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https://vimeo.com/236172294
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64-bit, modern CPU (e.g. 3rd generation i7)
16 GB RAM
Ubuntu 14.04 (Trusty) and 16.04 (Xenial)
gcc version 4.8.4 and 54.0


https://github.com/googlecartographer/cartographer
https://github.com/googlecartographer/cartographer_ros
https://www.youtube.com/watch?v=OKRSmFHo2oU
https://vimeo.com/236172294
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Real-Time Loop Closure in 2D LIDAR SLAM f N5
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https://github.com/googlecartographer/cartographer/blob/master/c
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GoogleDC++8x:#1t 547 5" Ceres SolverZ#| .,

MotionFilter(&3DEF D &,




Global SLAM

Loop ClosurelZ& 2 &i#E 1t ,
Cca rtogra p h er d) 1j: %E- ﬁ bbb, Googled)C+z+§-<iE'f|:5*(75')Ceres SolverZ#| A

nput Sensor Data

|
| |
i ! . gmissesscesrwoisesaacopenees coe
| Range Data | | Local SLAM |
I'| (Laser scan/ | Voxel Filter Adaptive : |
I Laser range/ | (fixed size) Voxel Filter | }
i |
| Rzeinticout) i ! Scan Matching :
| : | (ceres) |
: i PoseEstimate ! |
| | | I
| | | |
| |
| Odometry ! | PoseObserve |
i L
| Pose : PoseExtrapolator ; l
| ! |
I ! ! Motion Filter |
[ 2 A
: ; Usgd for 2D : (linear motion/ Still :
! ! Optimization : rotational motion/
| IMU Data ! |
! (Linear : :
|
| acceleration, : ( ra';‘;zrl?c::::em) !
l Angu}ar | 9 9 {
: velocity) : Insert filtered pointcloud to :
| | active submaps if pass I
i | ion filte |
| | motion filter |
| | t
| |
| § I || sesssscessnewmssmmsr st
: F|xeg Frame I Global S| aps :
ose
: : Compute Constraints T ——————————— g —————————— d
| | (INTRA: node&two
i e—— i insertion submaps
INTER: loop closure)
Used for 3D InsertionResult
Optimization (time, pose,
Adjustment submaps)

] \\ https://github.com/googlecartographer/cartographer/blob/master/ca
Extroplate all rtographer/mapping_2d/sparse_pose_graph.cc

poses that were

added later Packgtound

thread

https://google- cartographer readthedocs.io/en/latest/

|
|
|
| .
| t

|
I i
| I
| )
| |
| Sparse Pose : rangedata,
T

I
I i
|

I
| i
i |
i |
|
|
|
|




cartographer rosD A A+—)L

cartographer rosZ . FF¥aAAUMILI=AA>T. AV A—=ILT B,
https://google—cartographer—ros.readthedocs.io/en/latest/

$ sudo apt-get update
S sudo apt-get install -y python-wstool python-rosdep ninja-build

S mkdir catkin ws
$ cd catkin ws

$ wstool init src

$ wstool merge -t src
https://raw.githubusercontent.com/googlecartographer/cartographer ros/master/cartographer ros.rosinstall

$ wstool update -t src

S sudo rosdep init

S rosdep update

S rosdep install --from-paths src --ignore-src --rosdistro =${ROS DISTRO} -y
$ catkin make isolated --install --use-ninja
$ source install isolated/setup.bash

ROSBAGTENMERER T %o

s.com/cartographer-public ds/cartographer paper revo lds.bag

s.launch bag filenamed{HOME}/Dow bgrapher paper revo_ lds.bag
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Reference:
ROS JAPAN UG #11 2aL—23> T SLAMEEK 9
https://gitpitch.com/nnn112358/rosjp 170719



http://www.youtube.com/watch?v=JswpOoLeJNY
https://gitpitch.com/nnn112358/rosjp_170719

<launch>

- - P . freight.launch
cartographer rosZ BT mmmmmmseeween  Se

-configuration_directory $(find cartographer_fetch)/configuration_files

-configuration_basename freight.lua"
output="screen">

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

<node name="cartographer_occupancy_grid_node" pkg="cartographer_ros"
type="cartographer_occupancy_grid_node" args="-resolution 0.05" />
</launch>

include "map_builder.lua"

2DTFES(BEIOR Y THES) D THNIK, gmapping&FEAERL, — Mude rajecton bulderlua® freight.lua
scan topic / tf (map->odom->base_link->base_footpoint) options = {
= g map_builder = MAP_BUILDER,
ERRTNIEELLY, trajzgtory_builder = TRAJECTORY_BUILDER,
map_frame = "map",

Cartographerli|aunch77*f)b'6ﬁ§i]'é’é o tracking_frame = "base_link",

o — =L published_frame = "odom",

/ \7}_9 lilua77’f)l/’C EX;ET% o odom_frame = "odom",
provide_odom_frame = false,
use_odometry = true,

2D-Slamd %755, cartographer_fetch®freightdH> 7' )L num, laser_scans = 1,
%%%bf#zz}o num_multi_echo_laser_scans = 0,
https://qithub.com/googlecartographer/cartographer fetch R AR EIEE P B Seein = eh

num_point_clouds = 0,
lookup_transform_timeout_sec = 0.1,
submap_publish_period_sec = 0.3,
pose_publish_period_sec = 5e-3,
trajectory_publish_period_sec = 30e-3,
rangefinder_sampling_ratio = 1.,
odometry_sampling_ratio = 1.,
imu_sampling_ratio = 1.,



https://github.com/googlecartographer/cartographer_fetch
https://github.com/googlecartographer/cartographer_fetch/blob/master/cartographer_fetch/launch/freight.launch

cartographer roszEj/H 9"

freight.launch



https://github.com/googlecartographer/cartographer_fetch/blob/master/cartographer_fetch/launch/freight.launch

cartographer rosZ /9"

include "map_builder.lua"
include "trajectory_builder.lua"

options = {
map_builder = MAP_BUILDER,

trajectory_builder = TRAJECTORY_BUILDER,

map_frame = "map",

tracking_frame = "base_link",
published_frame = "odom",
odom_frame = "odom",
provide_odom_frame = false,
use_odometry = true,
num_laser_scans = 1,
num_multi_echo_laser_scans =0,
num_subdivisions_per_laser_scan = 30
num_point_clouds =0,
lookup_transform_timeout_sec = 0.1,
submap_publish_period_sec = 0.3,
pose_publish_period_sec = 5e-3,
trajectory_publish_period_sec = 30e-3,
rangefinder_sampling_ratio = 1.,
odometry_sampling_ratio = 1.,
imu_sampling_ratio = 1.,

freight.lua

/D map

/ItfDbase_link

/ltfd>odom

/ltf@odom

llodom#ZH1T9 B ?
llodometoryZ &5 ?
/ILidar® ¥ (K For/kF & EE )
/Imulti_echoxt i 0 Lidar® %k
/ILidar® scan® 7> fiZ e
ILidarCHEVWRBETT—2ANTE5E
DA LT ) MEFfE
14479 HREHA

&S %=R179 HEH
IERERITT DR
/ILidar®DFEIL 71 L2 DZREL
lodomtory®D B IL T4 LA D HRE
NMUD B TIILEDFHE

MAP_BUILDER Use_{trajectory_builder_2d = true

TRAJECTORY_BUILDER_2D.scans_per_accumulation = 30 IRFER v
TRAJECTORY_BUILDER_2D.min_range = 0. /ILidar® &% /M B
TRAJECTORY_BUILDER_2D.max_range = 20. /ILidar® ix X B g
TRAJECTORY_BUILDER_2D.missing_data_ray_length = 5. ZB% AN EgE
TRAJECTORY_BUILDER 2D.use_imu_data = true NMU®D F &

SPARSE_POSE_GRAPH.constraint_builder.min_score = 0.65 /Isparse porse® &

SPARSE_POSE_GRAPH.optimization_problem.huber_scale = 3 //Huberi& REEH D 7%k
SPARSE_POSE_GRAPH.optimization_problem.
consecutive_scan_translation_penalty_factor = 1e3 I EEEIRFILT 1%

£

SPARSE_POSE_GRAPH.
optimization_problem.consecutive_scan_rotation_penalty_factor = 1e2 //BlI#5:EEIRF LT (1%

#

TRAJECTORY_BUILDER_2D.ceres_scan_matcher.occupied_space_weight = 10
1148 O B # b 3R
TRAJECTORY_BUILDER_2D.ceres_scan_matcher.rotation_weight = 40
JEEROX: R
TRAJECTORY_BUILDER_2D.submaps.num_range_data = 120
IFFRITEMT 2RO
TRAJECTORY_BUILDER_2D.motion_filter.max_distance_meters = 0.1
IIEFY BEE DAl [ ORME
TRAJECTORY_BUILDER_2D.motion_filter.max_angle_radians = math.rad(0.2)
IIE#9 % EEDREERS R DRFIE

return options

http://google-cartographer-ros.readthedocs.io/en/latest/configuration.html

https://google-cartographer.readthedocs.io/en/latest/configuration.htmil#



http://google-cartographer-ros.readthedocs.io/en/latest/configuration.html
https://google-cartographer.readthedocs.io/en/latest/configuration.html#
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mapz={RF9J %
1.Assets writerCmapZ X179 % (cartographerfz & : pbstream)

2.map _savercmapZz&#F 9 %, (ROSE% : pgm/yaml)

1A.Assets writerCIRF I 5: T4 TRHEF
joystick’g & T, robotZx ETSE &R T, A3V —IILTUTZEEIT,
$ rosservice call /finish_trajectory O lIslamZ$#2 T 9 %,
$ rosservice call /write_state your_filename.pbstream //cartographerfiz =X D MapZ{&&F9 5,

https://gooqle-cartographer-ros.readthedocs.io/en/latest/ros api.html

1B.Assets writerC{RTFT 5 : 47512 (rosbag) h o R TE.

$ roslaunch assets_writer_freight.launch \
bag_filenames:=your_filename.bag \
pose_graph_filename:=your_filename.pbstream



https://google-cartographer-ros.readthedocs.io/en/latest/ros_api.html
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2.ROSH# =K (pgm/yaml) TmapZR7ET %,
$ rosrun map_server map_saver -f mymap

{BL. cartographerémap_saverCE#D R —EAH
HY. FOFEEFESEMapT—ENRET B,
—map_saverz{8IEd 3,

amcl/move_base TffELN\zLVE B WA ZE,

map_saverzNEF
—OFERFTELGL

unsigned int value = round((float)(100.0-map->data[i])*2.55);
if (value == 128
fputc(129, out);

map_saver.cpp

unsigned int i = x + (map->info.height - y - 1) * map->info.width;
if (map->data[i] == 0) { //occ [0,0.1)

fputc(254, out)

else
fputc(value, out);

ROSTE (0~ 100)pem(0~255) D 2 %
map_saverl&fT o> TLVB A,

ZLL3MEIEITH> TN,
)

fputc(128, out);




cartegrapher rosZE)H 9"

2.ROSHH (pgm/yam) TmapZ&RET 5,
$ rosrun map_servesmap_saver -f mymap

>

{EL . cartographerémap_saver T4 D 7 ~S{H

HY. FDOEFEFESEMapT —ENRET 5,

—map_saver&{gIEd 5,
amcl/move_base TfEL =L VEBWAZE,

P

Qap_saverzNFEE
map_saver.cpp S TRRFETELGL

for(unsigned int y = 0; y < map->info.height; y++) { if (map->data[i] >= 0 && map-3Ngta[i] <=100) {
for(unsigned int x = 0; x < map->info.width; x+-+)s® unsigned int value = round((float)(10WQ-map->data[i])*2.55);
unsigned int i = x + (map->info.height - * map->info.width; if (value == 128
if (map->datali] == 0) { //occ [0, 0,44 fputc(129, out);
fputc(254, out);
} else if (map->data[i]#+100) { //occ (0.65,1] sl
fputc(000, out): fputc(value, out);

ROSTE2(0~100)&pgm(0~255) D25 s https:// ithb.com/ 200 lecaarto apher/cartog a‘!ler ’sseis/475
map_saver(j:{i-g‘((,\é;ﬁf\ aROSﬁéiWapﬁﬁ%ﬁﬁ#L'Cb \5ﬁ%o v ‘@“ﬂﬁﬁﬂ%b s
ELVSEIEIZHE> TS,

fputc(128, out);



https://github.com/googlecartographer/cartographer_ros/issues/475

cartographer rosZEj/H 9"
mapz{R%FJ 5

1.Assets writerCmapZ & 179 % (cartographerfz & : pbstream)
2.map_savercmap#{&E9 %, (ROSEL :pgm/yaml)
3.5 8 Assets writerCmapZ{RfF9 D (ROSHE#E  pgm/yaml)ERESh f=!!

1B.Assets writerCR#FT 5: 47514 (rosbag) h &R 7%

https://github.com/googlecartographer/cartographer_ros/issues/553

$ roslaunch assets_writer_freight.launch \
bag_filenames:=your_filename.bag \
pose_graph_filename:=your_filename.pbstream

assets_writer_freight.launch

<launch>
<node name="cartographer_assets_writer" pkg="cartographer_ros"
required="true"
type="cartographer_assets_writer" args="
-configuration_directory
$(find cartographer_fetch)/configuration_files
-configuration_basename assets_test.lua
-bag_filenames $(arg bag_filenames)
-pose_graph_filename $(arg pose_graph_filename)"
output="screen">
</node>
</launch>

assets_test.lua
options = {
tracking_frame = "base_laser_front_link",
pipeline = {
{ action = "min_max_range_filter", min_range = 0.0, max_range = 5., 3},
{

action = "write_ros_map",
range_data_inserter = {
insert_free_space = true,
3
filestem = "map",
}
¥
}

hit_probability = 0.55,

resolution = 0.05,

miss_probability = 0.49,




cartographer rosZEj/H 9"

map% Bt IATe « H CALEHE E (pure_localization)
mapZ & AA T, mapZiBINTE5, AMCLOROYIZESHEBHEIZFEZS,
launchZ 74 )L LUAD 74 IL

<launch>
<param name="/use_sim_time" value="true" /> include "freight.lua"
<node name="cartographer" pkg="cartographer_ros"
type="cartographer_node" args=" TRAJECTORY BUILDER.pure localization = true
-configuration_directory $(find cartographer_fetch)/configuration_files / SPARSE_POSE_GRAPH.optimize_every_n_scans = 10
-configuration_basename freight localization.lua —— | return options

-map_filename your_filename.pbstream

output="screen">
<remap from="scan" to="base_scan" />
</node>
<node name="rviz" pkg="rviz" type="rviz" required="true"
args="-d $(find cartographer_fetch)/configuration_files/demo.rviz" />
<node name="playbag" pkg="rosbag" type="play"

args="--clock $(arg bag_filename)" />

<node name="cartographer_occupancy_grid_node" pkg="cartographer_ros"

type="cartographer_occupancy_grid_node" args="-resolution 0.05" /> https://github.com/ oo_Iecar_to ra_ her/cartographer_fetch/tree/master/c
</launch> artographer_fetch/configuration_files

%51/



https://github.com/googlecartographer/cartographer_fetch/tree/master/cartographer_fetch/configuration_files
https://github.com/googlecartographer/cartographer_fetch/tree/master/cartographer_fetch/configuration_files

=EH

ROSTGoogleMSLAM S5475') cartographerZzf{>,
1t FRBEEND SLAM- LocalizationZ, FhTHRI e TES,

#LUVSLAM-Localization BB (2, TETHVYREIIZ,



Thank you for listening.







