/>

<param name_"use_uE_pose_Etart_esplmate" value="false"/> <param name="map_dpdape_angle_bnresn value="0.0&" />

<param name="pub map odom tran=sform" wvalue="§ (arg <param name="laser_z min_value" value = "-1.0" />
pub_map_odom_hransfo;m)“7} - <param name="laser z max value" wvalue = "1.0" />

<!l-— Map size [/ start point ——> <param name="laser max dist"™ wvalue = "5.8" />

<param name="map resolution" wvalue="0.050"/> <param name="laser min dist"™ wvalue = "0.15" />

<param name="map_ size" value="$5(arg map_size)"/>

<param name="map start x" valus="0. S5n/> <!—- Advertising config —->

<param name="map start y" value="0.5" /> <param name="advertise map_ service" wvalue="true"/>

<param name="map multi res levels" wvalus="2" /3

<param name="scan_subscriber gqueue_size" wvalue="5 (arg
scan_subscriber gueue_ size)"/>

<param name="scan_ topic" walue="$ (arg scan_topic)"/>

<1-- Debug|parameters —->
el

<param name="output timing" value="false"/>
<param name="pub_ drawings" value="true"/>
<param name="pub debug cutput" value="true"/>
—_— - o
<param name="tf map scanmatch transform frame names"
value="% (arg tf map scanmatch trarsLorm frame name}“ /=
</node>
<node name="visualizer" pkg="rviz" type="rwviz" args="-d 5(find
sdp _navigation)/rviz/navigation.rviz"/>
</launch>



Configure param of slam_karto

use_scan_matching: true
use scan barycenter: true

minimum travel distance: 0.3

minimum travel heading: 0.4 # 0.2

scan buffer size: &7

scan buffer maximum scan distance: 20.0
link match minimum response fine: 0.6
link scan maximum distance: 4
correlation search space dimension: 2

Zanacte: correlation search space rescolution: 0.05

<node pkg="slam karto" type="slam karte" name="slam karto" 3 b . :
output="screen"> correlation search space smear deviation: 0.03

<remap from="scan" to="scan"/>

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

<param name="map update interval" wvalue="25"/> do llﬂDp Clﬂsing: TIrue

<param name=
<rosparam command="load" £ile="$({find

—npn

resolution" wvalue="0.025"/>

loop match minimum chaln size: 5

SAR T qett i on | F pEren) Ke et mEpEET . pOtEd S genet T g loop match maximum wvariance coarse: 0.4
</node> — R TR E= —
loop match minimum response coarse: 0.4
<node name="visualizer" pkg="rviz" type="rviz" args="-d $(find g : SO = Z "
sdp navigation)/rviz/navigation.rviz"/> ll:“:‘p_ma ..FCi.._mlﬂlmuIﬂ_rE._PClﬂ.SE_flIlE : 0.6
</launch> loop search space dimension: 10 # 2.8

loop search space resolution: 0.1
loop =search space =smear deviation: 0.03
loop search maximum distance: 4.0

distance wvariance penalty: 0
angle wvariance penalty: 0.35
fine search angle offset: 0
coarse search angle offset: 0.345
coarse angle resolution: 0.0349
minimum angle penalty: 0.9
minimum distance penalty: 0.3

use response expansion: false



Configure param of cartographer

<launch>
<!--param name="/use_sim_ time"™ wvalue="true" /-->

<node name="cartographer node" pkg="cartographer ros"

tyvpe=rog P’ffJﬁr’arth"_ﬁﬁ(-"Q" Fhalel
-configuration directory 5 (find cartographer ros)/configuration files
—configquration basename sdp.lua”

output="screen”>
<l-—remap from="scan™ to="horizontal laser 24" /-->
include "map builder.lua” </node> g -

Eo . <node name="rviz" pkg="rviz" type="rviz" required="trues"
loptions = { pkg P |

SR E args="-d $(find cartographer ros)/configuration files/demc Zd.rviz" />
map builder = MAP BUILDER, - - -
map frame = "map", </launch>
tracking frame = "laser",
published frame = "laser"™,
codom frame = "odom",
provide odom frame = true,
use cdometry = false,
use laser scan = true,
use multi echo laser scan = false,

num point clouds = 0,

lookup transform timeout sec = ;
submap publish period sec = ;
pose publish period sec = :

MAP BUILDER.use trajectory builder Zd = true

TRAJECTORY BUILDER ZD.laser min range =
TRAJECTORY BUILDER ZD.laser maxX range =

TRAJECTORY BUILDER Z2D.laser missing echo ray length =
TRAJECTORY BUILDER Z2D.use imu data = false

TRAJECTORY BUILDER Z2D.use online correlative scan matching = true

SPARSE POSE GRAPH.optimization problem.huber scale =

return options




4. SLAMWARE solution for localization and navigation




4. SLAMWARE solution for localization and navigation

Topic:
Recorded at time: 1500886490.45

Odom(50hz)
Scan( 10hz)
Map(th) Fer length: 1.295
st recent transform:
/ cmd_vel ad_casten [slamwareNode
. rage rate: 21.389
/move_base_simple/goal Fer length: 1.262

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




4. SLAMWARE solution for localization and navigation

slamwareMNode

slamwareNode/odo

\rﬁve_base_sinlﬂg,/

/move_base_simple/goal

rqt_gui_py_node_400

rqt_gui_py_node_4001




slamwareMode.rviz* - RViz

| (b Interact . w2 Move Camera [ ]Select <~ Focus Camera
X Displays
v & Global Options
Fixed Frame map
Background Color I 48; 48; 48
Frame Rate 30
v v Global Status: Ok
v’ Fixed Frame oK
» <& Grid &
>+~ LaserScan [
>~ Odometry
» o Map
» ~ Pose
v ~ Path A
b v Status: Ok
Topic JslamwareMode/global...
Line Style Lines
Color B 25; 255; 0
Alpha 1
Buffer Length 1
= Offset 0;0;0
v J.. Axes %
b " Status: Ok
Reference Frame  <Fixed Frame=>
Length 0.2
Radius 0.05
b 3> TF
Add Remove
(O Time

ROS Time: |1500885248.68

feser

ROS Elapsed: |368.60

rm Measure  #° 2D Pose Estimate  _#° 2D MWav Goal § Publish Point ok =

Wall Time: |1500885248.74

wall Elapsed: |368.54 [ | Experimental

14 fps



4. SLAMWARE solution for localization and navigation

Laser: angle increment

slamware

gmapping



SLAMWARE solution for localization and navigation

SLAMWARE BUILDE




ISSUE 1: Power

3Ll LEY LW E 3T VLLE | JIVaudL |

process[rplidarNode-2]: started with pid [19387]

—processfrviz-3]: started with pid [19400]
Error, cannot retrieve rplidar health code: 80668062

AC[rviz-3] killing on exit

[rosout-1] killing on exit

[master] killing on exit

shutting down processing monitor...

... shutting down processing monitor complete
done

yhzhaogx55630:~5 ||

Check your power: current



ISSUE2: Authority

started core service [/rosout]
process[rplidarNode-2]: started with pid [16292]
i |

o d
Error, cannot bind to the specified serial port /dev/ttyUSBO.

AC[rviz-3] killing on exit
[rosout-1] killing on exit
[master] killing on exit
shutting down processing monitor...
.. shutting down processing monitor complete
done
yhzhao@X5503D:~$ roslaunch rplidar_ros view rplidar.launchf]

M3 A yhzhao@X550JD: ~
yvhzhao@x550JD:~$ 1s -1 [dev/ttyUsB=*

crw-rw---- 1 root dialout 188, ® 78 15 16:31 Jdev/ttyUSEO
Crw-rw---- 1 runt-dialuut 188, 1 78 15 16:31 Jdev/ttyUSB1

M= & yhzhao@X550JD: ~
vhzhao@X5501D:~% 1s -1 /dev/ttyUSB*

Check USB Authority

Sudo chmode

crwxrwxrwx 1 root dialout 188, 1 7H 15 18:51 Jfdev/ttyUSB1
crwxrwxrwx 1 root dialout 188, 2 7H 15 18:51 fdev/ttyUsB2

yhzhao@x5503D:~5 |



USB REMAP: udev
/rplidar.rule fetc/udev/rules.d

# se he udev rule , make the device_port be fixed by rplidar
#

KERNEL=="ttyUSB*", ATTRS{idVendor}=="18c4", ATTRS{idProduct}=="ea68", MODE:="0777", SYMLINK+="rplidar"

ATTRSA bIHTFIFiLErla:E}=—
ATTRS{bInterfaceSublClas
ATTRS{bInterfaceProtoco
ATTRS{bNumEndpoints}=="

HTTP“11n+~r+d -=="CP2182 USB to UART Bridge Controller™

KERMEL=="ttyUSB*", { INELS=="1-2.1", MOD , SYMLINK+="slamtec_base "
KERMEL=="ttyUSB*", KERMELS=="1-2.2", MOD B777" ,5YMLINK+="slamtec_laser_"
yhzhan@KSSﬂJD jr95 WSfrplldarjzrcfscrlptss 15 - fdev|grep ttyUsB
Lrwxrwxrwx 1 root root 7 7H 15 19:18 rplidar -> 5]
Lrwxrwxrwx 1 root root 7 7H 15 19:18 slamtec_base_ -=> ]
Lrwxrwxrwx 1 root root 7 7H 15 19:18 slamtec_laser_ -= 5 L
crwxrwxrwx 1 root dialout 188, @ 7H 15 19:18 0
crwxrwxrwx 1 root dialout 188, 1 7B 15 19:18 al
P IS PR el R S Sl P, o 1 peepe i e Sy ety Sl |




RPLidar A2 running Navigation: Notice

Local_costmap all zero :
Map type: voxel (3D)
Min_obstacle _height
Max_obstacle height
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Gmapping
MCL : Particle Filters(PF)

Improve Odom

p(z]x)

o
o)
2

O

:i._f

robot position ObserVEd during mapplng




Gmapping
MCL / Particle Filters(PF)

Sampling : Motion model(odom)

The number of particles = small



Scan Matcher (SGD/ICP)

argmaxp(zt | @y, mi—1) - plar | 2p_q1,u-1)
n

best Pose = Xt
bestScore = s(bestPose, z,m) Sim P | e@G rad lent Descent
searchStep = initial SearchStep
iterations = 0
while (literations < maxIterations)

— maxMoveScore = bestScore

— bestMovePose = best Pose |te ratio N Num be r

— for move in (Backward, Forward, Le ft, Right, RotateLe ft, Rotatr Right)

x testPose = computePose(best Pose, move) Local min | mal VvVa I ue

x score = s(testPose, z,m)
x if (maxMoveScore < score)
- maxMoveScore = score
- best MovePose = test Pose Score Fu nction
if (bestScore < maxMoveScore)
x bestScore < maxMoveScore
x bestPose = bestMovePose
else
x searchStep = searchStep/2
x tterations + +




updateTreeWeights / Resample

updateTreeWeights : Normalize (max + distance)

Nefi (effective number of particles)

Neff < threshold : Particle deletion

Resample :
Roulette wheel resampling

Stochastic universal




karto_slam(SPA) / nav_2d karto (TBB+G20)

» Optimizer : SPA(Sparse Pose Adjustment)

(H+A-H,,)Ac=J"Ae

H=J"AJ
J = 0e/Oc
A=diag(A.,ijje E

ij°

c=c+Ac

sudo apt-get install 1libcsparse3.1.2 libcxsparse3.1.2
libsuitesparse-dev



Hector SLAM

Only scan

Multi-Resolution Map Features
ScanMatcher (Guass-Newton)

IncreasedMap

Demand

Laser frequent
Move slowly

Map memory constant



ScanMatcher (Gaussian-Newton)

_ _ Estimate

(t)

State
(t-1)

Optimization € = argmin > [1— M(S;(€))]’
Function: =l

T

Measure error: > [1—M(Si(& +Ag)" — 0.

active map_cell: TN AT
— " I sin(y)  cos(¥)
(t)

fi’S-f (&) ( 1 0 —sin(y)s;z —cos()s;y )

% cos(v)si o — sin(v)s;

€




ScanMatcher (Gaussian-Newton)

Z[I—U{S (E+A8)) —0.
Taylor =
Expansion: ; {1 M(S;(¢)) TM(,S_A__EM {_}5 _\fn} 0.
Partial Derivative : = E

[1-1[5(5)—?1{(85) ;} }

—
Estimate : JANERCELBN {Vﬂ-fiis-f(ﬁ}:}' L ] [1— M(Si(€)))

(t) i—=1 %

)S; (&)
rJE

9S:(&)1"

: 1
[\—U(S {511 } [WI(S (£))

73




Map Access

Bilinear filtering

Y—Yo
Y1 — Yo
y1 —y
_I_—
Y1 — Yo

M ( Pm ]I ~

( & =5 M(P;;) + i Sy (Fo1)

T1 — To Tr1 — Tg

‘r—x aht o e
(—“u (P1o) + ——— M (Pyo)
£y — T8 L1 — AL _.

\ U0 i _—
h — Yo
% B i i e
s (M (Pro) — M(FPoo))
Y1 — Yo
R _ o
R — (M (P11) — M(FPy))
I1 — X
Th g , L
(M(FPo1) — M(Foo))
T1 — X0
Fig. 2. (a) Bilinear filtering of the occupancy grid map. Point F,, is the
point whose value shall be interpolated. (b) Occupancy grid map and spatial
derivatives.




Add Links
KeyScan: HL#% Nizzh— & 1R & B A B
addScans: ¥ chain laser4: Jilimap(occupy), scanToMap ] 77 20 i 2 odom T ) pose.

Link to previsous scan

Link to Running scans
RunningScan chain: — &%= HEE 28— i S WO SR EE . 183h &
=0l B B Y scan

Link to other near chains

NearChain: L FI 19 50T 4G FEAL S 1) 7 X Mgraph A ik [ AH <5 1 — 7€ #5525 V0. [
N S, K3E 24 Tid MsensorManager 5123 51 35 38 5 33 ) 538 — 52 38 [l N i chain,
£ [¥nearLinkScans.



Loop Closure :

1) W8 S AT HVertex, MGraphd 4k 21 .5 Z AHAE ) vertex(— & SRR VU HE ).

2) K LA 2 T, BAEAE (next) S5AHIZE (adjacentVertices) st
nearlLinkedScans.

3) MsensorManagerd HUM AT 2 J5, K#EidFy 5Pk 5 YAl — b EeE N, HALE
nearLinkedScans™ [¥JcandidateScans, 24 & &1L F]— Esize, &R[A,

4) loopScanMatcheri#t{1TscanTomapHJIULAC, 4ULHCresponse Mcovarianceil 2| — g 2K
AN 2], 1328 %E K correct pose.

5) Add link to loop : %14 (£ /)

6) fil /X correctPose: spaffift.



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

map_server

/r Jemd_vel

move_base

/m )ve_base/lncal_costmap/costmap_updf

/mpve_base/DWAPlannerROS/trajectory_cla

/maove_base/global_costmap/costmap_update

motor_actuator R
knove_base_smple/go%l

base_contfoller 5 ; -
fjoint_encode ove_base/action_topigs

/base_controller /move_base

/m ove_base/local_costmap/costm@
/r+ove_base/DWAPlannerROS/local_pl
Lo | lize
Footprint2base /move_base/DWAPlannerROS/cost_clotd Jvisualizer
footprint2base

/m ove_base/DWAPlannerROS/global_pl*an
base2laser [t

/base2laser / ove_base/global_costmap/costrr{(
nove_base/NavfnROS/pla%/

rplidarNode

/rplidarNode /scan particleclou

Vinitialpose|




A ove pase + ROBO I (base ONSCO

idarN
rplidarNode Jscan
[rplidarNode /scan
[tf
Footprint2base /scan \

slam_gmapping

Footprint2base

A /slam_gmapping Jtf

base2laser

[tF

[base2laser ]
/move_base_simple/goal

move_base

nl ove_base/goal

ove_base/global_costmap/costmap_updates
i (3
move_base

base_contyoller

/base_controller D

Jcmd_vel

joint_encoder
motor_actuator
joint_speed
/motor_actuator




CartoGrapher JifE

LocalTrajectory

Builder SparsePoseGraph

LocalTrajectoryBuilderf&ib: {3 FHOdometry%dE Al _E — Wil 25 A7 &5 2 HL 25 A\ AE
MHTE 2N IR AT 2S, FH Laser ScanZ g fllsubmap, i H
RealTimeCorrelativeScanMatch /5 V£ 3K 2 & 415 ] dx, dy, dtheta.

A B AR a3k 2 — 2 Ak, itk B AR ek 3o+ fros:

K
a.rg;l_’nin E . ( 1— M smooth ( 'T{f h k ) ) -

= k=1



Platform:

pc(i7-4710hq 8G ) ubuntu 14.04 indigo + sdp( serial ) + rplidar A2
e105:16.9%25.2 =425 m”"2

NA%: 500M scan_index 3065  constraint 3394 submap31 (—[&)




Platform:

T.Hl (celeron)900 1.9Ghzx4, 3.8G) ubuntul6.04 Kinect [cartographer 5.5]
raspberry pi2 ubuntu 14.04 inidgo [ sdp( serial ) + rplidar A2 ]

e105:16.9%25.2 =425 m”2

NAF: AT 2.78G




rosbag : [MfH: 166.3X 271.4=47)] m"2
c WAF: 2.7G 28552 constraint; 356 submap 32283 scan_index
pc(i7-4710hq 8G ) ubuntu 14.04 indigo




