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JE L A R A ), AR E N OB INLES N B 32 U5 2 o FERT TR 7 ) Al B
Ja, TR T BRI Z], B2 T RATH miiboo MLEF A RE B HATEM A dr. A&
FHEGHLZE N SLAM 8. SRR, &A1, SN ERIT. RENA:

LAENLES N BT A IR

2.google-cartographer ¥l 2% A SLAM % [

3.ros-navigation 28 A\ B Tk 5 i

4.2 H b5 s S AT 55 R B

5. ML N5 37 e 42

1. FEHLas N\ LA A2 A%

SLAM 2 B ZH R AL . WOLTRIEM MU, Fr LA BLPRgi A A anf 7E AL &5 A _EAE X
SOAL IS . LA I SR IRER AR 5L, LR AENLAS A LT IR AR A% AR (1 ROS BKEN 11 51,
FEREGEN I SHRAT T .

HEEE AR, KA. BotTHEIA . IMU X =M RREREE A & D SR RRREE, N 1B
IERRUOTHUX =B R 05 R A ARl 7 Bk & O S BT E 5 M, 1A VA AERT
Ol 1, WRER A E BRI RA RS %

XA ALY catkin_ws () ROS TAES[E], [T T A7 L& AN A% GO ROS
WEhhfetl. KTAIE ROS TARA (] (AR, IS HAIIAMN 2 WA, X ERAEIHE.

1.1/ HER

ENLE AN B AT EAEH miiboo XN IKE) AL AT LUKEN AL 1o 4 miiboo 1X ™Kz t#5
DL #~/catkin_ws/src/™H, Zaik/Emi o LVEH T o miiboo JXZNELSCHEEH, W1k 1. miiboo I
S E A ROS TEEHL miiboo_bringup A1 miiboo_description, X3 miiboo JE#L . KA
PID %5 . B iP5 2 X TR & 7E miiboo_bringup H', miiboo JE#E urdf #51# @ & 7E

miiboo_description ',
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& miiboo

= miiboo_bringup

v @ launch
[ check_angularlaunch
[ check_linear.launch
[ miiboo_all_sensor.launch
9 minimal.launch
[ pid_set.launch
¥ @ scripts
/+ check_angular.py
/* check_linear.py
. SIC
/* base_controller.cpp
/+ pid_set.cpp
L= CMakeListsixt

<> packagexml

= miiboo_description

v @ launch
[ miiboo_description.launch
o urdf
™ miiboo.urdf
= CMakeListsixt

<> packagexml

e

= readmetxt

(B 1) miiboo WFHCH-L5H
JRB I TR S
TR A1 A B S B IAE miiboo_bringup/launch/minimal.launch &, 1 2,
ZH com_port S KB FEHIK & 115, HTATH C&M 746€, Pl BEE AL E i 14 1
/dev/miiboo Ht1T 1 ;
Z4J speed_ratio J& AR THE B bR e E, XMERIT AR E RS2
Z4) wheel_distance 5& R THE fidn e, XMEEE AR ERF
HRZH AT ESN, A TE LG A TR R T S50 A A R L.
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minimal.launch

<launch=>
<node name="miiboo_bringup_node" pkg="miiboo_bringup" type="base_controller" output="screen"=
<!-- serial com set-->
<param name="com_port" value="/dev/miiboo"/>

motor param set -->

m "speed ratio” val n. : unit:m/encode -->
"wheel distance" al 64 1-- it:m -->
"encode_sampling_time"

<!-- velocity limit -->
m name="cmd vel linear max" value="1. - it:m/s -->
value="2. - unit:rad/s --=

d vel topic"
om_pub_ topic"
wheel left speed pub topic” L
e="wheel right speed pub topic” alue="wheel right spee
"odom_frame_id" v "odom"
"pdom_child frame id" wa1ue— base footprlnt /=

(H 2) K{/EHITRSH
IXZH miiboo JE#E
ﬁiﬁﬁﬁﬁi — 214 J8 2l miiboo JE AT

roslaunch miiboo_bringup minimal.launch

AL PID B 5E:

AT miiboo HL#s NJEEL stm32 #=HIR P O LN E 7 HE LM PID 24, Wik H
ARG PRI AN AL, — BT EA T E PID 1.

X RS — T PID ZEURE E i B BORE R AT miiboo AL #% A JIEAE Y stm32 #2145 S H
B H AT A, X B H T E PID BRI AEFUERE, J7 KRR IR Z IR
(PIRIE 9T o 1% B 32 BE YA PID HE 5 (AR, G T JR BRI (1) 4R 176 1T LA 25 JiT TR AH 5C N 23T T il
T AL PID #E AR LI ThRE, Fr LA XS R4 PID BOE R H 1 (DEBUG-uartl) {46
E, MR TEEANZE D EINAIR 3, R TFhBEFEIZP NS S, HBIOZRE&ESH
TS AR . 2R 5K Z 455 3H N miiboo_bringup/launch/pid_set.launch H1f¢] com_port ﬁ%ﬁ
. KA, %‘?%Fﬂf&ﬁ?ﬁ‘?ﬁﬂw,w IR R W AN S ol IR E W S Al )
teleop_twist_keyboard 5 2 i@ apt-get i 2 K3, rqt_plot s& ROS FEft A2 I T A

#FT I 2, A SR A Y A

roslaunch miiboo_bringup minimal.launch

#EFTIF A&, RARAERY AL IR A G4

roslaunch miiboo_bringup pid_set.launch

#L A A ) T

sudo apt-get install ros-kinetic-teleop-twist-keyboard

HRAT I — N um, 3 s ALy
source ~/.bashrc
rosrun teleop_twist_keyboard teleop_twist_keyboard.py

#ETIF— A%, H rqt_plot X M & ith kAT 2], #8 5E th 2805 K ) topic
rosrun rgt_plot rqt_plot

HZ TRl M%: www.xiihoo.com 5
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ROS #2 LML K T B rat_plot FHVEAR TR, 1E rqt_plot i, 7E Topic £ %A £ 5
PokUR, BAVXE N AFIEE, REHEFUM “+7 Bl imALH Stm, Nk 3.

rqt_plot__Plot - rqt

[ MatPlot Di@ -0

Topi::[,f’whee| _ ; B autoscroll | [l | =

wheel_left_speed
wheel_right_speed

(B 3) H rqt_plot B~ & 2R
SR 5, IBILATE )5 2 teleop_twist_keyboard 7w [ 2 i ik 1/</)/L DY/ $22 B Sk 4% 1) JES A /1
B IR A ], MR R th 4 (AR A, AR PID HEE KXY PID AT R E
TEJE 8 pid_set.launch B2 N AH R R RHI A PID SN B8 Z 80 1 il . EH 2152
— ARG R AR, T DA R R e R 1. et BoR, Wi 4.
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B rqt_plot__Plot - rqt

EMatPlot D@ -0
¢ Topic| /wheel_right_speed | 5 | ==+ [ lautoscroll | Il | @
i
| = =3 x=303.522 y=-0.519338
| OO + & v
i
| 10 ; ;
| |
| ogl| — /wheel left speed/data
i 0el| — /wheel_right_speed/data |
| 0.4 ]
[ \/%——,/—\
| 0.2} / |
| 0.0 :
| B
1 [-04at
i —0.6 |
15 303.0 303.2 303.4 303.6 303.8
(B 4) SZREE & BN
BRERE:

WLAS NI BLIZ AT HRE B2 1 o O 2 1 B R b o JIC BN 52 B R U 1 B4R 22 A A
WAERC . R, B BRI R E B M TR E, REW/NRZE. miiboo HLEEA
JIRAL I ROS WRANH BS54 1 AHN bR ERE T, R B TR & A RIS 2R
.../miiboo_bringup/launch/check_linear.launch A B #2117 B 2 b5 € 5 8l A
.../miiboo_bringup/launch/check_angular.launch ;B FE1H4; 5 5€ Ja 30 S0 F
.../miiboo_bringup/launch/minimal.launch JN¥ & b5 & 28U R AL 15 5 3 S0

NIRRT SRR

HTbre IREEM T a2 17, EEEIEHNNESE.
miiboo JE# urdf A&

urdf FBERLFEIR 7L NIREL IR AR IR 2 M 23R HR L & MEIRARAE tf tree H11)
KFo H, miiboo JEAL urdf FLAY (1) 3= BAE AR 2 L & AME RASAE tf tree PRI R, XL
KERWAE SLAM FIF AT EE R AT .
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o

/

(B 5) miiboo .88 NJEEL & AMME RS tf XA
K 5 /& miiboo M5 NJEALH & MEEES tf KR, base_footprint J& AL TIE B L,
base_laser_link /& ¥G R IA K A0y, imu_link A IMU BB K0 . DL base_footprint AR £,
TR NRAL AR 2R, AR RONPRHEE T2, RURSIERTT 9 x Bl IEAT7 Ny By I
5z . BLox bR 4G 0 £ 5 1A) 9 theta fil . L base_footprint YR AR AR R, EEAL
base_footprint->base_laser_link 5% &, 37 base_footprint->imu_link 3¢ &, #lSZHl T &A%
AR tf KRR, M I BARSZILLE miiboo_description/urdf/miiboo.urdf H1 52 1% . W& 6,

A miiboo.urdf ) EARN 2 .
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miiboo.urdf

</material>

<material name="gray":
<color rgba="08.2 0.

</material=

<link name="base footprint"/=

<!-- base link -->
=link name="base link
<joint name="base_ link joint" type="fixed"=
<parent link="base footprint” /=
<child link="base link" /=
<origin xyz="0 @ 0.065" rpy="0 0@ 8.8" />
</joint=>

=!-- laser --=

<link name="base laser link"/=>

<joint name="base laser link joint" type="fixed"=
<origin xyz="90.88 0.00 ©.865" rpy="0 0 8.8" />
<parent link="base footprint" /=
<child link="base laser link" /

</joint=>

=!-- imu of hi219 -->
=link name="imu link
<joint name="1i

35 i=

(B 6) miiboo JE#L urdf BLAYHEIR ST
Tl FIXAS urdf A AR AT A T, BRI A B El.

roslaunch miiboo_description miiboo_description.launch

1.2 fE FH#EOLE X

ENLEE N B H T EAE A ydlidar X ANIKEN R 7] PLIRS) ydlidar-x4 5718 T . #% ydlidar iX
NIXEN A UL B ~/catkin_ws/src/H, GaPEfE i ol MEH T o ydlidar ZRE)EL SO, Wil 7.
ydlidar ZXBN AL ) HA SCHRATIA T ZE I, IXLEHE A it atmbriExs), REE

BEEFANTE S &L ydlidar/launch/my_x4.launch XX £F, XN TR EIX.
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ydlidar

launch
[ lidar.launch
[ lidar.rviz

[ lidar_view.launch

(3 my_x4.launch
sdk

src
startup
test
= gitignore
= CMakeListstxt
<» package.xml

<» README.md

(B 7) ydlidar X344
BOLE S HIET RS H:
I T HOL T A EE v Bl 2 BUEE ydlidar/launch/my_x4.launch 1, 11 8.
ZH port AEWOEE AR LS, HTATHCEM 790w, bl BEE AL E i 1 4 FR
/dev/lidar Bt4T T s
Z4 range_min H range_max & 1 B IO T 18 B0 1A AUE X 1A
HRZH AT ESN, WA TE LG A TR R T S E0S A A R L.

my_x4.launch

<launch>
<node name="ydlidar mode" pkg="ydlidar" type="ydlidar_node" output="screen"=
<param name="port" type="string"” wvalue="/dev/lidar"/>
<param "baudrate” type="int" valu 5 /=
<param n: "frame id" type="string" wvalue="base laser link"/=>
<param name="angle fixed" type="bool" value="true",
<param "low_exposure” type="bool" value="false"/>
<param "heartbeat” type="bool" value="false"/
<param "resolution_fixed” type="bool" valu
<param nam angle min” type="double" wvalue="-188
<param n: angle_max" type="double" value="188" ,
<param range _min" y 'double” wvalue="08.2"
<param name="range max" y 'double” walue=" &}
<param nan ignore array” type="string” value="'
samp_rate” type="int" value="9"
name="frequency" type="double" wvalue="

(E 8 BAERHEITRSH
IXZ) ydlidar-x4 BOGEIL:
HIURME R, —% a2 a3) ydlidar-xd BOGE k.

roslaunch ydlidar my_x4.launch

L YR N www.xiihoo.com 10
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Bot BB

PO B R FAN R, TIEER AN x 8 IEA Ry fl B R 2 . BAx fil
ELARIT I £T 7 N theta filo BOL TR IA BT Eds LR AR PR TR AR, Bk IR Al 7 2 A
bR 0 BETT I, FRIKIEZE T R ARAARR 90 FETT 1], ALt UM H B RO B £ a1k 9 P

(B 9) BotFEEHEHEN
OB IR EHEAE ROS H1 42 L sensor_msgs/LaserScan JH S 258k THR R, WA 10,
angle_increment /RO B s (W AR AL s 39 £ 2, ranges S A7 TBCSE BR IR AR A A 1 20 54

sensor msgs/LaserScan

std msgs/Header header
flogtd2 angle_min
float32 angle max
floet32 angle_increment

"3 = =
b lx'}i.'.'.-3_ time 1ncrement

Tﬁ]ﬂ'E_.jj ;:F_FI_T':!T.E'
floatdZ range min
float32 range max
float32[] ranges

i AFT s ;
float32[] intensities

(B 10) BOLTEEIE sensor_msgs/LaserScan T B2k HY

L YR N www.xiihoo.com 11
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1.3.f8H 1mMu

ENLEE AN B R 5 ZAE H miiboo_imu X N 9X 2 4 gt 7] LK 2l mpu9250 f R T . K
miiboo_imu IX IR EHE DL E~/catkin_ws/src/HF, ZwiF /58 vl LAER T - miiboo_imu ZX3)
R, W 11, ydlidar KB H AL RMNATE L, AFEERE
ydlidar/launch/my_x4.launch 3C 4, XANHTJE3) IMU.

¢ miiboo_imu

» I include

s launch

™ imuwlaunch

& SIC

/* imu_read.cpp
= CMakelistsixt
<» packagexml

= readme ixt

(B 11) miiboo_imu IXZ)E 44 H)
IMU $(IE B2 4
KT IMU B v id 2 8088 IAE miiboo_imu/launch/imu.launch #, @il 12,
Z 40 come_port J& IMU 15 145, TR CEM 796, Bl BB Y E i i 2K
Jdev/imu BtAT T ;
HRZH AT ESN, A TE LG A TR R T S80S A A R L.

imu.launch

<launch=>
<node name="1imu_read node" pkg="miiboo imu" type="imu read"” output="screen">

<param name="com_port” value="/dev/1im

<param name="imu frame id" value="imu lin
</node=
</launch=>

(E 12) MU BT B S %
IRZD IMU FEHk
HIRFE 8, —4%m2JH50 IMU BB,

roslaunch miiboo_imu imu.launch

IMU 8 #% 3K

IMU BEHCR A FARAR &, IMU BEEIERT 7 8 x Bl IEZ2E 7 8 y . 1B EJ758 2 fill. IMU
BRI 3 BT . 3 B 3 L Juit . SEERS 5 F RGP KRR
IMU #8575 ROS "2 LA sensor_msgs/Imu 78 28R ROk, WA 13,

L YR N www.xiihoo.com 12
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sensor msgs/Imu

std msgs/Header header
geometry_msgs/CQuaternion orlentation
floatB4[9] orientation covariance

geometry_msgs/Vectord angular_velocity
floatf4{9] anpular velocity_covariance
geometrv_msgs/Vectord linear accelerstion

floatB4[9] linear ascceleration_covariance

(B 13) IMU #3E sensor_msgs/Imu 1§ B H

L4 fE BBk

miiboo HL#5 A A% FH )52 USB £551% 3k, B ROS K5 USB #5443k Al LIS LA R 3 Hhiis,
j?%f 1:
fEH usb_cam X4~ ROS 1 H UK 5]

j?%f 2:
1 ] gscam iX ™ ROS 1, HL £ IK 5))
j?%f 3:

H #l] OpenCV, cv_bridge, image_transport ZXz)] ROS £

RNTERN, FERHILTTE 1, BHHE%SE usb_cam 1X> ROS B HAZIKE)
usb_cam 5L IKBN 2%

5 usb_cam F# F~/catkin_ws/src/H, BHIEmIFHIT T -

cd ~/catkin_ws/src/

git clone https://github. com/ros—drivers/usb cam. git

rosdep install usb_cam
cd ~/catkin_ws/
catkin_make

BB LB TS

KT 5% Sk B 7T e 2 BUER IAE usb_cam/launch/usb_cam.launch /1, #1] 14.
Z 4 video_device & 15 Lk &5, HTEHAE T —4> usB #14:k, FrClEHILIHEAN AR
/dev/videoO HifT 1 ;

HARZH AT ESN, A TET LG A TR R T S E0S A A R L.

N

<launch=
<node name="usb_cam" pkg="usb_cam" type="usb_cam_node" output="screen" =
<param name="video device" w: " rdev/videoB” /=
=param n: image width" w "

<param name="image height" v
<param n: "pixel format" value=
<param name="camera frame id" walu
<param name="io_method" value="mmap"/=
</node>
</launch=>

L YR N www.xiihoo.com 13
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(14 BELBEETESH
X3 usB &z k:
HSEARM R, — S Ja3h UsB #Rf% k.

roslaunch usb_cam usb_cam.launch

BELZEER:

FNE: SLAM 2K 5 B R

FGRBIEE R BRI IEA PIR, Trik— 2 AE PC 3 rviz THAT B ARk A BB

topic, /712 /Z&H Android FHL I miiboo Hl#§ A\ APP H 2 R,

Jeii 51—, AE PC U IT rviz, fE rviz HEINT 2R Topic, XFEHUAT IR ZIEIHR T .

P 15 A 16.

@ interact | " Move Camera [ “Select - FocusCamera mmMeasure . 2DPoseEstimate . 2DNavGoal @ Publishreint 4 =+
3 pisplays *
v # Global Options
Fixed Frame ma)
Background Color M 48; 48; 48
Frame Rate 30
Default Ligh &
v @al
No tf data. Actual erro...
> & Grid
Create visualization
By display type | By topic
v [fclicked_point
® PointStamped
¥ finitialpose
@ PosewithCovariance
¥ /move_base_simple
¥ /goal
7 Pose
¥ fusb_cam
v /image_raw
B8 camera raw
== DepthCloud raw
@l image raw
] show unvisualizable topics
Description:
Displays an image from a sensor_msgs/Image topic, similar to
image_view. More Information.
Add
Time
o Display Name
ROS Time: | 1548707940.88 ROS Elapsed: |4.48
Image
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/M

e Views

Type: | Orbit (rviz)

Zero

~ Current View  Orbit (rviz)

Near Clip... 0.0
Invert Z Axis [

Distance 10
Focal Shap... 0.0
Focal Shap... &

1

Target Fra... <Fixed Frame>

5

Yaw 0.785398
Pitch 0.785398
» Focal Point  0;0;0

Save Remove

N
|

(E 15) 7E rviz PIRINTRE ERI B Topic

FL R T4 www.xiihoo.com
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[ Experimental

31 fps
Cancel OK
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(hy Interact | % Move Camera

IG) Time

:l ROS Time: |1548708035.13
|

4> ForusCamera == Measure 2D Pose Estimate . 2DNavGoal @ PublshPoint & =

I pisplays ® B Views x|
i ;:;zigs:‘:ns o Type: | Orbit (rviz) = Zero
Background Color W 48; 48; 48 ¥ Current View  Orbit (rviz)
Frame Rate 30 Near Clip ... 0.01
_ Default Li & Invert Z Axis [
v @ clo warn Target Fra... <Fixed Frame>
C No tf data. Actual error: Fixed Fram... Distance 10
> © Grid Focal Shap... 0.05
» @ image & Focal Shap... &
Yaw 0.785398
Pitch 0.785398
» Focal Point  0; 0;0
Add

ROS Elapsed: |98.76

| Reset 29 fps

Save Remove Rename

Wall Time: |1548708035.20 wall Elapsed: [98.67 "] Experimental

(& 16) 7£ rviz ' 7~ E1& Topic

Tk, BRI T, A EE Android FHL E miiboo HLES A APP 4 BN A A b BTN )5
At EE R EE 7. Wil 17,

FL R T4 www.xiihoo.com
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() Se1 Pose (®) Set Goa

BACK CHOOSE & MAP _onFoLLOWME

(B 17) £ Android FHLEI miiboo L2 A APP H & 7= B4 Topic

1.5. /M AT FEILSAECH P

X/MRTE L, H broadcast_ip XANIIREESLHL, K EEAS I ~/catkin_ws/src/I -4 5
T RBE—-AmL BT T,

roslaunch broadcast_ip broadcast_udp.launch

L YR N www.xiihoo.com 16
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2. google—cartographer Hl.38 A\ SLAM &

Y

EVATEO SLAM 575F hector. gmapping. karto. cartographer.

hector J& — M4 & 1 B FEPEEF A REUL 7% 2D_SLAM J7 ik Ffd AR AL IR R 41
WA . AR KRR B BB, R A /NI B e 7S B0, AR E R, i
TE AL E HuTH /N ZEAE AT 3H XIS AT A7 Eds FH B AT et o 4 38 1 FH BA IO 78 1 ey B 6
ARG PR B0 e S, 3 4 D T S B LA NI B AT Al vh o BT DL R S H 2R
DAL AR, BRI EE A THARRE B, XNHZ R G2 I — € 1 1] L

gmapping +& —F3E TR FIE IR P0G SLAM 5532, B E 4% TE ROS H, ZFshHLas
NHAE B 22 11 SLAM B0 56 TR0 BBV I B9 F R 2 IDBURE 7 3 7 B 42 1) 5 B 22,
MRLFERZE tH— N EEMER 7. (Ha2, EATEE R ERENRA 4 RS LR 45 2R,
MIIEINZEE TR 22t . HeAh, 5 PR E R REAR SR T 1B AL FE R n) 4 PRI
T RERHER T .

karto /22 T EILALI) SLAM 5%, H S EERALAIEEEAR cholesky FiFF AT Wb R S
FAE AR BT VAR BRI E R R H K], AN R R L N i — M B A%
RIS EHAR AR, #i k048 M) PR RN IE SN NG E R ), BASET RN, HE

A T7 =M bl A 7 VAR R T i B A TR

cartographer /& google ¥ & FJSEZH] % N SLAM i H , cartographer SKHE T google H &
H R H ceres JELRMEMRALRI 7775, cartographer &= MR TACS VG 5 TREAK, JEEIEES T
LB AT &« FF H. cartographer 3T submap F EIfg & 4 R B B AR, BEA R 8
G el P R TR IR RS SR ) T3 9 H. cartographer S22 4% 28 4l Codometry . IMU
LaserScan 25) ZEP], S #F 2D_SLAM Fl1 3D_SLAM & K. FrbL, FEW K cartographer K%
K, FIMEIR 3 B cartographer SEi B+ 1%, X — SARREA A

2.1.google-cartographer & K & 1% [H H 4t

cartographer K2 E V) SLAM HEZE, Wi RAFESE. AN, fEumftibr =
Bele H—EHE ) LaserScan 41— submap T-i, — R FH submap T K AL T 458
Kl H LaserScan ## submap (520 [EFE RIHRZEA K, Hag H submap #4245 K 1
KBy [ AR AR AR R Bt iR 22, P LARE 20 FH PR ISR A2 11X 22 submap A7 &,
PRI () JE AR BT /2 submap, PR IIK A scan_match 5% . cartographer [ E 5 P 45
e RS 2 EESEHE (odometry. IMU. LaserScan 25) [ submap T BI6IZ&E PL & B T 1%
KU ) scan_match SR S

L YR N www.xiihoo.com 17
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Input Sensor Data Local SLAM

Range Data

(Laser scan/ Voxel Filter _,| Adaptive
Laser range/ (fixed size) Voxel Filter
Scan Matching

Point cloud)

(ceres)

J‘ PoseObservation

Mation Filter Still
(linearfangular ~ ——=| Dropped
motion or time)

Odometry
Pose

PoseExtrapolator

PoseEstimate

IMU Data
acé;ll:fai:on ImuTracker Movement or Old
Angular (gravity alignment) Ekos
velocity)
Voxel Grid
Update
(active)
Fixed Frame Global SLAM (background thread)
Pose
Compute Constraints

(INTRA: node + 2
————————————— insertion submaps
INTER: loop closure)

Sparse Pose InsertionResult
Adjustment (time, pose,
range data,
l submaps)

Extrapolate all
poses that were
added later

(& 18) cartographer Hi%E R SIER

2.2.cartographer_ros %34

FATE S google-cartographer B 7 IR 2E AT, B AL/ AN cartographer Fll
cartographer_ros, .5 cartographer Bt 2t% 05752 cartographer_ros fEf% O HIEIZ 1 ros
WHE. BHEFREWT:

https://google-cartographer.readthedocs.io/en/latest/index.html#

https://google-cartographer-ros.readthedocs.io/en/latest/index.html#

BRI S — MEEHE cartographer_ros M35 82, T cartographer_ros.
cartographer. VA S S PRI A 2225 1 o A4 A Wi B — 51, N T AR ME XN 2% ceres-solver
THPER IR, FRF ceres-solver [T Hiib# 2] | github Y FRFFZN B 7 A2 H AR BT
src/.rosinstall Z el | H AN, WK 19, HEZESEME T #HE K —FE,

(D ZHegmiE T H

Pk ¥ cartographer_ros, FA175EH 2] wsool fl rosdep. A T IHHR g, A 118 H

ninja THIFATHiF.

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

(2) BIEAFH cartographer_ros 1% ] TAE %5 A
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mkdir catkin ws_carto
cd catkin_ws_carto

wstool init src
wstool merge -t src
https://raw. githubusercontent. com/googlecartographer/cartographer ros/mas

ter/cartographer ros.rosinstall

wstool update -t src

R, 7EFHAT wstool update -t src Z BT, 75 24 src/.rosinstall SCEHEHUR LL T W,
DL R ceres-solver F#AN T iR @, 4nfd 19,

|uzlec1rfn*r11hpr--1rTn*r1thr o1t

cartographer/cartographer_ros. git

(& 19) RBHGH) src/.rosinstall LR E
(3) 22T
‘%% cartographer_ros {50 proto3. deb 155, U1H 44T sudo rosdep init
fREh, TTLLAE R

src/cartographer/scripts/install proto3. sh
sudo rosdep init

rosdep update

rosdep install ——from—paths src ——ignore—src —rosdistro=${ROS DISTRO} -y

(4) G022
T P RS 5 B > T AT U 4 P A 2% cartographer_ros BN TRE 1o

catkin make isolated ——install ——use—ninja

R $EEE, LLJS X cartographer_ros A IHC B S BRIR IS A LI, # TR EEHATIX AN G
Pt A S AR R

2.3.cartographer_ros 1§

cartographer_ros BARRAL L 75347

B IHJZ ) /& cartographer_ros, 1FEN rosj # AR Z, B8 cartographer # 0,
L YR N www.xiihoo.com 19



(B3 FH—E SLAM FHIHLE A FNE: SLAM fEE 5 B R AT

B 2 AL A HE (/scan. /imu. Jodom 45), JERATME. HLEEANMEER (/map. /tf
); HIKE cartographer, 1EN SLAM BUEMRZ G SEIL, FRAESEEL. TR FFRI
AR AR IR ST B, PR FE TR E A ceres-solver IR B 52
ceres-solver, ZIELMEMALEE, TR SLAM Hr AR AL 1] &

(& 20) cartographer_ros B4

7E miiboo 1188 A _FH cartographer_ros /& RS BB THCE

Z 3L FITH X cartographer_ros AT %35 J5, A1 1B K AFAEAE SEFR 1) miiboo ALEF A
¥ H cartographer_ros 47T SLAM ZEE 7. N T HCKIREE TR R SLAM 2B FPERE, 34T
1) miiboo MlL&s AFEHE T HOEHIA . IMU. #eXEFETT (/scan. /imu. /odom) IX = Ffif& /&
B, BT AERATT 75 B 5K cartographer_ros Bt B 0 B2 it T AEAR 20

cartographer 5y & —AN3E 5 8 FHAUE R F T & I HAERR S YL, LA R 2 Fhlic &
HTAEBA. BA1HKEE cartographer_ros WHTFHATHELE . FL B SCHF B *.lua 155 B TBU7E %
1% cartographer_ros/configuration_files/, A7 E @ — N RATH SR E X, A H
miiboo_mapbuild.lua "8, HARNZFME 21. HFIRATH miiboo HlEs AR HBOEE . IMU.
BB =M RS &2 E, NS — e BN E -
S tracking_frame & BN imu_link, B ARATE FH /imu 5
Z# published_frame % & odom, K NFA1E H/odom K%
Z44 provide_odom_frame % B A false, FE AFRAMER 4ME/odom, Fir LLIX BLAS 75 2L A 42
fit;
Z ¥ use_odometry W & N true, [ENFAME 4B /odom HIEHE
24 use_imu_data W B N true, FATRAEH /imu %
Z4J imu_gravity_time_constant BN 10, 1X/ME IMU [ 5 7 i 5 5 4.

HAeZSHMETE AT RE, BT cartographer & & EARIGE D, FrLUR Z AR5/
R —BEAETH, FTASE T SRR AR IR S S 0 & SUR B IR R, B 5 SCRY & ek
HEFRIGAE T T .

https://google-cartographer-ros.readthedocs.io/en/latest/index.html

L YR N www.xiihoo.com 20


https://google-cartographer-ros.readthedocs.io/en/latest/index.html

(B3 FH—E SLAM FHIHLE A FNE: SLAM 2K 5 B R

miiboo_mapbuild.lua

include "map builder.lua”
include "trajectory builder.lua”

options {
map_builder - MAP_BUILDER,
trajectory builder = TRAJECTORY BUILDER,
map frame "map",
tracking frame "imu_link",
published“frame ”odnn“,
odom_frame "odom"
provide odom frame I
publish_trame pro1eited ta Zd
use odometry
u5e_n:;_53t
use landmarks =
num_laser_scans .
num multi eche laser scans a,
num_ 5ubd1;1510n5 per_ 1aser scan
num p01nt clouds = @,
lookup transform timeout sec
submap publish period sec
pose publish period sec
trajectory publish period sec
rangefinder_ sampling ratio
odometry sampling ratio
fixed frame pose sampling ratio
imu_sampling_ratio L.,
landmarks sampling ratio

1

MAP BUILDER.use trajectory builder 2d rUE
TRAJECTORY BUILDER 2D.num accumulated range data

TRAJECTORY BUILDER 2D.min_range

TRAJECTORY_ BUILDER 2D.max_range LE

TRAJECTORY BUILDER 1D.submaps num range data

TRAJECTORY BUILDER 2D.use_imu data true
TRAJE:TDR\"BUILDEP_7D.1mu qr:;lty time constant (&)
TRAJECTORY BUILDER 2D.use online norrelatlue scan_matching
TRAJECTORY BUILDER 2D.ceres scan matcher.translation weight
TRAJECTORY BUILDER 2D.ceres n_matcher.rotation weight
POSE_GRAPH.constraint builder.max constraint distance

options

(B 21) AT miiboo #1383 A )% EIBC B 3L miiboo_mapbuild.lua

IR 5 5 EEBLE * Jaunch SCMF, FATT4E miiboo HLEF NEE LR B 3CAFHL4 1Y
miiboo_mapbuild.launch, 4R TE cartographer_ros/launch/B. i, BEAANEIE 22,
AHER I launch XA EE =/ node JazhT, B urdf #8453, cartographer_node J&i
Z) . cartographer_occupancy_grid_node J& 3T

FB—AJa sh T A 30 urdf B, JZAEDETEL\,EI [t A cartographer Bl 4] )

N, HTIRAT miiboo AL#s A g7 58 K J5 10 75 B4R S AT B 3 S UL, FrbAEAT
] miiboo JRELFE ML) urdf LAY, TAMEHIX B urdf B8, B DUX AN JE ) gk R 1
X BN SR A o B

AN B IR JA B cartographer_node 2B AL, X AN SLAM Z T A, AT
SLIECE miiboo_mapbuild.lua 4 7EIX AL AN,  [RIRE X B AT DOGH i B A E 40 scans imus
odom [t topic 44 FRA = BRI o

=3 32 J5 81 cartographer_occupancy_grid_node R AT A, BT
cartographer_node Z 37 ;AL ML K )& submaplList #5201, 75 E K GridMap %A
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RETE ROS B /R A . X B IA P NAIECSEL, resolution ISR % & GridMap i 1) 43 %
%, publish_period_sec >R X E GridMap i & A A% .

miiboo_mapbuild.launch

=launch=>
<!--param name="robot description"

textfile="$(find cartographer ros) /urdf/backpack 2d.urdf" /-
=l--node name="robot state publisher" pkg="robot state publisher"
type="robot state publisher" /--=>

<node name="cartographer _node" pkg="cartographer ros"
type="cartographer node" args=
-configuration directery %(find cartographer ros)/configuration files
-configuration basename miiboo mapbuild.lua”
output="screen"=
<remap from="scan" to=
<remap from="imu"
<remap from="odom"
</node>

=node name="cartographer occupancy grid node" pkg="cartographer ros"
type="cartographer_occupancy grid node" args="
-resolution 8.85
-publish period sec 1.8" />
</launch>

(& 22) A1 miiboo H183 A K& & 3 33014 miiboo_mapbuild.launch
EZHER G, ANEET B9 —IR¥EA catkin_ws_carto LAEZ 0], 1]# 3
catkin_ws_carto H 3¢, #UT NS FEmRL

catkin make isolated ——install ——use-ninja

J& 3] cartographer_ros 2 &:

ELLE miiboo Hl#F A\ L, J53)) cartographer_ros &K, 7 NIX LB HaPLEs AN L1

BAMEIKDS . BB cartographer_ros. 7E PC ¥t Jo st AL HIAL 28 N2 3h 38 30 rviz W82 K]
(B 7E Android FHLufH miiboo HL#s A\ APP #Z il L8 NIz AL S HL D .

TS, HANEA BRI SAMERSS, A TERENE, ROESHEBINNEBRETSA
miiboo_bringup/launch/miiboo_all_sensor.launch iXA~ G s30T, SCAENEWE 23, X4 E
I AE AN urdf BB, miiboo JKALE N, WOLEIAJEZN T, IMU HBIT. 1314
SR N R A L =P BT

miiboo_all_sensorlaunch

ch>
robot model -->
<include file="$(find miiboo_description)/launch/miiboo_description.launch"”/>

=!-- miiboo bring up -->
<include file="$(find miiboo bringup)/launch/minimal.launch"/=>

=!-- launch laser --=

<include file="%(find ydlidar)/launch/my x4.launch" />

launch imu -->
<include file="%(find miiboo imu)/launch/imu.launch" /=

<!-- launch usb_cam -->
<include file="%$(find usb cam)/launch/usb cam.launch" /=

<!-- launch broadcast ip --=
nclude file="%(find broadcast_ip)/launch/broadcast_udp.launch" />
=/launch=

(B 23) BMMERERE 33014 miiboo_all_sensor.launch
FIOF &, @ISR A B R AT T .
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source /catkin ws/devel/setup. bash

roslaunch miiboo_bringup miiboo all sensor. launch

SRJ5, Ja 3l cartographer_ros, 1T RIS TN E, FTUABEEEHGS)E
AT T o

source /catkin ws carto/install isolated/setup. bash

roslaunch cartographer ros miiboo mapbuild. launch

XHEENNEIR, NT BFE cartographer_ros ZEE B A 1B U6 TAE, FATATLL
H rosrun rqt_tf_tree rqt_tf_tree & & ¥ tf MAIS5H, 1EH I of #a1E] 24. map->odom
[8] ) 5% 22 B cartographer 22T 42 4t, odom->base_footprint Z [H] [ 5% £ H1 miiboo JE# 1)
QR AL, base_footprint->imu_link Fll base_link £l base_laser_link 22 [f] ff] 2% £ 1 miiboo
BLEF AN B urdf BEARSHRAE . A tf A HES H B A 2 IR R L N e 7 (1) S 30 i B
cartographer ## K17 s B 484 map->odom Z A1) 0 R A SEILA R AL, miiboo KAL)
BUHERETHE L 4Ed odom->base_footprint 2 [A] [ 9¢ Z R SEHL R 8 Ar, A& IEKE% 2 [ 1) 224
KA urdf BARFRME, XS KRFEN T 2 RBHIEME .

rqt_tf_tree__RosTfTree - rqt
ETF Tree D@ -o
@ | @ Highlight @& Fit | (1) BB B =

Recorded at time: 154895338391

Broadcaster: fcartographer_node
Average rate: 172.671

Buffer length: 1.355

Most recent transform: 1548953383.93
Oldest transform: 1548953382.58

odom

Broadcaster: /miiboo_bringup_node
Average rate: 10,833

Buffer length: 1.2

Most recent transform: 154895338384
Oldest transform: 1548953382.63

base_footprint
Broadcaster: frobot_state_publisher | Broadcaster: /robot_state_publisher Broadcaster: frobot_state_publisher|
Average rate: 10000.0 Average rate: 10000.0 Average rate: 10000.0
Buffer length: 0.0 Buffer length: 0.0 Buffer length: 0.0
Most recent transform: 0.0 Most recent transform: 0.0 Most recent transform: 0.0
Oldest transform: 0.0 Oldest transform: 0.0 Oldest transform: 0.0

i

(& 24) cartographer IZ4T R IE# B tf B
BJa, 1 PC o A HI AL N2 8h )3 80 rviz MEEHLIE (B TE Android T
H miiboo #l#% A APP #z il HLas NizZh AT g2 D . Wi PC umds il AIAR %S, Jo 3y &4
T
1 PC Ui H— N &, 1847 rviz B4
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rosrun rviz rviz

A rviz & LR ENIILT [ /map,  gial DU B EIRCR 1, i 25.

() Interact | “$* Move Camera [ iSelect < FocusCamera D Measure . 2D PoseEstimate .~ 2DMavGoal @ PublishPoint = v

1 pisplays L]
v i Global Options

Fixed Frame map

Background Color [ 48; 48; 48

Frame Rate 30

Default Light &

¥ v Global Status: Ok

v Fixed Frame OK
» % Grid &
» P2 Map &
» ~. LaserScan )
> )= TF =

Size (m)
Point size in meters.

Add
© Time x
ROS Time; 951885.99 ROS Elapsed: |862.36 Wall Time: | 1548951886.05 | Wall Elapsed: |862.31 | ] Experimental
Reset 31 fps

(B 25) 7£ PC %A rviz WLEZH A
1E PC 3 AT I — AN i, B TR w R shdr 4.

rosrun teleop_twist_keyboard teleop_twist_keyboard.py

TRz N, HESm T iR AaTdt. iR, B AT,
L B2 AE Android T-HLI H miiboo HlL#s A APP #5HIHL 2 NisEh AL E &, B Emihs
R, Wil 26,

Robot Laptop

1]
BACK  CHOOSEAMAP _ONFOLLOWME O setPose @ set Goal

(B 26) 7E Android 1% miiboo HL22 A APP #1238 A\ i 3 A1 52 1k
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{R7F cartographer_ros EE 4 R .
MIAE I B —E, HEEIMEAZ T, TR EES R IR RT,
cartographer_ros &t [ i Kl 45 BARAE J9* pbstream LTI 7, HSbpd —2%m 4.

source /catkin ws carto/install isolated/setup. bash

rosservice call /write_state /home/ubuntu/map/carto_map.pbstream

Hszuh /& A H cartographer_ros $2 it 11 1Y /write_state 1X ™% F IR S5, MRESIENSEL
/home/ubuntu/map/carto_map.pbstream AL RIF AT . DRAFIN G, 2R [BUAH B PR
SEE, WK 27.

ubuntu@ubuntu-desktop:~$ rosservice call fwrite_state /[home/ubuntu/map/carto_map.pbstream
status:

code: O
message: "State written to '/home/ubuntu/map/carto_map.pbstream'."
ubuntu@ubuntu-desktop:~

(& 27) M /write_state RS FHFEEE R

i e T e

T H cartographer_ros 24t [f] /write_state 55 {R 17 I HLIEE *. pbstream HIR% S, 112
FE G 2200 H B AU X AN, BT 7R B 450y ROS HiE Y GridMap A&,
SARE L, cartographer_ros LA ERBATHEME T cartographer pbstream to_ros_map 1%/
TR RS BTl BATR TS — AN a3 33 a s AN ssiAr 7, wEA
JA 8 A B 44 miiboo_pbstream2rosmap.launch, {7745 /& cartographer_ros/launch/, J& 3l
AN WE 28, EAEHIXAN BB ST BB, FEZMINBEANAN S, S5
pbstream_filename N1 # [1)* . pbstream SCAF AT, S0 map_filestem N 5 17 il 45
1 SRR

miiboo_pbstream2rosmap.launch
<launch>

<node name="cartographer pbstream to ros map node" pkg="cartographer ros”
type="cartographer pbstream to ros map" args="

-pbstream_filename $({arg pbstream_filename)
-map filestem ${arg map filestem)"
output="screen"=>
</node>
</launch=

(& 28) pbstream # GridMap Jg 3 314
BEEZHENTE, AEE T B — IREA catkin_ws_carto TA/EZE], ]
catkin_ws_carto H3, HUT FHIMSIFEHm2.

catkin make isolated ——install ——use-ninja

e, AT BT IR &0, (AR S AR 230, it B AAREAT e e 17, a2 R

roslaunch cartographer_ros miiboo_pbstream2rosmap.launch

pbstream_filename:=/home/ubuntu/map/carto_map.pbstream
map_filestem:=/home/ubuntu/map/carto_map

PRAFEER G, TS HEY, XN IS RIERERRE, #%)51 GridMap
ol H * . pgm F* yaml PR A, XIS BRvE T ROS #% A . AT DAgE ROS SATHE SR i
map_server 15 ELEEVA T, B4 5 i B 45 B an 1 29.
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carto_map. carto_map.pgm carto_map.yaml
pbstream

carto_map.yaml (192.168.0.117 /home

) ~ Rl R7F(S)
image: /home/ubuntu/map/carto map.pgm
resolution: 0.858000
origin: [-5.299430, -12.225086, 0.0]
negate: 0
occupied_thresh: 0.65
free_thresh: 0.196 |

BIETRE: 8~ 76, 519 v @A

(B 29) i AEEHEHSR

3. ros—navigation Hl.28 A\ H T B S

HU T R 2% SRS T 4F 7 20 ) Bkl ,  IRAE 30 1E ST 4R 4R T ROS RGT A K FHItE 2 —,
LA N B B £ SRR . XA a8 TR AL XA I = A8, ff ROS A KE 1T
S, BiX S yEE KR E, 2 ros-navigation SR EE. THEZS
ros-navigation HI{E 5., HZ % B 77 wiki ZUFE: http://wiki.ros.org/navigation/.

3.1.45L8 N\ B @R HERE D

BT SMTReE IR, HE T ENLSH T IMIXiK ros-navigation B 74 H I R SuHE
K, anl 30, 502 move_base i L, A& ST FRIE B #E  1) S & HATHLA , move_base
VI P kAT 1T 41 H #5 move_base_simple/goal, FHK SEH 12 32 §il(5 5 cmd_vel T K%
JE AL LA i 438 B4 ], move_base H ) Fil S T SRV AR RS2 DS 14 1) % AT R 1,
TXRE ] DR 75 58 (1) B 40 AN 5] () B30 AIE AN R R, e global_planner H 142 Jm) #4250
%I+ local_planner F T & 42 MK+ golobal_costmap &4 AR Hu KT H T iR 4= R A 545
B\ local_costmap & J& AN H B B T #5518 R A 5345 5. recovery_behaviors /& 1k 5 5 i
T WL AR BB 65 )5 B 3T R B E . SRJ5 2 amcel 15 81, amel 5 508 R 7% L%
LML NI R e, NN SRt RABEEE . BAREZ map_server 1751,
map_server 15 ;U IS A AT SLAM 2 115 21 1 1 B D8 S A B8 (oA 05 1 A5 2 o o i el e 22
FRALHLEE NALTLF G tf (5 2. BT odom 58 WOLHIAE B scan.
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amel

sensor transforms i
tfftfMessage

odometry source "odom”

“move_base_simplefgoal”

geometry

msgs/PoseStamped

BN

move_base

global_planner =

internal

nav_msgs/Path

nav_msgs/Odometry

HESE 2%, IRTREZ EARIT I, 2

local_planner -

SLAM Z 5 H 32 k[ S A

MNavigation Stack Setup

“/map”

]
global_costmap
7
g

#

recovery_behaviors

*.
)
lecal_costmap

“ermd_

vel" | geometry_msgs/Twist

Y

base controller

(& 30) ros-navigation iR AERGZIER

HLEE N 23 EAL amcl R T I H k!
amcl AR HIE N SR RIER I8, X RS yHe 780 . EEMCREE. Plés
NGREE . TG B SR RIS LMk U B N &R AL 53 . BT amel 3738

5, B ERHE SR, W 31,

Probabilistic Robotics

(1]
i)
(]

EoEEE

Ermies

o ﬂﬁ""ﬂlr'i‘@”

'-.-I,..“.r.-'-l'-

KL T, A&

T AR

FL R T4 www.xiihoo.com

(E 31) BERNBA

nav_msgs/GetMap L T

sensor topics
Sensor_msgs/Laserscan
senser_msgs/PointCloud

Sensor sources

provided node
optional provided node
platfarm specific node

T A A T LL 532 (Probabilistic Robotics) 1X A<

o PSR — AN B — S AW AR A TR, XA 1) A
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I EEAHSE, HRWUE—EE FHSEEER T, Gt A AR b =51 5 Ee At e
SR T o VLA NE LR AT, FATEM R EE A B EVF 2R L R R A%
SRR UL DN A 428 — 5 (PN T B 1 AT HT 00, VRO i BORE T s L N
RIATREAEMALE s 72N —RefORS, HUETED M IR T R L 24— 2, IRl A W
AIEA, BT st & B — Ty o AR RN TT, WL N AL E R T
Mo WP 32, LKLY RIS R e B — ]

(B 32) RLFIEB

HEVERNE, R IER SIS, PR s R e T — Rk AR S nE =,
TXFEA TR A TS THE B R i 2ok R 2

LA NGRZE, AL 88 A TR IR — 746078 21 53 — AN 7, 3K I fige i — Fe kAR5 2
HIRL T RSB R A REER AL E Fl A, PR ELEUT Ei s KA B TR R

FIE NSRRI, FIE N EAR AR AN J7 T o 38 I AR 1 i 19135 73 AR SR AR il L
NGB, AR AR BRI R R LA NGRS In) s Ja st ) ks 7 A SRR AR R
SENT B AL e SRR, LEAL T OB R R I BRI 77 S 4R BORL 7 UH , R R PR AR RS
HITHE I
AR # & costmap:

AN B H TR R (R Be (5 B, A BRI ORI . AN, 05NN PR SR
WAL B B R R A B, KRB SR Bl i @ LA R 2 Layer 28 G SAE—iS, #HIEAM
WA R R BERG, Gl 33, AR T RO H B EE Z 4045 0T LA 2 (Layered Costmaps
for Context-Sensitive Navigation) X s 183, Hlag N FHTH 2] T K, 2R
global_costmap A1 & #3471 B local_costmap.
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\e Mastg\

Inflatio |

|

— .| Wagon Ruts |

Proxemics

Hallway

Obstacles

—| Caution Zones|

e

| Static Map |

B4R R -

Aooreagate layer, whera
path planning occurs.

Buffer zone around l=thal
chstacles

Detect paople and respect

'.-'héel' [ sownal § M E

Go with the standard
flowar of traffic

Prefer to move down
the right side of hallways

Frababilistic obstacies
Eopulated Dy Sorsar

Deterministic obstacles
fram lasars and ather sansars

Avoid dangerous areas
lika kitchans whan possible

Occupancy grid determined
a priori

(& 33) R4

: SLAM 5 5 R S

PLEE N ST O B2 B AR LR, B AR LRI 2 18 R SR R i )45 B3R B — % 2k
Hbr o B/ . SATh 2 HBIPREE I, B4R a it global_planner 15
ALK local_planner. 2R BgAF MK BEAG 2 — FhERES PR SRIE, FR2B A, Ml —
FXRERIFH G THITHERAS . 2 RBANTES T, P8 NLESEPRATE I 75 225 18
SR (P BRG] S L R, X AR R A AR R e R, T AL AN E 3 S
B &S R R R — 20 5 5E i) . ROS HRHEFE I 4 R B A LRI 2% 42 global_planner, 3

T A*&EE, W 34,

FL R T4 www.xiihoo.com
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(& 34) ET A*HIEN2REENR

HT ROS H I Jay S B AR RN RI B8 LU A E 1, B DABRHERE R SA% ) L EHI 1) ) 0 i A2 R K
#% teb_local_planner. teb_local_planner J& & T 54 M4 iof (] 75 flf 48 29 SR 5008, BV Bl R
Y. BT AL, BRI S AR ML A H RS, EE R R TABERF RN, WA 35.

W

L 7

(P& 35) T35 4% i [a] H it 18 SRV ) JR B B A AR

3.2.ros-navigation 3%

ros-navigation [ %3546 P FR /7%, J77k— & HEE I apt-get %35 4 PF 41 1] ros-navigation
FERIR G, ik & N3 ros-navigation RIS Fa k3. BT /54 n e R B X
ros-navigation " I EVEMUE ORI SGHE,  F DAFRCR FH v i T &2,

X B ST — MY catkin_ws_nav [ ROS TAEZE (0], LI TH TAEL#s N SR < Th
Refl. XTI ROS TAEZ A, ESH IR >N A, X B M.

LR AR, AT R 2 PR AT 1 .

B JCHTAE https://github.com/ros-planning/navigation, 43 % V132 kinetic-devel A5 T
IR B A, # navigation-kinetic-devel.zip i &% « B fif 47 1) navigation-kinetic-devel
A JEE ULF~/catkin_ws_nav/src/JE, BRI 4RI T,
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#2 P I AR T] e 218 BIHRA R Bullet SRR IR B, i 1R I LEAR G fif 5 F 0
#55 apt-get 2% ros-navigation fi, XFEMKH Sl H 5h %

sudo apt-get install ros-kinetic-navigation*

#1 apt-get H1Z {5 ros-navigation

sudo apt-get remove ros-kinetic-navigation ros-kinetic-navigation-experimental

cd ~/catkin_ws_nav/
catkin_make

S Ja = 7 7 o teb_local_planner ,

il 1t

https://github.com/rst-tu-dortmund/teb local planner, ¥54>3Z V43 kinetic-devel X J5 T #k

VRS BIAH, FFRAR R IR 6L 3~/catkin_ws_nav/src/J5, SR DAgmi2cdt T .

#Z B
source ~/catkin_ws_nav/devel/setup.bash
rosdep install teb local planner

cd  ~/catkin_ws_nav/
catkin_make —DCATKIN WHITELIST PACKAGES="teb local planner”

fH15 —4EM/2, teb_local_planner Y5+ 56T plugin FIEC B SCAF 5 4F, HEYm PRI

HUAESE AR plugin ITEM SAEAN, AEH T8

3.3.ros-navigation 1§

ros-navigation DJREELEE & — MR K FHAELE, KL Ira s A . FATH
e L RO 24 O C B s T PR ros-navigation N BIFRATE SRS N N T IR E FEC
BRI A, FRATHR 256N miiboo HlLas N2 —NDjEELL miiboo_nav, H T L 14F
TRERAIHLEE A S B 5 5 8 . miiboo_nav THREEE 45, Wk 36, AR,
miiboo_nav & — /M EAEA AT PATIE S Dhaet, H i R E config M launch. config H1
LT 5 FE B I S 4 B, launch HAFTRUS 31 ST 75 10 S8R 1 SR 3 k.

TR XA X LS AR
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miiboo_nav

¢ config
<» amcllaunchxml
/* costmap_common_params.yaml
/+ global_costmap_params.yaml
/+ global_planner_params.yaml
/* local_costmap_params.yaml
/% move_base_params.yaml
/# teb_local_planner_params.yaml

v [ launch

[ miiboo_nav.launch

= CMakeListsixt

<» package.xml

2 g

= readmeixt

(B 36) miiboo_nav ThREE X451
Wi AN ER EAL AMCL HIERCE amcl.launch.xml:

SR H B4R e AMCL BYEThRE AL AL SR 2 mT DARC B 1 S50, 1% B g 37 e B S 1
amcl.launch.xml XTIX LS HHATHLE, AARWKE 37. BESH DN 3 2K KIS
TR S BB, T2 EE, RTSHECE N R I, i
HEES% wiki B H#FE: http://wiki.ros.org/amcl,
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amcLlaunch.xml

A

AAA

A

AAAA

AAA

A

=

A

AAAA

M

A

AAA

(B 37) £//FEA AMCL HIEELE amcl.launch.xml

KM HEAF S BB E costmap_common_params.yaml:

2 R AR B RN = SR AR H LA A 1 S iU AE costmap_common_params.yaml iX B
[, XA R R EIRNIX AN E S ae e b A S BB, B 1 7E 2 R Hh B AN =
O R E S E R E — M RSN IR, NAWE 38, BLESHI N 2 2K: Ml
2 NTERFR 1L % Layer BIZE . HLas ATARTT LA 2 102 sRIAERG IR, AT miiboo
WLEs N FETEN), Frblik 2R . U & Layer B2 45 #345)Z static_layer (H
SLAM ZESZ 15 3 i R AL E s ) BERS )2 obstacle_layer (1O B 1A S5 fa i 41 A% k28 42
HESERTEHE ). 2R ZIKZ global_inflation_layer Ch4s RN M TR BEIZ KRR R EB I K
JZ global_inflation_layer CHJE &AM HLEIFR A2 KRR ). X TS 40 & M B AR st A e
., EEES®E wiki B HZFE: http://wiki.ros.org/costmap 2d.
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costmap_common_params.yaml X

: laser scan sensor

: fscan
: [base laser link

: LaserScan

(& 38) R EIFSEBE costmap_common_params.yaml
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2R E S HEC E global_costmap_params.yaml:

4 R A 2 DU E R R B/, 7E costmap_common_params.yaml H1 58 X ) %%
Layer B JZ#E AT DL i 4844 R OB 2 R B, & Layer B2 2H A ] AR 75 5K
HHEH, WK 39. FATH miboo Hlas N2 /AN E X H T static_layer
global_inflation_layer i Z .

global_costmap_params.yaml

> Smap
: fbase footprint

: "costmap 2d::5taticlayer”}

: global inflation layer, : "costmap 2d::InflationLayer"}

(FE 39) 2R HESHECE global_costmap_params.yaml
JHERAR M Ho B S ¥ L B global_costmap_params.yaml:
Je AR b AT 4 SR ARAN B R ABL, A TR T, &l 40, FRATTI miiboo HLES A
IR AR B A B T obstacle_layer A local_inflation_layer Fi-NKEIE o

local_costmap_params.yaml

: JSodom
+ fbase foot p rimt

clelayer"}
: »InflationlLayer™}

(HE 40) RFRMHESHECE local_costmap_params.yaml
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£ RBENR RS A E global_planner_params.yaml:

AR AR R AR 2 S AR T R A, 1% B B A )R % AR LRI 2% GlobalPlanner
A L ZHOHAT W, {EJS 1 ) move_base_params.yaml HoKE 218 FIX AN 1. BB SCHFN
HWE 41, XTSHECE N BAUHERA BRI, §EES % wiki B 7 #E:

http://wiki.ros.org/global planner.

global_planner params.yaml X

L

(HE 41) £RBEARBRSEHAE global_planner_params.yaml
JHER IR 222 BB B teb_local_planner_params.yaml:

Jr B8 A R B8 A DA A R A, 3 B 32 0 R A e A R 2%
TebLocalPlannerROS #fiff & ZH# AT HI W], 7E)5 ] move_base_params.yaml H4 21 11X
ANEM . BCE SN EE 42, X TSHECE N BEHRSA BT, EEESHE wiki B
HrE:

http://wiki.ros.org/teb local planner,

L YR N www.xiihoo.com 36


http://wiki.ros.org/global_planner
http://wiki.ros.org/teb_local_planner

(B3 FH—E SLAM FHIHLE A FNE: SLAM 2K 5 B R

teb_local_planner_params.yaml

1 odom
: map

¢ "point"

(FE 42) R AEMRBRSHAE teb_local_planner_params.yaml
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SR O H S E move_base_params.yaml:

SHUAZ O3 move_base 1 B SEH, move_base 7EEEAN S RHE ZL AL T A% O AT,
AR HEL RN RIS AEIR] . RS PR SRS S O X A
FIEAARSEIR A . BCE N AWK 43 AR, SITUEPIATIEXS I 4R A LR 48
AR AR RN AT T B, AR5 — s s iS5 kTS50 E 1B AR
fRSRA T, 1EEEEZS % wiki B 7 #FE: http://wiki.ros.org/move base.

move _base params.yaml *

al planner/GlobalPlanner"”
local planner/TebLocalPlannerROS"

(H 43) FHi%OEHSHECE move_base_params.yaml
BB SR FE &R S K )E 3304 miiboo_nav.launch:

1t config H 3 H ¥ &4 SABIH G S 8L B 17 5 5tnT LAE—AN 8 8l SO o S0 %
5T AT B 3, HERAFCECE . )5 3304 miiboo_nav.launch Fi A2 K 56 BUX AME S5
), WK a4, AHERI, B—AJAENTZ map_server, ¥ SLAM ZE & 45 2] i) [ #E AT 2
NJE R AE| ROS H i S b 77 ZEAEE AR A 28 = ANE 302 amel, amel G 1TEH AN
SR AR LA AN TE R I A AL E s 5 =AY A Bh I move_base, 7EIX B
KM HEAE S RN HESE. RN HEIZ5. move_base 24, &)= A
YZH. RS
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{arg map path)"/=

miiboo
miiboo / / lanner

(E a4) JE3)FHFT &P &S 30 X4 miiboo_nav.launch
FIXE, BRAICEHERLT TSNS E SRS, B IE SR T ST,
XH AR, ARG AL SLAM 2 IR 3] T — oK EL A UF R B I, R R AT
BT IEHNESE. BaFNs N 3 5 HANIE A FRTE R A FHUATR &N AL
RIEFHUE bR
Yo, JAEhHLE N LA RS, TSR, R N A A B R ST T

source /catkin ws/devel/setup. bash

roslaunch miiboo_bringup miiboo all sensor. launch

RJE, RENSHUITH &AL FTIT A, RN ) A B R s AT T

source /catkin ws nav/devel/setup. bash

roslaunch miiboo nav miiboo nav. launch

Ba, KIEFAE A XEAWM AR N RSN B, iE—Rld rviz ZH5
M, kB FHLAPP A2 B F . NN PRI 7750 A 44
£ PC 5T T rviz, 4THF—D¥%m, 1847 rviz JAzhan 4.

rosrun rviz rviz

Wb /map. /scan. /tf %58, FEMEHL & NRIVIIRAL B R & IEW, RS AKIVIE
fr EANIEW, & ZHI[2D Pose Estimate] #4H T3h 45 & — N IEWIIAIUG A B, 1K 45. BR4ET7
IRARMI L, 56 RTi[2D Pose Estimate]#% L, R A R SR bR CE BUHLES AL H ] op SRR N 147
B R 1A BRI BN B R 58 B L s N1 1 .
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|t Interact | ' Move Camera  [ISelect «fi-FocusCamera == Measure |~ 20 PoseEstimate| . 20NavGoal @ PublishPoint & =+
3 pisplays x
v & Global Options
Fixed Frame map
Background Color [l 48; 48; 48
Frame Rate 30
Default Light
¥ v Global Status: Ok
v Fixed Frame oK
> @ Grid
» P2 map
» P2 Map
» X Map =
>~ Laserscan
» & TF
» % PoseArray (]
» / Path
» & Image
Marker Scale % o e
scaling factor for all names, axes and arrows. i FZF’I"'IE.
Add Duplicate Remove Repame

(E a5) 7E rviz HFINAEEVB/ANIGAE

WG B W E I 5, 5T LR [2D Nav Goal[#%Hl Fahta e FHE bR T, WK 46. 4

VEJ AR B, S s (2D Nav Goal |44, S8 J5 ¥ BRb ik B 21 H ) AT 2 1 AE L E L8 A Bk

M AL E, BeJa 1 AE BAR HHE B AR R 78 LA N ) 1) B X AENLES At Faa R
BT A 3 S AR Z S Hbr .

‘[“_”I\ntera(t I%?‘ane Camera [ JSelect <»FocusCamera =3 Measure . 2D Pose Estimate | 2DNavGoal | @ PublishPoint e

Displays

¥ # Global Options —_ X =
Fixed Frame map q:‘[ijj *El‘ ﬁ % ﬁj‘i EI *Zﬁf\li
Background Color [l 48; 48; 48
Frame Rate
Default Light

¥ v Global Status: Ok
v Fixed Frame

[

> & Grid

> [ map

> 2 mMap

» P2 map

> =L LaserScan
> FTF

» % PoseArray
» ~ Path

» [@ image

QEAQEEEEE 3

Marker Scale
Scaling Factor for all names, axes and arrows.

Add
Image

@ Time

(F a6) 1E rviz P FFtRESFHERR
Tk
BT FHL 1 miiboo HLEF A APP, Ft AT LUE R AL 2 AFEML TR AL B T .
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MTFIE— ) —FE, T EWEN LA NIVIIA AL E R 5 IER, W RIS NI IR G0 B A IEH,
H[Set Posel ¥l F-5h 45 & — N IEHRIWIGA AL B, W 47, #AEEFEMTNE—RAUL, s
T

Robot Laptop

=m0 | (@) set Pose () Set Goal
=

BACK CHOOSE A MAP _oNFOLLOWME

‘ﬂ! |

(B 47) 7E miiboo HL3& A APP HFFNA EVLIRANIEAE
WG B B EWR)E, ST LU [Set Goal # Fahig e S EAR A 7, WK 48,
FER % —2R0L, ST T .

Robot Laptop

s (O) set Pose (®) Set Goal

BACK CHOOSE A MAP _ONFOLLOWME

L]
]

| —— |
L]
( L e s
) il
4

B

(& 48) 7£ miiboo Hl#% A APP I FENIRE RN HIR R

4. Z iR R RMURAESS AR

M AT A2 2, AT Ege T U A o I 0 07 SOk A 2 LEE N IS sh B H b sl HSE,
ros-navigation FHTHEZL A2 AR M T — MRIEAR LS N A A% D, RS SH.
SRT, AESEBRHIALES ARLHI R, HLEs NEAE Z 58 BB IR IR ST, IREEE ARHE S S —1
NEEAREFSHE TR — B, PLas NEDREVE R — IR F A S
RIEAT BRI 55 I LSS B
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4.1 RESHL

X BT R HeA IRARSHL, AR A FSM(Finite State Machine), FAEAFEBZIH AT H
FRARESEA TR —RE . JHFRE DA FIEE, B A RDIRES 82 5 —MRE, 5L
BARIRFFAE A HDIRAS o ARAT—A FSM # T LHPIRAS e #e Bk ik, Bl 175 iR 7R FSM
R —ANRES, B FINMBOAR RN R AERDIRS AR . Wi 49, Dl—A EFERIATEY)
ORI UL PR HLIRPIRAS He e & o FETEAE R R FSM HR I —ANIRES, A LR R A%
PR PR A F e 72

\Eﬁ.k—ﬁﬁﬁﬂ%

BT Sk ‘Eﬂﬁ‘

SHEAT

HEHAT
l

(H 49) HFRAREHL Fsm 241

4.2.% B 5 S8

PLEE A2 H AR S8, R 4R 8 18 B AR AT AR AR S I D RE 3 BRI AT
[ %% 2] ] ros-navigation 5 i ST RSN REHPUESSHEERFIIR . AR S — LA
Dife G SEHALE A 2 HAx s &M

FIIXH, FRAVRIZIERE T miiboo MLAF N mAEAIHESL I RE,  FRATIGAL B35 AH OG0 2 K
BN JAE~/catkin_ws/ TAE A0 gt — & #, K53 T google-cartographer [ SLAM % B F5 £ i
E ~/catkin_ws_carto/ T 25 [A] 4t — & ¥, $4 J& T ros-navigation [ F fiii 72 /7 0 i 7E
~/catkin_ws_nav/ T{E 7S (A1 gt — & 2, ¥ 51 2 B Dh g G fE~/catkin_ws_apps/ TAE ¥ [ 45—
BT, miiboo FLAF NmAZRIHELL %, Wik 50.
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VAR

L)

t -

W= EEBRERDE

(&l 50) miiboo Hl8% A\ JmTEHIHESE BB
X UK 37— MY catkin_ws_apps [ ROS TAEZS 8], &1 T8CE H )5 & &
FZEThREE . KT 818 ROS TAEAS A (I3lE, ESHRTHANN O NEE, X B SA S
fE~/catkin_ws_apps/src/™ & 37— /MU patrol [ IR, EUf )5 1 patrol ThRELCAELER), T
Kl 51,

¥ s patrol
* (s launch
[ patrollaunch
v [ src
/4 patrol_fsm.py
= CMakelistsixt

<» package.xml

(& 51) patrol ZhEEE U4
KTRAM SN, RECERART, AWK T, XEESPM—TF
patrol_fsm.py XM 3CHF, SCHN AR 52.
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patrol_fsm.py

SimpleActionStat
E msgs.msg : tion, MoveBaseGoal

rospy.
patrol
pat
3
goal
goal po target 'map’
goal pose.target position.x wll}[B]
goal target position.y wll][1]
goal po _po position.z
goal po orientation.x w[z
goal po orientation.y w2
al po ¥ ientation. w2
goal pos .pose.orientation.w

tateMachine.add
]

1 'move base', MoveBas

eeded’' :waypoints[ (i

patrol.exec

(B 52) patrol_fsm.py XHHNE
X HRH python k9% 5 2 H bx S A2 4, python FF & ROS

: SLAM £ B 5 [ 330 A0

I=goal pose).

(waypoints)][E8]}

T R R A v

AR waypoints 2 2H BLI A7 R A ZEE AT A A AR R, RSCRTBURSE B QR 22T AR
JS2FR 4 MG J; - with patrol AR BT SEBUIR AL i B RS HLI AT B 2K

WEHIFE TAE T, WAt RIAT 8T 1.

JAEhZ B bR k8RN 3 28 REHLE N BT R Bl AU R AT AL B2 H

P AT R

B, RElLas N BT ARIRES, FTOT %, 8 i i A4

HAEB AT T -

source /catkin ws/devel/setup. bash

roslaunch miiboo_bringup miiboo all sensor. launch

W, ABIFMTE ST AL T, 8RR A& BERRSIT 1.

source /catkin ws nav/devel/setup. bash

roslaunch miiboo nav miiboo nav. launch

B, ABIZ HAR 8 HUT AL ST &0, 8RR R A BRUR ST 1.

source /catkin ws apps/devel/setup. bash

roslaunch patrol patrol. launch
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43. B RSEFTNB/ARKEE

BLEs NATCLEEAT B3 ST AN G RN I (A . MR iR 4 . X LeqE 55 4
R, A FIALAS A KPR i HE AL B 58 BUE N R R AR BEAL AR 55 - A R 2k IR
PURT R ZAE S5 L 1.0 IRAHIRIRE, 42 T ORI HERE AL (¥ R 2% AR 55 TR EER 2 2.0 AR
I BE -

TR B AR A FH 9 27 50 s 22 W 28 DR R HE AL A A SEBIL S, Al 53 3 2T
AHUXS T AU ST A4« DA R0 ST 55 20 A I BEAR VR DR L8 N 5 41 3R 55 5 L) 2l
YE=s1a], SfE A RRPRE S AMMIEE: PATER . AT . AT SRVl 22 )
ZMLR ISR TTIAT SISV sl o ST e 22 2 (R o BRATAN a5 P B2 2 R 5 B 3
SR RIZEHLES N, AEHLES NBEAE R 23757 T REMUE RIS - tlniid, SHLE AN
TN Wi T IEEE R A, BTSRRI, R RRIRE LTS, F AU TR,
it TN, R EN “UREIARR T 7,

BENSH SR
aadiE L mirsm AdnatiE | T
eI AL _ AT R
piking| -~ Soeereien - e nfkin g
a, A,
—

(& 53) 3RS T4 P 454 9 R I HE AL i1
W LSRR P REEAR S, AN UL H AT SR SEBUHE REIE LL BRI MR R 7y
PHRK . MEMRKE ST, FEAIZRIRRELIIZ A

5. Ml N8R 5B 1%

P NAESEBRA A B g NS RAR K 7 By, B dn— R g s8R By 42 (U H L2
No B Wl FESEFEREMZRSS, M— M AERHEENTN T . 46
R A=A EIR, BATRLALL miiboo HLEE APAT IALS B 4% (AR 55 - IX LA i i 1
PEra: Tl i, Aaipitiis iz,
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5.L.FFNBE AN W

H5E, RSN LT ARG, XL N B I BAR Sl il LORE B A 21 ROS H
BOZREVT P AISoo 3TOF b, BT T 1 1 dr & B R ST 1o

source /catkin ws/devel/setup. bash

roslaunch miiboo_bringup miiboo all sensor. launch

SRJE s SRS SRR ST R R DASE A LSS N ITE R B AR AL B 10T %,
M3 T A LR S AT T

source /catkin ws nav/devel/setup. bash

roslaunch miiboo_nav miiboo_nav. launch

B Ja, fE Android FALH miiboo HL25 A APP 55 HL2S Az B AR A W 2 J [ 3 1,
i 54.
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BACK CHOOSE A MAP ONFOLLOWME = i

i~
L]
o

e

(P& 54) miiboo Hl28 A\ APP $E 5| 188 N2 3 APLA S 2 & HE B 3%

5.2. H 38 pi N7 I

5 FahiE A BRI DO, B a8l S A 2N GUE ST AL s N8
2o Hlas NRERRYE B0E (K802 B AR AT e IR AU 72, 45 & AR HAF RSN
TR BE LA W 5%, W DAK W AT A B AR

B, REHLE N LA, RRELEE N B A EAECRAT LUK ER KA E ROS T
BT PR R . 1T &0, 8RN A A & B R ST 1.

source /catkin ws/devel/setup. bash

roslaunch miiboo bringup miiboo all sensor. launch
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SRJE s SRS SRR ST R R DASE A LS N TR R B AR AL B 10T %,

M3 T A LR S AT T

source /catkin ws nav/devel/setup. bash

roslaunch miiboo nav miiboo nav. launch

BOK, BOE IR E R, B2 H AR ST R, FTOT S0, T i A A4 L%

JRBAT T

source /catkin ws apps/devel/setup. bash

roslaunch patrol patrol. launch

HJe, fE Android F-HL¥ A miiboo HL#&F A APP ML 4% il R AL, Bl 1T ) AL 0

RN N T e S 3k, il 55,
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BACK CHOODSE & MAP ONFOLLOWME

(B 55) miiboo HL83 A\ APP ¥4 WA 15 FH Bl 3R 15
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[5ic

N T PIEJE SR FIRABIA T T, RFADHUE 17— CE N pdf FIALA
W K I FEARAGTAE github F gitee KR T#k, W% T4 i github
NEEEAT AT, TR gitee N EBERE:

B github FEsEEE:
https://github. com/xiihoo/DIY A SLAM Navigation Robot

B gitee NEUEEE::
https://gitee. com/xiihoo—robot/DIY A SLAM Navigation Robot

SE X

gk, MLgs A SLAM SRHTAZ OoF AR S Sz [M]. MU T H ikt 2022.
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T
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