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{CHBIREESRI5 ARRE + VAR
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. s s @ GMappingi3iEZE
" GmappingiRESHHR ® GMappingiZRiEmiE

B Gmapping&&E5ia(T

/map metadata
/map

/scan : /dynamic_map ROSTEUIALA: slam gmapping
gmapping aoe . :
[tf .I Jtf ROSIngER): gmapping

(laser,base,odom) (map->odom) NS SR

slam_gmapping

SR T B (5 S et 5 ) E8-2
openslam_gmapping

https://github.com/ros-perception/slam_gmapping

https://github.com/ros-perception/openslam_gmapping
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B GmappingRIESHT
B Gmapping]BEfEfRIE @ LMK
@ GMappingZdx mmm) - @ WIFED
B GmappingZiE 5iaT memm—m) @ GMappingfEZiz1T ® FREEENAEZE

® GMappingBL&ia(T

#&%openslam_gmappingflslam_gmappingIhRet K E ik
sudo apt install ros-melodic-openslam-gmapping ros-melodic-gmapping

#{ElF openslam_gmappingFslam_gmappingThaeE(B{R R EL (ki

sudo apt remove ros-melodic-openslam-gmapping ros-melodic-gmapping
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@ GMappingZix mmmms) - © WIFFEMD
@ GMappingfE&i=fT ® PEIEENRAEX
® GMappingBL&ia(T

#HHRE| TIF=a B R

cd ~/catkin_ws/src/

# T &islam_gmappingIhseEiRES

git clone https://github.com/ros-perception/slam_gmapping.git

cd slam_gmapping

#BEENERFSZESImolodic, WIRARIBEMAQit checkoutipSHIHRRIRIRARA
git branch

#TF#openslam_gmappingIhAEELiERY

git clone https://github.com/ros-perception/openslam_gmapping.git

cd openslam_gmapping

#RFEEBRAZSImolodic, IIRAZiIBEAQIt checkoutapSHIHRZIRIAIRA
git branch

#IRIE

cd ~/catkin_ws/

catkin_make -DCATKIN_WHITELIST PACKAGES="openslam_gmapping"
catkin_make -DCATKIN_WHITELIST PACKAGES="gmapping"
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(CRESEIRIEIN: ITEWL FHRBER, BIF—F—75, ,
B Gmapping/RIESHT
B Gmapping]BEfEfRIE O KM
@ GMappingZdx mmm) - @ WIFFED
B GmappingZit 5ia]T ) @ GMappingfE&isT ® RHUESEUNEE

® GMappingBL&ia(T

LLd o

#FEEMUAlaunch3 {4 fEEIgmapping
roslaunch gmapping slam_gmapping_pr2.launch

#HNREEEEFNE R Gmapping#HEEENIH R
% DEIERRY —
#IBIEES

rosbag play basic_localization_stage indexed.bag

#EE}Jrviz bl Shaban: Lrrar

rviz
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B Gmapping/RIESHT
B GmappingRiBfEE
B GmappingZZES5iziT memmm)

® GMappingZi
@ GMappingfE&i=1T
® GMappingEZislT

#EBEEIA

roslaunch ydlidar my x4.launch
#ERRE

roslaunch xiihoo_bringup minimal.launch

#ERNEZurdfigin

#EEEE

HEUR(ERREER, FTETZEIINIIEE

#EEEEIEE

#BErviz

rviz

roslaunch xiihoo description xiihoo_description.launch

roslaunch gmapping slam_gmapping xiihoo.launch

sudo apt install ros-melodic-teleop-twist-keyboard

rosrun teleop_twist_keyboard teleop_twist_keyboard.py

17/40
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slam_gmapping_xiihoo.launch/S&13244:

SE8E: BItSLAMERS:

<param name="map_update interval" value="5.0"/>
<param name="maxUrange" value="16.0"/>
<param name="sigma" value="0.05"/>
<param name="kernelSize" value="1"/>
<param name="Istep" value="0.05"/>
<param name="astep" value="0.05"/>
<param name="iterations" value="5"/>
<param name="lsigma" value="0.075"/>
<param name=“o%a|n" value="3.0"/>
<param name="|skip" value="0"/>
<param name="srr" value="0.1"/>
<param name="srt" value="0.2"/>
<param name="str" value="0.1"/>
<param name="stt" value="0.2"/>
<param name="linearUpdate" value="1.0"/>
<param name=“angu|arUBdate" value="0.5"/>
<param name="temporalUpdate" value="3.0"/>
<param name="resampleThreshold" value="0.5"/>
<param name="particles" value="30"/>
<param name="xmin" value="-1.0"/>
<param name="ymin" value="-1.0"/>
<param name="xmax" value="1.0"/>
<param name="ymax" value="1.0"/>
<param name="delta" value="0.05"/>
<param name="llsamplerange" value="0.01"/>
<param name="llsamplestep" value="0.01"/>
<param name="lasamplerange" value="0.005"/>
<param name="lasamplestep" value="0.005"/>
</node>

39 </launch>

<launch> e
<!--param name="use_sim_time" value="true"/-->
<node pkg="gmapping" type="slam_gmapping" name="slam_gmapping" output="screen">
<remap from="scan" to="/scan"/> ;
<param name="base frame" value="base footprint"/>
<param name="map_frame" value="map"/>
<param name="odom frame " value="odom"/>

KT GmappingEiZPREZ A ESEANIFARIE
BEEEAN: http://wiki.ros.org/gmapping
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KEBsCIgiBIN: &I Z=HRBER, ®BIF—F—, ,

B Gmapping/RIESHT slam_gmapping_xiihoo.launchfSahscfs:
1 <launch> : B : :
- Gmappmg;‘},ﬁﬁ%’ﬁé‘é % <paramnam:e= use_.5|m"_t|me :/aluez true /.> " “ - “ "
® GMappingess U e SO S e T i S S e
B GmappingZeisiSin(ymmmm) - @ GMappingfEHE(T | §  <panmemesibecfans yaiesibus owint
@ GMapplng—%—é&@?f g <param name="odom frame " value="odom"/>

0 <param name="map_update interval" value="5.0"/>
1 <param name="maxUrange" value="16.0"/>

2 <param name="sigma" value="0.05"/>

3 <param name="kernelSize" value="1"/>

4 <param name="Istep" value="0.05"/>

g <param name="astep" value="0.05"/>
7
8
9

#REEGEE, FHREFHAgmapping_xiihoo.bag (FESLENELHEEA LRIERES)
rosbag record /scan /tf /tf static

<param name="iterations" value="5"/>
<param name="lsigma" value="0.075"/>
<param name=“o%a|n" value="3.0"/>
<param name="|skip" value="0"/>

(0] <param name="srr" value="0.1"/>
///—% 21 <param name="srt" value="0.2"/>
#EIEE (EEHFruse sim times#y) 22 <param name="str" value="0.1"/>

23 <param name="stt" value="0.2"/>
roslaunch gmapping slam_gmapping_xiihoo.launch 24 <param name="linearUpdate" value="1.0"/>
25 <param name= angularUBdate value="0.5"/>
26 <param name="temporalUpdate" value="3.0"/>
27 <param name="resampleThreshold" value="0.5"/>

HEREIES 28  <param name="particles" value="30"/>
. . 29 <param name="xmin" value="-1.0"/>
rosbag play gmapping_xiihoo.bag 30 <param name="ymin" value="-1.0"/>
31 <param name="xmax" value="1.0"/>

32 <param name="ymax" value="1.0"/>
33 <param name="delta" value="0.05"/>

#/Ealrviz 34  <param name="llsamplerange" value="0.01"/>
rViz 35 <param name="llsamplestep" value="0.01"/>
36 <param name="lasamplerange" value="0.005"/>
37 <param name="lasamplestep" value="0.005"/>
38 </node>

39 </launch>
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m Cartographer/FR3f#EE
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X
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miss

prob
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— prob
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(CHS RIS : AFImAE + VRIS

AN
m Cartographer[RIESHT Cartographer{tfBiEs
cartographer rosIfjgg
cartographertZ/\E
Ceres-SolverdEZ (L E

m Cartographer/ER3f#EE

CICIC)C,

B Cartographer&ixE5icfT

/[submap list

/lechoes

= J> /scan_matched_points2
Ipgipts2.

5 (HLAE NSLAM S iit: ZLHAR Y sEhk) H B, %map query

fimu cartographer_ros is:tgrt_trajgctory https://github.com/cartographer-project/cartographer_ros
fodom service /finish trajectory
Jfix Jwrite state https://github.com/cartographer-project/cartographer

/landmarks /get_trajectory_states

: https://github.com/ceres-solver/ceres-solver
/read_metrics

cartographer

ceres-solver
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(CHS RIS : AFImAE + A FimAE

B Cartographer[RIEoHr

@ Cartographer{{i3z2 cartographer_rosJIAEEFE KT M
B CartographerRASf#isE @ cartographer rosIhgg
STEPE ® cartographerfzil\E
1= @ Ceres-Solve I"E' Eéﬁ%’rﬂzﬁﬁﬂ: ﬁ aszets_writsr_main.ce

2= /4=
B Cartographer&#5is1T FIF EEFIHEA (LS

HE

cartographer assets writer fos_map writing points_processorh

f03_Inap writing points _processof.cc

> MapBuilderBridge & > MapBuilderZ% - _ _ o :
cartographer offline node offline nods main.cc FE g

Node J
P R AL

15 cartographer AR submaps

cartographer_occupancy grid node occupancy_grid node main.co T4 Al R.OS dhfY erid th
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TR GPS
T HE 255

cartographer _rost2FEFRE
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26/40 cartographerZ B TEHER] + 5 Fcartographer rosTRIBEAS, KIS BRI RET BETEH: www.xiihoo.com



(M=ERASLAMSI: ORARSSLE)  KRE AT BhRAE H8E: BUESLAMARS

8.2 Cartographer&ix
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B Cartographer[FI2oHr

@ Cartographer{{igtEZE
B Cartographer/ERGfZsE @ cartographer rosIhgg
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RS FESRIG :

m Cartographer[RIESHT
B Cartographer]RASfZsE m—)

B Cartographer&ixE5icfT

DOOO

SKAE & UMV Rk

ERRE +  ARERE

Cartographer{tCi3EZE
cartographer rosIfgg
cartographertZ/\E
Ceres-SolverdEZ& (L E

int main(int argc, char** argv)
{
google:lnitGoogleLogging(argv[0]);

double initial x = 5.0;
double x = initial_x;

// E37Problem
Problem problem;

// $&37CostFunction (FZE5712)

/] KEETTRE

Solver:Options options;
Solver:Summary summary;

std:cout << summary.BriefReport()
stdicout << "x:" << initial x << "
return 0;

28/40 }

// FEERERIRAEEIE, XEIRENS.0

CostFunction* cost_function = new AutoDiffCostFunction<CostFunctor, 1, 1>(new CostFunctor);
problem.AddResidualBlock(cost_function, NULL, &x);

options.linear solver type = ceres:DENSE_QR;
options.minimizer_progress to_stdout = true;

Solve(options, &problem, &summary);

> " << x << "\n"

<< "\n"

SE8E: BItSLAMERS:
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CRISEREEIN:  1TEH

B Cartographer[RIEoHr

B CartographeriRi2fi#isE

B Cartographer&iE5iziT )

29/40

@ Cartographeris m———)
@ CartographerfE£i=fT
® CartographerZ#izlT

SE8E: BItSLAMERS:

SFHRBR, B, :

@ TRmE
@ REESENLNEX

HLREREF TR
sudo apt-get update
sudo apt-get install -y python-wstool python-rosdep ninja-build

#@EfF M cartographer _rosf9%& | JIT{E=SIE
mkdir catkin_ws_carto

cd catkin_ws_carto

wstool init src

# T BENRIEMA

wstool merge -t src

https://raw.githubusercontent.com/googlecartographer/cartographer_ros/master, cartographer ros.rosinstall-

#HRIT T

wstool update -t src

HEZ BRI

src/cartographer/scripts/install_proto3.sh

#HINRIRSE, FTLISERsources listilik

sudo rosdep init

rosdep update

rosdep install --from-paths src --ignore-src --rosdistro=${ROS_DISTRO} -y

HRFAREE
catkin_make _isolated --install --use-ninja

&S Bisre/.rosinstall XA

- git:
local-name: cartographer
uri: https://github.com/cartographer-project/cartographer.git
version: 1.0.0
- git:
_________ local-name: cartographer _ros
: uri: https://github.com/cartographer-project/cartographer_ros.git
version: 1.0.0
- git:
local-name: ceres-solver
uri: https://github.com/ceres-solver/ceres-solver.git
version: 1.13.0

* XTFCartographerfE ESLHl28 A ERISCER, BESRIZRIEFIFAITIC
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8.2 Cartographer&ix

(CIESEIREIN: ITENL FHRBER, BIF—F—75, ,
B Cartographer[FI2oHr
m CartographeriR#3f#iE @D LEERE

_ @ CartographerZ: m——) LN
B Cartographer&iE5iz{Tm) - @ CartographerfE£issT @ REEENHEE
® CartographerZ#izlT

source ~/catkin_ws_carto/install_isolated/setup.bash
#TE2 D EIR AR
wget -P ~/Downloads https://storage.googleapis.com/cartographer-public-data/bags/backpack 2d/cartographer paper deutsches museum.bag

#BEn2DEE
roslaunch cartographer ros demo_backpack 2d.launch bag_filename:=${HOME}/Downloads/cartographer_paper deutsches museum.bag

Cartographer#iEsEillit s
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X5

B Cartographer[RIEoHr

B CartographeriRi2fi#isE

SKAE & UMV Rk

SCIREBIY:  1TE

@ CartographerZzic

B Cartographer&iE5iziT )

@ CartographerfE&isfT

® CartographerZ#izlT

SEHRAR, ®IF—F—7~,

SE8E: BItSLAMERS:

31/40

#EEUCEIA
roslaunch ydlidar my x4.launch

#EERE, FAMIEIVEELT

xithoo_mapbuild.launchfZ513244:

roslaunch xiihoo_bringup minimal.launch 1 <launch>
#izanIMU 2 <node name="cartographer node" pkg="cartographer ros"
roslaunch xiihoo_imu imu.launch 3 type="cartographer node" args="

e : N 4 -configuration_directory $(find cartographer ros)/configuration files
#EMWIEFENTFZE, SREXHEEE 5 -configuration_basename xiihoo_mapbuild.lua"
cd ~/catkin_ws_carto 6  output="screen">
catkin_make_isolated --install --use-ninja 7  <remap from="scan" to="/scan" />
#ISaEE 8 <remap from="imu" to="/imu" />
source ~/catkin_ws_carto/install_isolated/setup.bash 9 <remap from="odom" to="/odom" />
roslaunch cartographer _ros xiihoo_mapbuild.launch 10 </node>

11

FERERRRIER, FRIGEXININEE 12 <node name="cartographer occupancy grid node" pkg="cartographer ros"
sudo apt |\rlstall ros-melodic-teleop-twist-keyboard 13 type="cartographer occupancy grid node" args="
HEo R ERIEE 14 -resolution 0.05
rosrun teleop_twist_keyboard teleop_twist_keyboard.py 15 -publish_period sec 1.0" />
#i=5frviz 16 </launch>
rviz
#HRIFHE

rosservice call /write state /home/ubuntu/map/carto_map.pbstream

* XTFCartographerfE ESLHl28 A ERISCER, BESRIZRIEFIFAITIC
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(CRISCIRIRIN: 1HEH

B Cartographer[RIEoHr

B CartographeriRi2fi#isE
@ Cartographergit

B Cartographer&z=5iz{Tmms) - (@ CartographerfE&islT
® CartographerB4&islT

KTFCartographer& xRS AR ESHAFMAIAESEEH ]!
https://google-cartographer-ros.readthedocs.io
https://google-cartographer.readthedocs.io

szial * XTFCartographerfE ESLHl28 A ERISCER, BESRIZRIEFIFAITIC

SE8E: BItSLAMERS:

SEHRAR, ®IF—F—7~, :

xiihoo_mapbuild.luafit B34

include "map_builder.lua"
include "trajectory builder.lua"

1
2
3 .
4 options = {
5 map_ builder = MAP_BUILDER
6 trajec%ory builder = TRAJECTORY BUILDER,
g {napk_. rarrfTe Ly link" i

racking frame = "imu_link",
g puinshge‘d_fraqu "odom”,
0 odom frame = "odom",
1 provide odom frame = false
2 publishframe projected to 2d = false,
3 use odometry = true, ~
4 useTnav sat = false,
5 use”landmarks = false,
6 num laser scans = 1,
7 num_multi_ echo laser scans = 0,
8 num”subdivisions per_laser scan = 10,
9 num_point clouds’= 0; -
0 lookup transform timeout sec = 0.2,
1 submap publish period sec = 0.3,
2 Pose_Publlsh period sec = 5e-3,
3 trajectory publish périod sec = 30e-3,
4 rangefinder sampling ratio = 1.,
5 odometry sampling Tatio = 1.,
6 flxed_frame_pose*samﬁ)l|ng_rat|o =1,
g imu,_sampling ratio = 1.,
9
0
1
2
3
Vi
5
6
7
]
9
0
1
2
3
2

andmarks _sampling_ratio = 1.,

|
}

MAP BUILDER.use tra&ectory builder 2d = true
TRAJECTORY BUILDER 2D.num_accumulated range data = 10
TRAJECTORY BUILDER 2D.min _range = 0.20
TRAJECTORY~-BUILDER™2D.max range = 16.0
TRAJECTORY BUILDER™2D.submaps.num range data = 50
TRAJECTORY BUILDER™2D.use imu data = trie~
TRAJECTORY BUILDER™2D.imu_gravity time constant = 10.0 .
TRAJECTORY~BUILDER™2D.use 6nline” correfative scan _matching = false
TRAJECTORY BUILDER™2D.cerés scan_matcher.trans]ation weight = 10
TRAJECTORY-BUILDER™2D.ceres"scan_matcher.rotation Wél%h =40
POSE_GRAPH:.constraint_builder’max ctonstraint_distance = 2.

return options

BETEH: www.xiihoo.com
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KEBsCIgiBIN: &I Z=HRBER, ®BIF—F—,
m CartographerFI3Eo5HT

B CartographeriRi2fi#isE
@ Cartographergit

B Cartographer&z=5iz{Tmms) - (@ CartographerfE&islT
® CartographerB4&islT

i FHAcartographer_rosfgfitiy/write_state75ix{RIFHIMBEIR . pbstreamfUiET, MEERZNIEESMPERXMEE, FHIFEFEERIROSHIEBEAIGridMapi&z,

HoEIRETUAEHR

#EFRFEN T, EREMIHEEER
cd ~/catkin_ws carto

catkin_make isolated --install --use-ninja
#EEIHEET AR

source ~/catkin_ws carto/install_isolated/setup.bash
roslaunch cartographer _ros xiihoo_pbstream2rosmap.launch pbstream_filename:=/home/ubuntu/map/carto_map.pbstream map _filestem:=/home/ubuntu/map/carto_map

xiihoo_pbstream2rosmap.launch/3a13214:

1 <launch>
2 <node name="cartographer_pbstream to ros map_node" pkg="cartographer _ros"
3 type="cartographer_pbstream_to ros map" args=" B
4 -pbstream_filename $(arg pbstream_filename)
> ap filestem $(arg map filestem)" EEA RN CartographertyEliE = SROSEIAEIE AR IR A2
output="screen
7 </node>
8 </launch>
33/40
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REBsCiRENY: 1TE EARBER, ®i—&—~, ,

cartographer_rosIAEEFHE ST =

B Cartographer[RIEoHr

m Cartographer/FR3f#EE

assefs writet main.cc
skt et e @ Cartographeri T FIF SR SR AL
B Ca rtograp her&ic51=17 @ Ca rtograp herff&1=1T ros_map writing_points_processorh

® Cartographer&24i=17 1

f0S map Wriling points processor.ce

FlREHER =ik
¥5 cartographer fhR] submaps
HhE LR Al ROS chfAY grid

a |E ..

= phstream ] * pem T

cartographer phstream to ros map phstream to ros map mam.co
AR

B phstream 37 I R
cattographer pbstream maep publisher | pbstream map publisher main cc
Rl R.OS faffd grid MIEH AR

34/40 * %£FCartographe FEEISTHSEA HIOSTIR, IS7ES 3B miTie IR R R www.xithoo.com
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8.1 Gmapping&ix
8.2 Cartographer&ix

8.3 LOAMR %
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8.3 LOAMAE %

Gmapping BZCHSLEIA 2D E

Cartographer EBZ/ZLEDEEHEIX  2DiE

LOAM ZEHCEIR 3DitE]
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LOAM (Lidar Odometry and Mapping) &Ei&iEZe

1Hz LAz P
B OAMERESHH S = FRE$E E
B | OAMRREfHE
B LOAMZESET SRIET: B (PR ASLAMSL: ZOoFEAS

10HZARHS 2 LA 7

B FHIHREURLR

LOAMMEB X =Hi2EUH Frcornerfsurface

B EIER

FFscan-to-scan i AXIHE S FIINER 1A FR = P RUSFAE i T UL ES

m 2 EER

FAscan-to-mapH AR ITERERN, ZHEUBHEEENEREITHEAENRE, BREGHNEAF IR SHEEHITITE
n S ES

ITHZEREEERITAEE, FIR10HZREEEEETTEHTIEE

R EA

HIESLAMZR S

I8 2L
'1-_l-|

10HZ A T4 H
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8.3 LOAME i
(CHBIFgiERI5: EAFRMIE + E P

Ivelodyne cloud 2

[ | LO A M ;}gﬁg %Z-E \Eiblk Naser_cloud_sharp

mu'data laser_cloud less_sharp

B LOAMERIESHT

scanR epistration
u LOA M ?ﬁ EJ\Z_‘T_ i- /multi_scan_points Nlaser_cloud flat

Jaser_cloud less flat

/fmu_trans
W U e VI3 L3 =
velodyne cloud 2
laser_cloud sharp laser_cloud_comer last
+/,T+H =1
— ﬂ'{.[ETIEHR*Eij& laser_cloud less_sharp laser cloud swrf last
- N laserQdometry
LOAM E/‘J4/|\ ROST5 )ﬁ&ﬁ?ﬁ H laser_cloud flat ‘velodyne_cloud 3

W TE{REER

W 2 EER

laser cloud less flat laser odom to mit

laser_clond comer last
I =
. E* EE-L-l_ ﬁmé Aaser_clound surf last laser_clound_surround

laserhzpping wveledyme_cloud 3 velodyne cloud registered

laset edom to mit /aft mapped to_init
/mu'dats
laser odom_to_mit

transformhizntenance /integrated to_imit
/zft mapped to_init
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8.3 LOAMR %

ISR 1TEH SFAMBR, HwIF—H—7, :
m LOAMEEESHT
B LOAMIRRDfEIE
B LOAMZEESEST HTFLOAMEIEE (Ji Zhang) ELEEFRABEXAT, MEESELERIFRERT. SIMEFRRLOAMKE

RFEEZERE, ERFREETRIRLOAMEEHSRZSHMBUHMRA, WERRTIIBLIT LM

B https://github.com/laboshinl/loam_velodyne

(loam_velodynelR A iSfE S EREHT, FERIZEARMLOAM)

m https://github.com/HKUST-Aerial-Robotics/A-LOAM
(A-LOAMhzAFiEigenfliCeres-SolverSyFMRLOAMRIBZE IR1T 7 B, FERIBIERESIFEENIIFES)
B https://github.com/RobustFieldAutonomylLab/LeGO-LOAM

(LeGO-LOAMIRAARIRLOAMIFAN T MG, FFRIFAGTSAME TRIRERMML, AKIRS TEEREY)
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