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1.1 ERHK
TR BT, DMERHT SR> .
1.2 SEIOER
1. 4R SEI P BRI Nomachine FJHZEHE.
2. SEILSR T D) RE RS2
1.3 LT H
NN — &, HBEEL.
1.4 SEBMAE
1.4.1 FF5EHH
THFE UL IIEZ IR ER B T

1. 4.2 Nomachine EFE&ER:

BB B EiEE: Nomachine #E& TAE

NoMachine J&— AT LU N T RETFBUIT 701 5 A St 3o Joy 3k ) 7 5 L SR ) —
ANTLR, HAREME ERREMFIMEE RS BARRE, EIFZJEIL, Brdia i

ANRAE RS

Eamma§
B

JUOS/Z2FATZET Ubuntu 18. 04 JRZEHIA Linux #ERS, X TESER0S2E S E
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(SRS
Fahmidit B wifi [F5ERIITLME, DUSHBREMN < H S ERPHZMN .
M ZEM At B2 T Cerl+ALt+T $TIF% s, %A ip addr f33] TP Hiht:

X HGE 192, 168. 1. 19, idflizHhl, #AFEAUEIAR hdmi MG, SR 5k
hdmi (AR —XPCHLThdmi 28 B3 (8 FiNoMachine NI N, RAEHER AT fE 2 16
ARAIER) .

NN F%23% Nomachine FFi%EHE

FEAS N LK |22 %Nomachine, F#EMilk: https://www. nomachine. com/ %% 5¢ %
JEATIF (BHERR BRI NBINEE—A wifi W) , Aiiadd, SRJEH AR
EHI4, A EMAfConnect, BRI N 25T HEAT 4
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< Add connection NOMACHINE
Address Machine address 2 Connect
< Name, host, port and protocol

% JUBOT
Direct connecticn over the Internet

Give 2 name and save the settings for your connection.

Configuration
a Authentication and multimedia

Info

2 Name: JUBOT
Model, OS5 and product version

Host:  192.168.1.19 Port: 4000 Protocol: [NX >

&% Load a configuration or a recording file

IR AT B, RIRES LN mA S .

Machines NOMACHINE
O Add = Q Search B View GF Order %5 Settings
JUJON-ROBOT, Connection to jubot ©& NX
Ubuntu 18.04.5 LTS 192.168.1.19 © NX
o NX

= @

MIANIKS: jubot Y. jubot, fidhi OK, JGHIMRIEH/R4AE OK:
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LN ONROBT U teOASTS = 8 x

JUJON-ROBOT, Ubuntu 18.04.5 LTS NOMACHINE

Please type your username and password to login.

O Usemame  jubot

” o
\
i [T] Save this password in the connection file

Cancel ][ Login ]

FEAS N HLJIN 7 1 55 T B 58 42 -

1.4.3 FCE JUOSERHIHL
Br T NoMachine ME#EMTTF, AT SLIGMITE, FRATEIH P #ERS 1 € Hill &L
Blo X5 A Linux 1 ROS FERHATH P, FRATT9R s HERE A A FATT B RSO BT
PATMHEL O 22228 ROS FAHICIR A A8, s AT (a7 5, BRERATT R 50 e 58 4
o SEIGEIE T L BATHRR AT KB

SEREIWANRERZOT
2% VWMware ¥4

VMware Workstation #AFER]ILLLE VMware B F#;, WEMu A HIREE T VMware
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Workstation #f, I LIRINT,

ﬂ VMware Workstation Pro =2 -_

Y H$EME VMware Workstation Pro & mS

WORKSTATION

PRO
1 5* 5 REQISHTIRIHA LT WMware Workstation Pro
o BET—FWE, ERH A RLTERCS .

lﬁ#ﬂﬁﬁﬁ 1998-2019 VMwam Inc. (RERFIEIF E=R
% MR IVEIRIP o WMware ZEET
SR BTSR—] 5’ Iﬁ‘&*ﬂ%ﬂ"

http: [fwww . vmware.com/qo fpatents-cn

T—%#N) BUH
s BRI 8, s R A L
# VMware Workstation Pro %2 o X
BEM eI
E R T Bl
VMWARE #&£5f P AT il -

REE, EARHNRFTRED LR LIERR,
(AR EE AR A P IF TS RIAEIR.

EB(28., ERAAE BT, TENERARHE.
& (BRATEA) DEABESARLALFTHN (“&
HiL” ) BIEIR. B EEADUDER, ENTH.

TRESERARL, @@m%¢ﬁﬁ,ﬁasfwmi_v

 $TEDP) %6 || P50 | BnH
2RET—F

e LB i A VAT R 2R, sl R 2
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#7 VMware Workstation Pro &2 = X
BEXRHR
RERZEET AR
FRuA:
C:\Program Files (x86)\VMware\VMware Workstation !Ejz
[ gz Ripahie (R R EH S ISLUERDEE I
HINREEREHIEHE LBH 10M8 g0
EFRREE

50 [T—20] | »#
WA CHEEF SR, BIITRASE G — Bk,

#8 VMware Workstation Pro %3 " X
AAfERE
MBI R BLURSEMA ARG

B2 TR (C)
— L VMware Workstaton Pro BEbEY, KERIAEFCRAVIHEMF TN
BIWA2)iE BwE

ﬂﬁh\ Wware BAHRIEFHHI0)

vMware B P& 81 7t R (cep) 3§ 6 vMware 2t ~
XER, LAFEE) vMware 20 = 2 F0ER 5. RRORI9)

., ¥Ry nfuREsXBENFEARNO™
. ERceP—EB4, vMware £ & HAUK £ #0 17 PRy
HAED vMware BB ENEH vMware SR EH v

THREE(ES

se [TBn] | mk

R AR b, BWAEITR, EER MR AIRE.
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ﬁ VMware Workstation Pro 22 - X
thiEsL n
EREEMAREARIER - L

TELAT U E 8RR VMware Workstation Pro YRI5 3:

iy 2R
[Efseemsitxs

=56 [T-20] | mH

QU tREET 3, B Ak,
## VMware Workstation Pro &4 = X

2ft & 734 VMware Workstation Pro @

;ﬁ:‘ﬁ%’ﬁﬁﬁ% o BEF S EEUERAATRRE - ST BUHELR

—%6 | %0 | BLH
s, JRUAECSE, MO, IR SE s,
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47 VMware Workstation Pro %23 = X

VMware Workstation Pro 2 6S 25k

¥ ™ 'F‘l‘"n =_

WORKSTATION
155 EaEaiiicett

%%Eﬁmm}'\ﬁ‘-ﬁliﬁtﬂ- G T EAT W EIE

warEw) [ =m0 |

B YR BT, R T BV RIE A, HA T

IR VMware Workstation 15 =
@ VMware Workstation 15

@ 8 VMware Workstation 15 B13F AIFEEA(H):

G2 aEEA?
A7 RO

O AT A VMware Workstation 15 30 F(W)

EE (o) B3

M T B S, Btk VMware RERRUNLER A K 82 3 52 il
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(6 Viware Workstation = ] X
THA SEE BEV SV BEED RpH) b S 0 4 0 DB O -
L *| @ £:
L ENEANASHTIER Y
= O Rt e,
[F] Ubuntu 16.04 ROS .
sEmER WORKSTATION 15,5 PRO
® Kl 2
—
BUERSTHEN TR fuzisiss g

vmware

IEAER JUos B

BATC A HUE T — N LHAEROS AR T HMUbuntuls. 04 R4, M AT E#
IMEAEH . RGAFBIE RSB CAFIE T JUOS_ROS_VMV3. 0. zip”, B SEHATHEE, f#
JEJGSCAFBR, BT AR DA R B e i B 45, Bk 0 PR RS B
REFUNLERIAFH 7 440 jubot
JEFMLBRIN D : jubot

FTHF AN 2B R A VMware, i B FTIF REANL” I 10

& VMware Workstation - o 3%
ERF) RWE BEY) SOUM) SEET ®RmM - 2 0 L 0 ODEHOO [
=

- : *lozm
£ Efi@ mEmaiTes -
e

BN

ERESTIF U

vmware

SN BB AR e A, A TE R AT AR, RIS Ubuntu 64
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A, vmx”, Wt N B ERERISCE, R R AT

4 B > ThisPC > IHIDEE (E) > virtual > JUION VMware

New folder
Name : Date mod

BB Ubuntu 64 fizvmdklck 25/2021 12:00 PM File folder
B Ubuntu 64 fizvmx.Ick 021 12:00 PM File folder
I Ubuntu 64 £i7-000001.vmdk.Ick 021 12:00 PM File folder

= Pictures B Ubuntu 64 {i7-000002vmdk.Ick /25/2021 12:00 PM

B videos W Ubuntu 64 £i7-000004.vmdk.Ick 021 12:00 PM

== Local Disk (C:)

I Ubuntu 64 fi7-561bi vmenm.ick 2 PM

. Ubuntu 64 {iZ.vmx 11201 PM VMware virtual ma...

@ JUION VMware

File Edit View VM T

JUION_VMware

Sunday 08 : 16 ® Ex 50O~

To direct input to clickinside or press Ctrl+G.

RSN A E
JRENRESNLET, 5 SeREAT S E . Rl R SR T 1 R SR 4 G i s T T
KPS A
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IR BT B R, 3 sl T B s B bR, BRI T R LR 4 G A s o

i
[JUION_VMwa
Share reci

ired to mody the network configuraton. | & Change Settings

Cancel Appl Help

[To direct input to this VM,

HARI ML, IR CAFAETE BNE . EIWA =Fh S0, i
T RO PR LG SRS F R 1%, BIARRERM . — G XA LM R, Eid
ARTCEIN R, HRHE SR s FH IBC R 15 VLI 4%
@ FHERICH RN B EE RS EPFIE ) (8)

EfEZEG): Efij] W

(@IV\g: 5¥EET: | Intel(R) Dual Band Wireless-AC 3165

IulrdI'I'L'?l!l-'F.l.'lﬂﬂ-lIII'_T.-'I'.IIIIID"I.'_TIF'II'II"_! :

e IR BCE BT, EIRTOT R L.

11
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(T 1L_j ubuntu 68 1

(] Ubuntu 64 fi1

v iRE
EnE 268
Cravms 4
YR (SCS)) 20GB
() CD/DVD 2 (SATA) [EEERH -
(2 CD/DVD (SATA) TEFEEAS ...

RE [EEER ..

O REERE izt (57)
(&) use =8l f2:3
i EE SR

=
COewe Eh ]

v B 3
Wi Bxtl
EESH: TAXtark\XTARK VMware_Ubuntu18.04_ROS_V3.0\Ubuntu 64 {iZ.vmx

T B SR i, RO R HHZE L.

ENEREwB .

H I RBEHENRRIOMEINGE, VMware Workstation 75 5
RSB RE T k.

MR EAGE, REFHETHZEHN(P)".

BEBIZEMN(M) || HEEHZENNP) A

A DUEIE 3T H &N ip addr fy AP Mok, FREFMIZEIER:, BFIP A
PLididping www. jujon. cn HJfn4, BHRAGREWEIERE, FHZHETH.

J0I0N_VMware

Sunday 08 : 50 @

My Computer Jubot@JUJON-VM:
Ubuntu 64-bit

JUION: waw.jujon.cn

KALI2020
KALI2019

Wind 1
X

JUJON VMware

ROS Master URI:
ROS IP:
]Ubotk}]U]ON -VM:~S[ ip addr
: LOOPBACK,UP, LOWER_UP> mtu 65536 qdisc noqueue state UNKNOWN group default glen 1000
nk/loopba(k 00:0/ :00:00 brd 00:00:00: 00
inet 127.8.0.1/8 scope host lo
|_Lft forever preferred Lft forever
1/128 scope host
_Lft forever preferred_Lft forever
ROADCAST, MULTICAST ,UP,LOWER_UP> mtu 1500 qdnc fq_codel state UP group default qlen 1000
link/ether 00:50:56:34 7 brd FEiFfiffiffif
inet 192.168.1.18/24 brd 192.168.1.255 scope global dynamic noprefixroute ens33
valid_Lft 684603sec preferred_Lft 604603sec
inet6 feBO::254d:a97:82df:fc3a/64 scope link noprefixroute
valid_Lft forever preferred_Lft forever
jubot@IUION-VM:~$ [ping www.jujon.cn
PING www.jujon.cn (120.78.213.236) 56(84) bytes of data
64 bytes from 120.78.213. (120.78.213.236) s
64 bytes from 120.78.213.236 (120.78.213.236)
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ff SO BRERFTIFROS TAEZS ], HUFINGEE, Hjubot ctl AT AR
PEHIEL, jubot viz NAEHEL RVIZ e & SO

jubot@IUION-VM:~/]
/home/jubot/juvm w

1. 4.4 SSHEEKRBEMN
T SCNEA TR BN B AT 5
HEFXRHEXT, Hvim 4% . bashre FCE X

vim . bashrc

JUI0N_VMware
Sunday 08 : 55

Jubot@JUJON-VM: ~

'\"1s/M\s#[0-91\\s*//35/ T8 1 I\s¥alerts//\ )"

JUION VMware

RAFIEH 5, source . bashre SCHEAESAERL,

source . bashrc

13
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jubot@JUJON-VM:~$ source .bashrc

JUJION: www.jujon.cn

ROS5 Master URI:
ROS 1IP:
jubot@JUJON-VM:~5

RGN SR AT H 3 AL E 5€ ROS_TP, ROS_MASTER _URT LA Kzsshrobot Z5Z%f.
“sshrobot”Jy SSH & FALEE A mIHREETT =

Nano HE4EF| WIFL JS3RHC 1P thdilk, JFREH M@ SSH 77 :EHS] Nano. i
LN, IP HuhbEE Oy SERRIP Sk,
ssh jubot@192. 168. xx. xx

RN NN, FEEFMEALR, WA R LN,

jubot@JUJON-VM:~S ssh jubot@l92.168.1.19
jubot@192.168.1.19's password:
Welcome to Ubuntu 18.04.5 LTS (GNU/Linux 4.9.201-tegra aarch64)

* Documentation: https://help.ubuntu.com

* Management: https://landscape.canonical.com

* Support: https://ubuntu.com/advantage
This system has been minimized by removing packages and content that are
not required on a system that users do neot leg into.

To restore this content, you can run the 'unminimize' command.

539 packages can be updated.
172 of these updates are security updates.
To see these additional updates run: apt list --upgradable

Last login: Mon Jul 26 12:38:40 2021 from 192.168.1.18

FREMBRAK S jubot, #iY jubot

T SSH E#ERTTE, FRATHISSH F 5% Nano B A" sshrobot "FE 717, H
PR T NZTRT, Bl SSH 3% Nanos

14
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jubot@JUJON-VM:~S sshrobot

The authenticity of host '192.168.1.19 (192.168.1.19)' can't be established.
ECDSA key fingerprint is SHA256: /H+0AYdF5RHyOxHZXUYGg6IMzh34LgoVXHdfyhE5azQ.
Are you sure you want to continue connecting (yes/no)? yes

Warning: Permanently added '192.168.1.19' (ECDSA) to the 1list of known hosts.
jubot@192.168.1.19's password:

Welcome to Ubuntu 18.84.5 LTS (GNU/Linux 4.9.2081-tegra aarch64)

* Documentation: https://help.ubuntu.com

* Management: https://landscape.canonical.com

* Support: https://ubuntu.comfadvantage

This system has been minimized by removing packages and content that are
not required on a system that users do not log into.

To restore this content, you can run the 'unminimize' command.
539 packages can be updated.
172 of these updates are security updates.

To see these additional updates run: apt list --upgradable

Last login: Sun Jul 25 18:50:88 2621 from 192.168.1.34

SHHLAE N RISEBERIT KL, 2% SSH B spplas N, A PsE s 0T DUR R
SSH B

AR H O BB 22 1 LB R A sshrobot PREETT 3, AT EAT
AR SR E”. bashre” U, EEBEONECHK TP Hilk,

alias sshrobot="ssh jubot@192.168. 1. 19’

export LIBGL_ALWAYS_SOFTWARE=

interface=ens33

export IPAddress="ifconfig ace | grep -0 '
source pt/ros/melodic/set

source ~/juvm_ws/devel/setup.

export ROS_MAS
bash ~/.vm.sh SR

1. 4.5 BEREFRAER5IIREHE
BRBCEF R AR I T ros HLas NERIER G, BRI HI & ros DhRE
AR TSR hae, JRASALE X

15
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JUJON: www.jujon.cn

ROS_MAS
ROS_IP:
ROBOT

—ILEH WA LAEDE] robot ws Fl dl wso

YeEH robot ws:

JUJON: www.jujon.cn

ROS_MASTER_URI:

ROS_IP:

ROBOT TYPE:

T ~151s

~1$cd jubot_ws/src
1sls

Jerclsend

ik |

® jubot_apps: % EFHLuAs shiz ]/ K3

® jubot ctl:E#/ Tl

® jubot cv:opencvil Lk / kel HARIEER/ yoloWMATR A/ — 4R R | S i 4%
® jobot driver:PRENVEMKAIKG), EahHEH|, BAEARY

® jubot multirobot:ZHL2% A 4w B\ G

® jobot nav:ZMENETEILEE/ AT

® jubot nav depthcamera:VSLAMIREE ML Z K]/ S

® jubot voice:/NFE 7 KFESIE S S/ A H

® third packages: &P =77 GWMKILES)

HEE dl ws:

16
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15cd dl_ws/
151s

15pwd

[home /jubot /d1l_ws

15
®  darknet:yolodA & 5 ] [ 2%
® tensorflow: | ZR i AR 5 F 5 B 7~
1. HSEIR 4 R
PR B INEZE, YRS E, RTINS,
1. 65L Rk G
5286 H
SEIG LR
SIS NS

SPIA M bt
SEIG e &

17



JUJON YIS F L5 AR AR
% — 2 ROS EAEE

2.1 AW
THE ROS HIBEAFRIE.
2.2 EHER
L. BN B O R T | LA R ThRE
2. T ROS 32 fr)5a AL o
3. THF#LA launch SR
2.3 KHTH
MANHE—&, BEREMNS.
2.4 EBWAR
2.4.1 HIRROS TAEZEM). ThEe A AR T R
BRI PNAE
TAEZ )2 ROS M— AN M LAE SR, TAEZS A A] DLy — AN BSL i 31 H 2479w 18,
I ROS REFP HOMESCAE B SCAFAIBRAT SCF e — et 4 BT 30k

build devel install src

S,
sre: MBI, FUE SO
build: it g i A ™ A 4 o ] S«
devel: JHUE 2 A A FTHAAT SO A4
install: JEA install {8425 MIIR 1%
TAEERBIRIE:
G R G & O TR H 3, SARIZATROS. TAE A A (M4 s 4 BT 52
PR
mkdir —pv ~/ros workspace/src
B R sre, Horp ros workspace =& TAETRIN AT, 7 HCEE.

18
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cd ~/ros_workspace/

FIFF B RIROS TAEZS 8], BEB SCHEJE ros_workspace T HRA—A sre U
catkin make

Waatk, ZJEex%H devel M build SCfF
source /ros_workspace/devel/setup. bash

Rt I A 23 18] B AR I BIPA 542 8 ROS_PACKAGE_PATH
echo $ROS_PACKAGE PATH

M TEETAEA A& F] T ROS_PACKAGE PATH Ht.

R A B AS BAE T 2 om a2, R AR 2 m e B S oI N IR B AR B A
echo “source ~/WORKSPACE/devel/setup. bash” >> ~/.bashrc
source /. bashrc

R A i B L AE 7 ) B 46X B WORKSPACE
LB TN IR

Dipe il ROS EAFHEEAR T, WEA ROS WM. . ME S, AN
Dife & LUR SR 4544

wd el -

action config include
msg scripts src

srv CMakelLists.txt package.xml

o

action: WEINREE HE LHIZNETE 4

config: WEINREL PRI E M, A G, XHFAFLIAR. include: J&
BIre b fZ B H LS.

msg: EIIHEE H 2 HITHE KA.

scripts: JUE W LLEZIZATH] Python JHIA.

sre: JUE T EHIER CHS.

srv: CEDIRE H E ISR,

19
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CMakeLists. txt: ZwiFdsdmiFzIIRe AN package. xml: TIREELIE .
ThEERHI AR

ROS FRMLEEEIEINRER ML catkin_create_pkg, VAL :

BV 2 AL G catkin TARSHBREQIE M catkin TAEERFH] sre
H3T:

“/ros ws$ cd src

FHEMM catkin_create pkg M REIE—NHA jujontest HIFTEFM, XA
FEFEMKH T std_msgs. roscpp M rospy: (F3HRAN T SCRHEBAEE. CH54 .
python iz4T)

“/ros ws/src$ catkin create pkg jujontest roscpp rospy std msgs

X RAE NN jujontest MITNREHR, ZIIBE MK roscpp rospy
std msgs, GG, FERUR:

Created file jujontest/CMakeLists. txt

Created folder jujontest/include/my demo

Created folder jujontest/src

Successfully created files in

/home/ jujon/ros ws/src/jujontest

Please adjust the values in package. xml

R AE N jujontest HISCHFSE, XA B A S — package. xml
A=A (MakeLists. txt SCfF, EXWANSCHHRICEHSIEE T 8 IRIERAT

catkin create pkg A RIRALHI(E R

T RBIAR

RS ST RS R, R A RERATRIE TAHMES I T o, Jf
HEEWAH LSS, ATl — ML N RGEARBIDRE . I PA— A SR B I8 (515 R
R2EH
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#include <sstream=>
#include "ros/ros.h"
#include "std_msgs/String.h"

int main(int argc, char **argv)
{
// ROSTI ARG LE
ros::init{argc, argv, "talker"):
S/ AR SR, (dE A
ros: :NodeHandle n;
/Bl —Publisher. &fi# Achatterfitopic, HEFHH fystd_msgs::string
ros: :Publisher chatter_pub = n.advertise<std_msgs::string>("chatter", 1000);
/L EEHR A
ros::Rate loop_rate(10);
int count = 0;
while (ros::ok())
{
J/ Hlathstd_msgs: : String A H
std_msgs::5tring msg;
std: :stringstream ss;
55 << "hello world " << count;
msg.data = ss.str();
/i BAEE
ROS_INFO("%s", msg.data.c_str());
chatter_pub.publish(msg);
/7 UEERAE ] 1 e
ros: :spinonce() ;
S/ PSR A A
loop_rate.sleep():
++Ccount;
}
return 0;
}

X MEEIE A SRR AT S CETBRSERFHIAA, XEERRLEM)
%7 Talker.cpp MJ—A cpp XA, R—H C++45 T &, ROS AU C++
tH3CFF Python G FIET, X WRAHVIRNZ G T KA —A4N chatter 1)
T, FRRATRIEALN String MU .

T AIGRS TT LAE 2 J5 A Gl R A R B B AT S
2.4.2 ROS HiERS
T ROS TAEZ M C++i 59’5 DRk UL, " LLUEI catkin make SR
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T9VE, ERILL— IR I TAE R E Shee s, fEHTEREN TAE
FIE I catkin make:

File Edit View Search Terminal Help

.

jubot@ubuntu:~S cd ros ws/

jubot@ubuntu:~/ros_ws5

BN cd <TAFZS A A>BI AT FE PR AR :

File Edit View Search Terminal Help
jubot@ubuntu:~$ cd ros ws/
jubot@ubuntu:~/fros_wsS catkin_makel

BeERIN catkin make BiWJ
BOH HEEHE Aros ws SUPFRAHE, REIEBRAEA TG catkin make JRH]

d

5rc

New Folder

Select all

Properties

Restore Missing Files...
Open in Terminal

catkin make M FHK#ITCmakelists. txt LA package. xml /4
package. xml SCH 3 B4R BZ D) Ag B R g PR ANE AT IR TR L8 HoAh package, [A]
P45 1% packaged)—SefiiRE R, WHEH . AL, MAINENT:

22



® HYIEEHBAERAT

<package format="2">
<name>hello</name>
<version>0.0.0</version>
<description>The hello package</description>

om"=>=Jane | air
"=your name</maintainers

11T

<license>BSD</license>

<buildtool_depend>catkin</buildtool_depend>
<build_depend>roscpp</build_depend=
<build_depend>rospy=</build_depend>
<build_depend>std _msgs</build_depend=
<build_export_depend>roscpp</build_export_depend=>
<build_export_depend>rospy</build_export_depend:
<build_export_depend>std msgs</build_export_depend>
<exec_depend>roscpp=</exec_depend=
<exec_depend>rospy</exec_depend>
<exec_depend>std _msgs</exec_depend>

< /package>

Hrb 1 2 PALEL )RR O e g FEALB AT IS AR A roscpp

Cmakelists. txt SCAFEN N E A DL

cmake_minimum_required(VERSION 3.0.2)
project(hello)

7 BCMake APT fiAs DA T H 44 %

find_package(catkin REQUIRED COMPONENTS
roscpp

rospy
std msgs

)

HWEMHI (R roscpp 25) HIfER

include_directories(

include
${catkin_ INCLUDE DIRS}

)
R catkin AL E

add_executable(hello src/talter.cpp)

R AT PAT SRR 40 7 i B

target_link_libraries(talker S${catkin LIBRARIES})

HRiFEE 2N linking library
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add_dependencies(talker ${S{PROJECT_NAME} EXPORTED TARGETS} S${catkin EXPORTED TARGETS})
NIILHE AT

2.4.3 ROS BEHIHZ IEBERE

FEHAME

& (Node)

R — AT IS AT S R
HE (Message)

T P 2 138 AL A 0 SE B A A 8 e R AT R Bl R, A — AN AT A ) B0 4
P, SCRFRRHERR AL MR, T DUREE 5 2 4T s
1H@& (Topic)

B LA—Fh & A /AT B (Publish/Subscribe) 77 &%, — AN AR DURHE—4
YRS R ATE R CRATHED , AT LLIGTE RS BIET b 288 o T 0,
F G b m] LAIRII A 22 AN A5 R AT s 1T ) [ — AN R T
FEEESE (ROS Master)

ROS Master [ZhEEEN T REBAEATA M5 A S5 A IIPAT, el A i A5
FI (RPC) $R AL I HIFR AN HAB EIR M A 4R Th R, #EBL ROS ¥ Al Il AH B A48, o7
B, FRIEAHRGRESHIRE S, RS

P

WEE BRI L ROS PR OIS, W FRA AT R, A hlR kA
Talker FIJ [ Listeners

EALIEE TR AT
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ROS Master

3) connect (“scan”, TCP)
Talker >

XML/RPC:foo: 1234 4) TCP server:foo:2345

TCP data:foo:2345 | _ 5) connect (foo:2345)

Listener

1. Talker & Listener HIVEMt:

PN R R AT TR — MG, B S A 2K
2. ROS Master #17{5 R ILHL:

MASTER AR#E & AT FILT 45 (115 SEAT HXE, —H ROS Master R3] 7 AHHLUCHD
(R AT AT B3, 2347 UCRC: 8T RPC [ Listener &i% Talker [ RPC Hihl
ER.
3.Listener KIXZEHZIFK:

Listener #ZUXE| Master K[FEIH Talker HubLfEE, 2%iXi@id RPC 1] Talker &
RTEREE R, AT RIE R . TR LGB L
4. Talker #ixEERIER:

Talker #EWNE| Listener KIZHIEREERIG, k4L RPC [ Listener A%
ZELE, HhoSaS TP ik a
5.Listener 2R 5 Talker H 7 M%%iEH:

Listener HUWEIRIAGEESE, i TCP 25 Talker HSTRILIEE:.

6. Talker i Listener KAGEE
RIS JS, Talker JFUATM Listener ARI%ilEUH B4,

JB15 77 2K Ho g
AT LS AT R A b R0 SRy SR £
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L AR A RAGHIEER, KIRE B R TAE

2. REAF-EM IURCHT), S IFRIA#E B AF A MAEEH A, LHEER T (RPC Hikl)
3. RHUEB T T EM IBEABNIWAF A WEBER TR, [A RS K

4. A RIS REVE B, FRIE R BRAICABERIEE, A T M Ist K
ffE (TCP Hhhb)

b RIAF W EIMIMEEJE, W T H 5t NI .

6. 23 F) G 5T NTF46 ) SRS AOX A H

e, Topic: #TAE ; Master: “F& M ; Talker: 4w A ; Listener: 3KIHA
& Be

SEIG
I um%i N\ : roscore
FTJFROS By . HFFI I — P& imfi N\ :rosrun jujontest talker J53 talker

WAL JESN listener J5/4: rosrun jujontest listener

HULE BT 45 R

8
&
B
B
B
W
a )
ol
ay

I heard

A1) — Ftalker M1 listener HJVEAS:

Talker:
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init(argc, argv, “"talker”);

15 : :NodeHandle n;

os::ok())
" << count;
msg.data = str();

ROS_INFO("¥%s", msg.data.c_str());
chatter_pub.publish(msg);

ros: :spinonce();

loop_rate.sleep();
++count;

DA BRI MRS SR, A6 T —A> ros W, BT —A ros HIH
B R A chatter_pub, RN AWIERA R String FHE, Kl BIHNW B R A4
H, ERTRIES

Listener:

oid chatterCallback(const std

ROS_INFO("I h [%s]", msg->data.c str());

nt main(int argc, char **argv)

ros::init(argc, argv, "lic

ros: :NodeHandle n;

~", 1000, chattercCallback);

FEIXAN SR, BRI T — 1 R, [FIRTAIE T —MH 408 sub, #5210k
talker AIXRMNHE, FFATEIH K.
2.4.4 ROS BENHIZIRFERE
2N i
k% (Service)
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S TR ) [ AR AR 2, 1 R LR A ARG, X BB AT TR 42 S R 5% 1 )25
Hetgtist, SiEEHLHIARRI R, ROS A R ARV — AT SR e i 2 1R S -
pLEE

MR 45 — RSB BN, BRI mE TR, SigEREMaLt, b T
Listener & Talker ZI[flff] RPC {5 .

i

~5:iJ ROS Master &
g A
& & ;.
o @: P
o 3
S & XML/RPC G
S & .
2.,
o
4) request data (args)
Talker i 1“('1 ------------- -
XML/RPC:foo:1234 5) reply data ener
ROSRPC:fo0:3456

TCP

1. Talker 55 Listener FI¥EM::

Talk Ti@id RPC i) ROS Master JEMPRATH MG R, Ho &4 Frig b ks 4.
Listener i#id RPC [a] ROS Master JEMHTRFMEE, AFEHEERMIRSG 4.

2. ROS Master #17g SIULHC:

MASTER ¥ Listener MIITHIMESMIEMIIRPIAT A, IR EA LI ILACH
Talker, WISEFF TalkerMMA; WIRAKFIVLECH Talker HIfEE, M@ PRC 7]
Listener K% Talker M58
3. Listener 55 Talker B . 4iEHE:

Listener BEIFMGEESE, £ TCP 255 Talker HEVMLEER:, JFH K%
JR 25 1017 SR -

4. Talker J&] Listener KAiIRZE IR
Talker HWBINRSEREIEIS, FFIAHIAT RS DIRE, BATEMUS, 17 Listener K

B .
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A= 7 A Ee g

AT LAE B LT B ok B 4 0 2 e IR 551 S AT L)

LRI NR I DhRERINLAS GREEETTHIRSSD  M— Y A EHEER
(EHRHETD

2. R AR A A AR AR AR, XA [R] 27 AT DA ok R R L s SR i
15 H% .

3% A AR RERHLAERIKG GabLes R % E SRR EIRES)

4. FLEENE S, #ATIRA, HAEIR ARG FE A GRARAE, #EVFEAD

TEZHMIH: Service: HE[] 5 Master: fZ[THR%ZE ; Talker: RESZEHLAJGINHI
IHRERIMLES 5 Listener: AHHE[THI%:AEA
2.4.5 BHREF R

roscore fEJEENNF, R T A3 Mater Node, HISRE FiNode, VA1 2 18] A
BARSS A, B4 —A Parameter Server. BRI E 5EHZSH . Parameter
Server A[LAfff#: strings, integers, booleans , lists, i, is08601 %if,
base64-encoded ##.

SHIRF AR — PSS S E 7, FIEUE N T TS — A R
RS, el bgRsl, EARIEME—K.

KT H— AT B FR:

rosparam
5t 4 B B

$ rosparam list

ETFRANSHNE

$ rosparam get param_key
RERNSHNE

$ rosparam set param_key param_value
RESHEI

$ rosparam dump file_name
MICHER S

$ rosparam load file name

Bl B85

$ rosparam delete param_key
Hrp rosparam load JEIHISCAFLZUEM yaml 4%
2.4.6 launch XN
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FERTHBAINH T M40 rosrun learning communication server Z2KMIf4 K
JABlros i, HAYEE)—ros T MBUT EMIE %, #7 BEHTHF—ANH &R Ig4T
—Ar A, MRGTIN SEEANIEIE, SRR, launch SCHRR
FHSRAR DX A 1) R, B AR AL RIS 3 2 AN35 5, JEWT LA 3] ROS Master
TRVEELEE, JF BT USRI SR E, 2 A AR E SR BRI
XA Launch SCIF, G5G3CARMA launch SO &AM S8 3L

<launchs
<l-- Turtlesim Node-->
<node pkg="turtlesim" type="turtlesim_node" name="sim"/>
<node pkg="turtlesim” type="turtle_teleop_key" name="teleop"
output="screen"/>
== Axes -->
<param name="scale_linear" value="2" type="double"/>
<param name="scale_angular"” value="2" type="double"/=

<node pkg="learning_tf" type="turtle_tf_broadcaster"
args="/turtlel" name="turtlel_tf_broadcaster" /-
<node pkg="learning_tf" type="turtle_tf_broadcaster"
args="/turtle2" name="turtle2_tf_broadcaster" /=
</Taunch>

B, WEARN launch AFLAUEARRITE launch, SRJEAE A EEIIHADL 7

<launchs

</launch>
launch XHHIZOFER SN ros &, Wl

<node pkg="turtlesim" type="turtlesim_node" name="sim"/>

TR AR, S EAER, pke € W RPIEDREEI AR ORBIH
turtlesim) , type & X TSR HAT CAFRIZFR CORBIF N turtlesim node) , iX
PANEEZE WA LA rosrun turtlesimturtlesim node SESZHL. /5 name JB14F Sk
E ST RIBATINAHRR, FERT AT init OB T W SRM2H. WsFld:

<node pkg="learning_tf" type="turtle_tf_broadcaster"”
args="/turtlel” name="turtlel_tf_broadcaster” />

AR NEDEEE learning tf HAJH A turtle tf broadcaster | iy % N

turtlel tf broadcaster X &## HHI="1E M.
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FEFLAENL T, FATIE 2 F B Al — L5 &8 -
gixH)ifi P ifargs="/turtlel” R B AT topic 4 FAEN/turtlel, M4
® output = “screen”: BT HIARAER AT ED R L R, BN Oy H ESC
=
® respawn = “true”: BAEM, W AUEIER, SHZNES), BRIAN false.
® required = “true”: WAEATH, L%V MAKILN, launch SO AR A
g2k,
® ns = “namespace”: AA7EIE], T RN HAH RS A4 BRI 44 2 (AT BT SR
® args = “arguments”: AT EMASEL
SRR H I launch SCHAEE SRS, AREHEEZ . BoRflH
<param name="scale_linear" value="2" type="double"/>
Fof scale linear XANZHMME, WEN 2, HHIMEBISEIRS A+ .
B2 W E W A SERR B 88 AR
2.5 LR
X ROS JEAIRAEA —ER) T #F. 5R T HCRTAEZ R AL DRt XS AN I8
e AR, Xtlaunch XHA —ERIEAR .
2.6 EHME
S5 H
S BER

o5

2.7 BEM

L AN ABITIF A& IR ?

e M ADAEREIZATIN R TSR AT B4R 2

2. Br&&& ROS , F—REMAIIRE R 47 ROS KIBRWA P B EHEEM A7

Z: P4 adnin”, JF B A (Rdi"Enter” ) . ATLLHEN system—password
(CEEITE
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RYEEVSAFRAR

3. {8 ros H Topic GERE) M Service (RS BIXHI.

Topic Service
LY SIS [E] 2D (E
S Ji B TCO/1P TCP/1P
Publish—Subscribe Request—Reply
Publisher-Subscriber (%
o Client-Server (ZXf—)
AR %)
B H 2R EAE S aZ B | IR RPC) AR5 A i
(callback) HIAR 55
N /RIRF SRR, FLERTY
N 5% HELE, A KA
1%

Topic KA —AMNHEJE, MEZEEIITFEEMREF; 1 Service WM MRS,

—HER4SS

ES

4. REH| ros HHMIE ML KSR

e WEUHEITILE]: BOCHEE, BT AR A
AR5 IRBLA . TPty i, g5

5. AETERLE NI ThRE BRI D, ETTRENERLZ G, KE RS Master <X HHE

PR R D 2 Tt RO BRI NI AN 5 2 18] B P 2% 15 2

e WPUUA Y S ARSI R, (BT T R TCVE RN 2 PR R 25 o
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JUJON WY E FHLE A RA R
BEF BRBEMFEHIDIRERISEI

3.1 LK H K

TR N IZ B3 e ST B A

3.2 SLHER

IR S NS, FEAEACURAR i DA AR 5 S P e P T A LA AR
.

3.3 KRWTH

NG e

3.4 LHAR

3.4.1 fFRAEBEHBEREMHEZS)
BRENHZANERRETIERIZES)
?T}F%ﬁ i, ¥ roslaunch jubot diver Jubot diver. launch #HATEELHER:.

@JUJON-ROBOT ]sroalaunch jubot_ drlver ]ubot erver launch
e loggtng to /home/jubot/.ros/log/173a2008-ede2-11eb-97%a-a46bb606f5e5/roslaunch-JUJON-ROBOT-15915.log
Checking log directory for disk usage. This may take a while.
Press Ctrl-C to interrupt
Done checking log file disk usage. Usage is <i1GB.

started roslaunch server http://192.168.1.19:35359/

* /]ubot driver/Kd: 200

* [jubot_driver/Ki: @
/jubot_driver/Kp: 350
/jubot_driver/angular_correction_factor: 1.0

s /jubnt:drtver/base_frams: base_footprint
* [jubot driver/baud_rate: 115200

/Jjubot_driver/control_rate: 58
/jubot_driver/imu_frame: base_imu_link
* [jubot_driver/linear_correction_factor: 1.0
* [jubot_driver/odom_frame: /odom
/jubot_driver/port_name: /dev/ttyTHS1
/jubot_driver/publish_odom_transform: True
* /jubot_driver/version: XTARK-Mec&4WD
Jrosdistro: melodic
Jrosversion: 1.14.10
Juse_sim_time: False

NODES
/
base_footprint_to_imu (tf/static_transform_publisher)
jubot_driver (jubot driver/jubot_driver)

auto-starting new master

process[master]: started with pid [15935]
ROS_MASTER_URI=http://192.168.1.19:11311

JRAEL— VIEZ IEFATENH SN E DT (2R 3 % 5 SR PR ECE E A B H D -
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PARAMETERS

/jubot_driver/Kd: 200

/jubot_driver/Ki:

/jubot_driver/Kp: 350
/jubot_driver/angular_correction_factor: 1.0
/jubot_driver /base_frame: base_footprint
/jubot_driver/baud_rate: 115200

*

/jubot_driver/control_rate: 50
/jubot_driver/imu_frame: base imu_link
/jubot_driver/linear_correction_factor: 1.0
/jubot_driver/odom_frame: /odom
/jubot_driver/port_name: /dev/ttyTHS51
/jubot_driver/publish_odom_transform: True
/jubot_driver/version: XTARK-Mec&4WD
Jrosdistro: melodic

Jrosversion: 1.14.10

Juse_sim_time: False

ROE R E R E R B K E F R K ¥ ¥

NODES

base_footprint_to_imu (tf/static_transform_publisher)
jubot_driver (jubot_driver/jubot_driver)

auto-starting new master
process[master]: started with pid [15935]
ROS_MASTER_URI=http://192.168.1.19:11311

setting /run_id to 173a2008-ede2-11eb-979a-a46bb606f5e5

process[rosout-1]: started with pid [15546]

started core service [/rosout]

process[jubot_driver-2]: started with pid [15949]

process[base_footprint_to_imu-3]: started with pid [15950]
.000000 1.000000
INFO] [1627284092.468315252]: Send Time: 1627284092.468201
INFO] [1627284092.471516916 end End Time: 1627284092.471462
INFO] [1627284892.483559352 et PID P:[350], I:[@], D:[200]
INFO] [1627284092.487110495]: Robot Running!

A UAFT T8 28 i 5 A2 R AL EAT I i A rostopic list SRES AT
KA

jubot@JUJON-VM:~5 rostopic list

/jubotfavel
/jubot/bset

/jubotfcvel

/jubot/dset

/jubot/fdvel

/jubot_driver fparameter_descriptions
/jubot_driver /parameter_updates

N AT — A8 e BCE 7ML EFT &0, ¥\ roslaunch jubot ctl
jubot keyboard. launch ] 8 #5425 %55 &
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O /home/fjubotfjuvm_ws/src/jubot_ctl/launch/jubot_keyboard.launch http://192.168.1.19:11311

ROS_MASTER_URI=http://192.168.1.19:11311
process[jubot_twist_keyboard-1]: started with pid [2994]

Reading from the keyboard and Publishing to Twist!

For Holonomic mode (strafing), hold down the shift key:

t
b : down (-z)

anything else : stop

q/z : lncrEdsefdccreaqe max Specdq by 10%

X AT DA R & B Rl A B ou i o k1 om, . BRE/DNVEAS S
)BTRS X SR S I R B S T . X AT L rosrun
rqt_graph rqt_graph &HESFE|ILLITF R R:

— B rqt_graph__RosGraph - rqt
&Node Graph D@ -1
& || Nodes/Topics (all) -/ / I
Group: |2 |+ Namespaces v Actions v/ tF v|Images | v/ Highlight v Fit (1

Hide: V| Deadsinks v Leaftopics v Debug tf v Unreachable v Params

Jemd_vel Jjubot_driver

A LA B AN LT X B07E T/ jubot_twist_keyboard ¥ £ K144 T/ jubot_driver
X =T A =% A /emd vel MR, U IRAT R L B4R S LB Bt £ 12
/jubot_twist_keyboard ¥ s A IE I B FEF AL BN/ jubot_driver BRENTY AT BLR
f¥1/cmd_vel VIR, MAXTFWEREIATAT LKA, 7T AEd s — A7 sk 1
LR/ emd vel WERIZELS/ jubot driverBXaT5 Ao
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3.4.2 HHFWREHBRRENS
BEFHEEBRIEREMFEA

| . ¥
I\-\". ‘.-\' 0 ‘

P

B AR E ANUSB 5601, FTFF—AKissi N 1s /dev/input/js*, — a4t
jsO B js1, iy w8 AR o 2R .

151s [fdev/input/js*

SRIGHIN roslaunch jubot ctl jubot joy. launch, B FT IS4 5%
A rostopic echo /joy F1 rostopic echo /emd vel 435I W dTFHavH A EHIVE E .

Monday 00 : 59 ®
/home/jubot /jubot_ws/src/jubot_ctl/launch/jubot_joy.launch http://192.168.1.19:11311
Jjubot@JIUJON-VM: ~

ROS_MASTER_URT:
ROS_IP:
ROBOT TYPI
3 1627286176
aJ ] Sls /dev/input/ 646314793
by-id/ by path/ event® eventl event2 event3 js@ i an /dev/input/jse"
151s /dev/input/ [ 0.04268254339694977, -0.0, 0.0, -0.0, -0.0, 0.0, 0.9, 0.0]
by-id/ by path/ eventd eventl event2 event3 jso ice :[6,0,0,0,0,0, 8, 0,0, 0
Bl 151s /dev/input/js8 5
[Ls: cannot access /dev/mput/]ss" No such file or directory
JUION-ROBGT -1$1s /dev/input/js*
/dev/input/jso
3JUJON-ROBOT ~]Sroslaunch jubot_ctl jubot_joy.launch 4527285170
logging to /home/jubot/.ros/log/173a2008-ede2-11eb-979a-a46bb606f5e5/roslaunch-JUJON-ROBOT-17182 52283419
ecking log directory for disk usage. This may take a while. frame_id: "/dev/input/jse”
Press ctri-c to interrupt axes: [-06.034394361078739166, -0.6, 0.0, -0.6, -6.0, 0.0, 0.0, 6.0]
pone checking log file disk usage. Usage is <1GB. buttons: [0, 0, 0, 0, 0, 0, 0, 0, ©, 0, 0]

started roslaunch server http://192.168.1.19:44097/

ISUMMARY
= x Jubot@JUJON-VM: ~
IPARAMETERS (F ) (m #
* [jubot_twist_joy/w_speed_scal
* /jubot_twist_joy,
+ /jubot_twist_joy/y
* [rosdistro: melodic
* [rosversion: 1.14.10
* Juse_sim_time: False

INODES
/

joy_node (joy/joy_node)
jubot_twist_joy (jubot_ctl/jubot_twist_joy.py)

[ROS_MASTER_URI=http://192.168.1.19:11311

process[joy_node-1]: started with pid [17197]
process[jubot_tulst_joy-2]: started with pid [17158]

INFO] [1627285816.759072208]: Opened joysticl /dev/lnput/]sa deadzone._: ©.056000.
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WFFW LR AL, axes BUHBIEGE 1. 2 MSHESE (O &1 , 8
BT FEFEAGE 1, 2 DM EN. ORI AT AT, MBI/ %
T, Mg/ end vel REAET, AHFNFMHENABIBLLHR, KM A IELE
BT, A PUERE S T REELA A T

I —A &, %\ roslaunch jubot driver jubot driver. launch #EAT)E#LIT
B, BTN roslaunch jubot ctl jubot joy. launch 37T AR+ 5
R B R AL ) R, TR BAE s AT LA IR A AR RIS AR s 1

FJLLFTHF rostopic echo /emd vel MEHLHEEMIHEE, R%/cmd vel HEARN 0,
SRS A 2xig 3l .

/home/jubot/jubot_ws/sre/jubot_ct|/launch/jubot_joy.launch http://192.168.1.19:11311

-20015805959701538, ©.9213265180587769

1sn
]Sls fdev/input/
by-id/ by path/ eventd eventl event2 event3  jso mice

151s /dev/input/
by-id/ by path/ eventd eventl event2 event3 js@ mice
151s /dev/\nput/] 8
1s: cannot acce: ss /a v/input/js8': No such file or directory
Sls /dev/input/is*
Jdev/input /150

ut/jse"
u3C T -]$roslaunch jubot ctl jubot_joy.launch 4339694977, -0.0, 0.0, -0.20844623446464539, ©.9213265180587769
... logging to jubot/.ros/log/17322608-ede2-11eb-979a-a46bb606 f5e5/ roslaunch- JUJON-ROBOT- 1718
Checking 1 K usage. This may take a while.

is <1GB.

server http://192.168.1.19: 44097/

254363429546
[}

[}
0853650867939

Joy_node (joy/joy_node)

Jubot_twist_joy (Jubot_ctl/jubot_twist_joy.py) CcEERRELLEE

ROS_MASTER_URI=http://192.168.1.19:11311

process[joy_node-1]: started with pid [17197]

process[jubot_twist joy-2]: started with ptd [17198] ERELELL LR

IHFD] [1627285816.759072208]: Opened joystick: /de / pt/]() deadzone_: 0.650800.

3.4.3 FRERIT R

TE3 (— =) 2B b A TR IR 45 57T DA BB e IR L4 4 81/ ond_ve
R, TR T E AT AL, T IR IR UOR ISR B (L e
PRI HE B KR A

FATHFT I H 3% /home/ jubot/jubot ws/src/jubot ctl/launch FHJ launch

£ jubot joy. launch
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1Spwd
J/src/jubot_ctl/launch
18ls
oy launch jubot_bringup_keyboard.launch jubot_joy.launch jubot_keyboard.launch
BOT ]$cat jubet_joy.launch

<t BBHER

<node name= de" pkg=" ]9y typc- joy_node” Dutput "screen” respawn "false" />
<node name= ]ubot twist_joy" pkg="jubot_ (tl type "jubot_twist_joy.py" output="screen" respawn="false">
_speed_scale” value—
_speed_scale”
<param name="w_speed_scale"” S
<remap from="cmd_vel” to="cmd_vel"/>

</node>
r/launch

RIAEH AT ITATT 1L HIR A MRAE S AGEAEZ%E ROS I &l apt
Dife ek 1), B BRE P A P AT T AT SO, A RS 7 224E ROSwiki |
AL X BA

joy_node FsH:

{9 A% RO B TR RS S, KA R/ Joy, %N B T HIEME
AR FTRRAS .

— B

® dev FHAMHIAED, XEZ/dev/input/ jsO

® deadzone FEIXUHE, 0.3 TR RMITFEENE] 30%0) s HAUE A =K E

BE'S

® autorepeat_rate N AIEHHE S

jubot_twist_joy ¥ f:

/e SO R IT/ oy VB HAEHE I KA N/ emd _vel VHE—Le24.

® axis_linear FT-ZkithizzhizilfHRIATH.

® scale linear Zfhizzld [ KNI,

® axis_angular H] T i Iah % HIHIER AT 4

® scale angular H T i BER/INEHE
3.5 LR

AT LU S A ARSI 3 AR B, JF 1AL BRI
3.6 LHME

S H

SLI R

ST P 25
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S IA R L
SEIG e 4k
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FNE BOCHFRWSN SIS

4.1 KR EK
TRREBOCTE IR R B, RATEE R DL R AL 7
4.2 SERESR
REfg2~ 2 laser filters fBFMGH 2 HOE T IAEHE .
4.3 ERMTEHE
MNH—&, BB LB
4.4 EHRAR
4.4.1 WobtFILNEERE
TEEOE AR, H AT EZll = AL S TOF kgt Tille . 768%
BEE BATHT A B0 B A BRI & = A ERIE, BUR RS2,

WIERR, R B AR B TR AR I R 22, DB e B T (1 e R A T LA
THE G B0 B A I BARER R T

WOLTR L TARR 56fE HaT i B R HBOCFERBU SR, e 2liEE e, M
JEOE S s 2 B — R B 0 RS IS (4 A JEE P O R X AN A BR T B U
T PR, HOETR IS A 80 E X M HEOLE IR 8] {0 T L
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— MR AR, AR S AL TR AR G, 0-360° B B AR XA B X . fEH
8 DX P O AR AE BRI AR L 0 RS LA BT A (R B B (L S ROk, 1K

B, B AR RS AR AR EOWE 2 I R RORL R, OGRS RV s B AT
e JNN<E

T RE

BmAHBER

BAEHER

ik L

] Exu#cE
] aRex

HAEr, BZahdlds N A DK & EOG R A 5B N rREfs S, 185 3
FRIAA SR ROS IKZEY, #9H 5 /LaserScan KA E|TE @/ Scan .,
4. 4.2 LaserScan JHEfEHr

LaserScan JHEZ5MIU0 T iR

Header header timestamp in the header is the acquisition time of

the first ray in the scan.

in frame frame id, angles are measured around
the positive Z axis (counterclockwise, if Z is up)
with zero angle being forward along the x axis

#3WH

float32 angle min start angle of the scan [rad]
float32 angle max end angle of the scan [rad]
float32 angle increment # angular distance between measurements [rad]

3 %

float32 time increment time between measurements [seconds] - if your scanner
is moving, this will be used in interpolating position
of 3d points

time between scans [seconds]

LR I

float32 scan_time

float32 range min
float32 range max

minimum range value [m]
maximum range value [m]

3 4

float32[] ranges
float32[] intensities

range data [m] (Note: values < range min or > range max should be discarded)
intensity data [device-specific units]. If your

device does not provide intensities, please leave

the array empty.

LR I

angle-min: FIHHACIGffEangle-max: FARELK LA
angle-increment: P/RIIE ML ZE time—increment: PR I & AR [E] 18] g
scan—time: 5E— KA A [A]

range-min: JEEMF/MErange—max: MIEE & KAE
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ranges: F— &R, —IL 360 4
intensities: ranges WM, FFE 360 4
4.4.3 laser filters HHfFH

FERATSEFRE B0 ISR, BOGEREE —BOREAN SN —AFE L, BRIEK
BAENE N EITHF G 75 00 v 5 s R 8 0 15 R 2 A SRR oL B ik Rl Ve L A
MERATE ERAREARETIN, laser filters WHIHRAL T — LTI MEMEOE
Bl BRI RE o

T IR B A O R IR A

FFEZ AN :  roslaunch rplidar ros view rplidar. launch fTJF#%H AL

RS EEA A BEIESEE GXEN T RRSE, BEEEFEERT) .
BEERANIFTIFIIEER, /home/ jubot/ jubot ws/src/jubot driver/config FHYJ
jubot laserfilter.yaml A, fF XA &S &R U R ~FIFARUE fixed frame

fEZ B B B N IO RIS EAR R B BR i,  TRAF 2R FTIT W 0, FaA:
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roslaunch jubot driver jubot lidar. launch

{# A rosrun rviz rviz F1J rvizWE:

() interact | % Move Camera [ JSelect < FocusCamera = Measure .~ 2DPoseEstimate .~ 20NavGoal ‘@ Publish Point & £
£ pisplays [] - Views =]
= & Global Options .
Type: Orbit Z) - z
Fixed Frame ype: (rviz) ero
Background Color ~* Current View Orbit (rviz)
Frame Rate Near Clip... 0.01

Invert Z Axis

Target Fra <Fixed Frame>
Distance 2.09505

Focal Shap... 0.05

Default Light
= v Global status: Ok
v’ Fixed Frame oK

*.Seiarid Y Focal Shap... |V
~ ~. LaserScan v vaw 0.650398
» ' Statu k Pitch 1.2704
T T T — b Foaipaint 600
Unreliabl
Selectable v
Style Flat Squares
Size (m) 0.01
Alpha 1
Decay Time ]
Position Transf... XYZ
Color Transfor... Intensity
Queue Size 10
Channel Name intensity
Use rainbow v
Invert Rainbow
Min Color Wo. 0.0
Max Color [1255; 255; 255
Autocompute l... ¥
Min Intensity a7
Max Intensity 47
Toplc

sensor_msgs/LaserScan topic to subscribe to.

Add Save Remove Rename
© Time %
ROS Time: 1627380193.11 ROS Elapsed: 211.29 Wall Time: 1627380193.14 wall Elapsed: 211.29 Experimental

Reset 31fps

Hur a4k, il topic JFik#/scan, i3] DL R 45 R .

() Interact 7 Move Camera ] Select = FocusCamera = Measure .~ 2DPose Estimate .~ 2D NavGoal  § Publish Point = . w
£ Displays - Views [*
= @& Global Options )
Fixed Frame Type: | Orbit (rviz) - Zero
Background Color B = Current View Orbit (rviz)
Frame Rate 30 Near Clip ... 0.01
Default Light v Invert Z Axis
« v Global status: O Toogek ra... < Plnéd aliés
" :”Fd"‘m Fame oK Focal Shap... 0.05
’ Focal Shap... ¥
* ~. LaserScan v Yaw 0.775398
» ¥ Status: Ok Pitch 1.2754
T T — » Focal Point  0.0.0
Unreliable
Selectable v
Style Flat Squares
Size (m) 0.01
Alpha 1
Decay Time o
Position Transf... XYZ
Color Transfor. Intensity
Queue Size 10
Channel Name intensity
Use rainbow v
Invert Rainbow
Min Color Mmoo 0
Max Color []255; 255; 255
Autocomputel... ¥
Min Intensity 47
Max Intensity 47
Toplc
sensor_msgs/LaserScan topic to subscribe to.

Add Save Remove Rename
@ Time |*
ROS Time: 1627380517.66 ROS Elapsed: 129.58 Wall Time: 1627380517.70 Wall Elapsed: 1259.55 Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 31 fps

USR] /scan 733 (0 45 RENSE#lcT PR BOCHE X EE, JEEBA15
slam, BEFESEDIREMIN AR, N4 B e R 2 -



JUJON RYIE R RAGRAT

4.5 LR
REBE LI box BRG], 7S BREOG T ik B0 LU BUEOG  3k B0 i
laser filters f4
4.6 LML
Sy H i)
TR
S P 2

IS o4 4tk
y{‘%l‘é\ él:l
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BHE BOLHEBEE

5.1 S H I

L B T 1 TR G, LB R 9 L L S
5.2 SLIHER

AR S0 2 W0 e B PR PSR 4 1 T

5.3 SEM TR

MNBR—&, BB LB
5.4 KHWHE
5.4.1 DEeER G

BRI BB R EZ AR 2 EIT AR R, R ILAT T A BEAGI 5 1. 23 BT D RE,
RIMHTFETRIESZ A=A, — RIS E TR Rt AW 26
BIEMGY): =R SR ERSIAE . R IHRIREAT 04T, B — SIS TT R
e, SHE=" bR ISR, T IR IR PR ok AT . BB B —
BRI AW RATFFEL K AT /emd_vel WIVHEAL BREEM METHES). 2 R HIBET T 2
A BRI AT OB O B R SR AT R R, AT LU 55 D05 B bk i D g
O T B2 AT EAR AT . BT =, W R EE2E R O R AT T 1
PR RN T — e (B RATHT /end_vel HE, iEEEEMFIERITT . (BT —,
=, AR HAR BT, MEREE CREIED o NEPU NG eI .
5.4.2 TIREHISLIL

B E —AMEERE) python SCHERSEHIE T — Mt R R BIEM HLzs), Zo
RGBT GZSCAA B AE™/ jubot ws/sre/jubot ctl/scripts F) :
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if _ name__
if os.name ! s
settings = termios.tcgetatt s.stdin)
rospy.init node(’ i
pub = rospy.Publisher( \ , Twist, queue size=10)
sub = rospy.Subscriber , LaserScan, callback, queue_size=1)
status = @
target linear vel - 9.0
target angular vel = 0.0

kéy = getKey()
if key -
flagshow = 1

target_linear_vel = 1
status = status + 1

print(vels(target linear vel, target angular vel))
key == ° ' or key ==

flagshow = @

target linear vel = 8.0

target_angular_vel = 0.0
print(vels(target linear vel, target angular vel))

if status 20 :
print(msg)
status = @
twist = Twist()
control linear vel = @.2*target linear vel
twist.linear.x = control linear_vel; twist.linear.y = ©.0; twist.linear.z = 0.0
twist.angular.x = @.8; twist.angular.y = 0.0; twist.angular.z = 0.0

pub.publish(twist)
nt(e)

twist = Twist()
twist.linear.x = 0.0; twist.linear.y = ©.0; twist.linear.z = 0.0
twist.angular.x = @.0; twist.angular.y = 0.@; twist.angular.z = @.®
pub. publish(twist)

if os.name != ‘nt":
termios.tcsetattr(sys.stdin, termios.TCSADRAIN, settings)

Sei% py SCHRR DU B A PR T AR, AURTE launch P
KRS

" respawn

BB AT LAFT T 2%, 45847 roslaunch jubot driver jubot bringup. launch iZE$:
WAL R S5 FT TP &, 1847 roslaunch jubot ctl go and stop. launch
ROTTAR 2040 Ftim :
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started roslaunch server http://192.168.1.19:33423/

SUMMARY

jubot_go2stop (jubot_ctl/jubot_go2stop.py)

ROS_MASTER URI=http://192.168.1.19:11311

process[jubot_go2stop-1]: started with pid [20384]
@@

B
P 1

X R R g, BRSPS RT RS, AT ok th B
B, s NaER.
5.5 SLIRHR
SERRT BB B, R LR TRE.
5.6 LR
S H 11
SR R
S P 2

S UA G L
SEIG e &
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BANE BET SRR

6.1 LB K

PR odom [T RS XS 22 57 I8 SIS I BN 40 #, W AL BT T i
6.2 TRER

BEMLFEAR map. odom. base footprint. base link. laser A&HRZ LK ALHR 2 [H]
KR

Refg PR AR DY 56 22 0 is s L IKIE 3)) 22 7 A

REMSERME tf AEZEMITER
6.3 LW TH
M —&, BEREM.
6.4 ERHNE
6.4.1 ROS HLEZ AN —LLAITR RN A
map ABFF R

HEIAFR R, B4, A% RN E AR R (Fixed frame) , — M5
LA N FTEE R TH AR R— B map AAAR R —MEFRE AR R, H Z #fsm 7.
FRE T map SR R HIE G IS, APEZHE AR EH5 5. map MK ARIELEN,
XEMELE map AAAR R RSN & I AT LARE N R A2 B AR B AR

ORI E T, 8 AR T AR A I I, AN AR B o S A AR AR L
frg, MMM BRI ZE, H2 B AL a5 B RA I 7] BE 2Bk o

map Al bR A K I AR 2 ARG F D, E RS A0 T A M R AT 2
K, HSE —DMAUFHIZFE AR,
odom ALFRZR

odom ABARZR A2 — AN FLE B AR R TE odom ALkR RHAEENE & FIAL LT YT R
5l BAEMAR. XMBEIHHEE odom AL AN N KRS %. Rif, £
odom AAARZ HINLAS NS RS RIE ZIESN, X BT odom  AXHR R IFEE)
FERBRS L FEEL, KEBE.
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FE—ANUAREES, odom AAARREEETMEWRITE R, WAELEET, Wi BT
BRI & T

Odom ALFRRAEN—FikEH, VE NI A S RIRA I, (BB iR e A5
YERKHIZHE . IEE odom ARFRRMI TN TIHER T4 8555 7 IR A, 18
HIEF) A EARE B WL RHR % . fE—JF46 map A1 odom HJAMAR R
G, (HEENSARZS), —SIRZR4 odom AR RS A Smap EE T, 1M
P — B IEAL R #S 5K map—odom FRIAMARASHIERE (t£) , WAt Rxs B THI AR
ZEHEATIH BRI

odom & % 5 odom topic fE X 4y, odom &AL ¥R &R, 1 odom topic NI /&
odom——>base_link H] tf K&, HREINLE AfEodom ALFR R T IR L ALKR . AL ALTR
() B AR SRIELE JR 2R 2.
base footprint ALHRHR

BLES NAARALRR R, 2 T 2RI NS L AR R, — SIS AP OE S,
LI LIS AN base link, HSER — R HLES R A7 v 8 fe A% 5 (1)t A oK H
base_footprint fE map AAFRHR T HIALFRAILEZS
laser AfRHR

BOCHEBHAIR R, SEOCHEBNZREESAR, Y5 base footprint B tf =&
JE o
base link AB#RZR

B NAAAARR 2, (RAERS BB R T OTE R R, ATl base footprint LR &
LG N AL 2 AR5 2R
6. 4.2 WIS IBIREIZ ) EMEH
JE A% Ui BA

AR N FEA ZE R M Z R i) s 2, 2 2 — B3 R K
FMT, BBEMRERCR IR DU 2R R 12 8 77 o P04 220U A 1A JhSr
HIBh e r T A I, 38 I 45 A 10 ANF RN 7 ) R PRe idR S B LA A |
. JEIR. DU R DIRE.
JEBAEST 51
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BEATIZ B M 2 AT BATT ER A X T 2= B e A A P AT T 7 AT MR X Ok R -

L B, HLas AT EARIEEATIE B FE S RPAT AR B0 1E, Bl mr, @[
KRB L o 520 NI EHEE B FALSE R, A E Je, BATIE ZA LA
(1032 P52 81 P A F AL S 10 B DR AR

2. IR, ROS HLES AAMLAESEIL T a2 LSS, ML RE BTV S S/, T
S EE T RE RN, WA AL A EAHE R, R R AR TR IC R B CNIEE)
THE R AT E P A RS o KRR ZEA IS LI e 2L AS N LAS (K2R ek
o
JREIBBNFE 0T
ZERNEE T IE IRI E Ry — bR eSS, fEHTIS sl @, BRATE i ik
L 587 P IR A T PR 1R B, I ELAEAR TIN5, &7 S 2 8] R A — A
Bl

2. 1B RUCIE ), BN RAEAEAIRS) . B ABRATTA] UL GOa 3h A B N T
A
yu

W B R EIHLES NAEPI D FR AR ZI IO, 0,2 PIAHARIN ZI 82 Zh L% A Sl 9k
BEIRIMIE, O 2 AR ZIRE SIS (B head) MIZMLE. [RELRZ
B, dR AL AR ZEMINE . r sl N IS 12,

FATETENL A AN X RATHELGE L, FTUMREIE ], B alfLas ANl i
U  SE (et i AR OF
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XFFHLES AR S, BN, RPN ZI LS AL BB INE i, ATRLER

I B SIHLES AL A2 0,0 AEI LT 6 R AT A4S 21
01= 02= 03

WAL AL EIHLE AN AL T 2/, Eatse iash P B L iess 7 2 /0
PP o IX A TR G B0 E , FATTLENLAS NS 123, WOES mi R S50 — 8] [l 25 A
R RE LA N R Ay 360 2, RN E thafi SEae il 0izs 1 360 FE,
VHIPLES AL AL 2 D, MG O ieds 7 2. X =T, 0RA Z it
BLHR, T AHRI 2 AR, AR, R/, A N L B A

d V., —V) - At
Gzzsine :T:%

BT LRI B BIHL a8 N SR OIZ B AR o, e B A Las AT A A R

v 1- (V. +V)
TTW T 2 v, -

Maste = = CrUUaT BURTY F e T A R, RIS, I

2:(V,=V)
thiadl. RIFH =D REEEER, T LIS B A A0 e T RN 25 2 Ay 8 2 2 18] FA) 9% A 4

IE

Vi +V;
2

HLas N (m/s)

V =

v, -V,
1

WLy N (rad/s)

W =

v o 1- (V. +V)

w2 (V=W
DIREIN S S
Z, R EEEEAEE A SR, B A B, BITA]R g A A SRR
P I 3 BE HE T LA A Iy T AN S, 3k — S0 0T s A P8 D R 283 B8 A IS 7] b
BEATAR Y, RTINS NS SIS, AT ] DAAS BIHL S N AR THE AL AR AR .
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6.4.3 tf BHIIFENAB

ARFRAR MR ALAE N 22 TR — AN AR FE A R RS . LA AR RFIPLAS A1)
AR P AEAAFAE KRB ASF TR, FENLS N BTt ML s AR R 2 8 KAS [F] 2 A
R BAVEAS, Xk 7 5] N AR 2R LA AR FRAS 1 (R

A
£z
0,
0, Ey I
Hw=
Y,
Ex

X

X5 1
W, ARROL TLIZ ALK 202 10 TR RNEEEM S, Fmip 5 E A7 M &

ik
TF 2 —AMLF P BER [R ERER 2 A A hr RIVThRE R, TR B, AR
[RIZE P I LEdr 2 A AL bR R Z AN ARBR AR B Ok R, TT AR BT R B TEAE R H] L 7EAL KR R
W SER R RS ARRR A e, REEEAEF TF Thgt, MACRULEE ZLUF AP IR
1. MEWF TP ARd
2. B RAE R G b R AT T AAr AR 3G 2, I AN PP 218 T 75 2 R A A A 4
KHRo
3.8 TF A
4. W RGEH RS R AR R K R . RGBT AT RERAFEL DN AR
(f) TF AR $%, AR DL EL R AR R B Ok RAFNF TF e, R
F AT R .
5. RV tf DI ITE 3G &b RIB AR B #8765 Brfs Al O
M5 T DA BB v B LT 7 A A A b R ] PR AR R R

6. IBATHELRERE T 2 5 /] LU R — % m, A
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rosrun rqt tf tree rqt tf tree

FRHHTN f WE:

ST Tree ]
© & v Highlight v/ Fit -

I Recorded at time: 1627409633.76 |

Codom )

Broadcaster: /robot_pose_ekf
ge rate: 24.988
Buffer length: 1.361
Most recent transform: 1627409633.71
Dldest transform: 1627409632.35

/base_foot_print_to_laser
Average rate: 50.344

Buffer length: 1.371

Most recent transform: 0.0 Most recent transform: 1627409633.75
Oldest transform: 0.0 ‘?Idst transform: 1627409632.38

Broadcaster: /base_footprint_to_imu
Average rate: 50.405

Buffer length: 1.369

ost recent transform: 1627409633.75
Idest transform: 1627409632.38

B3] tof ¥, RIGFHIFH &K 5N rostopic echo /odom

fhomefjubotfjubot_ws/srcfjubot_ctl/launch/fjubot_keyboard.launch http://192.168.1.19:11311

MTUERIRREHE R, BERETHE RA KT BR

# This represents an estimate of a position and velocity in free space.

# The pose in this message should be specified in the coordinate frame given by header. frame_id.
The twist in this message should be specified in the coordinate frame given by the child_frame_id
Header header

string child frame_id

geometry_msgs/PoseWithCovariance pose

geometry_msgs/TwistWithCovariance twist

T

Horpr pose MARHEFNARTHICLEMEL, T twist ARG N HATHEZEE.
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AT jubot dirver BHEEE A LI —ANT A, KIRECYAT EFE TS tf ARFRARHE
B XA A PR Aget pose demo. py, VRSN FT7R:

ospy
f conversions i ¢ transformations
transformations

ener = tf.TransformListener()

.tf_listener.waitForTransform(’/ rint', rospy.Time(), rospy.Duration(1.8))
€ t (tf.Exception, tf. ConneLtwltyExceptmn, tf.LookupException): return
get pos(self):
self.tf_listener = tf.TransformListener()

.tf_listener.waitForTransform('/odom’, '/b 1t*, rospy.Time(), rospy.Duration(1.e))
1 EXLE‘ptlDH EE: ConnegtlvnvExteptlm|, tf. LookupException):

(trans, rot) = self.tf listener.lookupTransform( t', rospy.Time(0))
t (tf.LookupException, tf.ConnectivityException, tf.ExtrapolationException):
rospy.loginfo("tf or")

transformations.euler_from quaternion(rot)
x = trans[e]
y = trans[1]

get_| )' , anonymous=True)
robot = Robot()
r = rospy.Rate(100)
r.sleep()
while t rospy.is_shutdown():
print robot.get pos( )]

WAL TR, ATFEF N B M T AR T AR R BN A A A AAPR & base link
RIAAPRAE S, XFERALSE TR AR THE R, FNTER (x v, yaw) FEHEEAIT
EptiR. Hrpx K ros AbrR THLE ARG ELR (BTIEFHD , v RE ros 4
R TN A B (EIEATD , yaw ARFHI ALK CEIEL T .

W JedT I 4 J3 SR ALIE(E roslaunch jubot driver jubot bringup. launch , #AJ54T7F

Bt 2 N\ rosrun jubot driver get pose demo.py, IXFERLIRENE] AT HAETHE

o

il P FAN B A I A ia 5l M BERE AL, SIS ATFE rviz FLEE AT
AL
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default.rviz* - RViz
™interact = Move Camera [ Select £ FocusCamera ™= Measure # 2D Pose Estimate .~ 2DNavGeal  § Publish Point ¢ .
) pisplays 0 - Views ]
~ # Global Options
Type:  Orbit (rviz) - z
Fixed Frame odom P R fvin) bt
Background Color Ml 48; 48; 48 ~ Current View  Orbit (rviz)
Frame Rate 30 Near clip... 0.01
Default Light v Invert Z Axis

Target fra... <Fixed Frame>
Distance 1.83368
Focal Shap... 0.05

]

v" Global Status: Ok
¥ Fixed Frame  OK

» @ Grid v Focal Shap... v
* i RobotModel v Yaw 2.1704
» ¥ Status: Ok Pitch 1.2448

Visual Enabled v
Collision Enabled
Update Interval 0

» FocalPoint 2.5247;-1.7112;...

Alpha 1
Robot Description robot_description
TF Prefix

» Links

* ~\ Odometry v

» v Status: Ok
Topic Jodom
Unreliable

Position Tolera... 0.1
Angle Tolerance 0.1
Keep 100

» Shape Arrow
» Covariance
» o Axes

Fixed Frame
Frame into which all data is transformed before
being displayed.

Add Save Remove Rename
5 Time =
ROS Time: 1627411230.70 ROS Elapsed: 162.03 Wall Time: 1627411230.75 Wall Elapsed: |161.93 Experimental
Reset 28fps

EARER TP NNV 7

6.5 SLINEER
P ROS HLES ANHH WLE—SeAb bR R, ALFRRZIBIIRR, FHAEHES HBE BE
H1 odom topic HIII N KR

6.6 LI
216 H
LR
S P
S 4

%

i

6.7 BE/H

ZRNZREFBIHEN ORBEEEIT ) BATREARAAR R K IEF 017 DL R 4
XHARER 2 T I IE AR -
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B IWEBOE R TSNS I UL ARRRTT I, AT ARAS

Vy Ve
BEAAAAR 2R B IEARTTRE N -
s
Vox = ?(Va_vb)
2 1
{ Voy = =3Vet3VatVy)
, 1
9 = ﬁ(Va+Vb+Vc)
\
BEARALTR 2N B fg T RN
.
V3 1 .
Va = 7V0x+zvoy+9L
3 1 ,
< v, = —gVox+§Voy+9L
Ve = =V, +6L
\

LN AR KR 28N NIRRT RE N -

56



JUJON RYIE R RAGRAT

—

Vox = %Vcsin9+§Va(\/§c059—sin9)+§Vb(—\/§c059—sin9)
3. . 1 : 1 :
< Vo = —EVcsm0+§Va(\/§sm9+cost9)+§Vb(—\/§sm9+cost9)

, 1
9=§(Va+Vb+Vc)
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BWYIEFEHLE A A
FHLE BABRRETE i BEERE

7.1 ERBEH
BEfE IMU A% RESAEAL AR N SE L 0 R (¥ 1 F O B AR A% I AR e b 45 17 =X
7.2 SERER
REWS TG IMU HIBEAR N, T AREUE & SCREREAE ] robot_pose_ekf SEIL IMU A
Rt
7.3 E/HTH
MANHR— &, BEEME .
7.4 SEHAE
7.4.1 IMU f2 /R AN 2

FENLER N HISEBRIS S #  2 HBLEE TAT I RO RE, Las A AR 1 BE 12 Bl I
FIRF L, BURNIEE NI TRAREL ), HLAS N LTI . T I e, ARt
LRI AA bR S L aR NI SERR AR AR Z A 2 AR R 2 1, Wl R AT L —T i i odom AR
PRRYE map bR RANHES . BIUER RN L IEcE . #25, Pa ABaARn]
B R HI— BAR T2, T 2 IX LR IE RARE) — AR Bt 2 LA AR ™ A 7™ EE K 5
Mo DRI DA ZBR FH — LU A B A A JEas 5 BIAG IE,  TMU AR IR L B N & R — b
7.4.2 IMU BiE4EH

IMU DB PRSI R TG, — R 1 = AN SR 1 It B A = AN Bl R B A, T B
P s AR AT MR B RS R B I A AR AT LR B = AN
Wbr EEHRXANERTZ .

NHOREAMAE —F IMU RATRI AL R, B eisqT

roslaunch jubot driver jubot bringup. launch

LRSS, IRRITIPH &4 A rostopic info /imu 13 2ILLTEE
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FoRiZAE R AT BN/ sensor msgs/Imu, 1) K AT E N/ jubot driver, i1 [H#E
A/robot_pose_ekf. TMHKE—FHIHEM BN, AN rosmsg info
sensor msgs/Imu, 153|DLF45E:

Hrp orientation AP TH, Fom HATHL a8 NLAEE, s 8,
angular_velocity URAHLEE NAFIMAESEE, HFERLAANE, linear acceleration 4K
RN, A v

TE B I ) 2Rl rT DUZAT rostopic echo /imu #E — T SEPrAEE 2141
LREH:
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7.4.3 robot_pose_ekf LI IMU KeuEEE it

IMU 50408 RO I VA AT P A, — ] B 0 S FH At B P TMU - 5080 v P )
BERTE NS NI f, SXRERTE, RSV sl e il as N — e s, s 2l
R RR IR SO R

AT FEZAAR), ZEH ROS WIE T /robot pose ekf Ly Jg 1+~ /K 2
JEBORRELG B IMU BLAHLE AN B S ESE R AT

rostopic info /odom combined, RErE 1Zif:

i\ rosnode info /odom ekf node & Fim{sE.:
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A UAE BHZCT s kAT — A BARTHR topic.

BRI R/R 2R N R BAMEOE 2 iRe, AW EZEAAE MU BdR i — M5
B, LB RREIIIRE, RE&RMBREMAE MU LRSS 5 T IRE— e
FHER) odom ¥i#fs. ATLLE 2], $eaUELRETHEE Jywheel _odom, EAETHodom e imu
IR AR [F)SAATRT CLE AT B A8 B TP B R E 2 8, WSS R 45 R
IAEHE . X BLAT PR 5 92T EASIN s
o TahfEhbLEE NE—BIR)E RI B 2 AT A B R, BRI E (RViz) o B 54048

s 22
® REFFEHINLEE NATHE (BIE —AT7T8) , IS R &L NI 18] e 4] S5 A 1) fig

7=

ARG R, ARCAN R AL IEHILES NBENLAT A — B A 5
HPRIARIC AR AL I BRA 1T B AL — Rl B B R 5, ATRE rviz PR
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JUJON

) interact | 0" Move Camera  [] Select i Focus Camera  ©= Measure .~ 2D PoseEstimate . 2DNavGoal  § Publish Point * - &
= pisplays (2 - Views =
~ @ Global Options . r -
Fixed Frame adlein Type: Orbit (rviz) Zero
Background Color [l 48; 48; 48 ~ Current View Orbit (rviz)
Frame Rate 30 Near Clip 0.01
Default Light v Invert Z Axis
« v Global Status: Ok Target Fra... <Fixed Frame>
7 Fixed Frame  OK Distance  2.81806
» @ Grid v Focal Shap... 0.05
& Focal Shap... v
b il RobotModel Yaw 1.0504
v v Pitch 0.824757
» v Status: Ok » Focal Point 0;0;0
show Names v
Show Axes v
Show Arrows v
Marker Scale 1
update interval 0
Frame Timeout 15
+ Frames
b Tree
Show Names
Whether or not names should be shown next to
the frames
Add Save Remove Rename
© Time N

ROS Time: 1627455820.33

Reset

ROS Elapsed: 184.25

P A S HATAE IR

wall Time:

1627455820.36

wall Elapsed: 184.16

Experimental

31fps

PEUR EBRATEME S IMU OIS, A TG0 i 2 11 53 R BURR TH R o ok
X G CRAVLLE T Sk 2 4 & AR ), (] b T AT ol it J 5 2 — [ [l B i o

Fault.rviz* - RViz

7 Interact Move Camera
£ pisplays
~ & Global Options
Fixed Frame odom
Background Color Wl 48; 48; 48
Frame Rate 30
Default Light v
~ « Global Status: Ok
v Fixed Frame oK
» € Grid v
b s RobotModel
v » TF v
» " Status: Ok
Show Names v
Show Axes v
Show Arrows v
Marker Scale 1
Update Interval o
Frame Timeout 15
» Frames
» Tree
- “\ Odometry v
b " Status: Ok
Position Tolera... 0.1
Angle Tolerance 0.1
Keep 100
» Shape Arrow
‘ b Covariance
|
irnplc

| nav_msgs/Odometry topic to subscribe to.

|© Time

ROS Time: |1627455916.02

Add

"] select

ROS Elapsed: 279.95

¥ Focus Camera == Measure

wall Time:

# 2D Pose Estimate

1627455916.05

# 2D Nav Goal

@ Publish Point

wall Elapsed: 279.95

Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

e Views £
Type: Orbit (rviz) - Zero
~ Current View  Orbit (rviz)
Near Clip 0.01
Invert Z Axis
Target Fra... <Fixed Frame>
Distance 5.4033
Focal shap... 0.05
Focal Shap... |V
Yaw 0.550398
Pitch 0.929797
» Focal Point 0;0;0
Save Remove Rename
Experimental
31fps

HIaa A s A bR IR A Fe AR T (LB k) , @GR B AT (base_footprint)
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f tf RHSEEEH.

efault.rvi RViz
finteract | 5 Move Camera  [Select < FocusCamera = Measure .~ 2DPoseEstimate .~ 2DNavGoal @ Publish Point L
D Displays = - Views |
~ & Global Options
Type: | Orbit (rviz - Zero
Fixed Frame odom yp it {rviz)
Background Color [l 48; 48; 48 ~ Current View  Orbit (rviz)
Frame Rate 30 Near Clip... 0.01
Default Light v Invert Z Axis
« « Global Status: Ok Target Fra... <Fixed Frame>

Distance 4.29095
Focal Shap... 0.05
Focal Shap... v
Yaw 0.535398
Pitch 0.899797
*» Focal Point -0.71823;0.5363.

v Fixed Frame OK
Grid v
RobotModel

o

v’ status: ok
Show Names
Show Axes
Show Arrows
Marker Scale
update Interval
Frame Timeout
» Frames
b Tree
#\ Odometry v
» v Status: Ok
Unreliable
Position Tolera... 0.1
Angle Tolerance 0.1
Keep 100
» Shape Arrow
» Covariance

R

-
n

Topic
nav_msgs/Odometry topic to subscribe to.

Add Save Remove Rename

© Time [

ROS Time: 1627456152.61 ROS Elapsed: 516.53 wall Time: 1627456152.64 wall Elapsed: 516.44 Experimental
Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options. 28 fps

A LR ILBE 2 m fil & R ) BLRE AN G s BLAR A 1 K 22 8

default.rviz* - RViz

™) Interact Move Camera [ ]Select < FocusCamera == Measure .~ 2DPoseEstimate .~ 2D0NavGosl  § Publish Point & = .
D pisplays [x - Views [x]
~ & Global Options re
Type: | Orbit (rviz - Zero
Fixed Frame odom P L)
Background Color [l 48; 48; 48 ~ Current View Orbit (rviz)
Frame Rate 30 Near Clip ... 0.01
Default Light v Invert Z Axis

Target Fra... <Fixed Frame>
Distance 7.56212
Focal shap... 0.05
Focal Shap... ¥
Yaw 0.535398
Pitch 0.899797
» Focal Point -0.71823;0.5363...

~ v Global Status: Ok
¥ Fixed Frame OK
® Grid v
#h. RobotModel
- > TF
» v Status: Ok
Show Names
show Axes
Show Arrows
Marker Scale
update interval
Frame Timeout
» Frames
» Tree
~ ~\ Odometry v
b ¥ Status: Ok

<

RS

20
n

Unreliable
Position Tolera... 0.1
Angle Tolerance 0.1
Keep 100
» shape Arrow
* Covariance

Topic
nav_msgs/Odometry topic to subscribe to.

Add Save Remove Rename
© Time [=
ROS Time: |1627456227.44 ROS Elapsed: 591.37 Wall Time: 1627456227.48 Wall Elapsed: 591.27 Experimental

Reset LeFt-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 31fps

FRAV AR Bz 5 45 2R BB A 9] B i A
7.5 LR

PR IMU BdE 015 B, B robot_pose ekf HELHITEH].
7. 6L EH
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S5 H

SO

i

¥

.
S e A
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#N\E ETFERYKEIEE

8.1 L HEK
FH A LR AT SR (0, AR AR L L 88 A IS 148 BB
8.2 SLIHER
IR, SE AR
8.3 EMTH
MNHI— G, BB, KR,
8.4 LWHE
HEAT 3T R L ah ).
8.4.1 HHTET BT HEEIRE
AT P, AT A% SEES R BRI B, SRR s
PHEAIE IR, X ERATEEN 1 K,
THRE — T B
TR SRR LE—% 1 KK ES, BERELS, 1T EFR.
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WL, SSH HERBINLAR N, 1847 S EARHETT /.

roslaunch jubot driver jubot calibrate linear. launch

auto-starting new master
process[master]: started with pid [3060]
ROS_MASTER _URI=http://192.168.1.30:11311

setting /run_id to 32dcc822-fb4f-1leb-9591-a46bb6068b05

process[rosout-1]: started with pid [3011]

started core se ce [/rosout]
process[jubot_driver-2]: started with pid [3614]
process[calibrate linear-3 started with pid [3615]
process[base_footprint_to_. -4]: started with pid [3620]
1.120000 ©

[ INFO] [16 397476 ime: 1628760319
[ INFO] [16

[ INFO] [16

[ INFO] [16

[INFO] []

HI BRSNS, BB — A2, ERIUNIRIZAT rqt AT T A
rosrun rqt reconfigure rqt reconfigure

M calibrate linear &M, JLHIUWIF. test distance JMREE T,
speed Ni#EJE, tolerance NVFiRZE, X=NSE—MKNEEHEATEZI,
odom linear scale correction ANELHI REL, R&LRIHEERHERISEL

- O rqt_reconfigure__Param - rqt
#Dynamic Reconfigure 5@ - o
Filter key: =1 [calibrate_linear t
Collapse all [Expang test_distance 0.0 . 20 1.0

calibrate linear speed 0.0 = 03 (015
jubot_driver

tolerance 0.0 == 0.1 |0.01
odom_linear_scale correction 0.0 =————— 3.0 |1.0
start_test

Refresh

(System message might be shown here when necessary)

RAETRE
B, KUERTSESR IES % 1inear correction factor SN 1.000, HiJ 2Rk
N 1,000, G Z RSB, WEUEERAME 1.000 S5 ERHE.
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jubot@JUJON-VM: ~

version: JUBOT-Mec&4WD #
jd:viravall #]
4#3

odom_frame: odom
base_frame: base footprint
imu_frame: base imu_ link

linear_correction_factor:
angular_correction_factor:

control_rate:

IR, M rat reconfigure T.ERM start test EIiGHE, HL& AT EATIA
ﬁﬁﬁ?& HFrfEE N 1 oK.
IR, PR MNFIER, G AN SEhRAT RS, 1Bk
odom_l1near_sca1e_c0rrect10n Eb 2%, odom linear scale correction ZT-5ZfR

PLES NATBEE R, W RO 3RS

a] rqt_reconfigure__Param - rqt
#Dynamic Reconfigure D@ -o
Filter key: 2] = calibrate_linear ®
Collapse all Expand all test_distance 0.0 20 1.0
calibrate_linear speed 0.0 0.3 |0.15
jubot_driver
tolerance 0.0 == 0.1 |0.01
odom_linear_scale_correction 0.0 = 3.0 |0.89|

start_test

Refresh

(System message might be shown here when necessary)

VY, BUE, FRRESPIR, SRHLE AT MBS SR I WSLEAF
fEfmZE, ESMBIE odom linear scale correction {H G HE-INR, HZENLZE AAREHER
778 Im MOBEES . QRIS AT SR B I WS SR
odom_linear scale correction ZEFMIR, I/
odom_linear_scale correction Z#IMIK. f/Ficx THLA NMEFTHE] Im
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odom linear scale correction Z¥{H.
SR, [l vi BSEEERIESE linear correction factor, ¥4I T
jubot driver T.EAU config I MK jubot params. yaml FCE S, 154

linear correction factor ANFIHEIEH odom linear scale correction {H.
jubot@JUJON-VM: ~

(V)

version: JUBOT-Mec&4WD
port_name: /dev/ravalle
baud_rate: 3

e: odor

i 2: base footprint
imu_frame: base imu link

linear_correction_factor:
angular_correction_factor:

=+ H R H

i

control_rate:

LR, BLEE LRI BERUE S A, T LA IIEAT B FEARSHERR P, KA A /2 75 IE AR o
FEA, SEUEMHRECHAIFEREE) jubot_driver XA,

i vi EE#EIL jubot params. yaml SCHEJFVERIT

WE L, SSH BRI, HEN config 0, SRR vi Jmikes, 4mid
jubot_params. yaml Pt SC{F

181s
jubot_laserfilter.yaml jubot params.yaml

15pwd
t ws/src/jubot driver/config

1T )G, #8717 # N vi R, Yehrf2sh3 linear correction factor £
BAiE, el
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jubot@JUJON-VM: ~

version: JUBOT-Mec&4WD #
pErt_naNe: Jdev/fravalle #
baud_rate: 1152 kS

= : base footprint
imu_frame: base imu link

linear_correction_factor:
angular_correction_factor:

n_transform: True

control_rate:

B TER)E, Esc B vi GEBHEANR SR, BN we BT R IFIR iR
(=
8.4.2 HATET BETHHAERIRE
Keblas NsCE AL TR b, I H A € AN IEJ7 ), Hlas AR EL A 1R 7 T3 A .

Wi, SSH HERLBINLAN, 1847 M EERHET K

roslaunch jubot driver jubot calibrate angular. launch
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NODES
/
= f:mtprlnt to_imu (tf/static_transform_publisher)
angular (jub 1v~ra’: alibrate angular.py)
]ubr]t dll\.l. (jubot_driver/jubot_driver)

auto-starting new master
process[master]: started with pid [3718]
ROS_MASTER_URI=http://192.168.1.36:11311

setting /run_id to 18274664-fb51-1leb-94a3-a46bb6068b65

process[rosout-1]: started with pid [3729]
) rosout]
i : started with pid [3737]
calibrate_angular-3]: started with pid [3738]
: started with pid [3743]

[ INFO] [16 .h911¢ 0] - Time: ]

[ INFO] [16 .593881699] : End

[ INFO] [16 .6 : Set PID P:

[ INFO] [16 ] .6099 J7]: Robot Running

[INFO] [162876113 433]: Bring up rgt_reconfigure to control the test.

ML EIRSETR )G, R A, EELWURET rat TR TR, REFUR,
FEMPLIRIZIT ROS EIAL T E, IP AR FEENIER, &0 TARGEE ).
rosrun rqt_reconfigure rqt_reconfigure
M2l calibrate angular IEW, FEAIT. test_angular AMIKSSE, speed A
ol i, tolerance NRRVFIRZE, RX=SH—BONRBEMEAT EEL,

odom angular scale correction ANHHISEL, ZXIKMAEERAERSE

- O rqt_reconfigure__Param - rqt
# Dynamic Reconfigure D@
. o 1T i
Filter key: ] = Jcalibrate_angular
Collapse all [Expand all test_angle 0.0 360.0 360.0
speed 15 1.5 |05
jubot dnver
tolerance 1.0 10.0 1.0
odom_angular_scale_correction 0.0 == 3.0 1.0
art_test

Refresh

(System message might be shown here when necessary)

HI—, RUERTEB MR IESH angular correction factor ¥ 1.000, W) 2k
W 1,000, WIRHF RIS, EHeS(EBIAE 1000 f5FRHE.

B, fil rqt_reconfigure TR start_test HIEHE, Pk AFFUREE5,
HAries% M 360 FE.
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A=, Hlas NMFIERS, AL NSEPriiede AL, B

odom angular scale correction tLfiIZ%{, odom angular scale correction 1}
FAXWT.

odom angular scale correction = SEZPRiefME <+ 360 & SR, &

dE, FRHREEDDIR T, BUNHLES AR M2 HEGE 360 . R

S MZE, &EXMEIE odom angular scale correction fH G F-IMER, EHEML
ar NREHERAIER: 360 FE. WIRMLAF Nkt it 360 JErld 2K

odom angular scale correction ZHUHIHR, S/

odom_angular_scale correction Z¥ MR, fF/Eidx FHL# NEMIERE 360
JFER} odom angular scale correction Z¥{H.

SRR, [l vi BSAEERIESH angular correction factor, Z¥i T
jubot driver T.HAL config AN jubot params. yaml FECE SCHH . 1B

angular correction factor NRJHEIEM] odom angular scale correction {H.

jubot@JUJON-VM: ~

version: JUBOT-Mec&4WD
port_name: /dev/ravalle
baud_rate: 520¢

b _frame: base_ footprint
imu_frame: base imu_ link

linear_correction_factor:
angular_correction_factor:

ish_odom_transform: True

(i:
{d: 1F

control_rate:

BEy, Mlas N AR TSR, T DL OGS AT AR R HERE 7, SRS 2 75 1A .
Fealui i, S8R EORHIFERNE3) jubot driver WREH.
8.4.3 HANLELE PID SEUAT

ROS WL N ieahdid PID HEATHH, RATCEALE T —EHEM

71



JUJON RYIE R RAGRAT

PID Z4. W EAMEEHERE, P WA LLEAT#T PID 24 E . REBIRR, 2
PR B RS, BN AT R DA & B S8 8L 5P N3 AL
Mo, HILAETPREI AR .

FLES AN AL ROS SEELEMGAL 1T HIbLig 4T PID 24, &AL R4k, B0
TR PID IR, XA KA EERMER, 15 IREE T T R A

il SSH 4R IEREE] ROS Hlgs N, 14T jubot_driver IKEIE.

roslaunch jubot driver jubot driver. launch

B — ARG, ERENLIZIT rostopic list fiv4 A A AL KN 1158 2,
N E TRy BAIL H B A SE BRI

]Srostopic list

, jubot/aset
[ jubot/avel
/jubot/bset
. jubot/bvel
. jubotfcset
/jubot/cvel

J/jubot/dset

, jubot fdvel
/Jubot_driver/parameter_descriptions
/jubot_driver/parameter_updates

R /\?Xrﬁ, FEREMNIGIZAT rosrun rqt_plot rat_plot, FTIFEIEALT A,

rosrun rqt plot rqt plot
EFE— BN SR, il a BHL, K aset Fl avel PIANEIRARINEIRIELS,
TN A ST R ORI AN B

EMmatPlot D@ -
Topic /jubot/avel g | == vl autoscroll | Il | ¢

a (. .) ,.I.. Q - L./‘f X=166.368 y=7.55612

60 1~ —— jjubot/aset/data
—— Jfjubot/avel/data
50

40

30

20

’/

0

175.8 176.0 176.2 176.4 176.6

SRJE BT, FIR] SSH FR4 &8 H] ROS HLas N, ISATHEALAR MY A3
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roslaunch jubot ctl jubot keyboard. launch
{EH AL NATE . SRR EEAE, TRl A AR L, W& B NSRRI
oV 7 AEL T R B R

- rqt_plot_Plot - rqt
[@Matplot @ -
Topic /jubot/avel

A € > 4 Q

—— Jjubot/avel/data

t :up (+2)
3. b : down (-z)

20 anything else : stop

ase/decrease max speeds by 16%
ase/decrease only linear speed by 10%
ase/decrease only angular speed by 10%

CTRL-C to quit

233.4

currently: speed 0.5 turn 1.0

MW aME i BRI PID 2%, Mg — A2, ERPNREA T /T T A .
rosrun rqt reconfigure rqt reconfigure

B Kps Kiv Kd AERE T RALAISATROR, A4 & HARE S P E BB .

- o rqt_reconfigure__Param - rqt
=¥ Dynamic Reconfigure D@ -0
= E .
Filter key: -] sl [iubot_driver »®
Collapse all Expand all Kp O — 1000 |250
Ki 0 1000 [0
Kd 0 =— 1000 150
Refresh

(System message might be shown here when necessary)

HITH R A BN SEOR R, NS EHBINE ASECCE, FTIRIEIRIE R, Wb
ITHER PID SRR LF, "WEEEHNSHESHNFALE X (—RAEBD
HErad— N ZunFH SSH F84&EHR] ROS HLEE A, #EA jubot driver/config CAf3,

B jubot params.yaml FECE A PID 2%,
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5B I EHHEIT jubot driver. launch IRENARGIES, HAHLE AL
PID H0fi a2 J0A T 5 I3 0

FEUIRER, ROS WL A0S THEEIT PID HEATHM, RATCARALE T 5
LIEN PID B4 MESTMBEERE, FP T LA E AT PID S8E, (HE
RS BB H RIS HL 75T RPN A4 B 1 B3 S B 5 HLE A Z 3 AR IL AL,
HILE RIS
8. bSEIRHE R
SERET BRI SR E
8. 6L IR E
Sy F i)
SR TR
S A

Sl
SIS gk
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FhE SLAM 2E (Gmapping &Hector)

9.1 LB
PRAGE M O B ONE S, BRI EEE, 20 slam EEIFEIEM —LSEE L.
9.2 SEIER
Fie 1 AL AR ) 2l o 2 At T S
REMEIRME ZFhslam @EIFIEN — RS8N S U 2 Mslan 2B ESIPREE.,
9.3 XWTH
AN — &, B ILELAT
9.4 EWAR
9.4.1 GIEHIA b BOME

el HE MR b B — e SLAM b ] o R 4 T 5 60 A A 437 B £ Byt PRI R T R
F ELASE FH AR b P S 25 5 S AL D RE, DRI o A MR b PR 7 AT 4 SLAM H S L
N2 o HIEAR 2 R &8 N BT 1) 25 [R1 R 53 A A K/ AH 8] HAH L7 R A%
B, i o TR S, A48T (0, 1D ZERECRFREX AN S WA
ZRHIMERAFAE RS . AR SR, A& rO X7 Bkam, I B RS B2 B AR il . (ELIR]
MR R, SR R, SRR b B AR, R, MRS b
K2 A8 HIAE 2 () T AR BN A S

MR P A6, SLAM 4t J&I S 47 FRE A 224 g ) — Aot I A 5
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9.4.2 BEKFE

2D WOt SLAM mgk Bl N\ — o AR THEGE . MU $idfE . 2D WOt E A EdE,
B % 978 RSt B DL R38R N IRE 3 . B AT S0E 3 Bl N A AT —
AR IE I B A RPIEAL R AE 5 PR PRI O A IR AR R e 1L A mT P A
— 54 WU SE MR 2 S T BRI S A AT AN, AR A B

10— R U X P B AR A B A A5 13 3 1 it ) > PE S 5 R AN T . BRDAE L
PR R, TR IR I b — Wit T — i b B AR ok, X3
- BHIRERRAZR SRS —H R T & RS R, BREHES 228
RIS AT . DR, EIERR I SLAM g BRI BE Rl S M — 4y
[ PRGN PR J A o SR A 4 R A5 10— B LA K B AL BAE B 5 2 i — Wi B
& ORI B BEATUCET, $RBIRENS D VCRC M, @I AR AR R, I LALLIR
KA AFEUETT B HAD B, IR BN REURZ MR . £ TS, H
PRIt AL R WA BC X, scan—to-map L Kmap—to—map 72 H i HLAEL 2 (7
2o ARATT 73902735 P 24 IO 25 DL 2 i 2 it S )l P R 24 it 37 )
PV AL 2 BT LA . ML 5 map—to—map (IVCHC 7 =B IHERI (R B K,
[F B DG TS Pt B K o i AT AN]R8 3 SR U, 34 R B9 I AR 40 24 i 4 53¢
RS RR I E o

BEEM EAEFIR gmapping fL2 3k TUEBSLAM HESERYH FIFRENE, wHT
RBpf A FUEBSNE, RO A AR 7 8, SeiifT e ho i @&, Gmapping 7E RBpf %
AT AN R B MO PROATRER E FOR A (ER T FUE A TN R
gEEEAL, TR RN BAS R . RO R EEG BRI R T AR EE, FTLAIRR
AAEFEAI . 7EEN/NREE T, EIEAH e B AT FIR L T JUR i i Car tographer
WA NRERZ, a5 i T 3cA IR R8N . At BEE 7 5K,
FEVAT IR F1 50 T RS It vT e S BUb IS AL, S EE M ARG T4
VIPN:UEZR: 277538

Eli

3o
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9.4.3 Gmapping BEIEEHERHME

Robot Navigation

GMapping

GMapping FIFEHESEC NS, E/2HET Rao-Blackwellized Hi7JEi (RBPF)
BRSO IFIR SLAM 5%, GMapping B0k 5@ B Ao 5, Sl k78
W EEMUERL, BRI O A B T scanMateh, AR5 AN IE BURR THR 2
IIET scan M. Gmapping 78 RBpf 53 b 7 WA Mok ol
G A AR TR AE

[ HoAth g P SVEAR L, GMapping SEMHE i Sk rith HU LR35

GMapping SVERIMR AT T AT LLSEIS R g s Yt P, 7EAG /N3 et I B 35 O T3
BRUNEKS R E . ML Hector SLAM XHSOGTE ISR ERIL. Stk

Hector fENLAS NP M IRZE 5 R A S RICES, B b EUR A, RN
TRMNF RGN R EMED

MAHLL Cartographer TEMJE/NZ LIRS, Gmapping AN K2 Mk 13 Hik
A BRI A 508N T Cartographer MASE B %K% . Grapping A 2FIH]
THERERIMER, X2 Gnapping XHOGTE EMFZRICH S A HARTA] DR
HLES NI ESER . T Hector M Cartographer MIBEHHIFEARN T MR-V EIHL
w NEALAIEE A, Hector FEH T-RUKGFHA TGO, KU JCiEM A BT
I Cartographer jfe Ml T FHRABOCEHILTEM SLAM 148, HWlisch AR AT LA .

GMapping BVEMIGR S EBEAE S KT BR300, B REASRL 7 #0485 1 — i
Mo, DRl AE AL b I BT 5 Y AR R S A . RS S i @ R
I HIA BTN, [RIEAE (I A5 NPT e et L B 6, R SRIE ok H mT DA
Ho B A S AH R LB I SR RN AR AR o BT AANEEIR Cartographer FSFERIEE K
B, BRSSO U LT PRI, (H S2BRgRA 1 h g (s B A L TR it 22 K
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AR

Gmapping Al Cartographer —/MEdkTUEPAESR SLAM 5 — A2k TR EHESEH
SLAM, PFhSRVEHSIS J 3 I ] 52 4% B A 23 [R) B2 A% BE AT o Gmapping 474 ) 52 4% e
PRUERS R0, XHUE K Gmapping A& &R I FHbE, 4 — T EH
200x200 KRG, MibA& 7 HERek % 5 oK, MEAMHE SR AR, A —
AMRCFHEIT I E TR 2 16M WAE, W2 100 MRCFEEFRE 1,66 WAE. Qi
AR 500 e 500 oK, KiHCN 200 AN, AIREFLNEREL I . #IF Cartographer 5
5, A T R U — AR, RIEAE 62 1A FLES Gmapping £ /MR 245, (HIT
FRK, —MIEICAMRAER MR, EERARE A . BT R R
MRigH, Xt ERICNAERE R Nceres FEHIRAIFRA.

GMapping [IBIZAFEL T EIFR:

AR B
— J ROS { openslam 3= =
| i ] EEEE

\_ gmapping

EiEitkiE

% LA

B E ' ' RILHT

REIHHE
HEiPME - ERS

B EATEAE . £ ROS ) slam_gmapping B AKAST-ITIR
openslam_gmapping $ikEL, WY, 7E ROS AT gmapping BAFELEXS
openslam_gmapping HVELIROS 50T

GMapping AHSCYSARAD K2 WIKT Ml

Gmapping ROS Wiki: http://wiki. ros. org/gmapping

slam gmapping B4l :

https://github. com/ros—perception/slam gmapping

openslam gmapping JFYRE

https://github. com/ros—perception/openslam gmapping
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ros-perception/slam_gmapping
http:/fwww.ros.org/wiki/slam_gmapping s

b
#r 308 C++ Updated 2 days ago ro S :tj

OpensLAM-org/openslam_gmapping

GMapping Repository from OpenSLAM.org P iy A
| Bi&zd
* 114 C++ Updated on 24 Jul 2018

gmapping 2%
TE%A BATIT 51

ubot fjubot_ws/srcfjubot_driver/launch/jubot_bringup.launch http://192.168.1.19:11311

<arg

<arg

XA gmapping FFIK—S8SH DR AR K> S HUE R A 4
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map_update_interval: /& gmapping iAEHHHREREJLAD R — Ut ], B AR /MR T ET it
B AR, SN E 2 Ml RGN CPU tHHBRIR. RN E S 5Z2 scanmach {5
Wi, Ui scanmatch AT RIIAIE, A HEHHLA

maxUrange: &4 0] FH 10 KA SNPE(E, maxRange /&8 iARIFR B RMIBEE, —MIEHLT

% B maxUrange < 75 I SL L FRIIFE( <= maxRange.

T XL S H— A B B RS BB B AT

sigma (float, default: 0.05), endpoint VLECHRHE%

kernelSize (int, default: 1), FT &KX kernel size

Istep (float, default: 0.05), PRt Kastep (float, default: 0.05), fEf&fl
(RIS

iterations (int, default: 5), FAFEICALIEMEH

lsigma (float, default: 0.075), f ¥ IL MR IJHOLIRHE 2 ogain (float, default:
3.0), LSRG T BRI I gain 1skip (int, default: 0), FRKIFHEBET
¥ TR

minimumScore: H/NILELAFSY, XANSHUREE, Bye T Oem— AN EERE, B
SO G e S P TSR e, IO PO U Tt R 7 ) R I 2 20 Y ERL R 0, T 2 1 ORI
N v tH IR B 75, Py DA AT R 4

srr, srt, str, stt PUANSECRISEBAI RS S8, — BB E ABOMEA FE S
linearUpdate: Hl &% N ah L &, #4T—IX scanmatch ULAR. angularUpdate: 2% A\ Jig
2 DIREE, HAT—IR scanmatch LR,

temporalUpdate: 4 RSB AL FELL ST TS, AREE 1 JRITHE, Z1E A U 15 06 Pk
TR SERT, SSHURET, T AU,

resampleThreshold: & T H RFE[ I BRAY Neff

particles: gmapping SLAHIKL T4, K4 gmapping M F MM IESB L, RLTAEA
Wit iEAREE R, BT AR — AN A 0E AL AT DAL SR AE CRAIE 5 vH A 1) ] Bl 5 58 e ) e
J

xmin, ymin, xmax, ymax: YA LA HLE K. delta: BRI B K, BRIAZ 0. 05m.
11samplerange: £kid B4 ) 2 K R B AT AR 1

11samplestep: Zki# £ #% 8) £ /D20 K AT LIRS 11
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lasamplerange: f3:4% 5 2 AR A TR 11
lasamplestep: Hl T LAl THIIINEERFE L K2 £ 0.
transform publish period: Z KM [AIR AT —IX tf i (map—>odom F4) , BALEFD.
occ_thresh: fE gmapping IFErh G A MM L EIRGBIME, RA a0k i 5 A R
AWK EE . R REZEN 1 FERS FBULM BRI 5H.
9.4.4 Gmapping EEME

EEEEIPIE 3t 1PN

roslaunch jubot nav jubot_slam. launch slam methods:=gmapping , H4%JEAE,
ERROCE L, RATKMAB IR TF ARk,

N ERATC A rviz LB LRAFLE T AL .

FEMESBLEE TR iz ] AL T B rosrun rviz rviz

WeFEFile” SR H)” Open Config”ielil. HAfr B AR FHM A LA .

default.rviz* - RViz

jil8| Panels Help

Qpen Config o < FocusCamera == Measure . 2D PoseEstimate # 2DNavGoal @ Publish Point T = @
i Save Config Ctrl

Save Config As ctrl+Shi
Recent Configs

[x] @ Views [x]
Type: | Orbit (rviz) - Zero

~ Current View Orbit (rviz)

Save Image |
Near Clip... 0.01
Preferences ctri+P Invert Z L/)-\xis
Quit ctrl+Q Target Fra... <Fixed Frame>
- Distance 10
o ‘; _Fd"‘Ed Frame SK Focal Shap... 0.05
ri Focal Shap... v
Yaw 0.805398
Pitch 0.760398

» Focal Point  0;0;0

Fixed Frame
Frame into which all data is transformed before
being displayed.

Add Save Remove Rename
(O Time =l
ROS Time: 1627462122.44 ROS Elapsed: 459.03 Wall Time: |1627462122.47 Wall Elapsed: 459.03 Experimental
Docal 31fps

PR B PR iR Y jubot_mapping. rviz
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Wednesday 0 ES o)

<3 Elle panels Help

Choose a file ko open

| O BERA < fjubot juvm_u
G SR &
i1 & =5 5
" [ Documents B jubot_cartographer.viz
IR/ jubot_mapping.rviz
W jubot_moveit.rviz
43 Music W jubot_multirobot.rvi

¥ Downloads

@ Pictures B jubot_nav.rvi
B jubot_orb.rv
IR jubot_rtabmapping.rviz .7KB 21 Dec 2020
e M jubot rtabnavs 9.7KB 21 Dec2020

m Videos

§ubot@IUION- V¥
INFO] 1 "
INFO] . f

INFO] [1627461656.
INFO] [1627461657.
INFO]
INFO]

Gtk-
discouraged.

RVizconfigfiles +

FIIFRCE A st -
e ey

Eile Ppanels Help

() Interact | 5" Move Camera [ ] Select FocusCamera == Measure . 2D PoseEstimate . 2DNavGoal @ Publish Point & = @

I pisplays
» & Global Options
¥ v/ Global Status: Ok
v Fixed Frame oK

»a Views [x]
Type: | Orbit (rviz) || zero

~ Current View  Orbit (rviz)

» € Grid v Near Clip ... 0.01
» ~+ Laserscan V] Invert Z Axis
» 2 TF Target Fra... <Fixed Frame>

Distance 11.7219
Focal Shap... 0.05
Focal Shap... v

» B3 navagition
» “\ odometry
» @ Pointstamped

REEE

Yaw 3.12225

» @ Marker Pitch 1.5698

~ @ image » FocalPoint  -0.61091;-0.389...
»

LaserScan

Displays the data from a sensor_msgs::LaserScan
message as points in the world, drawn as points,
billboards, or cubes. More Information.

Add save Remove Rename
(2 Time [*]
ROS Time: |1627462647.86 ROS Elapsed: 984.45 wall Time: |1627462647.89 wall Elapsed: 984.45 Experimental

Rviz & & R
REENX
AN A WOE TR IEFRM 3] FREhS 2 (RS YFe R s )
K B B R R B A R X 3k
SREN LR B AT 10 B 25 [0S 40 1) [X 3
it ARG YEe ET
JA SRR ALECE AR, EHRIALES AR Bh e i K .

SRR, R & AR BT 184

rosrun map_ server map_ saver —f jubot test map
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AP, AL BT

jubot@JUJON-VM:

CMakelists.txt package.xml

jubot@JUJON-VM i % cd maps/
jubot@IUJON-VM:- t

s$ 1s

e

ps$ rosrun map_server map_saver
t_test map
INFO] [1627463366.992706185]: Waiting for the map
INFO] [1627463368.745613618]: Received a 1984 X 1984 map @ ©0.050 m/pix
INFO] [1627463368.745727207]: Writing map occupancy data to jubot test map.pgm
INFO] [1627463368.837259248]: Writing map occupancy data to jubot test map.yam

INFO] [1627463368.837445275]:

Wednesday 02 : 12

176% v E jubot_test_map.pgm

Laser:
Displays the data from a sensor_msgs:Laserscan
messa s i
billbo:

Add

@ Time

9.4.5 Hector FVE#ERE WA KRR

hector ThREGE M Sl A=W %, AFREBEME R, RREBOLE BTy
. PR, DR A DURBF A S th L as N TR BB & SR LS A g AT .
9.4.6 Hector BEHEERMES

Hector slam F @410 7 V2 f# 1k scan—matching AR, MohA&/EAS BR A5 .

Hector slam R mAETAFa S0 A AR, By DAEAS 2 b oG AL Rt T % B A
FEAST-3H X 45 EAF RS AT AT 1 s R 43R5 B b BN OGO AU REE T AL, Al
THBOE RAEH E R, A0S 4 A% R M & 0 A0 VA o scan-
matching @, FRIGFWOE AL 2 CVF MU FINIA A #: (x, v, theta) 5 SBEG AR
sNMARE R, A2 0 PRmE, SATHEARSMATHIABIENE &% (M0
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FIFH EKF JE3;

Hector slam AMRKAIFEIRE, &7 EH LR EIARE R, WEES /. Prid
FERIEERE S, T2 robot MPFZIEHIELLBARIIEIL T, @EERRA S LA, X

WREEAFIA (loop close) WI—ANEHUAE; HAE BAETHEE L EORS A 1S
fie, ToiEA R H BERETHE R

Hector WIEIEREIT BFTR~:

s include 7 #3E
e slamimainX{’fk?E WEPKF‘F%
., HectorSlamProcessor.h MapRepMulktiMap.h OccGridMapUtil.h
1‘““‘~\TJ_]§D1)C & update() e i_matchData() > getCompleteHessianDerivs()
WA - & L " = . $§$’1‘§};T¢§‘j{ _ i T
3 rosuspin() N ¢ FAHHILRE, - R TILE T . G T
SR - b i !

s “~I---1 updateByScan() evis | | interpMapValueWithDerivatives() <p-~

HectorMappingRos.cpp ‘f :’

MapProcContainer.h

HectorMappingRos() = [ EREREEs= 43’” : . OccGridMapBase.h
scanCallbacki) ,"1 _‘/ ) {__/’.')_,_: b updateByScan()
fire==F A 3 ;v ,/, E {8 bresenham®® -
matcher S {3 ,‘J B j T E T
blishMapLoopi) 7 ¢ i
publishmMapLoop! ScanMatcher.h / ; updateLineBresenhamif) <1~
initialPoseCallback() matchData() . h

estimateTransformationloglh() <

BRI ]
BEFEE - "~ -~ updateEstimatedPose()

L EIAMYSZE Hector SLAM MIEVEAER], W2 Hector JRASMIZEME, M P 1ERE

AN S 23] Hector SLAM HyRVERD, Wrlf&% FEIR S TSR EL S22 2],
HectorSLAM AHIEARHS & WIKT k-

Hector Mapping ROS Wiki: http://wiki. ros. org/hector mapping

Hector slam %A :

https://github. com/tu—darmstadt—-ros—pkg/hector slam

tu-darmstadt-ros-pkg/hector_slam
hector_slam contains ROS packages related to performing SLAM in unstructed environments liks those

in|

encountered in the...
Tr 362 @C++ Updated on 25 Aug

9.4.7 Hector #{FEM ROS HEZE

F ROS 1, HL#s8 AMFH hector mapping #MALSLZHL T Hector BUVEEK, 7EH
BEM T, Sl k7523 T hector mapping A, M ERTFahzdE, W

) BEURURTS, ATBLE b SCHREN github HbkELHE FREIE TS

hector_mapping 15 s TG 21 topic Hd R KAN] topic BIRWIT:
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Hector mapping Y&Wrif
® scan(sensor msgs/LaserScan)
F TG b B B0 7R A Edh

® syscommand (std _msgs/String)

R4 MR AN reset”, NNKEH EIFINLEE N LS EE NGRS
Hector mapping KAfi&EmA

® map(nav_msgs/OccupancyGrid)
SRV ST 1 R

® slam out pose(geometry msgs/PoseStamped)
FFAGTF RS NS, BhIT %=

® poseupdate

TN E N LS 5 A e R Bl
Hector mapping &%
TEENL BT S

]Sroscd jubot_nav
ot Isls
CMakelists.txt fig include launch maps package.xml
3JUJON ]8cd launch/
151s
Lr jubot_mapping_hector. launch
jubot_mapping_cartographer.launch Jjubot_mapping_karto.launch
jubot_mapping_frontier.launch jubot_nav.launch
jubot i apping.launch jubot_slam.launch
T 16cd include/
181s
gmapping_base.launch teb_move_base.launch
launch [hectTor_mapping. Launch | teb_move_base_omni.launch
N - ROE 15pwd

i |

t/jubot_ws/src/jubot_nav/launch/include
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output=

IXLEHLRE Hector HHI—2EZ 8, T IEDREBT XTI A AU HE 20 2 B/ il ) 46

base_frame L& ANEEAARR RAFK.

map_frame HiEIA bR R AR

odom_frame HFEIHALKR R AR
map_resolution HhPEI/p#FaR [m]. X MR BRICIA LI K FE o

map_size  HUEIRIK/N GG O] . ZHENIE T, HEEA (map size *
map_size) MM,

map_start_xmap HEZL[JE 5 (0.0, 1. 0J7E x il EAHXS MBI E. 0.5
FEHA] .

map_start_ymap HEZLMRA[0.0, 1.0J7E v i EARXT TR EMAIE. 0.5
FEHA] .
map_update_distance_thresh HEAT & 587 1 BIME [m] o 5 b P B0 97 O A 2 i
I — B R ASK, PG AIUKON BALAT BEX A K BE R, &4
map_update_angle_thresh ZHUITHlA NI M.
map_update_angle_thresh HA7 ISR A BIME [rad]. B EIEHTR A2 A
G — IR AR, P & Z ) AT RE ST A I f AR AL, B3
map_update distance thresh Z¥4& e 1 M1k

map_pub_period P #i i i [s].

map_multi _res_levels P2 /5 M I 4% 2 ol 1O B i

update_factor_free HLGTHFEMIATF, HTHH[0.0, 1. 0178 HE A HI23NH
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Je. fH 0.5 FREHZ.
update_factor_occupied BT HEHMEMIFT, HFHEH[0.0, 1.0JJEHE N AL
HI#IC. {8 0.5 RREHEL.

laser_min_dist ZRZEEALHHIBOGI M A R /NEEES [n] o OB BE I A4
i ity s KA 2

laser_max_dist ZR&Z¢EA0 T AIMOGI o A B KEE RS [n] o BE B BEIZE A4
i ity 5 KA 2
laser_z_min_value ZZt% i HIFIHEOGIH I AR T O AUEL f 5
NP (] o AT SR (R 30 AR A 2
laser_z_max_value ZZt% i HIHIHOGIH I AR T O AUEL 15
R [m] o T SR R 0 AR A 2
pub_map_odom_transform i i& /& 75 M HH & 8t K Afimap—> odom AF#.,
output_timing #yHEREE, FATiET ROS INFO AbPRAEKEOGAM .
scan_subscriber_queue_size fI#1] B IRSS 4 HIBAZIR . Wi HE AL
bl SRR 3 1 B BR3P [ 7K 21 hector mapping, WUISCEEHL4E B N HOME (451
i 50) .

pub_map_scanmatch_transform #ffc & & ¥fscanmatcher WG i i 45 e K A
F| tf, MZFH” tf map scanmatch transform frame name” Z¥HfiE .

tf map scanmatch transform frame name WIFJIHKIZSE TR, ¥

scanmatcher & Ay 21| Bl 5 5 H st IR T 44

{#H] rosrun rqt graph rqt graph #rF&Hector mapping 7 & il 45 #4) &
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R | rqt_graph__RosGraph - rgt

“"Node Graph -0
& || Nodes/Topics (all) v_,' / || B

/base_foot_print_to_laser

=
] ®

(|
Group: 2 = Namespaces V| Actions v tF v Images | v Highlight v/ Fit |(9)

Hide: v Dead sinks v/ Leaf topics v Debug tF ¥ Unreachable v Params

ridge_websocket
|

'plidarNode

WK PR, hector_mapping % HUTH ST F 2 AT fRl 00, AT P 1 /scan
HARBUHOC TR IR ESE, TR TTF G, SRIRBGBOC I SR AL R TF A2 B AN
RATHLE AR SLAM 5715 &« Hector mapping 9 s KA /map &, #if&

hector HIEFTEALMHIE. FTLAE R, hector HKMEE R 7 EHOLH A IEHE,
ATHERRT RIS S, BTl hector #EIFIRRE & HITEIR IR 1) & A8 5 8 AL
M PR S

{#H rosrun rqt tf tree rqt tf tree #r&Hector mapping [ITF ALFR KR AR
- O rqt_tF tree_ RosTFfTree - rqt
&ITF Tree D@ -0

@ | @ | vl Highlight vIFit |7 || E| | E| |

‘ Recorded at tirme: 162746456249 ‘

Broadcaster: /hector_mapping EBroadcaster: /hector_mapping
Awerage rate: 4.785 Average rate: 4T85
Buffer length: 0.836 Buffer length: 0.836

Maost recent transform: 162746456044
Oldest transform: 16274645596

Mast recent transform: 1627464560.44
Oldest transform: 16274645596

Broadcaster: fjubot_driver

Average rate: 50.882

Buffer length: 1.042

Mast recent transform: 1627464560.86
Oldest transform: 1627464559.82

b Moe lootprint
Broadcaster: /base_footprint_to_imu Broadcaster: /base_foot_print_to_laser
Mverage rate: 50,659 Average rate: 50.6
Buffer length: 1026 Buffer length: 1.087
Most recent transform: 162746456088 Most recent transform: 1627464560.89
Oldest transform: 162746455985 Oldest transform: 1627464559.8

L it 3

HE AT LIER], hector mapping 15 s &A T map | odom fJALFRARH:, X
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WLEIAE hector mapping 17 fif@ft THLES AAE map Aehr RFHIEN . HIL, SERK

hector mapping % K A FIRAE

9.4.8 Hector ZEFE

roslaunch jubot nav jubot slam. launch slam methods:=hector , ZE#EELL, &
BROLHIE, RAKEPIEER TF A2,

M8 BT R, fERMLERIZ TRz 0 AL T B: rosrun rviz rviz

fE Rviz FEEREPCR:

jubot_mapping.rviz* - RViz

") interact | *MoveCamera  [_ISelect < FocusCamera == Measure . 2DPoseEstimate . 2DNavGoal @ PublishPoint P = &
1 pisplays @ Views [x]
» & Global Options Type: | Orbit (rviz) - Zero

r v Global status: Ok

v Fixed Frame oK ~ Current View Orbit (rviz)

» @ Grid v Near Clip... 0.01

» = LaserScan v Invert Z Axis

» FTF Target Fra... <Fixed Frame>

. navagition v E:ct;lnsc;ap ;10';279

* © odometry L Focal Shap... v

+ ® PointStamped v Yauw 312225

* @ Marker G pitch 1.5698

k. Image » Focal Point -0.61091;-0.389...
r @

lopic

1av_msgs/Odometry topic to subscribe to.

Add

Save Remove | Rename |

Nor—n el

A LUE B JF U645 H 3
Rviz & & LW

Hh BB REBX

arfh WO TR B BREhT 5 CRRA e B8 s )
KE B REBH AR X
He C TR AR S RIS Y X R
R A A R 8 5T
JA BB ALECE TR, RIS AR Bl S U

SRR A )G, A Nl DL 4

rosrun map_server map_saver —f jubot test map
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jubot@JUJON-VM:
¢jubot@IUION-VM:

t_test _hector

[ INFO] [1627465218.
[ INFO] [1627465222.
[ INFO] [1627465222.

pgm

[ INFO] [1627465222.

Tyaml

[ INFO] [1627465222.
(

jubot@JUJON-VM:

AP, AL BT

tjubot@IUJON-VM:~S ls

ibot_test_map. jﬁbot_test map.yami
‘Jubot@JUJON-VM:~/juvm_ws/sr

313393179]:
497208134]:
497371362]:
605844813]:

606096855] :

rcfjubof_név[maps[

rosrun map_server map _saver -f jubo
Waiting for the map

Received a 2048 X 2048 map @ ©.050 m/pix

Writing map occupancy data to jubot_test_hector.

Writing map occupancy data to jubot test hector.

Done

jubot test hector.yaml jubot test map.yaml

AW L5 Gmapping s

9.5 SLIGA R

ffiHGmapping & Hector HLas AT ALIAEE 1L P

9.6 LRk
S H 119
SRR
S %

SPIA M Lt
SEIG e 4
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F+EZ SLAM 2F (Karto&Cartographer)

10.1 L E R
BRSO, RPN R, A slam ZERIBAN —HS 80 L.

10. 2 SEEXER

Fis 5 AL AT St 1 )0 2 s LA 2 PRI P S

RERSERMR ZAbslan G EIEIEM — S MUK & ST 2 s Lan @RISR 1.
10.3 LB T H

AN — &, B ILELAT

10. 4 SERAE

10. 4.1 Karto ZEHEZERMES

Karto SLAM

Multi-search
Scan-match
Loop-Closure
SPA/G20
pose-Map

ros-perception/slam_karto
ros-perception/open_karto

Karto SLAM ;25T BRI BAR, AmBERAAIEARER cholesky ZiRiEAT Faibi
RGMERRE R . BT VER ) B BB R R, AN s m L3 Nz — A
7 B AL RIS EHIRE, AHTRIIN, SRUHT IR

Karto SLAM ] ROS A<, HrRAMIMG A% (the Spare Pose
Adjustment (SPA) ) HAFEVL A AR IAHIC . landmark #RZ, PYAF 77 SKBUOK, SR1 &
Pl 7 2 FE AR 7 e RFR S R R A TE R, AR L2 s (robot
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pose) , RIGNALZ )5 Kmap.
Karto SLAM HIEEFEFHELE LGN BTN

U

I i+
SR M=
R AL

v
T4 R Scanto PR
A % map FruE
1
v
i
VBRI 25

M EEFRTDVE N, HSmAEE Z A SR R0, slam A& GLEER S T,
HEN—miigdE, BISE T AR, SRJFIRIE],
KartoSLAM AHICUSARHS & WIKT Hbhik:

® KartoSLAM ROS Wiki: http://wiki. ros.org/slam karto

® slam karto ¥ : https://github. com/ros—perception/slam karto

® open karto JFUREE: https://github. com/ros—perception/open karto
10. 4.2 karto ¥FEH) ROS HERRYHE

£ ROS Y, MLZEAf#Hslam karto BAFSEELT KartoSLAM kg, 7EBE
Efprh, OOl THEHITERRE T slan karto B, FIPEH o, iy
SEPURRD, ATULERE ESCHROEE github HuhbEDHE R E AT,
slam karto 7 SFTTR A topic Hli KILRAM topic HIEaT:

slam karto WHriE 3
® tf(tf/tfMessage)

slam karto AR EW tf 24, IKEWLES N RENR R 5 5 I8 1A 4 00
2, DUESRELES N AR R E AR B

® scan(sensor msgs/LaserScan)

PG A (ot A K
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slam_karto KAiifE&R

map (nav_msgs/OccupancyGrid)

slam karto ¥

odom_frame HFETHAAHRRAR.

map_frame HiEIAAFR R AR

base_frame Ml NFEAPR RATR.

throttle scans SVAFERE LD IR P Ab B — B0 R BB N @i
Her Dk E 2 ) .
map_update_interval PRI BIZ A ARSI RS (AR NN o FRARIEET
S ATEH TR A%, DA 5 g e

Resolution IR CREAS & RS BRIKED

Delta M2 (AN G IS RETCKED « So8EME. 285
gmapping HIZEAFRAME

transform_publish_period TF KA 2 [AIfFES [EIE]fG CLARD N ERAL) o ELZE
J7HE TR, EREN 0.
use_scan_matching WEN true B, @EIEZMAHARMIILLEE. £R2
HORBREOL R, RO E N true, DG EISE AT DURE IE DU REVE A R 4
B PR AR AR R o AESEERREIIR T, e rh AU P41 A 00 R a0 AR TR
VLI FE T R AR R ZE M AE R o FEIXFIE I T, R E N false 1
BE22E

use_scan_barycenter f§FTJ4=# i o1 1 B 58 S Z A PR
minimum_travel_distance ¥ WA MmN B o i OB R 7 B
KT E—k A1 minimumTravelDistance, MISERHE I HH# SR &
W, 4n R E MASRET RN EOR A RARESK, EREEFr M. T ERe R,
B AT AAENL A AR BN T A B R L T A Tl R A
minimum_travel_heading &% & W X398 /ML IR AR 40 . W SR B4 10
HHE KT E— B minimum travel heading, WIMLS 3k {d HBr A4
. SN, MAFEMEARLRRAMTHEEER, EREFF. HTEE
JEEH, B AFAENL S AR B T A AR R N A AT AR
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® scan buffer_size W& JNIAVLHACTIAFif MR BEM L

® scan_buffer maximum_scan_distance 15 NILECITAF fif I %E H 28—k
FAH RN B 5 — (AT 2 TR R e KRS

® link match minimum response_fine X 4HHCHARNAE KT ULAER, A scan,

® link scan _maximum distance B 44T 8] 1) R BS o TG v AH SS R B8
Wi, AHEERGZ scan WIEIAS S HERE .

® loop_search maximum distance 547 % fH B /N T G E B IR HEIE B AR
JNVLHL FI#E o

® do_loop_closing Ji FH/25H FARILKC.

® loop_match_minimum chain_size 4Pl EMEILENT R, B2 KE
R P — 8. IR REE N T A, WERATA 2K

® loop_match _maximum_variance_coarse ZHEUATHIMRT R, WREMIIAEL
WG B 7 ZE LU Tz fE . X0&EH TR R .

® loop_match minimum response_coarse QIFLmA N KT bAE, T LUKELES 43 3% 5

JA S RS Z
® loop_match_minimum response_fine 15N AT AR, T LAE & PR
SHEM R R .

® correlation_search_space_dimension & B VCHC #5343 FH 48 22 RS R KN
R KN correlation search space dimension x

® correlation search_space_dimension

® correlation search space resolution ¥ EAHFMAE I HER (&I
HIRAND

® correlation search space smear deviation X Fll Y A% {H & g AL
H, DABUEE IR R R

® loop search space dimension  ULPHC#8H FH R4 2= A& AN o

® loop_search_space resolution FHICKIFEHIHER (WS ITHIRAN)

® loop search space smear deviation X FIY TZEH S S, LLG) &
FEFIE MR o

® distance variance_penalty f#HilLHCI fii 2 ARG 2R . G512 R

UNT 1000, BRI o BRI 00 P 28 35 F) 8 B 0 e B
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® angle variance penalty [A]

® distance variance penalty & .

® fine search_angle offset A%ZH 2 WA B2 1K) M FEVE

® coarse_search_angle offset FHEE+E 22 1 [R) B4 2% 1 M L VG [ .

® coarse angle resolution  FHEEH Z MR BRI A E 0 HER .

® nminimum angle_penalty ffi/87EIIREE/ME, B ASBERN,

® minimum distance_penal tyii & i 73 s E0 1 e /IMEL, I BIA S5 KN,
® use_response_expansionfI R Al A KB & VL HCIT, & 75 L 2R 4 A

slam karto ¥ i ifASE &

&Node Graph

@ | Nodes/Topics (all) ~||f / B

Q
E &
Q

(]

Group: | 2 .: Namespaces v/ Actions ¥ tf v Images | ¥ Highlight v/ Fit | (7]

Hide: \v! Deadsinks V| Leaf topics v! Debug tF ¥ Unreachable |v!Params

JrplidarNode
Jrosbridge_websocket

frosapi

Juvc_node fimage_r | I-

WEFTR, slam karto 15 s (16 @G5 AR XS T 1), HAT B T /scan T @K IR
PO B AR EE, BT T TR 158, RIFEBWLE AR BT EMER.
slam_karto 7 &4 /map 1, & kartoSLAM SLyERT#E LA,

slam karto ] TF AR#rKAR
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&°TF Tree

@ | @ ¥ Highlight v Fit | (7] =

[

1 @

I E] ®
(8]

‘ Recorded at time: 1627542996.4 ‘

Broadcaster: /slam_karto

Average rate: 21.001

Buffer length: 1.0

Mozt recent transform: 1627542996.19
Oldest transform: 1627542995.19

Broadcaster: frobot_pose_ekf
Average rate: 24 473
Buffer length: 1.022
Most recent transform: 1627542996.21
Oldest transform: 1627542395.19

Broadcaster: /base_footprint_to_imu
Average rate: 50.608

Buffer length: 1.047

Most recent transform: 1627542996.24
Oldest transform: 16275429952

Broadcaster: frobot_state_publisher
Average rabe; 10000.0

Buffer length: 0.0

Most recent transform: 0.0

Oldest transform: 0.0

Broadcaster: fbase_foot_print_to_laser
Average rate; 50.634

Buffer length: 1.047

Most recent transform: 162754299624
Oldest transform: 162754299519

HEF P LLER], slam karto 5 &UKAG T Mmap 2| odom [JARARARHe, X HlE R
% slam karto 9 AR THLAS A fEmap Aebr R AIENL. B, FERK
slam karto ZEHIFHRE.

10. 4.3 slam karto EZEHE

roslaunch jubot nav jubot slam. launch slam methods:=karto , %A, ¥4z
WOETHEIE, RATRE B FILR TF 22,

IR L PR RAE, RIS TRyiZAT L T B rosrun rviz rviz

[F] LSHUR, E Rviz FAGERRER:
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X Jubot_mapping.rviz* - RViz

File Panels Help

finteract | ©¥*MoveCamera [ JSelect <6 FocusCamera == Measure .~ 2DPoseEstimate 7 2DNavGoal @ Publish Point = P
O pisplays 8 Views [x]
» & Global Options
Type: | Orbit (rviz ~|| zero
~ v Global status: Ok P rviz)
v Fixed Frame  OK ~ Current View Orbit (rviz)
» @ Grid v Near Clip... 0.
» - LaserScan v Invert Z Axis
»oRTF TargetFra... <Fixed Frame>
» B navagition 7 Dlstaln(: 11.0612
-t = Focal Shap... 0.05
5 ¥ Focal Shap... ¥

» ® PointStamped v Vaw 312225
» @ Marker v itch 1.5698
~ [@ Image b Focal Point  -0.61091;-0.389...

»

Add Save Remove Rename
© Time (=]
ROS Time: |1627543302.34 ROS Elapsed: 21.77 ‘Wall Time: |1627543302.37 Wall Elapsed: |21.71 Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 31fps

Al LR BTG4 st
Rviz & & X WF:

b FE B €5, REENX

AN A WOE TR IEFRM 3] FREhS 2 (RS YFe R s )

K B B R R B A R X 3k

SREN O 2R B AT B0 25 RS 4 1) [X g

it ARG YEe ET

JA BEALECE TR, SRl AR Bl U
PR ENE G, & ABEAR T BRI AE, ARIEE L TES:

rosrun map_server map saver —f jubot test karto
RAFHhE, M BT
]ubot'ﬂ]U]OH VM:~/juvm_ws/src/jubo nav/maps$ ls

1ubot test kartc yaml ]ubot twat _map. yaml

jubot@IUJON-VM:~ [ juvr / na s$ pwd
fhomef]ubotf]uvm wsfsrcf1ubo ndvfmaps
jubot@JUJON-VM: vm_ws /src/jubot_nav/maps$

10. 4. 4 Cartographer HiEE RS
ATHH Google Cartographer HiLi#t T Hl#s N, Cartographer J&2&T ML
W7 RIS, €5 Karto #UZEIRAHESRE, (HAEZAF, Bl Karto REUK)
sespa BT %, T Cartographer RAIfIEgoogle K ceres #J& problem fiLfk,
Karto FIRT A& L FEHEAT, M cartographer SEHUMIIE 2 LA EiiAL .
iMCartographer W3 #FZALREGREIA R, W LUEHRHBOGTER. IMU. B2
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SEAL AR MR IR 45 T IR LB AT L R R 2

Cartographer == #FQ R PRGNSR Y B I R b AR ) BRI 22 . T
PRSI P 3 A5 570 7 submap o

—A submap EH—EFEN laser scan M. ¥4 laser scan #HAILXSR
(] submap B, 2x3EF submap CLFF ¥ laser scan M HEALREEIRAG T HAEZ submap
B EALE

submap B E 7L RGN 5] 4 02 22 RO i 28 /N o SR BE A I ] RS, Bk
HKBRZ ) submap HEVEIG, submap [H] 1R ZE RAN SRR . K 75 2L P 3R
Rl 2 LA I L submap  FR AL 28 T VH Rk 8 RAR T2, I Re 1r) AL J— ANz
LRI 25— submap MIKYEETERNS, MR AZXHAHN laser scan FHAF]
% submap W, % submap LESIMABIPHMATIN G . PHIAI 225 18 P A 1) O 58 BBl
I submap.

B—NETH laser scan JIAZIMBEITS, W15Ri% laser scan Iflith iz % 5]
A submap A laser scan MIRLA L BHEIR IIE, A48 HAlscan match
W A 2 4R B M3

Cartographer H[ scan match SREKIEITTEHIMAHEIN laser scan FIfliTH4L
ZEMHT I —ANE O, BEMTEZE N F4R% laser scan MJ—/NATREMIUCHD, SRR 3]
T AR LFIIULEL, W24 Z UL 1 PR 2 A B L AR AL 1) i o Cartographer
FEE A B IS RS 2 AR RS EEE AR submap B DA TGN scan

match FRME K SZIN .
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" I'_'______'_'____'__"'______'___'____I
i . | l
i |
i | Range Data i | i
' (Laser scan/ | Vil Fillar .| Adapiie i !
Laner range/ I (Rond size) Vomel Fier | | |
1 L Poini ciowd) | | Scan Matching |
| i {cares) !
i { |
i i ! |
i ,—'—| PoseObssrvation :
o | i
- PosaE: i i
Pose | | PoseEstimate i |
| ¥ ] Motion Filter Sl |
|‘ H {limearfanguiar |- rnmmdi |
:. ] mabion o time) !
i i
IMU Data 1 i !
f L]
(LR ! | 3 imuTrackar | : | Movement or Oid
'“"ﬁm'""‘, :I [gravity afignmant) | P—
walotity) ! i
| 1
1 | Vol Grid
:| I Uipdaie
L ey e B L e e 1 [active) !
Eixpd Frama il | Dlohal SLAM [Background Bumad) !
Pase 1t bl
| I Compute Constraints | !
| {INTRA: node + 2 ! — |
insorian subvhaps
‘ INTER: koop closua)
] Sparsa Pose | InserianResull
Adjusiment | (ma, posa,
: range data
! submaps)
Esrapolate & |
PO hal were |
e tater |
|
- 4

cartographer BEART] LG AW H5T

—J& Local SLAM #B4Y, tH#iFKN Frontend; Z%HB4 A E BAT 552 @ 4
Submaps, {H i) B /2 %50 43 4 Bl iR 22 = Bl A BN 1) AR . i AH R I 2 80E A
/src/cartographer/configuration files/trajectory builder 2d.lua #H
/src/cartographer/configuration files/trajectory builder 3d.lua Hi.

“ & Global SLAM #3%y, th#FRABackend. %HB/ AL BAESS BT Loop
Closure. HWIHTATIA, PHFRMAR @R — MR, SChHaRIAR T pixel-
accurate match [, #F Branch-and-Bound Approach (BBA) 77 itk .
HARE M Branch-and-Bound Jji%, " LAZ W23 (Real-Time Loop Closure in 2D
LIDAR SLAM) . #RJE 3D 1HALT, e sTies IMU Edladk bt B 5 1l

AT, Local Slam #i7r #st BT HI -, 1T Global Slam #i7riEAT 4R
ok, B FEILRITR AL tie 2.

AIUE R, MRS TR, Laser HIEHELE PIMIEBEEREAT Scan Matching,
FISkA % T submap, TH#HTH Laser Scan #E/5 o NE CA 4 % 1 T EIE
MALE . WP AR RO, & IEIE Ceres Scan Matching SRSZIAMI. At
HRI A A L B2 5 BRI IMU BdRmb s, FORA T N — I 2 h% .
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10. 4.5 Cartographer #FFALI ROS FELE

Google FFUEMIfRALEL & BANEE4): cartographer Ml cartographer ros.
cartographer B FTALER A FHIA. IMU MR THIOBOE I3 T X s Bdfm it 1T
k9%, J& cartographer ¥RMJKZELI. cartographer ros WIHET ros HIEEHL
i SR AL A% (KA ol BN e e i car tographer |52 XIAIRE S0AL 445
cartographer b, SUL[FEW 44 cartographer HJALEEZE FANH T RRBUIRFE,
FIET cartographer )RR, ceres—solver f&—MAEZMEMILIIEE . FRATEI
AR S, R R BRI 2 FRAT A AT A T 5 B Ak P DL FH 3 A P S SR AR BRI AT

{EM BB, cartographer [IVRAGALFHLEE A3iff)™/cartographer ws3C#F3k

BOT ~1$1s

Desktop dl_ws Downloads jubot ws MNoMachine other Software Wallpapers
= carto er

isolated

1. common: JE X T BEAEIE A FI— L TR O i, DU TUNICEE I R 2L
I TR AU ORI — L e K. BB AR s, IR B LA A%,

2. sensor: & ST AR B AUAH S BUR 45 K

3. transform: & X T AL HIEHE S M LA SRR etk . 0 2d\3d NI HSE

4. mapping: & 1 _EJEN R AE LK JRES submap A4 E AT - P 2R e N A7 2
AR L o XA SR SRR 0 . HePmapping 2d Al

mapping_3d s&Xtmapping % HKA RS

5. io: EX T8 10 MHXWILE, HTHAEIEE. idxHESE.

Node Graph D@ -0
& | | Nodes/Topics (all) ~ ||/ / EREEEL
iroup: |2 |- Namespaces V| Actions I tf v/ Images | v|Highlight v!Fit | 1

fide: v Dead sinks V| Leaf topics ¥ Debug tF v Unreachable v/ Params

o [submap_list [cartographer_occupancy_grid_node

S ——
=
: _
=
-
T P




@ JUJON HYIEFBAGRA

fEiZ4T cartographer ros FEIFENT, FIHBIMA cartographer WA, 2B—1E
cartographer node i/, 1% AN cartographer HiEAZ O, T
scan Ml odom F#EIF4mH submap list s, BT AR

cartographer occupancy grid node i, ¥ cartographer #iHH]

submap_list FHEAROS FRAEMImap MRS Hb EEIECHE U8 R AT
cartographer node WUri%R

® echoes (sensor msgs/MultiEchoLaserScan) % [Bl) 55 1A %3 .

® scan(sensor msgs/LaserScan) FTG% B IHOE B A EHE .
® points2(sensor msgs/PointCloud2) r =A% A EHE

® imu(sensor msgs/Imu) IMU f%/EESEHE

® odom(nav msgs/Odometry) B FEiH4& a4

cartographer node KRAfi&mKA

® scan matched points(sensor msgs/PointCloud2) VLECHFF) 2D = %dE, HK
scan—to—submap matching.

® submap list(cartographer ros msgs/SubmapList) KA@M) submap.

cartographer node LK) Service

® submap_query (cartographer ros msgs/SubmapQuery) #2fitZr fsubmap HIARSS, 3k
H( 3 request [ submap

® start_trajectory(cartographer ros msgs/StartTrajectory) JFUR4Ed— 254k

® finish trajectory(cartographer ros msgs/FinishTrajectory) &5 —4 45 &
ID A

® vwrite state(cartographer ros msgs/WriteState) ¥ H4EIIRESS N ARG

® get trajectory_states(cartographer ros msgs/GetTrajectoryStates) 3RHUFE

E trajectory FPIRE
cartorgrapher occupancy grid node WtHTH)iE &R

® submap list (cartographer ros msgs/SubmapList) HI cartographer node #&ft

] submap #i#E
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cartorgrapher occupancy grid _node WU i)iE &R

® map (nav msgs/OccupancyGrid) ROS FrfERS =0 AIAIRES Ha P

cartographer BEEESE

TEB BB, cartographer KIFCE SEAL T HLES N
~/cartographer ws/install isolated/share/cartographer ros/configuration
files/jubot robot.lua 4. R/l LLidEt
roscd cartographer ros fi ELAZE M BIZICAFR, SCAFRITTIA:
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&‘D‘%%ﬁ:

® map_frame HiEAAR RAFR

® tracking frame H{1%IBEEMIALAF R FR

® published frame &K AfiAAHR Z ALK ALHR 2 44 FR

® odom frame HFEi|ALbR RAZFR

® provide_odom frame J&75 K AT BLAETHAL AR R4S H

® publish_frame_projected_to_2d 1R FH, W KA pose ¥IRHINLE 2D &
B, e z W) .

® use odometry {5 ¥ FHodom I

® use nav_sat WIREH, EETE fix” EiT[ sensor msgs

® num laser_scan 1] JFIEGE R EEHHE

® num multi echo_laser scans 1] [ )22 [0l 5 1A = K $ E

® lookup_transform timeout sec fHF] TF ZxFkASH ) AE K] i [a]

® submap_publish_period_sec &Afi 1B [a][EIRE, HA2FD

® pose publish period_sec &Afi pose HINf[a][AIFE, Lbln: 5e—3 #iZEJE 200Hz

® trajectory_publish_period_sec VAFPNERALRATHEFRICHIEFE, FW1, 30e-3 HF4k 30

=,
KL RERSH:

® rangefinder sampling ratio WOGTEEIAH B B [E & KR
® odometry sampling ratio  HLFEiHVH BRI & REESR
® fixed frame sampling ratio [#EALFr R IH & K [EH E KR
® imu sampling ratio IMU JH B 1 [EH & REESIHR
® landmarks sampling ratio E&HRiH B HIE & AR
cartographer FJHCE ZHE L, fEHA——F28, WETELN2~ > cartographer
ik, ATUZRCU TR, @k BT SO

Cartographer Github: https://github. com/cartographer—project/cartographer

Cartographer B J7 Doc:

https://google—cartographer. readthedocs. io/en/latest/configuration. html

cartographer W] TF ARFRKAR
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rqt_tf_tree_RosTFfTree - rqt

L7 TF Tree 50 - ¢
® | @ | v Highlight v Fit |9 =ENENE
‘ Recorded at time: 1627630596.92 ‘
map
Broadcaster: fcartographer_node
Average rate: 201.023
Buffer length: 1.065

Most recent transform: 1627630596.84
y Oldest transform: 1627630595.77

G

Broadcaster: /cartographer_node
Average rate: 225,22

Buffer length: 1.066

Most recent transform: 1627630596.84
y Oldest transform: 1627630585.77

Broadcaster: fbase_footprint_to_imu | Broadcaster: frobot_state_publisher Broadcaster: /base_foot_print_to_laser
Average rate: 50.639 Average rate: 10000.0 Average rate: 50.624

Buffer length: 1.066 Buffer length: 0.0 Buffer length: 1.067

Most recent transform: 1627630596.87 | Mast recent transform: 0.0 Most recent transform: 1627630596.87

Oldest transform: 1627630595.8 y Oldest transform: 0.0

Oldest transform: 1627630595.8

HEHF AT LAE 2], cartographer 1 & kA 1 Mmap Fllodom FJALFRARH, IX 5k Rk
% cartographer 17 pi3EHE T AHLEE A fEmap 4R 2 I E L

10.4.6 £ ROS H#F Cartographer ZEEHE
FERGEUEF T, cartographer EISIERIR S SCAHAL THLES N

~/jubot_ws/src/jubot nav/launch/jubot mapping cartographer. launch

WA :
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10. 4. 7 Cartographer EEHE

roslaunch jubot nav jubot slam. launch slam methods:=cartographer , &%)
B OEBROCEIS, RAMEABEER TF .
Pl A FREAE, R IZ TR iz T A4k T B rosrun rviz rviz

[l EYSPR, 7 Rviz FEGERERE:

File Panels Help
) interact | % MoveCamera  [iSelect  «f FocusCamera [ Measure 7 2D PoseEstimate ¥ 2DNavGoal  § PublishPoint P = @

O pisplays

»® Views [x]
» @ Global Options

~ v Global Status: Ok Type: | Orbit (rviz) ~|| zero

v Fixed Frame oK ~ Current View  Orbit (rviz)
» @ crid v/ NearClip... 0.01
b~ LaserScan v Invert Z Axis
» O TF Target Fra... <Fixed Frame>
+ [ navagition 7 Distance  7.02958
PN odomats 7 Focal Shap... 0.05
F y Focal Shap... v

» ® Pointstamped v e ST
» @ Marker v itch 12948
~ [&@ image » Focal Point  -0.61091;-0.389..

»

Add save Remove || Rename
® Time [x]
ROS Time: |1627631213.43 ROS Elapsed: 122.91 wall Time: 1627631213.46 wall Elapsed: 122.91 Experimental
Reset 31fps

A DUE B F U645 H 3 1
Rviz & & XWR:

1 O T BB B 5 RPIRIE )
e A B IR I

A ELEE B I B s BT U

ne A

JA B BE TR, ERIPLS AR S e s .
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R, E RN 2N B B Nl BN E 4
rosrun map server map saver —f jubot test cartographer

TRAFHIE, ﬂ@ﬂﬁ%?

]ubotuJUJOH VM: ] S roscd jubot_nav/maps/
]ubothUJou 'H ot_1 $ 15

]ubot tcat kdrto yaml jubot test map.yaml

jubot@IUJON-VM: n_ws/src/ sS pwd

}homc[]ubotf]uvm_

jubot@JUJON-VM:- m_W re t_na s$ rosrun map_server map_saver -

t test cartographer

[ INFO] [1627631391.799848006]: Waiting for the map

[ INFO] [1627631392.0070796895]: Received a 143 X 98 map @ 0.850 m/pix

[ INFO] [1627631392.007203701]: Writing map occupancy data to jubot test cartogr
apher.pgm

[ INFO] [1627631392.007921705]: Writing map occupancy data to jubot test cartogr
apher.yaml

[ INFO] [1627631392.008216387]: Done

jubot@IUJON-VM 12
jubot_test_car _ ]ubot test karto yaml
jubot test cartographer.yaml j

]ubot t' t map ydml

ubot@IUION-VM:-
10.5 SLIOER
ffiff] Carto & Cartographer SrALES AFTALIRELHIHLE
10.6 LR
S H i1
SR R
S P 2

[N 4 bt
y{"%)&j\ él:l
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$+—%F Navigation HESM (L)

11.1 LR EK

FEfR navigation SR BT LA K — BB A 7 v L
11.2 SEEER

BEOSSCBL BRRAEIE 1 SRUTDRERE NS AR ST A (ST
REBS SR %SRS X, LRI i

11.3 LB TH

AN — BRI R R

11.4 SLBRARE

11.4.1 £/ Navigation BSEPLERBREMH M FAITHAEE

FE bR Ja BATRINAG 2] 7 BATFr R BERIb I, N i 3A TR 335 L9
MR, Jeki T —F navigation SHUEMISEPRE .

T T R EP = s A R4 5T P TN

roslaunch jubot nav jubot slam. launch slam methods:=gmapping

FA 1M H gmapping it — AN Hb A

jubot_mapping.rviz* - RViz

ent View  Orbit (rviz)
0.01

Target Fra... <Fixed Frame>

Distance  11.7219
Focal Shap... 0.05
dometry Focal Shap.

Yaw 312225
Pitch 1.5698
» Focal Point  -0.61091;-0.389...

{vwwwv~

 add |

| save || Rem Rename ]
© Time =]
ROS Time: | 162772120516 | ROS Elapsed: 283.25 | Wall Time: |1627721205.19 | wall Elapsed: [283.26 Experimental
Reset | 31fps

IR TR QEBERRIATERL R THLSA L, AR BN -
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INFO]
INFO]
INFO]
INFO]
INFO]

471]1: Writing map
1175]: Done

rver map_saver -T nav

A T A, VR AR R AR N 2R B A

roslaunch jubot nav jubot nav. launch map file:=/home/jubot/other/map/nav. yaml

Cancel

| © BiEER
y  FEF
W =H
[0 Documents
~» Downloads
dd Music
A Pictures

l Videos
bl HEHE

+ Effi{uE

4 Mjubot juvm_ws src jubot_viz rviz

et

| ]

IR jubot_cartographer.rviz
B jubot_mapping.rviz

B jubot_moveit.rviz

B jubot_multirobot.rviz

B jubot_nav.rviz

W jubot_orb.rviz
IR jubot_rtabmapping.rviz
B jubot_rtabnav.rviz

rviz, EFCAEREIFAIrviz KA

Choose a file to open

BRRBUATLAE rviz TEBWGSAERED SR —SEE T, Wi
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File Panels Help

|t Interact ‘ <7 MoveCamera [ Select < FocusCamera ©= Measure .~ 2D PoseEstimate . 2DNavGoal @ PublishPoint F = w
~ # Global Options
Fixed Frame map
Background Color [ 48; 48; 48
Frame Rate 30

Default Light v
~ ¥ Global Status: Ok

v Fixed Frame OK
» © Grid v

RS

Fixed Fi
Fametwhhlldt s transformed befor
being displayed.

| aAdd |

ROSTime: 162772387121 | ROS Elapsed: [96.59 | wall Time: 162772387125 | wall Elapsed: [96.50 | Experimental
| Reset | 31fps

KAFAIMEE— PRSI, BB MBI PIA B R O Ei sk, 20
722D Pose Estimate #1 2D Nav Goal, FRiHMIAMINGRZ B RmmfEE, EhAL Ok
I H RTHLAR N, 206 Y B AERREOE T8 IR B I BRG 1, 18 6 R A,
X BUR N AT R TR X8 AR BT A B . A 7RI 5K ]
HEEE R I, £L TR T IR BRI A RE R i I M R IS RE JE AN 4, A IR RS
X A EZAT SN B R — 5, R30I, BOARIPLES AR A5 518
Gmapping IR L i — 2, BT LAIX BLIRATA R g R 55 B8 — Pl R AE A T I
(IR ik BT FETF A6 05, SRS TR AT SIS Bk AL B8 A F2 (5] BI040 i 507 B A%
) s B Fhmh S 2D Pose Estimate IANGEET K, SRS Ao Hh i — s i B
RAF AT LA OER RO R R E AR B OAR E R R,
i DR i G S I 2 B R AL R 5 3 A AR A 3 R [R]— AR R

SER ARG S 2 JE AT LS 2D Nav Goal AR/ANHisk, ARJG 76 5 o AR
IEHLE AN Z T IR R, Hlas Nt B aiRIBRAE, REEE BArnfrgt v, 1
ATREFE A, WL A BB, Hin— AN AR HELE SR S M (¥ g 1% B
Ples A2 BB R, sadix DA, RoRZER A
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Eile Ppanels Help

f | s
‘@ Interact | " Move Camera [ Select 4 FocusCamera == Measure .~ 2DPoseEstimate  ,~ 2DNavGoal @ Publish Point

~ & Global Options
Fixed Frame map
Background Color [l 48; 48; 48
Frame Rate 30
Default Light v

~ v Global Status: Ok
v Fixed Frame

» @ Grid

» > TF

» wl Polygon

> navagition

» 7= PoseArray

» ~\ Odometry

» @ Marker

» $% MarkerArray

» . Laserscan

» B image

<0
=~

<] & & & & & <]

| add |

) Time

Jjubot_nav.rviz* - RViz

ROS Time: |1627728596.47

| ROS Elapsed: [39.61

| wall Time: [1627728596.50

| — RSP A S

11. 4.2 Navigation SR

SHUT R SEIL T E R K EE navigation MREALAERTEAMI, navigation /& 2D
AT, BB of AR A DL SR AR, BB A
fig tH H AL B DL R 2 A

HFHZEME PR

| geometry msg'siPoseStampedl RizE EBHAE

PO IT B F PSRV PR S T P AP A S T SR S

| Wall Elapsed: 39.51

* = @

[x]

Experimental

21 Fne

Navigation Stack Setup

move_base4X {4 [move base " . ) i
é?ﬁ%%ﬁ?ﬁ%fﬂ LEHFMLE nav_msr;sl_a%emap map_server ‘
(bal_planner global_costmap EUﬁSLAM 279 E
B R :
’7‘7, ZIEHIGER . [Emrmem 7
‘ sensor transforms s internal . Sens;eﬁ:;sstgf:rscan sensor sources
i ] tftfMessage nav_msgs/Path recovery_behaviors E a2 i
‘\ M EATRE BB
iR A IR LN AE
odometry source “odom" -@jﬁlanner local_costmap
nav_msgs/Odometry
ERIHER  |SapesizaL B E

1531722258772314.png

i+ "cmd_vel"

geometry_msgs/Twist | &1 25 U

\

&)
base controller | "

provided node
optional provided node
platform specific node

FAIBERIAZ L AE move_base i, EHUORHBERETHE. PLas NESAE.
M R A5 L, AR S A AT R R AR R R e R R RN T REAE R
P A F B N AR A BT A AR AR B LA, IR B E SRR I RCR

FRIBERI LI E S B =ARRAUE I . SRR AL &5

110

HbR, JFESH



RYEEVSAFRAR

AR AR AT WOt H AL BB R E B O E. £ navigation
fizhaed, BRI BRI AL ri B 25 RO BR 2R, AR 4 & AR THE B LA
DM TR TS PRV A W =24 AR B R A 24 S R B ) SR P B e DLIA BB R A AR R o e
o o5 Rl ) it 2 LA TR JEE i & (AR 2T H

AR HT—F navigation XA launch SCfH:

ATUE RN T =0T i
® \Map server: JNECHE B FH K Ik 55 4%
® Amcl: FEFHLERIRIBOGER, BALTHSLIIMSEE AL
® \love base: TS EEACHITTT A
11.4.3 amcl HEEN
Amcl 22T IA K 50 Bk SEBEAR B E ALY AL T LS AAE
A AL
B RANE— Famcl W5 KA
Amcl VT BF H 5 R :

oG T IA M H 18, ERET amcl EAL
/scan B, XA DA AT/ 55 BT [ 11 A

NBATERGE H A5 B AR .
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/tf

B T A A8hR R FAR T, T AR
AR A B

/initialpose

AT CEFD IR I A 1T 2 MH
AT 22, A B E L S TG T — T
PLES N BIHTAEAL 28 o

/amcl/map

M AE launch XX H X B [ use_map_topic
Htrue B, amel DT [ 12% 05 R IR B
RGO RBEAT E AL, HARRE
use map topic A false B AT R %1%

R AT LA o

Amcl BATHIE™:

amcl_pose

HLES NAE 3 LA 1 5 22 R A 284 o
TR Ul BB T B R A I A 2 A
HAGIR, iz E e A2 B R RE 2R
AAKR A /map AR BRI R I

particlecloud

FERL T PEPASEY N 10— LR AL A T
AT PVEHEAE rviz RN, AR HIREL
RER

tf

RATM odom AFR R E| map ALAR AR ML
#e, M9R% odom Ak & AT LAME A
odom_frame id ZHok HHT WU A F E X
(FIAATR R ALK o

ETRBATKRES ancl H A AWLETT LB S 4L

TS T LABLRE KB 5L

min_particles (int, default: 100): JEJZSHFEH/ DR, E 8O E AR
ERAT, HSEAH R 23 5 6 T R YR FE
max_particles (int, default: 5000): JEW sk T4, &4 LIRME,

NRZ MR T B PRSI AELZ .

kld_err (double, default: 0.01): ESZ/AR 54500 A Z 8] I KR 2
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kld_z (double, default: 0.99): Edr#Esrfr%y (1-p) , H p EfliitiAi b
wZ/NT kld err MIMEZR, BRIA 0.99.

update min d (double, default: 0.2 meters): FEFATIEVEHBlF#iEshEE
B9, BRI 0. 2m O T HLRR TSR A R, ASEARY AR AR 12 B ANk PSR AR 28 A8 22 AR I 25
T HAER AT SR, S R RANLE, T RN L 2 RS A S 1
FERIR, EAMER VA K THLEE A4, 75 0B S F A2 1 AN 6] m] e A2 56 A AN R 1Y
2R .

update min_a (double, default: = /6.0 radians): ATV S BT He G 1/ B .

resample_interval (int, default: 2): 7EE RFERT TS Z U8 B IR AL

transform_tolerance (double, default: 0.1 seconds): tf AF#eA& AR K
), T tf ASHAE AR E] 2w .

recovery_alpha_slow (double, default: 0.0 (disabled)): 18 ) P44 &E €
W TR BRI, FEYCE A 4 B s B mBEN LA 25K recover, BRI 0
(disable) , A[fig 0.001 f&— A

recovery alpha fast (double, default: 0.0 (disabled)): PR FINAEE
B RIFR BN, PR E AT 4 g8 I S I BEN AL 4R recover, BRIA 0
(disable) , AR 0.1 &/NAEHIE.

initial_pose_x (double, default: 0.0 meters): HIUALIEHME (x0 , FFH]
aat R A R AS . (initial pose ZHUREMUE L IIAIGAAL LRG0 .

initial_pose_y (double, default: 0.0 meters): #IAAIEMME (v) , HTHI
st m o A RS . (A ED

initial_pose_a (double, default: 0.0 radians): WIEARIEKIME (yaw) , HTF
HItaA o A e A . CRLTE )

initial cov_xx (double, default: 0.5%0.5 meters): WIHARIEWHTE (x*x) ,
M TG A e 2%, (initial cov Bk EWIMERL THERITEED

initial cov_yy (double, default: 0.5%0.5 meters): WIIGHIZEWIITZE (yxy)
Mg s . (D

initial_cov_aa (double, default: (m/12)%(m/12) radian): WIGAHIEM T2
(yawkyaw) , HTHILAN SRR ORr T3 MW ZE)

gui_publish rate (double, default: —1.0 Hz): 34514 & AT 2 AT A4 B
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R KR, WESHN-1.0 BoNKEEILIhAE, BRk-1. 0,

save_pose_rate (double, default: 0.5 Hz): T E—WAbiitAIA &R 5 2 5
SHURS 35 10 B RTE R o B ARAT A 20 2 FITEE B IZ 3 LR IR IR 3% . -1. 0 K
At

use_map_topic (bool, default: false): 4¥EN true Bf, AMCL ¥4§<x1T B map
TR, A RS R B . MR UG E N true I, A 5350 — A1 S ()
RKAT map WA, AL AL AT R R, IR amel TREMEA: MB
BN false If, it map server, timhiLififlC 4TI,

first_map_only (bool, default: false): BN true B, AMCL KAUAXfHFH
VT B A — N, T AN A RSO3 R B BRI D — AN 3

AR E R PTE BRI S 4.

laser_min_range (double, default: —1.0): H/NIAMTERE, S E N-1.0 I,
W S8 O B AR B /N

laser_max_range (double, default: —1.0): HAFIMTERE, SH&E N-1.0 I,
W S8 O B AR B A

laser_max_beams (int, default: 30): SEBFIEME#RNT, M+ 2/ 04N
B SRBEAE T OB/, W E 40 R 40008 AR A AN 3 (4 T A/ e 75 R
KB i RS R E AR .

laser z hit (double, default: 0.95): HEAff) 2 hit ForRNREHUE, BA
0. 95 GRABCE 1. FLAT =300 52 e 7 F) TE A 30 L —— DA 8 P i D B S P e o B4,
J& laser_sigma hit Jymmif 22 () e 74 A AL

laser_z_short (double, default: 0.1): Rz short #/IREGHUE, Bl
0.1 GRABE 2. BAGBE CGRUT—IumEOT v M0iR 0~MEEES (kR
KEEBD IIESr: —n de” (-Xdz), HRHMHNO, Hh n AEA—USH, A K
laser lambda short,z SN t EZIR—APRSZINEAE (—ANIREAE, DUEE A& B — U
BHIEE I E— RPN EMRED O, EKHEE, WA .

laser_z_max (double, default: 0.05): A1)z max F5rAIREGHUE, BRIL 0.05
CRAME 3. S RIMAE RIS 1, HRHN 00, WiFEmisem O, Bk
BAAPOER REGR FROIE, R ECRIERD .

laser_z_rand (double, default: 0.05): #H[] z rand AR EGHUE, ERIA
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0.05 GREHE 4. FEHLINERE 51040 (1 P A% 0~ KNEEED , 5%
ETEMRERIIE, AR 2R, ERESHTD .

laser sigma hit (double, default: 0.2 meters): #WHEMRAIRZz hit EBHH
R R (AR AEZE, BRINO. 2m.

laser lambda short (double, default: 0.1): #&#A! 2 short EB/HITEEF RS
B BUA 0.1 GR4En Ae” (Nz), A BOKBERE B RS AN R IEREL .

laser likelihood max dist (double, default: 2.0 meters): Hu[ FffFERGY
TR i R BB, FfELikelihood field # (1likelihood field range finder model
WA 7 i s e gy, CH AT SO R IX N B B N IR B P R Ak A 22, {2
FEEORARIIEK, AWM AR  XHEFEHR B laser signa hit.
AR TSR AR B B2 ¢ I 2R & NI (i 2504 3 i N 2 9 Bl A 0 84D
R AR, BAMIEMER: Zh * prob(dist, o) +avg, Zh 4y laser z hit,avg N
BIS) ik, dist LS YIRIEEES, prob A 0 NHORHETEN o
(laser_sigma_hit) (¥ AIRE 2 2

laser model type (string, default: “likelihood field”): WEERIZEALE X,
A P& beam, likehood field, likehood field prob (Fll likehood field —#¥{H &

A4 T beamskip FFAE—E MEIER) , BRiIAZ"1ikehood field” .

AR B EET S

odom_model_type (string, default: “diff”): odom M5 X, FLAZ"diff”,
“omni”, “diff-corrected”, “omni-corrected”, J&HiPIANENTZIRA BLAL IR )47
TE, AR R AR T S A N

odom_alphal (double, default: 0.2): $&%E HHLas NiZahEk o Hieks 7> S b
EREH RS IR, BRIA 0.2 CIEREAFAEestgrs) .

odom_alpha2 (double, default: 0.2): Hlds Nizzh#isr #-F# 7> Al i EE T
JEEE M EAERE R, BRIA 0.2 (Sl RE PRSI ) .

odom_alpha3 (double, default: 0.2): Hlds Nizzh#lisr -F# 7> Al i HE T
PREIIAEEME R, i (double, default: 0.2): HLE§ NIZ3hEE TR 245 1T B
THFRE IR, W SRR H N B AL AR R THE B EC BRI 4 5t vT DL i
BERIIR/N
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odom_alpha4 (double, default: 0.2): L&t NiZzh#lorAIeHe 7> &G THI AR T
TREMIER R, (RUEE X 4 A alpha EBUK U R LT AOIR 2K,
odom_alphab (double, default: 0.2): “FREAHIHIME S S5 ((H THEALE " onni”
Mt oL, BE IR AR AR EN 4 HE R B %S5, GUMEERRN 0.0
odom_frame_id (string, default: “odom”): FEFETHERIAEFHMIALKR A .
base_frame_id (string, default: “base link”): HL#s ANMIFEARFRZ .
global_frame_id (string, default: "map”): HI3E{LRGLAA IR R G FK.
tf_broadcast (bool, default: true): BN false FHIE amcl KAG4J=ALKR
AR AR R[] AR 4
FHAMSREE R, amcl RATH) tf BHZ map B odom AU, FHTIEIES
TS ) L3 B odom ANHERF o

Odometry Localization

ANAIHEN;E
Dead
Reckoning

ranslation
Orientation

lodom_frame /base_frame

AMCL Map Localization A o
_— BiRiHER AR HEMGE
Odometry Dead
Drrift Reckoning

lodom_frame

/base_frame

Orientation
O~y e P
~ Zlodom_frame#F¢ik -
___________________
Estimated by AMCL
fEamclPE LB EIbase_frametlffimap_framefIZE2

11. 4. 4 move_base LhREfEH

FERLAS NHEATER AR, FRATTR B0 B R SRR R KSR A e B E Rt B ok
AR . MKEERTZ SLAMEE BB (Bl tngmapping) M EE B — sk 2 R b &,
{ERAAARGE — 5K S5 AR 1 22 SR ML R AT I o DR it LR B 1R, JEIVERE N SR 5 B
H ] BRI BERSYME B SIS, S S AV TR S (R B4t IAE 2 R
Elrh, B0 IR RERSYIIAE O 2 NFR B B P B Bt 17, I8 AT Tt 75 R B I 58
Kk o [FRS T EOAR R -k B E K = A E, B A S AR RS B
R Bl X IRAN ARG R R X e AL ANLEXAE A B g AT BR AR R, 2 SECIRI B A

figsz 4z, DUONBATIPLER NAERL SIS 75 B 5 Fhe ) 2 IR ORAF — € 0 L b i ey, XA
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P NAE i B P A2 S i B 224 1

R TTEEBHRE

costmap fAJELRULH RN 7 IEIX S B EREAT SR N T, D EBRAE HEAT B AR
RIMAFAER), SEIEAEH] costmap_2d IXANERAFERSCILR, P ELLE B dA b SH]
THIRFIIME . —2 local costmap, FAb—ANwlj/E global costmap, H#E4T
REFATLLHE T, PIsk costmap —MEARFHAEMLIMESRH), — A2 NEREKE
FRIHE 1. ToiA2 local costmap B4 global costmap, #EA[LARCEZMEE,
5 i J LA

® Static Map Layer: @R, BA RARMMEE, @HAL SLAM EaL

SERAHI AR

® Obstacle Map Layer: [EIGHIER, T3 M0 AL KA I B FEIGYIE
B

® Inflation Layer: WHK/Z, 7EULLMZME EREATIZAK (RIANT5KD , DLk
bl g N L BEAg ).

® Other Layers: {Ri&n] LLd fdf e H 2928 costmap, HETCA Social
Costmap Layer. Range Sensor Layer ZEJFURdfL.
£ )3 3 move base W AR, HH S M# costmap_common params. yaml F
global costmap Fllocal costmap PN 4425 A, DRONIZEC B SC A& — ANl AR
i ERCE 2%, B local costmap Al global costmap #ifi ZACE KIS H. AR
local_costmap_params.yaml & & [T 2N T Jg & AR 4 th B B & W = .,
global costmap params. yaml S&%[ A4 R H B E S5
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FATHEN — PR EFE AR costmap MRS H:

BENAZ SO AT AR I
costmap_common_params. yaml .

global costmap_params. yaml -

local costmap params.yaml SC{E#BEEIAL.

$1JF costmap_common params.yaml: costmap common params.yaml Z#(& X U

robot_radius: WENL& AKEAE, BALEAK. WERHLES NREIEH, HUTLLE#%
BWEZSH. WRHSAAREZRBM T EMM footprint XANSH, %SHRE—
NI, Hrp iR AN ARARUERNL S A B — 5, ENLES AR08 (0, 0], HRAENL
SAAFRITEAR, FBIHLES NS H AR R RIAT, BRI 225 T BRI E -
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T x4 footprint2 18 &
(0.1, 0.1) (0.1, -0.1)
JIEs 4+
- footprint: [[0.1,0.11,[0.1,-0.11,[-0.1,-0.11,[-0.1,0.1]]
ERERMEA| (0,0)
Y3 iR 4t
(-0.1,0.1) (-0.1,-0.1) | footprint: [[0.1,0.1],-0.1,0.11,[-0.1,-0.1],[0.1,-0.1]]
X4 AT £+ 3K B £ 1% B S 20ET =2 o] LARY, iX 8
AR RGBS
FiDHABEA (0.1,0.4) footprint: [[0.1,0.1],[0.2,0.0],(0.1,-0.1],[-0.1,-0.1],[-0.1,0.1]]
:‘;;;: &—

(:0.1,0.1)

obstacle_layer: it B FhG 4 & )2

enabled: 2 %53 Hl %)=

combination method: H RS ¥ B ROEK1, FISRTE HiHLE M, — it E R 1

track_unknown_space: WIH B E A false, A4 EAME L R 2 il A
B DR p A, RIE Y true, AL BT, H XINUR R X =R
AR UBRAZSHRE Htrue FIE, SRS MR LR AIX I 20 2 v A
H BN X, IXAEERAT 4 R B AR, AT DS — SRR R AR A X ok 2 5
BRI, R ERXFERIE R IZ S B E N false. A — BB ARIRR AKX
AR Z A E AT DLE Rl X, R — BCRZ S HO BN true;

obstacle_range: ¥ B ML 4 NSl bGP i Ve, T 82 Uil i 1 v BBl A Py
Yo, JEABEATRCIN, A SEE BZ 70 N A HEAZ R 24 7 R B AR AR A 2 Y R h
W

raytrace_range: fENLEF ARSI FE T, SEI T ERACH b 1L A RReRS ) e KTE
SRR H R S A R RN B E Y 3 K, I ABERETE 3 KRN IR,
AT A, (HRARKABA 1, Bamt 2 R, KiH
BRG] Aac v vl BA E R 2l 23 1)
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R, BIHOETIL, B, AR, AT R T
IS

laser_scan_sensor: ¥ IO T 1A f5 &35

sensor_frame: JOV T ALK (AL bR R4 FK

data_type: #OGTE IAHHE R ;

topic: WML H A RATIIIE G4 ;

marking: f& 15 A] LA FZ AR G R R e B4

clearing: /& 75 AT LU FH 2 A4 28 R T R A M b ic o B H i)

inflation layer:[Z/K/Z, H TAERERGFYIIMbRIC— 2GR X8, 7ERRAR AL 75 22
T S K X 25

enabled: /2 {53 FHiZ)Z ;

cost_scaling_factor: JEZMKIE 2 o S FH BB A B BEL 5, A4 b 18] o 21 S it
WSPDEE B AE A DTE AR B IR PR Z MR TA cell W RME AN A sk TR
i
exp (1. O%cost_scaling factor*(distance from obstacle—inscribed radius))*
(costmap_2d: : INSCRIBED_INFLATED_OBSTACLE-1)
AH costmap_2d::INSCRIBED_INFLATED OBSTACLE HRi#gE N 254, {E&: HTE
A Hrcost_scaling factor 3R T — %, Fr G K HLBIEE 7 S 2 B AT
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inflation_radius: WKF1%, WIKZESERESYAN K B2 Z 000, —&
FEZAE B E LA NRBL I BEAR KN o A RS N2 i B I it 75 20 %l 4
28 ok I A e T RN AR
Static_layer: i &SHEE, B SLAM FazE i 2
enabled: &% 5 FliZ K =

#1JT global costmap_params. yaml 3. 14 :

global costmap params. yaml Z%(& X U1F:

global_costmap

global_frame: 4 /s &I 75 ZAEMR AN A4 AR &R R I8 AT

robot_base_frame: 7E 4 R UM L B L s AAREIREARFR 2, LR AL &S N L ROAR
HAFR # o it global frame A1 robot base frame HUAT LATH PN ARKR 22 2 A1 A8 He,
FFEINLEE NTE A RALAR R IR ALAR T

update_frequency: £ Jaf U BT SEHTIAR, — M RO B BB AR I B A B
BN,

static_map: B R G map server RALMIHLERYIMA, — M4 mth I #E 2
B, TEIE Ntrue;

rolling_window: & S 7EHL a8 A B R th 5 EURBN & 1, IRADRIFHL &8 AL 241
WO

transform_tolerance: AAHR Z[A] A i AT LA 2 32 F) e KAE Y ;

plugins: £ global costmap i FHEI =AM KRG =ANAREZE, 75k
static layer. obstacle layer Ml inflation layer, & —4" master layer K

TR .
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FTH local costmap params. yaml 3CfF:

local_costmap params. yaml ZS¥& XF:

global_frame:E/mE UMM B I RALIR R, — KT EREN odom

robot_base_frame: Hl 4% N AS A FEAL IR R ;

update_frequency: Rl b P& 1 SE R R

publish_frequency : J& & A LA LB A A AT ;

static_map: E#SACHT L — A BB OV ERSHBIEL, R FR SR S AEHL 45 B
A TG 3N A BRRG )

rolling_window: ff ARSI E 1, IRAORIFHL & ALE 210 = Al B f b s B

width: RN E HITERE, ALK,

height : ¥RANE LI L, BALZK;

resolution: M Jr#F A, 273 HEAan] DL b FEURH oS 82 O TG B S A SR
F;

transform_tolerance: f& AR AA 1 I v YA m 28 2 T Bl FA) die K PT B B2 SE I

plugins: 7EJ&# AR ML Bl R, ANTREFSMEZ, BT RS & DA 1
FIEBERT Y, BTk 7 Bk A %2 (inflation layer A1 obstacle layer) BT,
Al 5 Rt T 3R AT SR R A

move_base & FMIIIRERIAZ Lo, FEFHULRE P MR S H AR DUL I A5 S
R4 Rk, BA 7 ERBREIEAY, N T %S — LR a7 & A i b T
N, IETER AL ) — AN R BEEEAT SR i AR R, RORI A B AR BT RE IR 42 SR
AR, RIEA T R R BRI . A5 E B AR R S HOR B move base A
KEIZH, 1E move_base WA ZFMARMBI A F Lk, FATHELVF nove base B
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RN 1 MR A SR

£ R B KRR R

navfn:ROS " HUERIFHHIARRSG LI T di jkstra A1 Ass Ja Rl 5002

global planner: BB sLEl T Dijkstra Al A%&EMIRIS%, TLLEME naven (1)
U o

parrot_planner: —ffifi] 5 1 S SE I 42 R AR AR BV

JR R 2 A MR L5 -

base_local_planner: 5Bl T Trajectory Rollout Al DWA i Ja Mkl 1%

dwa_local_planner: SZHl 7 DWA RIS, ATLAEAERZ base_local planner
() O R AS -

teb_local_planner: B FCAF IR MRS, BRBREMBRINEFMILE S,

move base_params.yaml ZZSEHIZE XU TF:

shutdown_costmaps: 24 move base fEANVESIRESHS, 2B costmap.

controller_frequency: [MJEALIZHI BN TEE cmd_vel KiEM AR,

controller_patience: 7E %% [A)Jf B AEPAT BT, 12 48 46 2 1IN 1) S5 Rzl T
Ko
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planner_frequency: 4R IRI R BT, WIRIE Y 0. 0, )42 FKI 2543
TEFRCEIHT H AR a2 503 73 MR 28 4R 55 PR A% B JE I A 23 BT HAT R B

planner_patience: 7£7% A BRAE AT AT, B 45 FRI 48 2 KN [ R AR HE — 2% 2L
L.

oscillation_timeout: BUATAEENIHIET, FLVFHRS; AT K.

oscillation_distance: KR[FIZZN7E % KEEE UL EA YN N2

base_local_planner:#& i+ move base [¥]/sHHEI#E 4 75.

base_global_planner: {5 T move base [¥14x & K454 4 FK.
global_planner_params.yaml X FHRIER®KRE, ESHEXWT:

: "global planner/GlobalPlanner”

old_navfn_behavior: #77E - 461E WL, 261k global planner ZE4E# navfn [
Dige, WAt & Atrue.

use_dijkstra: WE N true, ¥EH] dijkstra H%, BN ARE.

use_quadratic: BN true, FH8H Z Uk BR BT AL pR £R, 15 A FH 5 In ) SR () 1 5
a7 2, ERENT B A SR U

use_grid_path: WIRWE N true, MEHRI—ZKATE WAL R HIEEAR, T B
ZEBRPIRE, 75 KA R B N B B, BRAR SE DT AL

allow_unknown: 52 75 70 VPRI S MR 28 0 AR AN IX S B8 428, RBTHZSHON true
BT, B AEcostmap_commons_params. vaml H1i%E track unknown space Z%ith
N true A 47,

default_tolerance: ¥ & [ H MM PEATY) S JEiT, F Z LLZSHOy 42 T4k 5
BT A AR 8T H R A

visualize potential: ;2% /KM PointCloud2 545 2IRIH XK.

lethal_cost: Far Ui e, BN E N 253, AT LAZIARACE ZS 4L
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neutral_cost: HEEMRANME, BRIV E R 50, il IZh AR E %S5

cost_factor: Al G RN EAHFe A 1.

publish potential: &7 /KAN costmap HI% %L

R AR S HOH S B2, RO R BRI AR SR A2 3 s fE, &
TR IALZEAL/emd_vel B AR A R 2. HLEE ABSRRCRIFALF, XA
Rl e A RN T 2 B M BB K 1

EIX B IRAEF teb_local planner, teb_local plannerf¥navigationH [
base local planner#&#fe, #IAEFHLHIMbase local planner—FfArosfpluginil
il

teb_local planner params.yaml &S E X:
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TEB local planner BiESEK %, (L R0 EESEGATHE, a3 E0E

KSR REEZ % TEBLocal Planner HIE 7

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

® odom_topic HLFEIHiE G B

® map_frame HiPEAAHR R AR

® max_vel x MWIEFAMIEAK X FhLidE

® max vel y Hlas NHIEKY Sk fZ

® max_vel x_backwards LA NEIZEMHR K X FhLkid i

® max vel theta HL&§ N KJEE i

® acc_lim x Hlas A X Bl KEME

® acc_limy HLEEA Y Rl b 2

® acc_lim_theta HL#% N\ Klek: Mg

® nmin_turning_radius HL&FA/NED P45

® footprint_model Al#s NJEARIEA!, Wik point, circular, line, polygon
&, BN polygon T

® vertices B SERMIAEIEHLZE NITEIR
126
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RYEEVSAFRAR

xy_goal _tolerance Hlas NEIXHARAM X Y ARKRAE 2, Hlés NSLhrsbtn 5
HFRALFR AN T IXAME,  WEERIER AL AN C RS H AR .

yaw_goal tolerance HL#¥ AFIiEHIREAN) Yaw SR %, Hlds A\ SLhr
5] 5 BAREAS TN FIXAME, WRRIE O N C LA HARES.
free_goal vel VIR HbR#E MRS, (EHLas N AT DL K E 2135 H br.
min_obstacle_dist SFEAGFYIHH/NIIHEEEE
weight_max_vel x Wi &RV X FliZd B2 AR ALE
weight_max_vel_y Wi/ @& K ARVFY P2 B i A ER
weight_max_vel_theta Jij &8 K SCVFYaw Hll ffi 1 B (D0 AL
weight_acc_lim_x Wi & K v X B B r Al E
weight_acc_lim y Wil K FOVFY HhZ sk 2 i AL
weight_acc_lim_theta Jpi 25 K SCVFYaw HliAINE I LALBLE
weight_kinematics_nh T 2 dE58 Bz s ML AAE (S HL 2R &,
RENIZ B 2 FE I T — AR, BIE(E 1000 AN RS 5 HAh %
KA LN SR BASE T B R SR A AR o
weight_kinematics_forward driver {RAUALEE, HTiEfEHLAS NUL AT
FE CERBEREE) o BUMOME (Bl 1.0) R RdFm a1 THE. KZ11000 f
B JLF-RT AR 1L [ 53R (EANBELRIE)

FEAZ IR Z BT AT YRR I 4T S ThREMISREG A, $ N rostopic list A DAEE 4]
FAERITER, A LUER|FIRZ planner A costmap:

127



RYEEVSAFRAR

jubot@JUJON-VM: ~/juvm_ws/src/jubot_nav/maps

move_base/TebLocalPlannerROs/via_points

move_base/cancel

move_base/current_goal

move_base/feedback

move_base/global_costmap/costmap
move_base/global_costmap/costmap_updates
move_base/global_costmap/footprint
move_base/global_costmap/inflation_layer/parameter_descriptions
move_base/global_costmap/inflation_layer/parameter_updates
move_base/global_costmap/parameter_descriptions
move_base/global_costmap/parameter_updates
move_base/global_costmap/static_layer/parameter_descriptions
move_base/global_costmap/static_layer/parameter_updates
move_base/goal

move_base/local_costmap/costmap

move base/local_costmap/costmap_updates

move_base/local costmap/footprint
move_base/local_costmap/inflation_layer/parameter_descriptions
move_base/local_costmap/inflation_layer/parameter_updates
move_base/local_costmap/obstacle_layer/clearing_endpoints
move_base/local costmap/eobstacle layer/parameter_descriptions
move_base/local_costmap/obstacle_layer/parameter_updates
move_base/local_costmap/obstacle_layer/voxel_grid
move_base/local_costmap/parameter_descriptions
move_base/local costmap/parameter_updates
move_base/local_costmap/static_layer/parameter_descriptions
move_base/local_costmap/static_layer/parameter_updates
move_base/para er_descriptions

move_base/parameter_updates

move base/result

move_base/status

move_base_simple/goal

particlecloud

path_point
republish/compressed/parameter_descriptions
republish/compressed/parameter_updates
robot_pose

rosout

11.5 SERE R

AU O R SRR A E, B costmap, planner SHI&FZHA L
11.6 LR E

S H (K

SR TR

S P A

SPIA M Lt
SEIG e 4
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¥+ —%F Navigation HEEH (F)

12. 152%; H K]
SEHLEIT AR R AL, LA £ R
12. 2L ER
AR SRR ELLL R S A SHUOE, SO 4B B E3E 3.
12. 3L T A
DA —E, BEREM.
12. 4T A
12. 4. LIBfTHE
BRI NN IR, AT IS, S
roslaunch jubot nav jubt nav. launch iz17S#izhfE,
SRIGHTIF B3, SN rosrun rviz rviz, HLATLAYE rviz & BN ATEFRSE 5
s fE T, W

default.rviz* - RViz

) Interact  “0" Move Camera i Select FocusCamera =03 Measure < 20Pose Estimate . 20 NavGoal  § Publish Point + = &
o Displays =} - Views [*
r @ -
o Cflnhat Qptions Type: Orbit (rviz) - Zero
Fixed Frame map
Background Color Ml 48; 48; 48 ~ Current View Orbit (rviz)
Frame Rate 30 Near Clip ... 0.01

Invert Z Axis
Target Fra... <Fixed Frame>
Distance 10.2665
Focal Shap... 0.05
Focal Shap... ¥
Yaw 2.5304
Pitch 1.4048
» Focal Point 0;0;0

Default Light v
r « Global Status: Ok
¥ Fixed Frame OK
Grid v

vé

¥ Status: Ok

Reference Frame <Fixed Frame>
Plane Cell Count 10

Normal CellCo... 0

cell size 1

Line Style Lines
Color M 160; 160; 164
Alpha 0.5
Plane Xy
» Offset 0:0;0
v 2 map v
r wll Polygon v
» v Status: Ok
Topic J/move_base/global...
Unreliable
Color W 25; 255; 0
Alpha 1
v “\ Odometry v
r F2 Map v
» v Status: Ok
Alpha 0.7 -
fopic

1av_msgs:OccupancyGrid topic to subscribe to.

Add Save Remove Rename
2 Time g
ROS Time: 1629374262.57 ROS Elapsed: 158.20 wall Time: 1629374262.60 wall Elapsed: 158.10 Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options. 31fps

I _E IR BA TR LA G — S R, IR RIEAT
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rosrun rqt reconfigure rqt reconfigure BRUA[FHEATRIMALIIIEZ:, 5 RATHSAL
ARG .

global_planner/GlobalPlanner
teb_local_planner/TebLocalPlannerROs
00 =

00—
0.0 m—
00 =

6

0.0 s

0.0

00 =

make_plan_add_unreachable_goal v

restore_defaults

(System message might be shown here when necessar wy)

12.5 SLIHZER

AEUE AL R PF 11 1 SAEIG EALE, FUAR costmap, planner 1[5 F S48 L.
ML Hrat reconfigure TH, 48 SHUEIET IS SHL.
12. 6 LR E

Sz H

SR R

S P 2

S U R L
SEIG e &k
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JUJON YIS F L5 AR AR
FT+=% HEMEILIESY

13.1 LR B

ATLLZE ros RGPAEAEH usb Rk,

13.2 SEEYER

W48 ros 1 ush HEEKIRAN, ros d1 usb ATHLEHERE.
13.3 LR T A

AN — G, BRI

13.4 ERHE

13. 4.1 BRBLHBEABES
HGIERR AT BB EN, T2 mbamA -
roslaunch jubot_driver jubot camera. launch
SR BHAE REALIIZ AT rosrun rviz rviz

X = H default.rviz* - RViz

Eile Panels Help

" interact | 75* Move Camera  [_]Select «'c} FocusCamera == Measure .~ 2D Pose Estimate " 2D Nav Goal § Publish Point F = &

[ pisplays [x] @ Views
~ # Global Options s
Fised Fral?ne - Type: | Orbit (rviz) - Ze
Background Color Il 48; 48; 48 ~ Current View Orbit (rviz)
Frame Rate 30 NearClip... 0.01
i Invert Z Axis

Target Fra... <Fixed Frame
Distance 10
Focal Shap... 0.05
Focal Shap... [V
Yaw 0.785398
Pitch 0.785398

» Focal Point 0;0;0

D ht v

am No tf data. Actualerr...
» & Grid Vi
o \E\ image V|
b v Status: Ok [—————
Image Topic fcamera/image_raw
Transpork Hint Taw’
Queue Size 2
Unreliable

Image Topic
sensor_msgs::image topic to subscribe to.

Save Remove Ren:

() Time
ROS Time: 1627550108.50 ROS Elapsed: [152.48 ‘Wall Time: |1627550108.53 Wall Elapsed: 152.48 Experime/

UG BB ER 7 HOR, S RUR ar & B S AT RS0 i R E R

rostopic info /camera/image raw

131



JUJON RYIE R RAGRAT

]ubnthUJOH VM: vr_ws/srcS$ rostopilc info fcamera/image_raw
Type: sensor magstmagc

Publishers:
* [republish (http://192.168.1.19:33451/)

Subscribers:
* /rviz_1627549955362319289 (http://192.168.1.18:43609/)

ATLVE S|, BB RTHE SR Z sensor_msgs/Tmage, 1XA& ROS & SLH)—Fhsk
B IR AR BRI B 2R, AT U BUE fir & 85 1% BUGH B B VR4 E
rosmsg show sensor msgs/Image

JubothUJOH VM: vm_ws/src$ rosmsg show sensor_msgs/Image
std msgs{Header headtr

uint32 seq

time stamp

string frame_id
uint32 height

uint32 width
string encoding
uint8 is_bigendian
uint32 step
uint8[] data

SR BRI AR N AT .
header: 45k, AEEGITS. BB ELbr R .
height: EIRIIANI P, BEBROSZ DTG ER A, XRMEFARRE N 720,
width: EGIIBR9%, HEGEEZ DGR N, XEMAHARRELN 1280,
encoding: FIEMIALHE R, & RGB. YUV 25 Ik, AN b G E 46 s«
is bigendian: MR AR i A7 A5 5
step: —ATEIGEFRIN T HE, FREERIPKSE, XRHERARRE N
widthX 3=1280 X 3=3840
FAT.
data: fEEEMEEHE IS, K/ stepXheight T4, MRHEZA XA LUK X HLAE
FH AR AG Sk 7= — it R B 2508 K/ /e 3840 X 720= 2764800 745, B 2. 7648MB. —
i 720X 1280 4> HE  EMEEIR B2 2. T6MB, W 30 Wi/ FPRImiRITE, A
— PO AR S A RO B S i 82. 944MB ! X AN HHE B AR SR N T R AN T
(f, CHRETRAWEGI R, BESRRW IR, 2xtJogmssis iR Kk
i
SERRR I, EHRTEAR SR AT B AT AR AL B, ROS W BETH T R4 R INE B2
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RXANH SRR b JEUR R ) 52 SCE T s A
by B T ESRAN, RS R S e g i A% 2 format " MAE i BB B0 (197 data” 204
BG4t ts NS JPEG. PNG. BMP 45, HEMhgwAd s SO0 Bl i 4 D iiAT 1 i
e, FrUAEE BRI E ChE & TIRZ AL ERE L.

H—— sensor msgs/CompressedImage,

1 A s 45 ) (14 SE By 52

jubot@IUJON-VM: ¢ C
subscribed to [jcameraflmage raw/compressed]

average: 499.

mean:
585.
mean:
625.
mean:
619.
mean :
.92KB/s
mean:

average:

average:

average:

474

average:

~[~Aaverage:

mean :
e: 323,
: 67.68KB min:

75KB/s

67.71KB min:

58KB/s
67.68KB

82KB/s
67.68KB

98KB/s
67.68KB

67.68KB
384.87KB/s

67.68KB min:

52KB/s

13. 4. 2 BB LERER
rqt_image view BEHEEH
L SSH My & &R EINLAE N,

min:

min:

min:

min:

A

67.67KB
.58KB
.57KB
.57KB
.5TKB
.57KB

.5TKB

max:

max:

maXx:

max:

maXx:

maXx:

maXx:

67.

75KB

.81KB

67 .81KB

.81KB

07.81KB

.B1KB

67.81KB

S rostopic bw fcamera/image_raw/compressed

window:

window: 1:

window:

window:

window:

window:

window:

IBATRAG LT R

roslaunch jubot driver jubot camera. launch

TH gL ERT A,

g — e

Ly, 1EENLIRGIE

rosrun rqt_image view rqt image view
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rqt_image_view__ImageView - rqt

Eimage View D@ -o
Jcamerafimage_raw ~|[@][@]|o ‘ [10.00m : | & |
mage_raw_mouse_left| | Smoothscaling | 9 ~ ©0°|€ | |Gray v |

W FEF/camera/ image_raw, RIVAIFHE BGRB8 ) 4 8t mi,  mT AW
SR JF IR HEE BB ARWL WERER. WHEEGENEG)E, BERERTY.

rqt_image_view__ImageView - rqt

Eimage View D@ -o
| [camera/image_raw/compressed - | ;-ﬁ.‘g-; li, o ‘ l10.00m 3/ |E
impressed_mouse _left| | Smooth scaling 9| 0| € |Gray -
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it WEB M BB LiER

B HBE, 2HS—ANIET WEB EGRSS 2%, F AR A8 N o ik
SN NS GRBHR o 2 o . BRMER 5B T .

B SSH i S ERFINAR N, BTG 5.

FEAT R R X B a8 R N Rk, R TP HibiE A Jetson nanoSE PR 1P
ik

http://192. 168. 1. 19:8080/stream?topic=/camera/image raw

t secure | 192.168.1.19: stream?topic=,

GitHub - vipstone/f.. ] EE#IZ - AutoPia... 521xueweihan/Hell.. [l =EE AEWE.. (I ZAlLinuxFNagios.. [ ATE# - &4 Linux Linux =58, [E dos@ahe 2%

-
%

BB KR

WL NIE BRI SRF 2 Pl o e s, 7T LLS B 5 B S HOR IR AR Sk ¥ 4
PR BANEWT

roslaunch jubot driver jubot camera.launch resolution:=480p
resolution A[EESHUIT:

480p: HHZLLL 640x480 4 HEEIH Bl

720p: $RMEKLL 1280x720 4 HEEJHE)

1080p: $HA%3LLL 1920x1080 43 #¢%K )5 5h

WA resolution ZHURZ), FRELERINLL 480p 7 HFRIZ(T, Srpsclim, K
BALERGIFER demo IBAT I FEAH N #L1E .

FEIEAT FoAbAE I B3R5 3K (4 demo 7, 41 opencv PG AL FRAGIFE LA K
jubot_line follower #IfE, HW LMEHITE/E SN launch SCAFRFH resolution 24
J7 R M BAZK (5
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13.5 SLIELR

T f#ros 1 usb MHLEHERE X, REWIKED usb $&MEK, £ rqt_image view MIWEB
o S FURAE B
13.6 SEXRE

S50 H 1

SRR

SR P 2%

S I 4
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BTIUE B HHENS 0 E Lk

14.1 LB HH)

A LAZE ros RGHAREH usb Bk,

14.2 SLIHER

BB ros o ousb BHGSKARETIE, FRE AP BHCERE L,
14.3 LB TR

AMNHT— G, Bt

14.4 LHAR

14. 4. 1 BBLFELR

PR IX MR ARG e A R B R, T Bk W ER S AN — LR A
AR AR 2 R AR RS, 9 T e B IS B IR 7, W A R R CR S
AT bR E o RS B M 7T H TR E M B H TG Kk E NI E

———camera_calibration,
b€ 77 B B R AR e B, v DERAN TR ML BERE Y R 3R B, 150K 1% b5
FTED H SR 21~ i A b b DA A o

i e B JEAR ARG RN, Pl LABR e AR T BIVIN 7 22 B0 RO TER, - TR i
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SBFRAN
fTED x

FIEDHLN): | Canon TS3100 series o EEr) D) wEGH

eEc: e (L (Bee) FIENY)
Oes@iEy; O
EFTHI T HEEEa M
® FrEmmE(A) e w
(U g
XTHEK; 18.0x 24088
212207 H%

W MG B T (D
AN o Ry pe g
SRR A
QESF
@ sk
O MIHEIHE
O EENEH: [ %
[ 4%88 pOF Mo/ MEIEESERIZ)
[ W TENE)
A
® EFHEV IR
O =
oF ol

®W, 1R

MENSE(S).- FIED il

— Ul Ja e T e br e g k. B LI T dr SR8 USB 5 k:
roslaunch jubot driver jubot camera. launch
SRR TE I LR fn 2 5 shbn e R -
rosrun camera calibration cameracalibrator.py -——size bx7 -—square 0.03

image:=/camera/image raw

JUJON: www. fujon.en

cameracalibrator. py #rERFREU T/ IMIASH:

1) size: bRg BLELAG AT A R0 RO 30 6 17, BiTH 8 i
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T A 1

2) square: IXNZHCH MAEMBAK LK, BALEK.

3) image M camera: W EIAGKKANMEMGIEE,

MRIEAE FH B AG R A e FERAE A RS, AERAB A B 2%, BIR] R Shbs s FE )5
PREREFF R BN 5 H b BB A AR SRS Y A, ST BUE B f S B S

i
“k
2E

FEVCA bR I, AR K, ANREm e O T S mibr e iOHEmPE, M
SR LA E AR B AGCSR AT Vi [ PAY PR 2% DX, F i A7 AR R BE 2% B b e
BESE o

1) Xe ApE SEAE B AGCRALET FR I 22 A A2 30

2) Y: bR RUAERG SRALE T i BN RS

3) Size: HREHUAERELME FHIRTER 3] .

4) Skew: HREFELESAGCLALES B BUR BN .

ANWIEREF RS ShAm 4, H3”CALIBRATE #4llAs th, FRtn@ fEF S HCR&
SEe i "CALIBRATE " #24], ArERefy ITan B ah i Bk ibn e 240, XA ERE R
FLEEAF BN A, SRR RE R A ORI RRAS, JEET AR .. ST K
JRFEWE, T HAE LS T AT bR E S R IR R
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e, s COMIT FZALHE AR E 2K s RORAF BINLAS NBOASCIE I, fER B kR 5)
(1 2&um BF LR DUE BIAT M E R, BITRR E 25 R0 Q22 ORAr 2UFRATT I AL B SO R,
TESNL S, S ESEA. AR E TR E R R .
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J/home[fjubotfjubot_ws/src/jubot_driverflaunch/jubot_camera.launch http://192.168.1.15:11311

to tarting new
process[master]: started with pid [3911]
ROS_MASTER_URI=http://192.168.1.19:11311

setting /run_1d to ac721aed4-f05%-1leb-ba6f-adébbsosfS5es
process[rosout-1]: started with pid [3923]

tarte e service frosout

process[uvc_node-2]: ;t.arted t:lt‘th pid [3931]
process[republish-3]: started with pid [3932]
process[web _video rver-4]: started with pid [3934]

[ 1 J

WA DATE s ol " COMMIT $% Jm, $RACERHIB AT« SRS 4TI /tmp SR, Hl
] LUE B bR e 45 B A0 548 XA calibrationdata. tar. gz;

Terminal

key

ata.ta

i %S R N IR B 7R, AR RARE] ost. yaml iy 44 AR E 45 R SCHF
ez sCrF SOk, B 2wl al BUER] 1o
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bfrftpsn  3FmwczSg  private- private- private- private- private-
D adaf45aa... adaf45sa... adafe5aa... adaf453a... adafaSaa.

systemd-  systemd-  systemd- argus_  calibration camsock  configerr-

private. private private. socket  data.tar.gz hfsxRa
adafdSaa... adafdSaa.. adafdSas

—— —— ——_ p—— p—_ —— ——

5 |

1eft-0000.  eft0001.  eft-0002.  left:0003.  left0004.  left-0005.  left-0006.
png png png png png png

+ PP RPE BB O A

= > = p—— ——
left-0007, left-0008. left-0009. left-0010. left-0011. left-0013,
png png png png png png
PR (e e | (e ——
e i g i ‘
LEd [=d L=§ = Lz
left-0014. left-0015. left-0016. lefFt-0017. left-0018. left-0020.
png Png Py png png png
- —— p—— —— _—— ———
prres pr P e e
el Lz Lée L@ ol =5
left-0021. left-0022. left-0023. left-0024. left-0025. left-0026. left-0027,

png png png png png png png

(6 [ G g Gi

A1 ost. yaml EAL LN cam 480p. yaml JECAE LR S04

NEELECE

L

P 30 jubot_cameralll AT BUBRIE 5 MBS, 79509 4b 25000 I (R i S 7
%,
14.5 SLIEER
BEUSAE camera calibration DHAEAAREIIZ K, LHRIAE, 155 S SHHIE
14.6 LR E
S H 1)
SR R
S P 7
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=
&
Ck
\
huf

143



RYEEVSAFRAR

B+HHE ET OpenCV FIAKIRF

15.1 s H K

%S1HETROS 5 5 HARNLI A IR AT

15.2 SEER

BARIETROS 55 OpenCV HONBKLIN, NIGHCELRSE, AMKRBIZHRE.
15.3 LW TR

AN, B

15.4 LR
15. 4.1 OpenCVA-4H

HT OpenCV (N IR BIAYIERES: OpenCV J& EIZALTR 1y F148”, ROS iy
ev_bridge THASEAPIZRET B0, IRT ROS MIFIFRAMIEIGALERAL 1, T LAREKA
SEBLK R . Pk IR R £ Fh T AE

\
OpenCV ROS

OpenCV Iplimage |« l CvBridge [« ROS Image Message

J K /

OpenCV FE (Open Source Computer Vision Library) s&—ANET BSD ¥FA] K47
(K5 G FFIETH SN BERE, P LUIZ4TE Linux. Windows Fimac 0S ZHE{ERZ L.
OpenCV H—RF C REFIDE CH+IHAL, FIRTHEHE C++. Python. Ruby. MATLAB %
WEREED, SEL T EGAC BRI SRS 75 T (AR 22 38 F B0, T ELXoF 3 b S F
e MV S FH S e 2R 1 . TR OpenCV AT LA B 205 [ BEAFHRAR 3k, I HIEHR At — /167 5 1y
GUI H4i——HighGuis

FET OpenCV PR, FRATATEAPGE I RALARALSE T AR, i H ROS o DR &K
T OpenCV FERIAH I3 D Thaef, fEH LR fir & R Af Z2de.

ROS NP RESRME 75 OpenCV B3N I)REA——cv_bridge. JFA&# Al LUl 1%
ThEe ks ROS i MG HE 5 40 sk OpenCV #53RAIEMS, FEH A OpenCV PEHEAT
FEMEALEE; B OpenCV ALHEE 5 MR A4 ROS IR, @I v U AT R AT,
S R A B G AR
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XA EREH
ROS ML#S N EUG A K INREAAI T jubot cv SCAERTN, EARERAZFISCAEEE /4N
e

FEDREEN AT R,
jubot opencv  OpenCV F:ahffE

jubot line follower MlL#s NF41 44T
jubot_ar track T ZERYIRHIFRER
OpenCV R ACZ R

WL AT OpenCV HEATEURALEE, BIAARATI, LM, SR, Ak
SR BOTREEZ R, Wn F R BIERA T WK, PR LUEAT X R launch
SCPFRATIR R o AN DU JREAS I A 1 3847 50 T

FEASCAFDIREN R0

jubot camshift. launch Camshift BEiRBERELGX

jubot_convex_hull. launch Convex Hull SHRMSBFZEX

jubot discrete fourier transform. launch BEUEEMHEHREX

jubot edge detection. launch JHAZGMELX

jubot face detection. launch ARGFEL

jubot fback flow. launch opencv Y&mELxE

jubot_find_contours. launch FSERFGIM

jubot general contours.launch —H&4CERFG
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jubot goodfeature track.launch $SAFRUIBERELX

jubot_hls color filter.launch HLS BRfBZS|EIER

jubot hough circles. launch EXREIMEN

jubot hough lines.launch EEXKEZEM

jubot_hsv color filter.launch HSV BREBZS|EER

jubot 1k flow. launch LK Y¢R&EL&

jubot people detect. launch AfREGNIEE

jubot phase corr. launch FB{MABRFBHEN

jubot pyramids. launch EBEE&FIERFEX

jubot_rgb_color_filter. launch RGB EEZSENER

jubot segment objects. launch BISYIENIELX

jubot_simple_flow. launch fEJERNERELX

jubot smoothing. launch B{&EBEE

jubot threshold. launch BE&REEEEX

15. 4.2 NS BifE
HiEN SSH A EEBINIAS A, N opency BIfECH, @it 1s mMAEE
BIFELZ TR, ANBRAMFFE launch XN jubot face detection. launch”.

FERTEE— %0, SSH &P AN, 847 USB fF k1 i

roslaunch jubot driver jubot camera. launch

PR — A%, SSH EZBIFLAN, BT N IRIFIRE.

roslaunch jubot opencv jubot face detection. launch

PR — AN, AR RIS AT S5k B s

rosrun rqt _image view rqt image view

e/ face_detection/image, RN FISHAE KM, & H A2 A 20 6
[53] Pl B L
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rqt_image_view__ImageView - rqt
MImage View D@ -0
[face_detection/image | |€||if|o .

actionf/image_mouse_left smooth scaling | 2 0° € Gray -

[FERERT, FRATAT DA AR S, Bl anLK G
roslaunch jubot opencv jubot lk flow. launch

rqt_image_view__ImageView - rqt
Mimage View
/lk_Flow/fimage/compressed

Jeomp ressed_mouse*leﬁ- Smooth scaling )

H2HIFE, KREALLUETIZEIT opencv HANER launch SCHFH AT 24K,
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VEhY wiki: http://wiki.ros. org/opencv_apps

15.5 SLIGZER

AEUE A opency WLHEFE SIS T AE -
15. 6 LRI E

S H

SRS

Sy 4

= >
S I A

SET7NE OpenCV LB ERAT I
16. 1 L% H K
FETROS HEH AL ML
16. 2 SEIGER
HIRFLTROS 5 OpenCV IFRSEIK L o
16.3 LR TH
MR —G, BERES.
16.4 LR
16. 4. 1 OpenCV #HIKLR
ROS HL#s N SEIL T BTG L MG T S DI Re, BRUCNALE, HEBGEH P E
TSR RS
M HTE ek L s B 2RI, TGS E BILL 2, Ml ds Nt B i & AR 9 78
Gt I
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i SSH v & EEEINLAR N, BT FLAER, PLES AR ZL AT 3.

roslaunch jubot_line follower jubot_line follower. launch

BT A, fEREWLIRIZ T rat_image_view BfF, 1EFH”/output”ifEEIH]
EEADIR YN 3t SN NP IV D ARSI

rosrun rqt_image view rqt image view

rqt_image_view__ImageView - rqt

[Wimage View D@ -o
| foutput =] |§| |@| |0_E| [l 1000m |2 ‘E|
_||/output_mouse_left ||| smooth scaling |E| 0° |§| | Gray -
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VRS AR AENL AR N

W LR T

BB ERIET ISV B R RIBE Y, F P ATAREE B R e R .

HSV & —7ekt RGB €7 ) v 1) s 7E 3[R B A b (K0 227 vk o HSV. RITEAH (Hue)
WAIE (Saturation) « Wi (Value), FK HSB(B Bl Brightness). (il tafiistA
JEME, B TR BB AR, W, HES, WAE (O RIEaEMLAE,
R, REETAR A, B 0-100%H)EE . BIEE (V) , B O-max (GFELHLH HSV
A G FE AR A A OR) o HSV 687 ) A LA FH — A [ 2 (R R AR SR i o 5 HE 1Y
TiEAL, V=0, H F1 S JoiE X, RERE. FHERTE 04 V=max, S=0, H Jo5E X,
REAE.

Saturation

Value

BOE LG I @ VKL NG it Bl NELI . BOE BN,
i SSH fr & ERFINLE N, BT F LT

roslaunch jubot line follower jubot line follower. launch

PR —N 0, FEREINLIZ Trat_image_view B, 18"/ /output” 1H RN AT
AL ARG L B R

rosrun rqt_image view rqt image view

g — A&, EEMNLIIZ rqt reconfigure B, RIZHAS KL Hith 2

rosrun rqt reconfigure rqt reconfigure
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Filter key:

Friday00: 11® &~ 20 O~
Jubot@IUJON-VM: ~
rqt_image_view_ ImageView - rqt
age
utpul ~|[@][@][o [£]CT[1000m [3|[EE
/o smoothscaling | 9| 0°|€ || Gray qt_reconfigy
i“mﬁ#ﬁ x - o qt figure__Param - rt
3 EHEE 1& m = [ #Dynamic Reconfigure 0@ -
“TQt‘WE ‘ 6. 48/5 2 -
2 B /detect x

— Collapse al| Expand all 0 =— 255 31
0 e— 255 53
0 —— 255 |77
0 wm— 255 |16
0 255 |255
o 255 |255

z " A gq £ wH 2 1 i =
hmin | 0 0 0 o | 1s6] 11 26 35 78 100 | 125
hmax | 180 | 180 | 180 | 10] 1s0| 23 34, |17 99 124 | 155
| smin |0 0 0 8 |laz | a3 43 43 43 43
Csmax | 255 |43 30 255 | 255 | 255 |255 |255 | 255 | 255
| vmin | 0 46 221 46 | 46 46 46 46 6
vmax |46 | 220 | 2ss 255 | 255 | 255 |255 | 255 | 255 | 255

PSSO HSV Bt 0|, H, S, V BANSHEA L TPABIME, @i
SEANFBEE . T AR RS AR 48 b, TBCE AR AR 1

WESER S, ATHTIF jubot line follower. launch CAHEMIZEL, SCHIHEE S
5, TURRBIEI 8L IZEE.

151




JUJON

RYEEVSAFRAR

/home flubot/Jubot_ws/src/jubot_cv/jubot_line_follower/launchfjubot_line_follower.launch http

16.5 LILER

RS OpenCV Aot g S IAR B S8 45 Th e o
16. 6 LR

S5 H

SRR ER

KA

=k

S P4 Lk
SEIG R g
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F-LE OpenCV LB —4ERSHT Il

17.1 LB EHE
2 S1HT ROS 58 HHIHLE AR BIThAE.

17.2 SEHER
HIRHEF ROS 15 OpenCV [OMLHE — A M ThEE .
17.3 LB TR
AMNHT— G, BT
17.4 LHAR
17.4.1 OpenCV FL3 = #ERD 5L

TR ARAE AN Toll 3 5 eh SO 2, iR R I R S B
YRR AR E DR B IR ROS AR T 2R SRR BT A
ANFIN ARG DR ar track alvars

ar_track alvar HIZEEIHALR AR, S HRAEEE/ D SISAF AR 725,
WURFFIREE A AR AREMR A . R BIRIIRES t 2 MRS I R . IR
AT LA SIS R AR A A, bR A 5 e L ok 2 Sk O R o A FRLATL PR 1
BN EARSS L AR L IR B I 5, AT A TR R XML SO b
63 B RV AT 4 ARG L TRt

Tt A B NI AL ELRE F1, TALEE SRR R PR, BTGB LA S
RSB IS AS T, DL — RO AR i, %007 V3 2 B 2 b 2 i 1A 8 7 5
5 AR E

TR RIATI 5N 1,2,3 10 AR K525, FEAZ AR FRESH IR (R
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VRIS HHE, http://wiki. ros. org/ar track alvar
A pR — ARG AR A
ar track alvar TNREGARAL T 4L AR AR2EMARLTIRE, AT LA A 1 T dr 48
RSN 0 I YERSEREE, RAAEXATHR T 280 5 ZBNRST S8, 0 2%
kRS, AILLE 0765535 Z [AIMMERELE
rosrun ar track alval createMarker —s 5 0
rosrun ar track alval createMarker —s 5 1
rosrun ar track alval createMarker —s 5 2

rosrun ar track alval createMarker —s 5 3

fhome flubot flubot_ws/srcfjubot_cvfJubot_kef_trackerflaunch/Jjubot_kef_tracker.launch heep://19

Srosrun ar_track_alvar createMarker

MARKER ©
MarkerData_©.png

G MARKER 1

createMarker THINEIRZSHATUIHTECE, {FH LTy & EPnl & 248 55 B,
AT U B b5 A 4EOAR2E, AT DM /R 8. S48 . ESE, JEmT LA
i HH-s S50 B AR 4 Rt .

rosrun ar track alval createMarker
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Jhome/jubot/jubot_ws/srcfjubot_cv/jubot_kcf_tracker/launchfjubot_kcf_tracker.launch http://192.168.1.1%:1

AT D] Bk dir & B AR 280D, i m] DUE A 3RA T C 2 A iy ) —4khd, 217
Fe B SO/ YRS FRAE " SO rpak B, W LUK —4ERSSTEN R . BRI QAR
AERLE R A

- o i .

artograph  Desktop diws  Downloads jubotws NoMachine

- « OH

Sonwa-e Wwallpaper MthMleMleMle
a_opng a

B~ R
o, SSHOEBEEINLIEA, BAT ARG

roslaunch jubot ar track jubot ar track. launch

FAFR ARG MBS
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http://192.168.1.19: 11311

AN, ERUWIIRNIZIT RVIZ ATAME TR
RVIZ Jn#s— 4et5iR 5] e & S04 jubot ar track. rviz”s

Friday 03
jubot@JUJON-VM: ~
4 #(M  FEEH)

[ INFO] [1627631090.0842735 OpenGL device: llvmpipe (LLVM 16.6.0, 256 bits) . ) )
[ INFO] [16276 0.042; 4 OpenGl vers 3.1 (GLSL 1.4). Jubot_ar_track.rviz* - RViz

Gtk og mapped without a transient parent. This is

scouraged.
[ INFO] [1627631097.771510356]: Creating 1 swatches 3 2D PoseEstimate  # 2DNavGoal @ Publish Point
[ INFO] [1627631189.047008442]: Creating 1 swatches
[ INFO] [1627631191.063326370]: Creating 1 swatch
[ INFO] [1627631194.040379441]
[ INFO] [1627631195.063637094]
[ INFO] [1627631196.054894549]
[ INFO] [162 cnin
[ INFO] [1

[1627639824.460802272] = 11 ji . jubot test  ubuntu-
INFO] [1627639824.460876 « ok pping. map.pgm  default-
INFO] 824.4608 « greyscale-
INFO] 8 wallpaper.
INFO] 7639824.749813983] png —eartiela_link
INFO] [1627639824.750011828 -
INFO] [1627639824.750061282]
Gtk-Message:
discouraged.

Camera | Image

IBAT NG AT CAEST T RVIZ FRi oA SISk R, BUAERE — 4ERS bn s il & B35 Sk
W, FTRAE SR B R R SR .
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W iz v Friday 03 : 19
jubot_ar_track.rviz* - RViz
Eile Panels Help
™) Interact | ** Move Camera Jselect < FocusCamera == Measure .~ 2DPoseEstimate ./ 2DNavGoal @ Publish Point

I pisplays

~ [@ image
»

» i, RobotModel
~ B camera v
» v Status: Ok
» @ Visibility v
Image Topic Jcamera/image_raw At
Transport Hint raw i
Queue size 2
Unreliable
Image Rendering background and overlay
overlay Alpha 05
Zoom Factor 1

eia_link

Camera | Image
@ Time [x]
ROS Elapsed: 537.24 ‘Wall Time: |1627640362.39 Wall Elapsed: 537.25 Experimental

31fps

BG4S b2 AR AR, ARFRIRAIBIN 4 L% . ar_track alvar I
RE LA AT LR S BEAS A i —4ens, 17 LT DURf . e TS A S a0 7 28 o 78 A AR A% K 10

BT, O 4ER RS 2, Bt URYE UG AL T AT RS i8S, I8 7] DATHER.
TYERAD SR Bk M AL E . R AT AR R 2 A R A R

" iz v Friday 03 : 23 @
=
jubot@IUJON-VM: ~

X
[ INFO] [1627631090.042735652] N N N
[ INFO] [1627631090.042853348]: * ~ Jubot_ar_track.rviz* - RViz
Gtk-Message:
discouraged
INFO] [1627631097.771510356] IMINCCSNEEITINEL HEY Jselect
INFO] [16276
INFO] [162
INFO]
INFO] & image
INFO] »
INFO] [162 .0488201
INFO] [1627631199.0637
jubot@IUION-VM:~S AC
jubot@IUJON-VM:~$ rosrun rviz |
[ INFO 639824.460802272 ] JHESNANIVISY
INFO] [1627639824.460876599] [ BN,
INFO] [1627639824.460890162 ] [NRREPESIIIN
INFO] [1627639824.565109779]
INFO] [1627639824.749813983 ey
INFO] [1627639824.756011828]
INFO] [1627639824.750061282] 4 o
Gtk-Messag, : Gtk Queue Size 2
Unreliable

FocusCamera == Measure . 2DPoseEstimate 2DNavGoal @ PublishPoint & = @

vilx]

v

v
At

aarmms

discourage
Image Rendering background and overlay
overlay Alpha 0.5
Zoom Factor 1

!
| Add
L

(& Camera

werld

Camera

@© Time

YRS FRZEAEAL A N AL, FRIOX L e 5 A T AT LASE LRt — 2P K
AT, Bl LSEELS AT i) 4R e A 51 S HLas NERBEIZZh 35 DI fE .

Image
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17.5 SEREE R

A58 OpenCV K3 — 4ER kil
17.6 LRI E

S H (K

SR TR

S P 2

S UA G L
SEIG e &
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B+ /)\E ET KCF K HIRRE

18.1 L H I

2 S1HETROS 5586 HARHLAG FFRERER DhAE -

18.2 SEENER

HE OpenCV 1) KCF BREREIVE, RI/RSIRPEEIE.
18.3 ST A

AN — G, BRI

18.4 SEBAR

18. 4.1 KCF E ki

HARER R KRBT 73 o 5 H AR ERER S 2 HARERER . H bR ERER AR n) . 56 —idh
HEARAETAE, 285 WS ST 4 FARBR B S A O BRERZ H AR TME . S8R W,
HARERERA JURHME R AMIARTE, JalAst, Phdtazh Mg s, 3 st

4 blur & fast motion background clutter

FEAMERE, P ABER, A, R AL S O
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e o e

out-of-plane rotation in-plane rotation

scale variation

occlusion out-of-view

X HARERERITVER 532, RBURT 23 9 A AR B 7 VE AN F I B A 73, H AT ELBRAT I 22
FIR ST o AR R TT A BTN B AR XA, T — il T 5 A A S AR AR DX St 2 Tt
B, Blin. KRS UENE, B TUENE, mean—shift &5, 52550k 14 LB I N RG R E+H 28
21, HHTWICLE AR XU IERA, R XEOA AR A%, PLEE IR 268, T — MW IR
UFI o BRI 3, Biltn: Struck, TLD 5. HAREEE KX, =Rl
R T ERER, X RELEX s s 5, HONSET R AR LA SR . HnR
T35 W Rt Sl A AR SR B 2R T IR AR B 2 21 2K 07V o« RHOG BT 1249040 - DCF, KCF, ECO 5.
RIS 2] 550 MDNet, TCNN, SiamFC %5,

KCF 4#%~ Kernel Correlation Filter MAHGUEWE L. RAE 2014 £ Joao
F. Henriques, Rui Caseiro, Pedro Martins, and Jorge Batista $RHiRHI, Sk
K JE R EN I, XAFEAN I RAEIRER AR 2 PR E#HA o st IR R
B, HrAGIES T — KA 27 3 0 X AN SR AT AT 58 LA Tl S 7 Bl 40 I AN SR L H
FESEbrg R .

KCF & — ) ) R IER T, IX KT E — A2 AR BR R A I A2 I R — A H AAs il
5, A8 B ARSI AN R — R AL B S 2 B AR, SRS PR AR A SR T
WIZRERE T S0 HARAr % o AR ISR H A U g i — SO i H AR X HOS IEREA, B bR
JA] BB DX 380 AR
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KCF ) 3= 2 STk rT E 5y -

® A H b A DX AR PR R R R E SRE AR, ARG BRI SR B AR il gs, JF
2 P9 ) 78 SRR A R P2 D) W o A A R 5 K 4 B ) B2 1 oy v
ffiHadamad #%, BIJTHEAImTe, KRR TEHE, =& Ta5dE, 5%
T 2 SERTEEER

©  CREARMEAT (AR (] YA E A% e B B AR R ), FE AR AR PR (Al SR
AN A e R S e DL PRI 2 TR, TRARE A R A A AR A B 2 ) o £ A
Wit 5.

o UG T s ZImE RN Z R L&,

KCF SRFAH SR ST A K B 5 7 ) 5 A i -

https://www. robots. ox. ac. uk/" joao/circulant/index. html

18. 4.2 KCF ¥pikEREZ &
TEHEEM R, #5373 T KCF BPMKIBEETNEE Demo, 2 EIRIGAL T-HLES N i

~/jubot ws/src/jubot cv/jubot kcf tracker/ E&fE .

P4 KCF SRS ATIT Bon & 1 A T ERER HARHERIHELE, FrLA, #2381 NoMachine
R HDERNL 38 NI84T KCF B0E; Wulid SSH 75 Rl KCF Bk, il
VEFTTF TG R

FiLL, ¥4, @i NoMachine ZEFEsLHEIEBNIAR AN, FHHTIF L.
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BNUA R4, A3 KCF ERERSNE:
roslaunch jubot kef tracker jubot kef tracker. launch

RN, 2 MR Sk i

FESbE R, AT DA BRASHE R AR B R A, KCF AT DURRERAE SR, Rk
R, VIR TR, PREFSCR ML,
ERERPIARA:
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PREAIARB:

P IR0 EAR L5 WIS AN 2R R R FE AR LR SR B A B LB A OB, OF
FUFIKCE SO R FEAE T IF o, WLES K RERYIRARIE 1. B Zo 47 BE B BR IR
iEa .

TR AES, HEARSEREMIAIZS).

KCF BREZFTUISRBEYIMRRTE 555, TR,
16.5 SLIHEER

BENS AP OpenCV ML FE SEILNE: H ARERER ThAE .

16.6 SEXREG
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@ WYIE R P8 AERAF
w+HE VSLAM TR %0iR

19.1 LR B
A DASE ROS R GEHRARSEIR FE 2 2] kS B bRiR sl
19.2 SEBER
HATR BEAH ML VSLAMA 64 52 3
19.3 LT A
MNHER—G, BB,
19.4 SERAR
19. 4. 1 FREMANLE X

BEENLAALE, H SRS HRZ L K, R 3D AENLEAT YA,
7R, st BERBRAH SN BRI 22, AT DL IR BE AR LR 2 i AL A A H BRI
WA 2 RRFEANLE, BRZ BT EANL (2D) AEEREL, SCRWREEZER?  IREEAHAL
NHRRZ A 3D FHHL, W44, w il i A AT e I 4 (Rl SR R R, X e
5538 T B AR S B K X3l o

HIE R AR SRR B R BEE BAHPLAILA A I R HE S ROk, (HRH T
SRR A S X Lo AR R B AR AL EE B o U AEsd i MR 115 S0 BT R 4 s ey
ETRATHEGE, WL ELRGE, ERIFAMYINEDE. RN S R T 1%
) R, LR BEAHBL SR B A8, FRATTRe v Al R th A R RE kBE B, IR
nbizsrE 2D BGEHE ( v) 2005, sLRESRBUEGR R A Rli) =4Eas ) A by . J@id =
HEARPRALREIE IR S 5t SEELI SIS N T
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19. 4. 2 IREEAENLSF 2
ZEHICIR AR ML
ZiFt (Structured-light) , HIEARJFHEUZ, JAMITL /NSRS, BHEA w4
FRHE DGRBS BRIk b, B & I AMBG R AT R . X Pl % — e 4
HRDELR, BRI A FNR B XS, 1REANF R BB E R, REiEE
B S TOR IX PSR AR S R FEAE B, DR IR = 4R 450 . RSk gt 2,
2T BRI SRR K = 4245, PR SRR 5 B T RN T 5. R
FRS 8 WA A AT W ZLAMEO G E R, BRI RIS — RS BEEY)
b, dl e R U SRR [ 2 ) P 6 A MR AR SR AT B AR (R B AR EE AR B HRAE
GRS AR — B SR8, AR enshape ; Ymidgita, fURMALIRS
Mantis Vision, Realsense (F200) ;&M , RMALEREGEILPOE, I Kinect,

/R RealSense %%,

Structured
Light

3D Object in the Scene

SIEREGNREREE (TEtRATREEEALER)
llustration of structured light.

EHDCHIPE A -
TG, MU Z AT MBI LE BN, 7 (/N AL
PRURTH AR, il IR BRI IR, AR,
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EHIEIE, B AT ] .

e NRE S, PR E, 2 PEERIA 1280x1024, Wi A iIA60FPS,
ERE R B

BHRZAEOCT I, EIMERZE.
BRI ER B I N, RS RE AR

XU MBI AL

XUHSLAARSE (Binocular Stereo Vision) @HLESM K —FhEZILRK, M2t T
M2 IR B FA I R s ISR A2 B R B NP (s Xy e Pl A5, 3 i v S PR 4B oxt
RIBIALE 722, RERBE =4 LAE B Trik.

IRGFERENDW HIR AR =%, BB KB EAMPUARHAEILE, HRASIRH
AR .

RGO HERLS

Px.y.=) [: /

LmR | ///////\\ggwm

XU E AHHLEI R A -

BEAFEERAG, BRAHAR. I8 CMOS AHALENTA]

EASEM . REOLAE, AERKE.

XU E FEBLER A :

XA AR UK. SR S BB Z R, B2 T 2T R Mo I

ANTEF RS Z S5 . W H S ARIE LS RHE AT R UL, AR R = &
HULACRIG
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TR S IR RAM R Tk, MEEERE, HHEEEK.
FLLGRR I I EVERE . VG (ARG Ck D) kb, S ECiiE N
.

TOF REEAENL

TOF (Time Of Flight) , W4 B SCGRIMEE AT ERESEE S, HAKMN S w2
I 4y H AR LRI EOBK T, S5 AL RS HON SR, @I BRI K ) kAT
FEIRIS R RAS BB VI HARYIRE R o RAD AR AR, @i BRI AT I (8] SEFR AN AT
A7, — OB R — & T BOR S 16 AR AL R R 52 . TOF VAR 1A ) 52 (KA
[, —MerT Lo A iFe: Bkohifs] (Pulsed Modulation) FIEESEJ A

(Continuous Wave Modulation) o kil 75 ZAEH mkE LR BTl &, HF
ZR R R WO, H TR R AR AR AL R 7072k 52 B TOF Thig. MRSkl
i, RE—EETEEEDE, MERYRLUS 2R AT, Rk EFR T, Eoyc s
JCHAN BRI, AR PRI U S SR R R R

I TOF FFAEE:THRAEDUAD, SXPELEMNARE B AR ny, K A2 RRRIRR, H
HITE N2 3 DL — e s (9 228 Lidar JEAHS R SR %07 15K el

Light source

o
]
|
|
|
|

[ % ///
9 5 N

= HH\ ;
= [ 1\ |

o L Ry

g \ \/ )
= A

A re- Object \

TOF KR EER:

ROEE Bzt . {EBOLREE B IS T Alis LK.
ZIED T LB

TOF MREEEH:
SRR, R (R AR, BHURTERER.
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%7 RAEKG AL R AL B 75 B2 UCRFER Gy, 18R R, LSRR E K.
PR T B YR VAR, RN o) R ATV I B 5 o
19. 4.3 BEEMHFEEMAIZE

BB BRI AR LR T B Astra Pro J7 ZHIERIRARNL, 1%AH
HLE#% 1080P RGB @ AHNL I REMEE T G5 HpOE IR BIR BEAMLIIRE, JF HAA XL
Z R B m ISP GG, W HENREA SO R EGR, AREE AL

MLt BB AL EE

BRSO SH% TR

S ZH

RGB 143 1080P

REET R 640%480/320%240
TR B K 30FPS

A 3 1280720

Tl N IS 30FPS

N USLARZE 58 A
M (FOV) H 58.4° x V 45.7°
¥ Im: = 3mm
TAEEH 0. 6-8m

Dh#E <2.5W

TAERE 10°C-40°C

19. 4. 4 BEBEMFREMHENCH B FXUEH
£ jubot nav depthcamera #AfY AL launch XXk, FHEAE TLLT

launch Bz,
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AR AR

]

jubot ORBSLAM. launch

ORBSLAM J& 2l 3044«

jubot ORBSLAMZ2. launch

ORBSLAMZ %y A 8 S .

jubot RTABSLAM Mapping. launch

RTAB-SLAM 5 FHATLEE 11 Js B S A4

jubot RTABSLAM Mapping Useli

dar. launch

RTAB-SLAM 3 & #H ML Ak & 30 7 1k 8 I R 8 3¢
4

jubot RTABSLAM Navigation. lau

nch

RTAB-SLAM A FEAHHL S0 A 8l 3044

jubot RTAB SLAM Navigation U

seLidar. launch

RTAB-SLAM % J& #H ML fik A 380 75 1k 5 i 8 8 3¢
4

jubot mapping frontier. launch

TR EEAIB USROG R Ik B Sh IR R 1B e 3h S0P

jubot mapping gmapping. launch

R E MU IEOG T IA GMapping Bk B S
B

jubot mapping karto. launch

BRIEANUEIHOE F L Karto SVEH BG83
(55

jubot nav. launch

TR EEARUBLIRO G T IX S AUSRE B 3 3Cf

jubot slam. launch

2SR S

BEERTH

S

FENLAS NS PAT IS A%, IBATIR AR .

roslaunch jubot nav depthcamera jubot depthcamera. launch

EERMLEG ST I — &, 1847 rosrun rviz rviz , 1 Frviz BT A,
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default.rviz* - R

Eile Panels Help

¢y interact | = Move Camera

3 pisplays £ Create visualization I L
~ & Global Options kit (rviz) - Zero
Fixed Frame a

camera_link

Background Colol

Frame Rate 30

Default Light v
~ v Global status: Ok

By display type By topic B
a \tvjew Orbit (rviz)
rclip... 0.01
i InteractiveMarkers

rt Z Axis
#4 LaserScan |et Fra... <Fixed Frame>

3 FZ Map ance 10
v \érizlxed Frame 3K @ Marker sLshap... 0.05
e %% MarkerArray ilShap... v
~ & image #, Odometry | 0.785398
b " Status: Ok ~ Path h 0.785398

Image Topic

il Point 0;0;0

Transport Hint
Queue Size 2 =
Unreliable ol Polygo
Normalize Range v 7 Pusa
~ Median window 5 " - =
» i PointCloud2 v Description:

Image Topic

Displays a point cloud From a sensor_msgs::PointCloud2? message
sensor_msgs::image topic to subscribe to.

as points in the world, drawn as points, billboards, or cubes. More
Information.

Add

@ Image [x] Display Name

PointCloud2

* cancel | |

Save Remove Rename
(© Time [*
ROS Time: |1627635945.37 ROS Elapsed: |132.89 wall Time: |1627635945.40 wall Elapsed: 132.79 Experimental
Reset 31fps

BT AR 21 = R SR

File Panels Help

{=yinteract | 5 Move Camera 1 select FoomCamera == Measere . ZDPmseEstimate o 0MsvGoal W Publish Pont + = &
B Displays B . iews .
b | ( . .
E CEMAC) S Type:  Orbit (rviz) » Zero

Fixed Frame
Background Color 1l 48; 48, 48
Frame Rate 30
D Fault Light v
* + Global Status: Ok
¥ Fixed Frame  OK

= Current View  Orbit {rviz)
Mear Clip ... 0.01
Imvert Z Axis
Target Fra... <Fimed Frame>
Distance 11.2
Focal Shap. . 4.08

b Grid ¥ Facal Shap... +
w i PolnbCloud? s Yaw 0175398
b ¥ Status: Ok Pitch 0.305398
Topic b Focal Point  0;0:0
unreliable
Selectable v
Siyle Squares.
Size (mj) a.01
alpha 1
Decay Time [
Pasition Transf,

e .|
Coler Transfor...  AxisColar
Queue Size Sy
Axis z
Auvtocompute ... ¥
Use Fixed Frame v

Coler Transformer
Set the transformer to use to set the color of the
paints.

Add

Save Remove Renarmne
() Time .
ROS Time: 162893342792 ROS Elapsed: 128.41 wall Time:  1628933427.25 wall Elspsed: | 128.43 Experimental
Reset | Left-Click: Rotate. Middle-Click: Move XY, Right-Click /Mouse Wheel: Zoom, Shift: More aptions Tfps

BEREERER
TENLE N i AT W R w4, 18T IR EEARMLIR SN .
roslaunch jubot nav depthcamera jubot depthcamera. launch

FEREIN L Hre — A, 1847
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rosrun rqt_image view rqt image view

BRI, BIAT SRR BEAHDL AR FE B

Himage View D@ -0
Jcamera/depth/image_raw/compressedDepth | |€@|[Elo |7 10.00m |>||B
age_raw/compressedDepth_mouse_left smooth scaling | & 0° | € || Gray -

BEMPEDBOLE X
il PR BEARN UMD B Ik, BT 22 B SRR

AL R EOR AR ML AT R B Ay — 4= i il £
HARERIEIR .

VSLAM Z K&

FENLE NIRHAT W R 2, IBAT @ RSE

slam methods ZHCNEEFESE, Wik gnapping, karto
HARARAE S AL T e i i I 7 54— B

gmapping# &

roslaunch jubot_nav_depthcamera jubot slam. launch slam methods:=gmapping

7E BN 2 1TRviZ AT AL T A rosrun rviz rviz FITEAEEFIR, £ Rviz F
AR ERCR
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jubot_mapping.rviz* - RViz

File panels Help

| interact | ¥ MoveCamera  [Tiselect «{FocusCamera = Measure .~ 2DPoseEstimate 2DNavGoal @ PublishPoint F = @
D pisplays [=] e Views (=]
» % Global Options W
Type: | Orbit (rviz ~| zero
v v Global status: ok it (oiz) =
v FixedFrame  OK ~ Current View  Orbit (rviz)
» & Grid v Near Clip... 0.01
» ~u Laserscan v Invert Z Axis
» R TE Target Fra... <Fixed Frame>
: Distance  11.7219
» [ navagition v
¢ E Odn;e" = Focal Shap... 0.05
5 ¥ Focal Shap... V
» ® PointStamped v Yaw 3.12225
» @ Marker v Pitch 1.5698
v & image » Focal Point  -0.61091;-0.389...
»
Add Save Remove || Rename
Q© Time ]
ROS Time: |1627636714.05 ROS Elapsed: |53.67 Wall Time: |1627636714.08 Wall Elapsed: |53.57 Experimental
Reset 31fps

Ja SR B AR, ERILE AR El e . AENENHEE, 7EERL
Wil PA N 484 : rosrun map server map saver —f jubot vslam gmapping {#{7Hh
K.

Ly

=J

kartof [&:
roslaunch jubot nav depthcamera jubot slam. launch slam methods:=gmapping
TEEMLSZ TRV iz AT AL T B : rosrun rviz rviz F@EEEEFR, £ Rviz T&

A EERCR:

Eile Panels Help
fyinteract | 97 Move Camera  []Select < FocusCamera mmMeasure . 2DPoseEstimate # 2DNavGoal @ Publish Point $ = @
& Displays [x]

» % Global Options
~ v Global Status: Ok

e Views £

Type: | Orbit (rviz) ~|| zero

Vv FixedFrame  OK ~ Current View  Orbit (rviz)
» © Grid v Near Clip ... 0.01
» <. LaserScan v Invert Z Axis
» W TF Target Fra... <Fixed Frame>
» B navagition 7 Dlstalnce 11.7219
r ot L Focal shap... 0.05
! Y Focal Shap... v,

» ® pointstamped [V Vew 3.12225
» @ Marker V] Pitch 1.5698
~ [@ image » Focal Point  -0.61091;-0.389...

b

Add save Remove || Rename
( Time [*
ROS Time: |1627637464.74 | ROS Elapsed: [17.14 Wall Time: [1627637464.78 | wall Elapsed: [17.14 Experimental
Recet | Left-Click: Rotate. Middle-Click: Move X/Y. Riaht-Click/Mouse Wheel:: 7oom_ Shift: More ontions. 31fps

A SR ECE AR, ERINLER AN e s . SRR S, R L
#I LT84 rosrun map server map saver —f jubot vslam karto fR{7ih/E.

VSLAM S
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TEHLEE ASBAT I T i 4, JEAT R PRI

roslaunch jubot nav depthcamera jubot nav. launch

HABRIE UL E TR (0 S S e e — B HEH AT,
19.5 SLIHEER

A S TR 22 B IR BEAALIG BRI, A0S 70 HLES ASHIREE] i = IR RE MRS B o
19.6 LR E

S H

SRR

S P 2%

S I A
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% —+3 ORB-SLAM & ORB-SLAM2 #R%%
SLAM &k

20.1 L EK

A LLEE ROS R4 K 5EORB-SLAM & ORB-SLAM2 Ey:szElVSLAMZE & & i .

20. 2 SRIGESR

PRAREHZE ORB-SLAM & ORB-SLAM2 [rJ3L A F .

20.3 LI T E
AN G, BREE.

20.4 EWAE

20. 4. 1 ORB-SLAMf&j 4
ORB-SLAM J&PG¥EF Zaragoza K[ Raul Mur-Arta %S L% SLAM R%E. ©

RN SLAM RS, WFE EARTE BRER. BIRN, 2R ek T

fEsRIHH SLAM R46, FIRGEHRH. BH. RGBD MHALMEN . HAZL R {EH ORB

(Orinted FAST and BRIEF) fEJ9#ENALSE SLAM Hr A% OAFALE o
ORB-SLAM BEAAELET PTAM FRJSRVENESE, E AR B2 o (1 36 43 2HL A IO T i,

ATk F B 4 A

® ORB-SLAM ¥EF] T ORB $FfF, &+ ORB B MKFHEUCECAIE Efr, #BELPTAM
HAFE IR AAARYE . thAh, HH =4 s R E VL RO B i, R R B R
Ve, VS AN 5HIGE 1 5 SEW0E 7 sefe € IRER .

®  ORBSLAM I T 1ER BB (ORI A AL, LAHFR 2 B . RGCRA S HEN
A IR] 07 ¥R I [ % UG T 0 S BT B (AL 20), s I (2P (Pose
Graph) HRALK & [E1 3 .

® PTAM TEMFHRE 2 WORVIMHILRSE, 2 WMBEEA B AILE, L L%
PR E. PRSI XA SR MIEIZE (Parallax) , RALBHMESGE=
FAL RSB = 4B 5 . ORB-SLAM A% AR 2 5K F Bk AT AR LI 2 il

® PTAN ¥ JEiz St L E KRBT IR S i it 2 W 2, B RAEEMELY .
ORB-SLAM SR FH — 7l 55 5 e 114 S SR RN = 4 et (KD 3L i —— 20 PR S A28 10 a0 9 25 1
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JETT RE B I I NGB R S B OR =2E 5, DAORALE 5 St S e s s 1 ™ 16 1

IR TUAR BB AR E I =4 s, DLRIIE BA [RCR ARG -
TRACKING

Eviiiie |-od Extract Im;:mplﬁm nron Track New KeyFrame
ORB Relocalisation Local Map | Decision
v 1
Map Initialization MAP KeyFrame
runce :
KeyFrame ol
RECOGNITION —a insertion g!
—
; Recent v
' S MapPoints || 3
Covisibility g:lllil'lﬂ ol
Recognition Graph —— %
Database : New Points
SP#,“S““ Creation ”
Loop Correction Loop Detection Local BA _
Optimize Leas
E 5': ent;nl Loop Compute || Candidates KeyFrames
Graph || Fusion Sim3 || Detection | [|_Culling

LOOP CLOSING

ORB-SLAM ‘&2 B = KH. = AMEEFER ST S —YoR s, B due i, %
R0 i B2 Y 8

1. FREF (Tracking)

X —#Br FETAER N EE AL ORB HFME, MR b —Miigk AT LA, it
AT A R B A IR AT 2, AR IR O AR A, A, FARYE L
A 5 7 R B

2. K (LocalMapping)

X ) B 5 R B R R . ALHER BT AN, SRR R A R A b ] T
BEATIRL, SRJGAERCHT I s, AR IIREE A (Local BA) , HJ5 FRRHEAIR
BEMIEAT ORI, 2Bk 2 AR R

3. MMM (LoopClosing)

X B> FEEI AR, o3 2 AR AT AR I o PFAAS IS4 WOB
BEATHRIN, SR 508 Sim3 SEATHEAUAR e IR IE, R R A4 Essential
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Graph HJEEAL .
ORB-SLAM B34 A :

—AMRAAE R RISE SLAM RE, AEWIESHMEBISEREH. KA g20 1A
JEum AL LR, REE RO X RFE SO B R S A B Al %2 . SR DBOW kb 1
FHAFFAER TS, R [RIPR RN 5 A RO o HE e A

LA L OB B — S B AME R Z G, BRI R FTI 7, 7E ORB-SLAM %
VETR, AT LATER BN IR Py SRS AT rh e A

TR0 TEHAAT ] 75 ZRBEAT OSBRI i, 4R = RBIBER I &1 R
G AT R A AT

RO LI A TEEIESE ( KITTT Al TOM $di4s) MR sSeiess i, DLERHE

Ao AT DME IS, JF BB SCHE A ROS.  (Github: slightech/MYNT-EYE-

ORB-SLAM2-Sample)

ORB-SLAM ZL¥EHR A1

gt R AR s s B URE T MR P RHE s — B0 AR B AR, [RDEAE
2 () FRREAT S A, AR 22 b P o (1 BB R0 [ A7 7

WA AT AR FHREOE BN, X HERFAEAD S LT SO 3 & 1Ak

TR LUALAR 5 Tt el e it T, Mg AUk, A R AR

ST A slam FTHLEEANTAL, FIREREEEA =, BUE AR RARZE, ¥
o, RAETTLUEA DBoW 48 m] LLA SR BIER kI e lf i F VSLAM+IMU BEATRRE, W]
DA R B2, & F T SRR H AL as A A
20. 4. 2 ORB-SLAM &% Demo izfT

L SSH HEFEZFIML 48 N, AT 4, i247 ORB_SLAM 77,

roslaunch jubot nav_depthcamera jubot ORBSLAM. launch

BT R G T B nEk— BERT IR, & 2R T S RS 3 )
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int (White Balance

int (b\arpuuss, a, 1(1

int

mer

int (

bool (Exposure, Auto Priority,

2, and you are wi 3 istribute it
itions. LICENSE. txt.
: Waiting For connections on 0.¢€

g ORB Vocabulary. This could take a while.

focus_absolute is not supported
cabulary loaded

color : (ignor if grayscale)

ORB E;t ractor F’a rameters

A SR JEAE RE O L T - — N, 1847 rosrun rviz rviz , s AL A

M, JEFTHF juvm ws/src/jubot viz/rviz/ X3 FH) jubot orb. rviz S sACE X
7, bRy, FTRAFE 2] ORB_SLAM ByAFH .

G % ~
=

® x - o jubot@JUJON-VM: ~fjuvm_ws/src/jubot_viz/rviz
XfHF) (REE &

Friday23 : 17@

default.rviz* - RViz
ove Camera [ jSelect < FocusCamera == Measure . 2DPoseEstimate . 2DNavGoal @ Publish Point

ROS Master URI:

ROS IP:

jubot@IUJON-VM:

Desktop D s 1 Choose a file to open
Documents J . a2

iﬁ:ﬁg?ﬁ?gﬂﬂ « W O BiEfER « @jubot juvm_ws src jubot_viz rviz
ChakeLists.txt n PES=E

= @ I jubot_ar_track.rviz 21Dec 2020
jubot@IUJON-VH e
CMakeLists.txt include packag X src [0 Documents graphe ‘;EE"S‘Z
3 ¥ . 21Dec202
duSOLRII0N YN / ¥ Downloads T
jubot@IUION-VM i z/rviz$ pwd B jubot_moveit.rviz 21Dec 2020
(home/iubot/juvws/src/iubot,vu/rviz 43 Music B jubot_multirobot.rviz 21Dec2020
Jubot@IUION-VM:~/ju jub z/rvizs 1s )
jubot_ar_track.rviz # jubot_orb.rviz [ Pictures W jubot_nav.rviz 3 7H48
jubot_cartographer.rviz jubot_multirobot.rviz 'JUBGE_rtabmapping:rviz v w
jubot_mapping.rviz bot_i nav rviz jubot_rtabnav.rviz 'a Videos . :
e use 1 W jubot_rtabmapping.rviz

L Ihro)

& K1) k)

21Dec 2020

KIEU R BEES IR jubot_rtabnav.rviz . 21Dec 2020
[ INFO] [1627712128.098870365]: OpenGL device: llvmpipe (LLVM 10| ’
[ INFO] [1627712128.898958462]: OpenGl version: 3.1 (GLSL 1.4).

Gtk-Messa : Gtkpialog mapped without a transient f + Rl =
discouraged.

RViz config files ~

ROS Time: 162771213153 | ROS Elapsed: [2.89 | wall Time: [1627712131.56 | wall Elapsed: |2.89 |

| Reset |

FE KL AT LLIZ4T roslaunch jubot_ctl jubot keyboard. launch J&#li#LTi
PRI AR Z), B R A 52 il b A8 b S KL, RE PSR Sl B,
7 0 3 PRI ROCR e

WIE B0, ORB-SLAM 5Lk B8 AR P BR, LSS RMIAG L Z |, RVIZ Bon4
H, WERPEIESAE—ATrE, 2 HEBPLHEN, BIHLENS A DA
ANTTI, RAPEBFRLEEEE WA . SERAIAIS, BIRTEE] ORB-SLAM HIAEIA.
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—REANFRER IR A IR, B ATE S

— jubot_orb.rviz - RViz

Eile Ppanels Help

™ interact | 75" Move Camera [ jSelect < FocusCamera == Measure .~ 2DPose Estimate .~ 2DNavGoal @ Publish Point ¢ = @

3 Displays. [x]
~ # Global Options
Fixed Frame ORB_SLAM/Camera
Background Color  [1]255; 255; 255
Frame Rate 30

Default Light v
~ © Global status:Er.
© Fixed Frame Fixed Frame [ORB_SLA...
~ @ Marker v
» v status: Ok

Marker Topic JORB_SLAM/Map
Queue Size 100
Namesp:

» B3 camer:

» @ image vl

© Time [x]]

ROSTime: |1628234210.15 | ROS Elapsed: (3253 Wall Time: |1628234210.18 | wall Elapsed: 3247 Experimental
Reset 31fps

5 FH L app B SR A5 25 ) B S AR A 50 L T B R RV AT 2K

Eile Panels Help

) Interact | ** Move Camera Jselect < FocusCamera == Measure . 2DPoseEstimate 7 2DNavGoal @ Publish Point ¢ = @

ORB_SLAM/Camera
lor  [0255;255;255

30

v

oK.
v

/ORB_SLAM/Map
0

© Time ]

Pl ROS Time: |1628234459.20 ROS Elapsed: 281.57 Wall Time: |1628234459.23 Wall Elapsed: 281.48 Experimental

bl Reset 31fps

20. 4. 3 ORB-SLAM2 HyEN-H

ORB-SLAMZ2 /2T HH, XUHAF RGB-D AHHLII—E5EREN SLAM K&, EReHESE
DM, AN ER E AL ThRE . TCIR RN /NS TR A, IERBI T
FREERITE AN IR T B2 30 (754, ORB-SLAM2 #BAEMSFERRUERT CPU _bBEAT SEI TAE.
ORB-SLAM2 7£ Ji5 3t bR FH (/e 2 80 H AU H BOE A F 240 (BAY BYJ7E, EXANTT
V2 SOV F R RS W 2 VP4l o EAh, ORB-SLAM2 A3 & — MR & g i e A A,
SRS AE RV AER ST, FHIALSE B THRIB B A 2 I A X 3 UL e ks

/

{E )@: o
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T HH#HE:  C(https://github. com/raulmur/ORB SLAM2)

20. 4. 4 ORB-SLAM2 #E % Demo B1T

ORB-SLAM2 %i% %5 ORB-SLAM Hik—MREKHIA A fiafis2, ORB-SLAM2 HIEAERT
I BEA T X ROS FRIRHSE, /2 6, ORB-SLAM2 FF-ANARXNT ROS HEATARVR MR E 51,
FTLL, #HXTF ORB-SLAM >Kijt, ORB-SLAM2 Xt ROS [IZ#ES5FIFEA M 45EE, i
Ut ORB-SLAMZ AT ROS 17 RSk A B ik 45 21 B .

N T IT R ZPEH AT ORB-SLAM2 ARSI S i 5AE I, FRATIRA T ORB-
SLAM2 HJ ROS JEZhHJTER A ENZH:, 5 ORB-SLAM A[FIH)JZ, BN ORB-SLAM2 %f
ROS AR A%, FrUlEEFIH ROS 1 Rviz T HRE/RFEZEWE, MK
FIT ORB-SLAM2 [ i) —ANEME s SRR R B ROR . BTA, 7EIZ1T ORB- SLAM2
I, AR L AR SR I VR AT

H%, i NoMachine JERFINIAFNZIEEE, HITT& 0, BT T4 /E3)
ORB- SLAM2 :

roslaunch jubot nav depthcamera jubot ORBSLAMZ2. launch
[ 2 A4 e — B I [A]
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SRR BNE, AT LA BT K

BT TG, —NREEMATEM AR, A8 THRIESER, FhA
[ERARPALIR - INC S Fb: ) IR YN A T

55 ORB-SLAM SHyEAHIE, WIS Bhit, ORB-SLAM2 AT E e MMIIE WA TR, £ 58
MR 1T, W HRRAE, RER BB A —AN 1, 2 MERSEEA, R
WML NS AR —ATT 1], R RRSCEEE A . eI E, BIATE F)
ORB-SLAM2 Fikxilas N A g fL .
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i

=
]
©)
@
o
i

20.5 SEEEER

RefBEEfE ORB-SLAM & ORB-SLAM2 JFEE, REf#ZIKHUEIORB-SLAM & ORB-SLAM2{E ..
20. 6 LI

S H

UG E R

SIS A

S UA G L
SEIG e 4
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% —+—3= RTAB-SLAM 1% SLAM &k

21.1 KW HEK

A LAE ROS AR GEHKEE RTAB-SLAM 5% seBIVSLAME & A

21.2 SKIGESR

PRAZ RTAB-SLAM HE234E RTAB-SLAM FJFEAfEH .

21.3 LT E
AN G, BREE.

21.4 SEHAR

21. 4.1 RTAB-SLAM f&jf

RTAB-Map, (for Real-Time Appearance-Based Mapping) JHF-3&F 4L sei 2
K [Labbe and Michaud, 2013, Labbe and Michaud, 20177, &N P77 52
SR FARS 0 03 Y o AR o) b PP DA /N AASE 5[] BAASE 00 43 24 76 [ g P ) BR ] Py Ak
BN R A AR B A E 2 K. N 2013 SETHIRFF T 2013 SE/ENTT
JRPER AT, RTAB-Map 224 e 258 BHIHE T KR SLAM J7i%[Stachniss et al.,
2016] , #H T &M BN [Laniel et al., 2017, Foresti et al., 2016, Chen
et al., 2015, Goebel, 2014] . [Ktk RTAB-Map CL&KJERMRN—AEF &ML C++
JEA—/> ROS A1, HHPATFSEPhRRIRENHE . fELAbRE. SR mES R EET. &
PRI EAL S H M B AR ORITT A 2 S5l i B ORI A NGB A2 ) R s ) 4R 10 MR

AR

wmpRGE-D Images)] riabmap_ros/riabmap
Teansdemed LT™ Retneved
& o : Nodks Nindes

i

’ W . ¥ Map Data
TF f ew Nee ) Loop Closure and : -
Proximity Detection : Map E-mph
Odometry Node dometry New | "'“"L @

: Semicr Dids 1li::|11h Optimization |map ,\1,,,.J— :

Bpsama " L Geaph | 1B

] - ltar

' ’ e ¥ Synchronization Gilobal Map '—-.-.[ Point i'lmhl]

1

. a, M Assembling

. ? h" 0 it s 1 :lJUynlp.ln.‘\. Girnd

R R I L L T Fr T Ty P S e e e e e E T ) R T

LA b2y RTAB-Map ROS 9 i IMER . FraifmAJE: TF, FIT & AR G A THLE AR
FERINLE ;R EAEARIEH AT (AR 3DoF 8¢ 6DoF) ; Hh—HMAHblmA (—
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ANEZ A RGB-D EME, SN H SIARES , HAA MR E. AT 2D ¥
JCRIER AT, 3D WOt R . SRR, SREXEA N RETA T BRI s
graph-SLAM 5%, #itHiifi2: Map Data, G& BB S GFE E4ifL A 80D
# Graph; Map Graph, BAAFETEIREKLEETF, HriEd i) B2, AlikOctoMap (3D
M LD R s s R RIIER 2D 5 P

| 2D Ray
|_Tracing |
[ 20 Local ]
end tron Occupancy Grid

fal
false e

Grid/
FromDepth
t;;_e Filtering and
Ground
Segmentation
Depth Image to “‘*\\ false
Point Cloud }_I Gndfﬂav'rraung
= 3D Local
l - Rﬂ_‘!‘ﬂiﬂg_l Occupancy Grid ]

STM ¥R & o PR B G . ARA S0 (il o), R IO A
miN (HRIERR) RS A E AT L2 2D 851 3D,
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R ( 2D Occupancy Grid
apwrEn|
foctomap_grid
2D Local OctoMap 3D Occupancy Grid ]
DC_CUDE_!'I.EV_G!_'_"!(‘ e foctomap
o
2D/3D Point Cloud  j—
fetoud_map
s B
o 2D/3D Point Cloud
5 j:mze iiter l: (Obstacles) ‘C"‘)
1 3D Local i fcloud_obstacles P,
_Occupancy Grid
) 2D/3D Point Cloud
Voxel Filter (Ground) =
feloud_ground

A% 3D MRS (OctoMap) M H: 2D HbA.
21. 4.2 {5 FARTAB-SLAME &
BB A E R, AR

¥ i - B LY

BT N4 B8
roslaunch jubot nav_ depthcamera jubot RTABSLAM Mapping. launch

Ja SN JE R RN L T T — N, d84T rosrun rviz rviz , JA a0 A AL S,
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FHFTH juvm ws/src/jubot viz/rviz/ AR FH] jubot rtabmapping. rviz S@zsAC
B, Doy, WTLAEE] RTAB-SLAM Bykat B 5L

JUJON_VMware
Wiz v Monday 23: 48 ®
r

default.rviz - RViz

Oyntesct | Moeconers [selet b fosComers  mMesure  # 20PoseEsimate  #20NavGoal  § PublshPont | & = &

o
- ® Global Options Tope: Obit (vl |

Fixed Frame
Background Color

choose a file to open

ar_track.niz
Documents rtographer.rviz
. ubot_mappin
& Downloads Gl
Music - multirobot.riz
ubot_navrviz

_orb.rviz

ubot_rtabnav.rviz

©
ROS Time: |1627973246.40 | ROS Elapsed: | | Wall Time: 162797324644 | Wall Elapsed: [25.07 | || Experimental

Jubot_rtabmapping.rviz* - RViz

File panels Help
3 pisplays
~ # Global Opti...

Fixed Frame  map

Background ... Ml 48;48; 48

Frame Rate

Default Light
» v Global Statu...
» © Grid

k
Image Topic __/camera/image_raw
Transport Hint compressed
Queuesize 2

Unreliable

» © Mapcloud

» @ MapGraph
INFO]
INFO]
INFO]
INFO]
INFO] Image Topic

sensor_msgs:Iimage topic to subscribe to.

Reset 27fps

BEI,  ATE RS v] LIS AT
rosrun teleop twist keyboard teleop twist keyboard B )5zl a%/ THNRE T

RIEHINLas N5, @aright 3D M. AT AfEFHLimizhIpL & A 5).
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Control Mode: Joystick

o
@%jﬁ

Center View ¥ Lock Ca

= 2
RTAB-SLAM % I S IERTY, Wik I B W28k, alEkpLes N2 E LR,
RTAB HyEm] B e s MEIE . BRI,

JUION_VMware

mage topic to subscribe to.

M5EERE, ATRLEEE ctrite BHEETY A, BB S HRAE . (RTAB-
SLAM Sy R . db #3X, Bsh{RFFEEE /. ros/rtabmap. db) , To 7 FahRAFHE
K.
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ssfully
eduler th

fully
(located at /home/jubot/.ros/rtabmap.db)

(located at /home/jubot/.ros/rtabmap.db,

21. 4.3 WEMANABOLE XA RE
WL BT R FE AL S SO B I fl S 2 B, A T SR AL R B, A e P R
Wi SSH IERFINLEN, $ATW TS, 30 RTAB-SLAM JREEAHNLHEOLE A fl
R,

roslaunch jubot nav depthcamera jubot RTABSLAM Mapping Uselidar. launch

JE BN ) JE AE RER LS FE AT JF — A28, 4847 rosrun rviz rviz, JEBIAMALS
i, F¥TH juvm ws/src/jubot viz/rviz/XAFJE FH) jubot rtabmapping. rviz E7zx
FLESCPF, BeiS, WTBLE$] RTAB-SLAM Sk S .

JUI0N_VMware ;
Monday 23 : 59 &
jubot_rtabmapping.rviz* - RViz
File panels Help

~ & Global Opti...
Fixed Frame
Background ..
Frame Rate

Default Light VI o S50 Vale,

Choose a file to open

O BEfER 4 fjubot juvm_ws src jubot_viz rviz

o FER &

& =E ubot_ar_track.rviz
: [ Documents jubot_cartographer.rviz

. jubot_mapping.rviz
% & Downloads nan b

INFO] ubot_moveit.rviz

INFO] d3 Music jubot_multirobot.rviz
INFO]
INFO]

INFO] | Videos
INFO] [16 R jubot_rtabmapping.rviz

(1 Pictures jubot_nav.rviz
B jubot_orb.rviz i

INFO] B o ! @ 21oecaon
2 ubot_rtabnav.rviz e o
Gtk-Messa L) HEEE Jubot

discourag: "
[ INFO] [ + Hffi=
Gtk-Messa

RViz config files ~

| Reset | 17fps

JashfaE:
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JUJON_VMware

Tuesday 00 : 01@ = 2. 1) O~

jubot_rtabmapping.rviz* - RViz

Eile Panels Help
O Displays
Autocomput... |V
Min Intensity 47
Max Intensity 47
> TF vl
~ @ image v

» v Status: Ok

Transport Hint compressed

Queuesize 2

Unreliable
» & MapCloud V]
» D ManCranh z]
Image Topic
sensor_msgs::image topic to subscribe to.

INFO]
INFO]

BRI, WAL AT LAIEAT .

roslaunch jubot _ctl jubot_keyboard. launch =% & zh %/ TSI S HIHL
WANRBh, LA 3D HA.

RTAB-SLAM 2 it IME IEIA Y, W L B i Z2 80K, AT fEHIpLas N 28 Lk,
RTAB VAR HENE B IE . FERCRATT

JUIoN_VMware
Tuesday00: 11@
jubot_rtabmapping.rviz - RViz

Eile Panels Help
2 Displays
~ @ image v

» v Status: Ok
Image Topic  /camera/image_raw
Transport Hint compressed
QueueSize 2
Unreliable
» @ MapCloud
» & MapGraph
» P2 map
» 9 Info

PointCloudz Ml

(LB Pointcloud2

R Displays a point cloud from a

ub sensor_msgs:PointCloud2 message as points in
INFO] he world, drawn as points, billboards, or cubes.
INFO] =

INFO] Add Duplicate || Remove || Rename
INFO]
INFO]
INFO]

v
v
v
v

M

INFO]

6fps

HERGEEE, ATBLES ctrite BHEEN R, Skl BRI, (RTAB-

SLAM St B fRAF A db 4% 3K, HBIRIFEEIE /. ros/rtabmap. db) , Joifk FalfRAF
.
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stream 'IR'...

INFO
VERBOSE
Shutting
ting

) to s
ssfully set.
(7) to 3
ssfully set.

Shutting down USB
Shuttil

ated at /home/jubot/.ros/rtabmap

(located at /home/jubot/.ros/rtabmap

21. 4. 4 REMHLFA

S AGFE y BE b R VR S A LBEAT RTAB-SLAM By, AEZNBOCES, R
TR EEABUSL IO T A B B i VA RCR

FEALF] RTAB-SLAM ST, Sk HENE"/. ros/rtabmap. db #&l, o7 F5h
wWHE.

WIE SSH BB A, BATWI T4, 53 RTAB-SLAM VR EEAHNL S

roslaunch jubot nav_depthcamera jubot RTABSLAM Navigation. launch

JA B R J5 7E RN P4 FF—AN 2835, J21T rosrun rviz rviz , HEAHLS
[, JF4TTF juvm ws/src/jubot viz/rviz/ AR jubot rtabnav.rviz

JUI0N_VMware
Tuesday 00 : 50® 2 4 O

Jubot_rtabmapping.rviz* - RViz

Image 7]
»  Status: Ok

Image Topic  /camera/image_raw.

Transport Hint compresse

Queuesize 2

Cancel Choose a file to open

O BiEfER 4 Mjubot juvm_ws src jubot viz rviz
o "
=K &5 " gREm
W =3 B jubot_ar_track.rviz .3KB  21Dec2020
D Documents jubot_cartographer.rviz R
M jubot_mapping.rviz X 21Dec 2020

{ Downloads
~ W jubot_moveit.rviz . 21Dec2020

| 43 Music M jubot_multirobot.rviz .7KB 21 Dec 2020
@ Pictures B jubot_nav.rviz . 7H48

R jubot_orb.rviz .7TKB  21Dec 2020
jubot_rtabmapping.rviz .7KB 21 Dec 2020

'm Videos
Gl %2

+ HftifiE

RViz configfiles ~

BoRBCE SR, SRR, FTELEF] RTAB-SLAM A5 .«
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JE B35, RTAB-SLAM HEw] LA ZhILECHLE: N4 ET A B, Tofi FahbreEila A

FEERNEBNIE, HLas NPTEESLH) 3D MBI IRAENL S N, BTEL RVIZ %A &

NS 3D P, mILLES AL Download Map {24, f# rviz

Bn 3D M. Wi R

Jubot_rtabna

T 3D A,

| Eile panels Help

i'{?mamem ‘(‘l’l Interact [ ]Select ¢ 2DPoseEstimate 2DNavGoal == Measure P = @

» P map

» Global Map

» [ Local Map

» Z Amcl Particles
~ € Rtabmap cloud
»  Status: Ok

Topic
Unreliable

Style

size (Pixels)

Alpha

Position Transformer

Color Transformer

Cloud from scan

Cloud decimation

Cloud max depth (m)

cloud min depth (m)

Cloud voxel size (m)

Filter Floor (m)

Filter ceiling (m)

Node filtering radius (m)
Node filtering angle (degr...
Download map

Download graph

RS

/rtabmap/mapData

Points

TF
Displays the TF transForm hierarchy. More Information.

\ Add || Duplicate

[ el

Rename

| Reset |

maifE, rviz SR ML N T 3D B ST,

AR, T O34 TN B8

e

Type: Orbit (rviz)

~ Current View
Near Clip ...
Invert Z Axis
Target Fra...
Distance

0

~|| zero

orbit (rviz)
0.01

base_footprint
122316

Focal Shap... 0.05

Focal Shap... V!

Yaw 348414

Pitch 13598
» Focal Point  0.0090125;-0.1267¢
save || Remove || Rename |

21fps

B E], rviz EEEA

Eile panels Help

|77 Move Camera ‘@interad [iselect . 2DPoseEstimate # 2DNavGoal EmMeasure b = @

» F2 map

» [ clobal map

3 Local Map

» “Z Amcl Particles

v & Rtabmap cloud

» v status: Ok

Topic
Unreliable
Style
size (Pixels)
Alpha
Position Transformer
Color Transformer
Cloud from scan
Cloud decimation
Cloud max depth (m)
Cloud min depth (m)
Cloud voxel size (m)
Filter floor (m)
Filter ceiling (m)
Node filtering radius (m)
Node filtering angle (degr...
Download map
Download graph

|

(I Add |

| Reset |

REREE

Jrtabmap/mapData

Points

TGS

190

i

Type: | Orbit (rviz)

~ Current View

=
) zera_|

orbit (rviz)
1

Near Clip .. 0.0

Invert Z Axis
Target Fra...
Distance
Focal Shap.
Focal Shap...
Yaw
Pitch

» Focal Point

base_footprint
12.2316

0.05

v

3.48914

0.7298

0.0090125; -0.1267¢

| save || rRemove || Rename |

20fps
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= @

File Panels Help

% MoveCamera | (Minteract [jSelect . 2DPoseEstimate . 2DNavGoal = Measure b = @
3 pisplays. [=] »a Views =]
» F2 Map V! = v
- Type: | Orbit (rviz) ~|| zero
+ B Global Map v P (z)
» @ Local Map Vi ~ Current View om!t (rviz)
» = Amcl Particles Vi Near Clip ...
~ & Rtabmap cloud v Invert Z Axis
b Status: Ok Target Fra... base_footprint
A Distance  10.7638
Topic /[rtabmap/mapData Focal Shap.... 0.05
Unreliable Focal 2hope.. [
Style Points Yaw 339914
Size (Pixels) 3 Pitch 0.4348
Alpha 1 » Focal Point  0.0090125;-0.1267¢
Position Transformer xvz
Color Transformer RGBS

Cloud from scan
Cloud decimation
cloud max depth (m)
Cloud min depth (m)
Cloud voxel size (m)

4
4
o
0.05
Filter Floor (m) 0
0
0
o

s

Filter ceiling (m)

Node filtering radius (m)
Node filtering angle (degr...
Download map

Download graph

Global Options

Save Remove || Rename
21fps

Ueis, BPAIRIA 2D Nav Goal T HEAREHErs, HL#ARIAHETA H bR o
BREAPABOCE SRS

WLBIFE A IR FEAHAL S 0% B 1A Rl & 64T RTAB-SLAM HVE ST,

FEAE ] RTAB-SLAM S, Sk HENNE"/. ros/rtabmap. db K, To7EF3)
A

i SSH EEFINLAE N, PATUWI a4, 5 RTAB-SLAM VR FEAHBL S -
roslaunch jubot nav_depthcamera jubot RTABSLAM Navigation UseLidar. launch

JE BN JE FE ML P47 FF— AN, 18T rosrun rviz rviz , AR HALSE
i, FEHTHF juvm ws/src/jubot_viz/rviz/ 39 R jubot_rtabnav. rviz

JUION_VMware

Tuesday 01

EOe

» 2 map
» B Global Map Cancel
» [ Local Map
» % Amcl Particles O B u juv c jubot_viz rviz
~ & Rtabmap cloud . -
» v/ status: ok @ AR
[t

D Documents

Choose a file to open

Z=

size (Pixels)
Alpha

Position Transformer

Color Transformer

Cloud from scan e 10.1KB 7f
cloud decimation ) ¢ 47KB 2
Cloud max depth (m) [IEES iz 87KB 2
cloud min depth (m) - -
Cloud vorelsize (m) OIS
Filter floor (m)

Filter ceiling (m)

Node filtering radius (]

Node filtering angle (d

Download map

Download graph

09798
0.0090125;-0.1267"

2

Global Options Riz config files + |

J[_oupiate | Remove [ rename i A | save || Remove || Rename |
ey

WORBCE S, SRR, ATCUE R RTAB-SLAM S5 A1 .
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JUION_VMware

Tuesday 01:36® 3 20 O~
w =
:
ol el

|% MoveCamera | hyinteract  [ISelect . 2DPoseEstimate . 2DNavGosl =mMeaswe | =

» & Global Options EEET—

Type: | Orbit (rviz) Zero
» v Global Status: Ok pes (Orbit (i)~ ‘
» @ Grid v ~ Current View  Orbit (rviz)
» b TE NearClip... 0.01
b~ Laserscan Invert Z Axis
» v TargetFra... base_footprint
M 7 Distance  13.1517
i 7 Focal Shap.... 0.05

Focal shap... v

r G aw 312914
» “Z Amcl Particles ] Pitch 1.3598
» @ Rtabmap cloud v » Focal Point  0.0090125;-0.1267¢
| Add J save || Remove || Rename |
| Reset | 31Fps

JE B35, RTAB-SLAM HEw] LA ZhILECHLES N4 ET A B, ol FahbreErla A

EERNEBE, PFlas NFTEESIRY 3D MR RIAAENL2S N, ATl RVIZ %A &
NS 3D P, mrLlmit siHd: Download Map %4, ff rviz F#E 3D i,
o 3D M. WF AR

Eile panels Help

H}Mweramm Hh!nterant [ZJselet . 2DPoseEstimate . 2DNavGoal = Measure F = @

[=] e Vi [
> B clapatvap v te= [obitom) o[ zem
» @ Local Map v ~ Current View  Orbit (rviz)

» Z Amcl Particles v NearClip ... 0.01
~ ¢ Rtabmap cloud v Invert Z Axis .

} ¥ Status: Ok Ta_rget Fra... base_footprint
Topic Jrtabmap/mapData 'F’:ct:l“;:apm ;_30';5’ 7
Unreliable 5y . ) Focal Shap.... ¥
Style Points x rtabmap/get_map_data" service... i F -

Size (Pixels) 3 2 S Pitch 1.3598
Alpha 1 Downloading the map... please wait (rviz could become gray!) » Focal Point  0.0080125;-0.126
Position Transformer 74
Color Transformer RGBS
cloud from scan
Cloud decimation 4
Cloud max depth (m) 4
Cloud min depth (m) [
Cloud voxel size (m) 0.05
Filter floor (m) o
Filter ceiling (m) [
Node filtering radius (m) ~ ©
Node filtering angle (degr... 0
Download map
Download graph -
Download map
Download the optimized global map using rtabmap/GetMap service.
This will Force to re-create all clouds.
Add | | save || Remove || Rename

mififE, rviz JFIRMNLES N N # 3D s SCff, BN A, rviz @A
FIREASHK, TR Lo S5 T 3 5E B
TGS
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JUION_VMware

Tuesday 01: 37 @

~ jubok_rtabnav.rviz* - RViz

Eile Panels Help

|4 Move camera | fryinteract  Clselect 7 2DPosekstimate 2DNavGodl = Measwe | & = @
ispl. o »e Views ]
» F2 Map v B . pETTEE— ——
» 5 clobal Map v Topes[ombit(o) -] Zeo
» [ Local Map vl ~ Current View  Orbit (rviz)
» Z Amcl Particles v Nearclip... 0.01
~ & Rtabmap cloud o Invert Z Axis .
b v Status: Ok Target Fra... base_footprint
N Distance .1847
Topu(l_ " /rtabmap/mapData Foeal Shap... 0.05
:[’;:: ane S Focal shap... v
Yaw 332014
size (Pixels) £ Pitch .8148
Alpha 1 » Focal Point  0.0090125;-0.1267¢
Position Transformer XYZ
Color Transformer RGBS
Cloud from scan
Cloud decimation 4
Cloud max depth (m) 4
Cloud min depth (m) o
Cloud voxel size (m) 0.05
Filter Floor (m) o
Filter ceiling (m) o
Node filtering radius (m) O
Node filtering angle (degr... 0
| Download map B
Download graph £
Download map
Download the optimized global map using rtabmap/GetMap service.
This will Force to re-create all clouds.
| add | ~ save || Remove || Rename |
[ Reset | 21fps

XTEEIRAT L SEHh, 7T LA Y ERCR BN R4

g S e

or—

—

B, BIFHIA] 2D Nav Goal TR JiEHFRAL, Hlas ARITTHIAE H bR A

21.5 SEIGZER
AEMS M RTAB-SLAM HyEJRI, REWS{HH RTAB Syhdb Tl Tin, JF5HIAT

RIEATRE -
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21.6 LR E
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122 /X 2% (YOLO)

-

B8 W

22.1 LG HK
ATUAYE ros BAGEHPIREEIRFE 2 S) B se ol H AR IR
22.2 SEIHER

#1E ros W darknet ros HEZE, HIL yolo HVESZELHFRIH .
22.3 LR TR
NN —E&, BEEL.

22.4 EWAR

FEIXA B, AT A N2 BRI RS H AR A 7 TH A28
22.4.1 YOLO Pi#&f&iy

YOLO (you only look once, YOLO) A&HET—3K/NAXHIIRSE 2 SIHEH——

darknet B HAREIITFIETIE, darknet F/NRETR, HEIRTIEEAE HMEA WY ETR
KHPRPEZESJHESE Tensorflow F Caffe, fH T HIFISHZHLL C 1HEM CUDA &K
EamEH,  FTCVE R SR EAE YOLO W H o RBOERE: IR, T KIFEL AR
#RAl GPU JHATIZBEHITIRE . FrLh, YOLO FR)BRsAar i I o i AT T M 75 22 S A s U 4R
PRMURITH  BEAh, e R Rt AR, 7R o & /N AR A AR A R
AR T e MG X EER RS, i 538 T REAE R ESZ 60 A,
[EYIESE N

YOLO & —AHARK AT H , 1 H AR A R, s iin) 5EH, it
G BRZ R BRIPZE ML O, FTLL, YOLO AR b, s —Asudl 7 = A RE
VR FE B AR 2 I 2%
YOLO HFAESREUT R

BEAR R IR G R I 2%, sl EAR IR 5 B IRHIE . AHXS T FAST R-CNN H ARk
MR {f Flregion proposal (&% XI5 FRAFEFEEL, YOLO 3&#% 7 X FEIA AR X
SRIATUIGE, TREEIPRARI, B TE AR AKX 2y HARRITE 5, ERS TRk =,
S AT RERE SE AR — 05y, BT LA SR e N A SRR AT, TR T BRI
RN =R
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YOLO P45l 75 =X

YOLO 78 T &l v b SR P 0 2 g o i RO R I, KE AN R (90 S8 AN Xk, T
SR AR RO TEAE AN DX, Dt R ) X ¢ Xt e A TR

MXHFRAML, #4— bounding box , HUAATRIIX I, AT A PY4>44
WS, LM xi o, vi, WEMEE tv, th, DUEA—ANEGERE. XNEERHE
ARE AR, BAS AKX A bounding box JE7H&yli 2, WIRA LA, T
N AT 2 AR 0) RIE AT, TG EARE .

YOLO PY&RAE%!

YOLO #5522 — MBI+ 8 IR B RS R, & —3tF 53
MEERGE, FTUEELE Github ESCKZIUH PN Darknet—-53, {HSERR &M
JAANIE 53 2, BUNRFERR I 2] T KRR,

YOLOV3 P44 14 &

Inputs
(batch_size, 418, 4186, 3)

v

' Conv2D 32x3x3
i | (batch_size, 4186, 416, 32)

!

4 Residual Block 1x 64
i | (batch_size, 208, 208, &4)

l

H Conv2D Block 5L 128 Conv2D 3x3 + Conv2D 1x1
H Residual Block 2x 128 H (batch_size, 52, 52. 128) {batch_size, 52. 52, 75)
i | (batch_size, 104, 104, 128) |
H 3
Residual Block 8x 256 Concat Conv2D + UpSampling2D

(batch_size, 52, 52, 256) : “1 (batch_size, 52, 52, 384) (batch_size, 52, 52, 128)

I i

Residual Block 8x 512 | @ Conecat
(batch_size, 26.26.512) [T 7| (batch_size, 26, 26, 768)

i M—

1 | Residual Block 4x 1024
i | (batch_size, 13, 13, 1024)

Conv2D Block 5L 256 . | Conv2D 3x3 + Conv2D 1x1
(batch_size, 26, 26, 256) (batch_size. 26, 26, 75)

Yy
b

Conv2D + UpSampling2D
(batch_size, 26, 26, 256)

a

Darknet-53

Conv2D Block 5L 1024 » Conv2D 3x3 + Conv2D 1x1
(batch_size. 13, 13, 1024) (batch_size, 13, 13. 75)

X TR 2T Darknet 7RIS X 4 R
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FR

RS S RRER S

Convolutional
Convolutional

32 axa 416 = 416
64 3x3/2 208 = 208

Convolutional 2 1x1

1 % | Convolutional 64 3x3
Residual 208 = 208
Convolurional 128 3x3/2 104 > 104
Convolurional 64 1x1

2 x | Convolutional 128 3x3
Residual 104 = 104
Convolutional 256 3Ax3/2 52X 52
Convolutional 128 1=1

§ = | Convolutional 256 3x3
Residual £2 %52
Convolutional 512 3Ix3arsz 26 % 26
Convolutional 256 1x1

8 Convolutional 512 3x3
Residual 26 x 26
Convolurional 1024 3x3/2 13 x13
Convolutional 512 1x1

4 = | Convolutional 1024 3x3
Residual 13«13

!

Conv2d Convoluticnal " m
l 1x1 H 3x3 H Convolutional Set |

Predict one

Convelutional

Ix1

Up Sampling

Concatenate

Convld Convolutional
1x1

: |4_| Convolutional Set |
3x3

Predict two

Convelutional

1x1

Up Sampling

Concatenate |

Conv2d Convelutional
1x1

Sk H Convolutional Set l

Predict three

Convolutional
Ix1l

Convelutional
ix3

Convoluticnal

1x1

Convolutional
3x3

Conveluticnal
1x1

19§ [BUOTIN[OAUO))

(1) ik 416%416 K/PMHIERA, S@ERZZIEEZER (KR Pl 7RE0 —E

FE4ER) 52,26 F1 13,

(2)1E 52,26 1 13 45 = A2 GFRHMER A, NN A2 441 Convolutional

Set, XHLARIESRIE KN MERILLH, 151 WEFEHTR4E, 33 MR H THRIUE

fiE, Z2NERRHEE . B2 EPRIE R A ERN,

B H A Concatenate bri&,

BEWRAE LHTRAE R RMAG R E T LR — . BEAMRHEER#A Ml Predict,

BT AE R, e MR BLAS R /NA S R AT 1A, 15 2 iR 22 T 45 2R

YOLO-Tiny

X SR U R H , YOLO-tiny A2 AR B Zak . W h EIXA ML LE YOLOv3

FOREA B 7 — SRR, FURE T 2 MR 3, BARR SR AR
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Iny
QIEiEiﬁ 3

104 &
52732764
5F*51"128

13* 11'51?

13"13r 1024
13*13*256

1314+ 255 131 !‘113
zE*E*a&I

13°1§*512

Ou Ot

Ll 26°2h* 155

v

YOYOv3-tiny

}

]{

22.4.2 £ ROS Hiz{T YOLO P&kiRF|
R EM T, AL T ROS HEZEHIZAT YOLO iR B Z& I ThRety, 1Z%IhfE
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BT A RAR RSB BRI H YOLO M HEAT RN I T RE, FRRR 3 2 kil

i ROS ERAG, T CAAEH S E AT IIRE T R KA, TR R B SR AR
BHIGE ST . iZIhRE AL T-HLAS N~/ jubot_ws/src/jubot_cv/jubot_yolo_detector/
PR

RINEWT

roslaunch jubot_yolo_detector jubot_yolo.launch

Wik SSH & EIMLES N, {ELum N R 23217 YOLO 94 iH D g

Jhome/fJubot/jubot_ws/src/Jubot_cv/jubot_yolo_detectorflaunch/jubot_yolo.launch http://192.1¢
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AR NG FT I — &, AW a4, Ja30 rqt_image viewer T.H, EI/RL
IR B -

rosrun rqt _image view rqt image view

PP E 15/ darknet _ros/detection image, ][] A BIA] SZE 7R 24 A ) B B
4

MWimage View D@ -a
/darknet_ros/detection_image ~ & o/ o * 1000m < &
/darknet_ros/detection_image_mouse_left Smooth scaling = 2 0* € || Gray -

rqt_image_view__ImageView - rqt

Mimage View D@ -c

/darknet_ros/detection_image ~ & | 7| 0

1000m =+ &

/darknet_ros/detection_image_mouse_left Smooth scaling | 2 0° € | Gray -

B 13 I 2 S SR s AR BORIR ORI S5 R ASE,  aTilad ROS H @R R 45
R VLUERT BUAES 5 KPR R ShRe R UM P B i —UOT R IR, BE T 2
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TR
it SSH RN N, E&u R rostopic v & 3REUH B M2
rostopic echo /darknet ros/bounding boxes

BARWR

frame id: “"detection”

mera_link"

ATLAE B, T IR B MR e . TE B 1AL B DL i 44 RS (E B AR
AE T, A RERR T R, ORI 115
22.4.3 FH#e YOLO BEE

FERT— /N TR DR, BRAAJESh YOLOV3 WRERMEAY, BREEMENE T TR %
Y, Jpli& YOLOVZ2. YOLOV2-Tiny. YOLOV3. YOLOV3-Tiny. HH,

Tiny BAYEYOLO ALY, Sa AT EERCbR, (EAE N BRI R LA — e AR
IR, 2R, 7E JetsonNano _E, YOLOV2 5 YOLOV3 iRBIMIZALA 1-3 MifEp,
IYOLOV2-Tiny LA YOLOV3-Tiny AIAF]| 10 Miifgfb.

e i R 75, SE R D RE A )5 Bl I £ AR

I SSH HERRINLAE N, Bida N4 €M jubot yolo detector LREHLIY)
JAs A roscd jubot_yolo_detector/launch

WA, M vi gmiEasdmiEiZi%E N jubot_yolo. launch {4
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/launch]%$ls

/launch]$pwd

SIHERTHE, RUCATHREE SN YOLO BEBLSCfF, JEid s stk ab sk 4, FHE#iz
ITZIhReAL, BRI A ASFIIYOLO BER SO, DASEBIAS R 56 T I st i i sl AR,
AL S A TR
® yolov3.yaml YOLO-V3 A7, RIS, Wi 1-3 ]
® yolov3-tiny.yaml YOLO-V3Tiny H%Y, RBIHER m, MR 10
® i/t
® yolov2. yaml YOLO-V2 A%, i 1-3 i,
® yolov2-tiny.yaml  YOLO-V2Tiny #iE!, Wi 10 Wit 4.

B SR K SO R ORAF IR 5, TS AT DhRETY 5, RIRI{E A B4R 2 /Y YOLO
S
22.5 LWL R

REEAEFH Yolo VAR SJEIESEILH AR
22.6 SLIOHE

SI6 H )

LG B R

S P 2%

S A 4
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F-+=%F 4 CHERHEMNEHELE
(YOLO)

23.1 I H K
ATLAYE ros ZAGEAHIRHEIR I 2 =) B3 se Bl H ARR
23.2 SEIHER

#E ros H darknet_ros HEZYE, JHEIT yolo BIESZILHFRRA.

23.3 LW TR
ANMNE— . B

23.4 EHXAE
FERZAZBIH,  FRATHE AR 2 28 B HE I 25 5 H Frter g A J7 A4
23. 4.1 JYIZRE CHIBRME M EIELR

REBEfE A Yolo VREES:IEIRINNSGRH CHIGBIAIZ M ZSHELE

BB PR E T tiny-YOLO v3 BT H AR A .

YOLO FAH) H AsAs il S5y2mT LA /& H AnAs il s i/ EAE, YOLOv3 BIE PR R
T one-stage. WElZRYIA RPN EAAE— N BERP B yolo EEAEH
JZ I Hbounding box HIAZE A bounding box FT/EZHI, ML one-stage. iHiL
X7, 1E GeForcel070Ti FA[SEHL 20 MifFbiicd I, Hids X, YOLOv3 &
YOLO BiEH S =K. YOLO Bk MRIFUE YOLOv] — B fb i RAEIR 2 4015 S5 M 4%
S5 A6 T TR A BRI B

FEATE T, IWSEBII MBI, AR — 55 St E CEdR 4, 1R %
X E ARSI A TR A e AR . ERERN SR 2R EP RS A,
ERFEME SN G AN R4 5, W A U SH .
PIEiNE- % Sy

@ &I Z B

N T ER, FATHEERE B ARAHREM S . THEs 2 ALY BbRdn— &
IR, R HAR ) — 2L BB B — A SO kb, SRR T B R AR
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@ 5 2kt L

YOLO BEAY4-F3 53 4%, TREMCA&MSL R RINZIR & A T LUET. RRE I,
FEFTHEASRRER, HEFAEA GTX 1050Ti XKLL ERER. 3217 Ubuntu 18.04 x86_64 %
ittt 5 E 2 BECUDAL0. 1 K LA ERRA, & cudnn7. 2.1 BLERRCA, FERCUDA Al cudnn
RIS RS 8L

@t 1 4T

FAEY darknet RS yolo MR, FrBARELVF yolo FAIM—FA
Fic B S SHAR A UL, R )5i81Tdarknet FUFEFIZATYIZRIEAR.

P R RIATIF AT B IR 5 .

FRATHLAEAR BB I P 2235 57 7 ubuntu 18. 04 cuda cudnn CAZRII=T0 . 5%,
AN NTHEHL AT I 204 A LR 452

sudo apt-get install git

FEX—BHAM P ozt git RIGEH TR

git clone https://github. com/pjreddie/darknet. git

TR :

Cloning into 'darknet'...

remote: Enumerating objects: 5901, done.

remote: Total 5901 (delta @), reused © (delta @), pack-reu
sed 5901

Receiving objects: 100% (5901/5901), 6.16 MiB | 96.00 Ki
B/s, done.

Resolving deltas: 100% (3916/3916), done.

B 100%5 8t FEGER T . FATKE darknet WISCHFLER: 7R Z4am B -

cd darknet
tree -L 1

TR :
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— cfg
f- data

f- examples

I— include

F— LICENSE

l— LICENSE.
l— LICENSE.
l— LICENSE.
l— LICENSE.
l— LICENSE.
l— LICENSE.
l— Makefile

f—— python

fuck
gen
gpl
meta
mit
vl

I— README.md

— scripts

— SRG

HAfy LA B Z SRR, EA2:

X
(%)

backup
cfg

data

gL
1|15 IE BRI EX B
PIBERYIIERNRIREER
TSRS

Makefile darknetifIEERMZEE G, LHINEBEEZFAGPUNNE

IR EMEXE

BB H pireddie KAFC Fiy, Prll AT IEAGSIEAREIZAT, FATHZ Hik
9P, XA E — makefile AW THE (FrUMUILARH XA &F Makefile
XA o GMIEZAT, TEX Makefile SCIFREATIRE:

FEATATHIN -

cd ~/darknet
gedit Makefile

gedit 22T Makefile Cff, Makefile HIRGJUATE BT
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GPU=0 # E&FRAGPU? 0: &, 1: 2
CUDNN=0 # E&&FHcudnn? 0: &, 1: &
OPENCV=0 # 24&{FFB0penCV? 0: &, 1: &

OPENMP=0 # 2&{#FER0OpenNMP? 0: &, 1: 2

DEBUG=0 # 2&f#FMdebugie=? 0: &, 1: 2

PATH ZALHIGPU, I 2 s AL AR EAT THAL, IR AR T S . 53 AMB R 2L cudnn,
IR FAIL A E N EH ZOR R I B IR AR 2 M 2% BN A R, 5 EAE ] OpenCV i EI{5 AL
H, PrUlREWT:

GPU=1
CUDNN=1
OPENCV=1
OPENMP=0
DEBUG=0

SR ARAT S5 RIS . ATIF AT,

cd ~/darknet
make

FEFRIT Mg, FiFsea, JATEREEKNHX: fA:

tree -L 1 I

WoRIR:
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examples
include
libdarknet.a
libdarknet.so
LICENSE
LICENSE.fuck
LICENSE.gen
LICENSE.gpl
LICENSE.meta
LICENSE.mit
LICENSE.v1
Makefile

obj

python
README . md
results

SCripts
src

[TTTTTTTTTTTTTITITTT

BNy S fE, XEA LA RS AEAE libdarknet. so Al darknet 30, W04, mUiE
BRI 1 5N RIS I ZRI BE 4R

TR 5 ST B 58 O H AR AOAIN S EERNE MR L2 H bR o IRt 7 ZEIRATLE I ZRiT S 72 Hude
SEHBRTE R BFRIALE . Yolo mark Z&—MFEMEGIRETR, RO LRAE LSS
YOLO #%zQHIFRIE LA
58 FEYOLO mark, FTIFa44T, HiA:

cd

git clone https://github. com/AlexevAB/Yolo mark. git

cd ~/Yolo mark
tree L 1

FIRER), FRAINEF Yolo mark B TFEH !
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F— CMakeCache.txt
F— CMakeFiles

— cmake install.cmake
F— CMakelists.txt
— LICENSE

— linux_mark.sh
— main.cpp

F— Makefile

— README.md
— x64

— yolo_mark

— yolo_mark.sIn

L— yolo_mark.vexproj

Yolo mark j&— cmake T2, [FIFf, FRATRAE H A 75 B EH B OGFE R X (Jo):

X () i5 AP
linux_mark.sh N ERHIRES B4
x64.Release.data EIANHIEERESEHES

e B3R, SRR AR T HR. ERRELSRNT:

cmake .
make

FERSPRERE T 21T, FENARERF R AT 8 E . 1T 1inux_mark. sh:

gedit linux_mark.sh I

BRI HSRPAT yolo mark FEFr, HAIFHERERFNSH, - 1HSUE
Hnfefr i, 5 - ASHCR R E SRS L, SH=AS 80 Hin MR
WO E . PSRN T 2RI =S8 T e

208



JUJON RYIE R RAGRAT

echo Example how to start marking bouded boxes for tra
ining set Yolo v2

./yolo_mark /home/${USER_NAME}/darknet/data/coco/images/tr
ain /home/${USER_NAME}/darknet/data/coco/train.txt /hom
e/${USER_NAME}/darknet/data/obj.names

pause

XSGR T I7 05 AT B R AR, 1 R B AR L AU 45t B8 4%, HLIZI$ {USER_NAME}
i BB UK K G 4
Jeff darknet SCPFJEHEENLAE A E -

cd ~/darknet/data
mkdir -p coco/images
mkdir -p coco/labels

P 2 AV I A BE S5 42 DL /home/$ {USER_NAME} /darknet/data/coco/images
IR o B ASERABITER E S R s AR S, ARETF
FIWE NS, BN RBAIBE BB, Bl

gedit ~/darknet/data/coco/obj.names I

X R —ATA IR, RE AR, X BEG NS REEIRAN
ERM A BB FR, MR obj. names HEINZ, FHHEAHn
DRI CREIFPLUWE” D, RAF. BUEIRATFT AR A

cd ~/Yolo mark
sh linux_mark.sh
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FERA ¥ 3 T ¥ _E T3 s (A2 SR R R AN S 8, Ty R HdR S
BB, FHE T ORI SCT Bos HARI AR, R

HUEARER S, AR, AR RS F #EATFR T

FERRIE AT RE A 3AT T 75 B0 21— S pREERE, Ay SRS REAE (8 (A Ak P 18 10 (1 X 2
REERE, SWRIEINAREE R R

SR
ERGEEE i5Ae
AR AR e EfREE
AR a R ED] Bt EE
BEATIRATE:
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RiERE i 88
ikt T—5KEH
iz E—KE A
r HpRIERAMREE (SEMER CRFIAIERRE)
C FZE R AR B im PR
p S5 E—SKRVRE
0 BRRE EtR
Esc KR EER
n BERERT
0-9 RENERFS
m TR
w TR
k feiE BiRE R
h FEH

Hi BRI, FATHESN SR 2 SR HARHELEFE b, S At ) B s A B R
FERE CRAEFRVE A RER S H AR 78 B0 & 1B/ MIE . 2R FARAUN, FIREIEICAT fg 2
ZBEHKEIERELE, WFREE L8/ MER .

MIRATEEAE AT ARE TG, 1% Esc IBHERMA, A8E, i R0 LIERAT
C&MoE T, BT REIERANBEIRIIZIPIER.

# A1 2 BT B "/darknet/data/coco/images/train 3 fF # T M) Ar &
ok b, 3 YR

"/darknet/data/coco/labels/train H1,

N#E tiny-yolov3d HIRLEILAF yolov3-tiny. weights HITHYILRLTFHIALE

darknetb3. conv. 74:
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cd ~/darknet
wget https://pjreddie.com/media/files/yolov3-tiny.weights
wget https://pjreddie.com/media/files/darknet53.conv.74

HI darknet 2 TG & 47 AL, BLAE T DA — N RCR

./darknet detect cfg/yolov3-tiny.cfg yolov3-tiny.weights d
ata/dog.jpg
# B ANSHEMEMBEN IR, BN BSHENEX, F=R
Frka i i B (R

R okt iTdarknet MASEACE |
BATE™ /darknet/cfg/ XA &S my_we. datas:

cd ~/darknet
touch my we.data
gedit my we.data

FESCAERE N

classes =1

train = /home/${USER_NAME}/darknet/data/coco/my we.txt
valid = /home/${USER_NAME}/darknet/data/coco/my we.txt

names = data/obj.names

backup = backup

eval = coco

Hrp classes BUEZEN BRI, AT REW WE, Frblg 1.
¥ /home/$ {USER NAME}/darknet/cfg/yolov3-tiny.cfg HE #l — 1y, = ft & N

yolov3—-tiny—train. cfg, FH1E4:
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mv /home/${USER_NAME}/darknet/cfg/yolov3-tiny.cfg yolov3-t

iny-train.cfg
gedit /home/${USER_NAME}/darknet/cfg/yolov3-tiny-trai

n.cfg

RSO RITT 7 47 808:

[net]

# Testing

# batch=1

# subdivisions =1
# Training

batch = 64
subdivisions = 2

VESMES (USER NAVE}, @R BAFLLE/N, AL batch = 64 ok 32 2% 16
HERASER! e TR aa AT 25

cd ~/darknet
./darknet detector train cfg/my we.data cfg/yolov3-tiny-tr

ain.cfg darknet53.conv.74

EEF 000000 KR T 200,
B iR —IK, 10000 FLLEEE 10000 P HEHEI/R—K. Class AR

MR RMIERAR, #£ Class WIEFGRIER] 0.9 (25D MRHEATELE Ctrl +
C fFibIk, AL AAE backup F A LRAE T IIZRAIALEAE .

AR SEA (FE 1070T1 HRR E MR ZdhizqT 10 M BLAH] 0.9 B

yolo H72ERIA 10000 L UAEGEE 1000 D

FMIERRD , HRKMOEREE R
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conv 18 b b ] > i BFLOPs
6 yolo

route 13
conv 128 1 > ] ] 3 38 3] -> ? 128 0.011 BFLOPs
upsample > >
route 19 8
conv 256 3 > ] 6 > 6 X 38 ; 26 6 6 1.196 BFLOPs
conv 18 1 > ] 6 X ? ] ? 6 18 0.006 BFLOPs
yolo

cading weights from yeolov3-tiny.conv.15...Done!

earning Rate: 0.801, Momentum: 0.9, Decay:

.208004 seconds

6 Avg IOU: ©.154911, Class: 0.542475, Obj: ©.385543, No Obj: ©.587530, .S5R: 0.000000, .
count: 9
Avg IOU: ©.196198, Class: 0.678789, Obj: ©.582617, No Obj: ©.492592, .5R: ©.000000,
count: 4

6 Avg IOU: ©.406785, Class: 0.456425, Obj: ©.336342, No Obj: ©.509826, .S5R: 0.500000, .
count: 4
Avg IOU: ©.261887, Class: 0.593361, Obj: ©.530446, No Obj: ©.491866, .5R: 0.000000,
count: 7

6 Avg IOU: ©.297758, Class: 0.348539, Obj: ©.442548, No Obj: ©.587202, .S5R: 0.000000, .75R:
count: 7
Avg IOU: -nan, Class: -nan, Obj: -nan, No Obj: ©.492202, .5R: -nan, . : -nan, count: @

6 Avg IOU: ©.191769, Class: 0.644537, Obj: ©.251000, No Obj: ©.505752, .5R: ©.000000, .75R:
count: 8
Avg IOU: ©.233697, Class: 0.597563, Obj: ©.395009, No Obj: ©.492591, .5R: 0.125000, .75R: O
count: 8

6 Avg T ©.160983, Class: 0.604825, Obj: ©.436177, No Obj: ©.507331, .5R: ©.000000, .75R:

Fk, JAIKMEN L CENGLT T
23.4.2 RHEE LB

HATIA R FFEEAE ROS HEZE FHEATIT R I. ROS RGEME — 1T RUBE EHESE
TEMLBA (BN AL TATHBAE FERFSABEKT, SATRET AT
ROS AR AT DL G A — A9 55 (node) , #9228 il 48 4 (1) 4% 326 5 IR 3 1) S At
MERIER T — MG —iesh RS . Fr LA RAESAERESAE ROS HEZE T AEH
YOLO, #i#H darknet 5 ROS ZEGTEH—MIIRER, FraaC&A KAIYOLO SHE T
JEH U ROS fl——darknet ros.

HAEST T Taviator FINLEALRESS, FTOTZm4A

roscd darknet_ros tree -L 2

H A0 R
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— darknet # yoloffr{t H %
[— cfg
|—— data
I—— examples

|—— include

|

|

|

|

|  }— LICENSE

| — LICENSE.fuck
| }— LICENSE.gen
|  — LICENSE.gpl
|  }— LICENSE.meta
|  — LICENSE.mit
|  }— LICENSE.v1

| I— Makefile

|

|

|

|

|—— python

— README . md

|—— scripts

L src

I— darknet_ros # darknet_ros ¥ ZIhgE Al {EIX B
I— CHANGELOG.rst
l— CMakeLists.txt

|

|

| — config
| |—— doc

| |—— include
| |—— launch

| |—— package.xml
| I— src

| |—— test

|

L— yolo network config

I— darknet_ros_msgs  # darknet_ros(i [ & X 15 &
| |—— action

| | CHANGELOG.rst

|  — CMakeLists.txt

i — msg

— package.xml

|—— jenkins-pipeline
I— LICENSE
L README.md

darknet_ros_msgs H1E X T PIAMIEE R, 435)52E BoundingBox. msg
BoundingBoxes. msgo FAIFIESE yolo HiE 2 mREFER—5KE A BRI —H H AR
FrE R, Fr AR EIX P MR AN TR DM E A EREE, RN T
feis—sk - LR H AR AL EE R .
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darknet _ros SCPFIAE—AFRHER ROS AL, FRATHTEEM R sre MR, Kt
H) ros THBWCKMMHAEX B S . config SKHRPALE T —RIK T WS B K&
B darknet _ros ¥R R E

FEZHTHIEAIRE] yolo INZRIFHIMAIRAFAE backup XIS, FATHEAEIZR
THEENL_ BB AU SCHRT ™/ darknet/cfg/yolov3—tiny. cfg IXPIA3CAF4) 5 521
H BT

“/vision ws/src/darknet ros/darknet ros/yolo network config /43 FiY
cfg Miweights JfF#TF.

71" /vision_ws/src/darknet ros/darknet ros/config SCfF3J&H i

yolov3 tiny we.yaml, fEHFEAN:
yolo_model:

config file:
name: yolov3-tiny.cfg
weight file:
name: yolov3-tiny-we.weights
threshold:
value: 9.3
detection classes:
names :
- WE
VR L Fconfig file Flweight file 4TS FATTRIRIE Hill AN SR SC
4. threshold JEWGIEME, A2 Ui 28 18 JI I — AN B2 H AR TR K F X 4>
IR AL AT ISP A A NI AN X3 H b, B SO ME A IE XIS, 20X AME BN I 2 4
g, BHERML, RZUESFRK, TERE.
£~ /visison ws/src/darknet ros/darknet ros/launch H¥%
darknet ros. launch E#ll—4r, #y4 Awe. launch, BSHEH ) <rosparam
command="1oad” ns="darknet ros” file="$(find
darknet ros)/config/yolov2-tiny. yaml”/>N<rosparam  command="1oad”
ns="darknet ros” file="$(find darknet ros)/config/yolov3 tiny we.yaml”/>
PAFE & AT TNIMIETZE ) yolov3 tiny we. yaml,
)5, BB /vision ws/src/darknet ros/darknet ros/cfg/ros.yaml L

H] camera reading::topic —17, XIT#aE JIAMIA darknet ros 5 UK BB
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AN RHEIGRIEE, aviator HHEIE S EAIIEEN

/usb_cam/image raw.

F, FAIHdarknet_ros IO AREL 7. HGHRNKE — T Wiz

B, BATHEIF R Bk

roslaunch usb_cam usb_cam-test.launch
SRJe A Bl H AR -
roslaunch darknet_ros we.launch

SRR JE TR R T ) B bR E

BATAT L@ rostopic list Ml rosmsg list FHF| darknet ros KAl I EAIEBHA
WRLL . WURTEEEH, WAFET/vision ws/src/darknet_ros/darknet ros/sre/ iIfiH.
23.5 SERAR

BERS ] Yolo VREEZ:SIBIEINZRH CHRIBHE LI LB H AR .
23.6 SLHRE

S48 H

G ER

KIAR

SPIA M Lt
SEIG Mg
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JUJON AYIEEHEAHRAT
FoTPUE HBRHZLME (TensorFlow)

24.1 LB K

AJUAAE ros ZagE R SEIRIE 2 31 S SE L H AR R B
24.2 SLIHER

HIRIET TensorFlow HiESHL HARR .
24.3 KW T A

AMNHI— G, Bt

24.4 EHWARE

FEIXANZ B, FRATTH A2 I 28 BRI 25 5 H PR R RS 5 T A4
24. 4.1 TensorFlow f&j4

TensorFlow & — P, 2T Python HINLAESIHELE, ©H Google JFA,
HIEET 325 S, HHFERGMARES RS R TAEEFEMNA, &ZH
R THINLAS 24 SIHEZE B T Python, TensorFlow tHIRfE T C/C++. Java. Go. R %%
HEmmiEs .

TensorFlow f2Hi Google Brain HIBAAVRFEMZ ML (DNND FA HID) e A M
VR, T 2015 4 11 HE KA, fE Apache 2.x PRFFI TR H. BEAXK,
FIFLRIPEAEN, Ho GitHub PE K% 845 ANTTHRE ILFLATHEIL 17000 X, XA L w2
% TensorFlow Jit4T FEAIMERE M — BT,

TEFIH T EETRAT R A IR SR, W RESIR R A B TensorFlow [I45EHE

-

ﬁL:

35000

30000

Th
25000 =
Scikit, 890
Tensorflow, 946

2
*= 20000
:
0O 15000 i ‘)
S & CNTK, 135
10000
Deeplearning4l, 120 o
5000 § Mxnet, 381
Caffe, 247 U Keras, 488
Torch, 131 Q £
5 @ e oo
2008 2008 2010 2012 2014 2016 2018

Launch Year
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FFURIR FE % ST i TensorFlLow  FOVFREIR FEE AN 22 X 26 1) T S50 28 BT S 0 10

CPU B% GPU HIfIR%5%%. PC sifeahidt& b, HRFIH—/ TensorFlow APT. fRAJ
Resxln), ICHIRZHABHIVRE 21, W Torch, Theano. Caffe I MxNet, HF

TensorFlow 5 H AR 2] FER) X AIFEMR e ? A5G TensorFlow 7EMN IR %
IREES I PERENS A2k S JFIR. SCREZ R CPU/GPU. HIA TRUISMEAL, I 3CHEH F I
NN 28Ky, g VA2 zs (RNND) o BRI, (CNND) MR BAS /2% (DBND .
TensorFlow UEHELHFFR, WT:

® URFTHMATIES, W Python. C++. Java. R Fl Go.

o WUEZMTE LT, HERBITFEMSMARTE.

® UZHFIH =M (AWS. Google FI Azure) HISZH:.

® Keras——mFMAML APT, B4 TensorFlow 4.

® 5 Torch/Theano tt#:, TensorFlow 45 5 & (i 5 R AT AL .

o ARVFRAIME R T A, I A,

® HARHIFHIRLIX S

® TensorFlow AMUALZE—ANEMFE, E&—EMHE TensorFlow, TensorBoard

M TensorServing FIEfE.

B research HMEFIH T 2R —LLAEH TensorFlow FFRIAMBIIHE :

® Google Bi¥iZH T TensorFlow F1 TPU (Tensor Processing Units) .

® Project Magenta BEfS{H 5B SIBA A& 5, EH T TensorFlow.

® BUKHHFREEM R M T TensorFlow R A& BUA LMW K45 K1

o —fIHAKRRIZH TensorFlow JFR T —ANRNAFRF, HH A NRTARSS Y3

REPERT BT 4325

fiiH] TensorFlow HJIHILHIRZE . AHHE B AEALH P Bf# TensorFlow fEIREEY:
SIS b R, AP AT DR FE 4o 4 R 4 R R P T 5l S 5 R T SRR
—ANEA R

FEHWESY, CL%HT TensorFlow2. 0, /' A[EIL Python3 B4

TensorFlow, 3 H3Z#F Jetson Nano GPU Ak, [A, BEEM:thE—KAEH LT
FiffiTensorFlow IR 3% 3 F 4.
24. 4.2 FEHFRAH MNIST) i

ff Jetson Nano EEEMH, ## T FTensorFlow HIFEHFINAGIRE, 7E
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AT, BRTRTFWREGRF, TR HTensorFlow H@IFNG—NTF5H TR
MEPhZ Mk, JFHA T MR B RES LGk, FIFIZFRMEm s, K
WIS F 587 M BN Demo.

AN TR BIRE, S THLEE A /d]l_ws/tensorflow/MNIST Demo/B&4% T -

® \NIST data UM, F7iETSHCFMNIST Hintke.

® scripts SCfFJE, EAEHIFRIERD.

® train model UK, FRAEIIZRAELL.

Bk, AEBRATTFIETFMUIZ— A TensorFLow fHE M2 B |

MEAVIFUG I L I, S — PR AR SJ4TE1 "Hel lo World”. #ilF Lb4w
FEANITH Hello World, HlL#s%%>JAITH MNIST.

MNIST Z—MANZEMTHENME SRS, EasSMTE5H7EE R

SO/

EE S IRE X RAIFRE, SR RATXA R H T L. e, REXPUsKE
IbR2E A2 5, 0, 4, 1o

TERCERE T, ARG ZR— NP8 2 OB T Tt I B ) 8. JRATT E Y
ARBEBI— MR IR E AR — RERATSIEZ SR IRIEARED 2553 —iRt 1Y
TP —— TS AR T ) {3 F TensorFlow. LA, FRATTX HL 2 A — AN 4 2 (50
SAERITEAR, B f Softmax Regression.

X REX AN FARE R SRS R &, 1 H I EA R EMANE RS E =47 . H
K, RHRAL S /EIX LA B K B AR R AR Y TensorFlow TAEJFERINL
PSIEEAM S . B, XAEAE IR PGS 41 I LA Y S R B

EMBEM T, #8A2& TensorFlow2. 0, STensorFlowl. x [ APT 14 i
AE, FE 2.0 AWIKS 1.x JRAKIAPT. 7EAGITE S, ¥ 2218 Fl TensorFlow2. 0 ]
Lox HEEMAPT HKIEAT, 1. x FARAPT AN SV IR BE, AT DASE LT (25 24 ST HL AR 2
ST (R I AR
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24. 2.3 FHABBLRNFEHF

FEARTHREN, R 228 RSB AT ST — 5 P R DR A7 A 22 R 2 A AR

FrA

R B A B85k SR Brn B F 5 805

ARATHYRRL SN scripts/test_camera. py, 1B 5| iR ) 20

ANEBATEATR S, HAZ LR B
BRI 25 A7

(shape) :
tf.trun 1 normal(shape,
Variable(initial)

initial
return tf.

stddev= )

initial =
return tf.

. shape=shape)
tial)

X, W):

.nn.conv2d(x, W, strides=[!, 1, 1, 1], padding=

1,strides=[ ,

1_convl =
h_pooll =

*7%641)

flat, W fcl) + b_fcl) #fc

h_fcl drop = tf.nn.dropout(h_ p_prob)

KA, fEk

1, padding=

ict=tf.nn.softmax(tf.matmul(h_fcl drop, W_fc2) + b_fc2)

y_predict

f.placeholder(

ght_variable([",
variable([
t_variable([-,
variable([
vallatlnf[

saver.restore(sess,

cap = open_cam usb(",

T = network(np_img)
ctions =

predicts=predictions.tolist()

THIVEUR:

B4, it VNC

AR T E L&A

sess.run(netoutput, feed dict={keep prob:

]

TIOT i, R 2 H D13
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~/dl_ws/tensorflow/MNIST Demo/scripts/

DTS5

_ test camera.py train_adv y train_basic.py

EINLL R4, ARG kT 55 R R
“/dl_ws/tensorflow/MNIST Demo/scripts$python3 test camera. py

BATARWR

KRG R LHE ROT X EZLR BN T 58 B, AR e i, By
LM IR AR

2, AR T 0 NG ADFHHETRAMEMLE, FHERRGELETIEE
Hike. FIP AT DARAE A R o (I Sk i fal s B, 28— 2P 2% S TensorFlow, fEHGEL
B G LRI RN E . AR TR .
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24.5 SLRLER

B TensorFlow VRIS S S 25 H CHIBERSEIE 9200 B AR
24.6 SLHOHE

S H (K

SR TR

S P A

SPIA M bt
SEIG e &k
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B THE JIZGEH CRERMEMERESR

(TensorFlow)

25.1 LW H K
I BAE ros FRGEHREEGRBE 2 ) S B AR IR .
25.2 SRINER
EAREN TensorFlow FESZILIIZR H CHIB A P4 .
25.3 ST A
NN —G, BB,
25.4 EWAR
FEIRAN LM, FRATTHE A28 0 28 B I 25 5 H ARl A~ J T 21
25.4.1 #FEFEHFRIME
FEATTH R, ATKSAEH] Python3 22 ARG FEKIEAT, FTLL, TEHFAGZ A0, &
ITE AT IFHLEE N, FFIEIE SSH 48 A RIHLAE A
PI#3]™/d1_ws/tensorflow/MNIST Demo/scripts IR AL SCH: R 842 T

ic.py

W N4, 3t APython3 =2 B\ gmiE
“/dl ws/tensorflow/MNIST Demo/scripts$ python3

@JUJON-ROBOT ~/dl_ws/ flow/MNIST Demo/scripts]$python3
Python 3.6.9 (default, Oct 020, 12:12:24)
[GCC 8.4.0]1 on linux

Type "help”, "copyright”, "credits" or "license" for more information.
===

MNIST ¥#E&

B, BATHE S ANMNIST Hdfade, MNIST Hd &1 & M2 Yann LeCun’ s websites
FEXH, FAMRMBE T input data.py SCEFHT HED T EM 2R EELE, FATAT
R, BEIEESN, ERTPHA:
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>>> import input data

>>> mnist = input_data.read data_sets(”../MNIST data/”, one hot =True)
scripts]$python3

re information.

_loader.cc:49] Successfully opened dynamic library libcudart.so.10.2

FPAREHEERP M EE 7. 60000 47 AIYIZRAHEEE (mnist. train) A1 10000 17
HIAEHE SR (mnist. test) o XFEMVIMREE, FENLES 7~ SIRBRBTHI 200 — 4
FA I A B AN F TN SR A2 B R VP Al IX MY R e, AT BE N2 2 4 0T A8
R 3 bR B 210 .

EUWRTHR I —FE, B—A MNIST s ool M. —KesF 5487
[ L A — X R AR A . FRATHEIX LS BN ks, JEIR AR ys” . IIZREE
SEANABHE AL xs M ys, HCHINZBEEERE rmnist. train. images , Ik
HAIREEMIFRZZE mnist. train, labels.

kB A EE 28 BER X28 BER. FATH UM — MU B R E R KB Fr:

[0 0 0o o o o o 0 o 0o o o o o]
o 0o 0o o 0 0 0 0 o o0 0o 0 0 0
o 0o o o o o B B o o o o 0o o
o o o o o o [ HW o o o o o o
o o o o o o H HW o o o o o o
o o o o o o B H B o o o o o
-~ o o o o o o o MW HE o o o o o
" Jo o o o o o o W HE o o o o o
o o o o o o o | HW o o o o o
o o o o o o o | HMW o o o o o
o o o o o 0 0 B 1 o o o o
o 0o 0o 0 0o 0 0 %] i 0 0o 0o o0
o 0 0o 0 0o 0 0 0 o 0o 0 0 o o
Lo o o o o o o 0 o o o o o o]

AHEXA B RIT RN, KR 28x28 = 784, W RITIX M (B
IR ) AEE, WERFESAE T RAAMHR IR IF. WX AR F, MNIST
BRI E st 27E 784 eSS B e, JF A R R (R it
BRI P R T A A RT) .

JEFE R BT E A S R B A S E R . BRI, BT
BNV T7VE A2 0 A X S 55 (5 8., AT AEF S BAE P N4 . (ERAERX AR
AT BRGIX LE S5, P BT BB AR, softmax [A]) (softmax regression),
AL XL L5 E

F, 7EMNIST YIZ5E3E4d, mnist. train. images & —MEWRAN (60000, 784]
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Ik, 55— MEREEU T AR RS- B, 35 AR AR R 5K B 7 TP R 3
FEMTKE B A IoE, AR K A B SME R IR A, AT 0 A1 2

[a] .
mnist.train.xs

784

60000
FEXS N HIMNIST B IARZE2 N T 0 2] 9 W%y, Hkitidss € B v R

B NTHTRIANEIE, BAUESREHHE R one-hot vectors”.  —4> one-hot [
R TR 1 AN AR SRR 0. FTATELL AR T, B n KR
AR RETER n 45 N 0 JFIR) B 1 10 e, boln, AR%E 0 KR
~E([1,0,0,0,0,0,0,0,0,0,0]) . K, mnist. train. labels &—4> [60000, 10] ]

BT HERE
mnist.train.ys

__-1__h-
10 -rgj-d*—f - =

60000

BUE, SRATHE 4 n] DLIT A6 A4 B T A A 2 iy !

Softmax [B]JH448

FAVEITE MNIST sk 8 &m0, A0 B 9. FRATA 4 € &
FREFFABF ISR enit, FATWBR Bl —sk s 9 MR ARET 9
HIMER . SO%EHZHIMIE 2 8 HIMERE 5% (KA 8 A 9 #A LKA rNED , R
Ja 4 T EARR A S 7 MR /N

XA AME softmax [EJT (softmax regression) MR ML RG], softmax H
RUR] AR RGN A S B . BUEAEZ S5, FRATIIZRSEANRE AR IR, )5 —
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® HYIEEHBAERAT

SAFEE softmax KSR,

softmax [A|] (softmax regression) 43Fis:

BB

AT B kg € BT & T 3HRE B R IIESE (evidence) , AT EFBER
{E AT IBGR AT . 4 X AME R B IR SR AE 3 S ik B A A8 %28, AR R
BUE AR, AR AR AME AT A RIIE S S R ik B B I A2, BB BUE =2
TEHL

N E A R T — A ERLAE S B E R B MG R TR e R RUE . 46
REFHBUYE, W EARFTIELBUY.

0 1 2 3 4
5 6 7 8 9

BATEF BN —NEMIRE & (bias) , FANMIANEAESHH RN
. B TaEERmAR A x BRERZET 1 BIEET IR
evidence; = Z W;;x; + b;
J

Hphw AFE, bARRET 1 RWEERE, j KRG TR x NBRRIIHATBRER
KA. SRJEH softmax PRELA] DAEIX LEIEHE FEH MR -
y = softmax(evidence)

X softmax A LLEBGE— N (activation) HIEELEBERE (1ink) R,
FEFRATE SISt bR B A 4 R BRAT AR L % 20, 2 0T 10 M3k
MMER A . Bk, 45 — kB, EX T8N TG B LA softmax pRI%L
RN — AR . softmax BEAT LRE SUA):

softmax(x) = normalize(exp(x))

IESIE S wapulib eI IV EAIF
exp(x;)

softmax(x); = =————
0= 5 o)
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@ RYEFBABRA

ER T2 I softmax MR pR H0E SONRT— AR {05 N E 2 SO R E0KR
i, FIENXE RE. XADRIEHERR, T ORRUESE XS K R 5% 5 A
(hypothesis) HEAIRBUE . xRz, A E DU SRS 75 RSB Bl
SENMATRBR R BB B BUE AT LU 0 B FUfE. Softmax #RJ5 2 IEMIfL
XECREAE, FEAIMAmET 1, DUWE— N8R . CEZMRT
Softmax FRELIMER, TTLAZ#Michael Nieslen M B KXAES, HoH%T
softmax (A2 B AP ATAALARRE . D

KT softmax [BAREAR AT AR R TE I RRE, XT8N xs IIBUGRAN, F43 )
mE—AMmEE, BEHEHMAT softmax HET:

+by | —> ——a—(i)

w0
=
+by| —> 3 -—a><:>
Q
X
+b3| —> ——a»<:>
R EEE— N, AT LS R
Y1 Wiixr + Wigxy + Wiszer + by |
Y2 | = softmax |Wa 122 + Wooxa + Wazxa + by
Y3 Wsizs + Wsoxs + Wisxs + b3

FATw] U A R om XM R FERE SRE A A . XA B TR
MR (R —MEA RS T 70

Y1 Wii Wia Wis| |21 b1 |
Y2 | = softmax LVéJ VVQQ VVég | T | + b2
Y3 Wz1 Wsia Wi3| |23 b3 |

EE—2, Al USSR IR 2 75 2
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y = softmax(wy + b)
S TEIEY: Lt

AT python SEBLEAUMBUETHE, RATER SEHREE, LA NunPy, 24
RABIHE B TR v X R 1) 2 A3 S8 AR A M0 5 S 0. NSERE, AN S D)4 1]
Python MR —AMEME, SRR —MREKITFE. WRRA GPU KIEATAMEIIE, X
FERITFE K. AR 20, e 2k 58 2 1 s A Sk A i s .

TensorFlow B4 MIHH S python ZAMSEM, (EE Ay 7 38 G iy I 35 ) 0 £
THES, el T 5EE . Tensorflow ANHEMMIZAT R RTHE, MRikb®ATAT
DA B — R A0 AT 38 H TR AE, S5 4 —i EPy thon ZAMEAT.  GXFEK
UAREAT 75, ATRAFEA D IR 2 ST e B .

fliH TensorFlow ZHl, BHHEFANE:

>>> import tensorflow. compat.vl as tf

>>> tf. disable v2 behavior ()

TR S 4 1 AR A ok Rk e T A LR e, BT DU R TE O e —
A

>>> x = tf.placeholder (“float”, [None, 784])

x AR—AMREEMIME, R — A5 placeholder, FAITE TensorFlow iZATil
SN N AME . AT B R i TS BER MNIST BlUE, kB 784 4k
. AT 2 4ERiF ROk Rk R RIS ], XK EIRZ [None, 784 1.

GXHLH None FRBLiKE 158 —ANEFE AT URAEMK R D

AT 75 EACE AR B &, GOAIRATRT LA e A O S A A, (BE A
HAIRF) 5 {HTensorFlow A5 —ANSELFI 5K EK R EA]: Variable . —4 Variable
RE—NTMEKIKIBKE, TEAEFE TensorFlow (KH TR HAEBRAEEF . BT LA
FAF RN, Wl AE TSR 2. 5T SRS % IR, — R A 2
%, WILAA Variable FEin.

>>> W = tf.Variable (tf. zeros ([784, 10]))

>>> b = tf. Variable (tf. zeros ([10]))

HAK T tf. Variable ARBIVMEKREIE AR Variable: 7EXH, FATHI 4
NFEITRERYIGAL WA be BONERATESIW R b AME, EATRIYME AT AR 1 E .

R, WORI4ERE[784, 101, KEIOIRATEEN 784 4EREIF gLl E LIS 2] —
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A 10 ZERRIESEE R R, A RARET . b AR 10], B ARRATRT DLE#%
eI E s .

BUAE, FRATAT DASEELRATRORE R . N AT AR !

>>> vy = tf.nn. softmax (tf. matmul (x, W) + b)

B, BATH tf.matmul (X, W)FRoR x bl W, YRz ArdFC i, X5 x &
—/ 2 Yk EIAEZ AN SRS b, HEREAZ] tf. nn softmax MRECHL .

2L, FAVEH T IUTFE AR BT, RE R T 17K E CFRAT
$i8 . TensorFlow AMYANAT LM softmax [Al)ARERL T 5AR AR I T 5, & B A X PR
W R 75 ARSI FAt S M EUE T 5, DAL 27 ST RO B 2 B0 7 LA
M. —Hyoe g2 e, AT AT EA R 8% Bigfr: 1HENIE CPU,
GPU, HZZEFHL!
WIGERY

N T INGIATRIRR, FATE e ZE MR R MR R A . s,
FENLES 2], AT E SRR KRR R — MR BRI, XAMRFRIONEAS (cost) L
Bk (loss) , REREHRMEZRAIRIR. HE, PR I7 UM AR .

—ANEEE R LR, ARE AR R EUE S U (cross—entropy) o XM
A TE B LIS B R A D BOR , (BB 5 RIE AR O M ZRE BB &5 2] 55 HiA
AU L B OR T B, B LR

o

Hy) == ) yilogy)

v RBATHIOREEA, v IR GRIMAM one-hot vector) . b
BRI ELARL, 22 S FIK R T T T 58 SR O . el % T
38 SR PR A SR, (LA TEIR A\ ST HLAS 30, AMI 0 0 A B

TSSO, VR S B — R o R R T4 A T

>>> y_ = tf.placeholder (“float”, [None, 10])

SRIE A TTT LU — 3y Log () 5238 XAk

>>> cross_entropy = —tf.reduce sum(y *tf. log(y))

%, A6 Log HOL y MEAERIAE. BTk, BRI v B4tk
B UL og(y ) HIRREEEAAE. BUR, J LF. reduce sun #-5IK B I9HTA TEH
AL GRS U GO e — % B, TRFTA 100 1
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R (58 SR IR R 0T 100 /B8 st 1) F000 2 300 L B — R el 10 2 B B0 L b
RBATHARL I PERE .

IAETRATANE FAT T ZEIRA TR AT 40, FITensorFlow KIZRE R AEHE S
ff1. BI4 TensorFlow i1 — kMR /R & A TH ST, BT LLE Sl S el 44 7%
H1%: (backpropagation algorithm) A R{CHLAH & 1R 1A% B ] 5 fR A8 22 a5 /MA 1Y
A AR . 285, TensorFlow 2 FIARIEFE ML SEARAWT G 2548 B DATRAICK
Ao
>>>train_step=tf. train. GradientDescentOptimizer (0. 01).minimize (cross_entrop
y)

FEIXH, FATER TensorFlow FIFHE TF#HIL (gradient descent algorithm)
EL 0. 01 s3] AR s/ MBS SRS . BREE T FRSHGE (gradient descent algorithm) J&
—AME A 1R, TensorFlow W FRREA A8 5 — 5 st b A 0 AROAR AN BT B AER 1 7 1)
#al. 88 TensorFlow WAL 7 HABVF 2O N ZE0 B g 4 — 47 AARG kT A
i P H A R S5

TensorFlow 7EIX HLSEFR ERTHINZ, ER7ES G AR MR THE 185K F) B 1
IN— BV HERAE BT T SR FE R A RIRE B T I 5. S5, BRI IR
(R — AN — B, BT IR, SRR RS SAR A AL, B
IRIGAZ &, AN Wb A

WAE, BATCERELF 7 RMWEAL, RS THE AT, BATTFERIN—MEEkR
WIRAATRAT Ol fr) % -

>>>init = tf.initialize all variables()

IAEFATATATE—A Session HHEIESIIRATAEY, It HAIMGH A&

>>> sess = tf.Session()
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cripts]$python3

4.0] on linux
elp” pyright’ s" or "lice for more information.
1mpmt input_data
-18 23:27:12.971009: I tensorflow/stream_executor/platform/default/dso_loader.cc:49] Successfully opened dynamic library libcudart.so.16.2
st = input_da 4 e M , one_hot =True)
- /MNIST data

Extracting ../MN:

dist-pack ensorflow/python/compat/v2_compat .py:96: disable_resource_variables (from tensorflow.python.ops.variable_scope) is deprecated and will be removed

updating
non-resource variables are not supported in the long term
tf. o

: initialize_all_variables (from tensorflow.python.ops.variables) is deprecated and will be removed aft

or/platforn/d /dso_loade 9 ully opened dynamic library libcuda.so.1
itor/cuda/cuda_gpu_exect 046 4 does not support NUMA - returning NUMA node
ce © with properties:

sfully opened dynamic library libcudart.so.10.2
ully opened dyn: Uibrary libcubl .10
sfully opened dynamic library libcufft.so.

ssfully opened dynamic library libcurand.so.10

>>> sess. run(init)

RIGTFIR IR, X L RATLE B AEIA ISR 1000 X !

>>> for i in range (1000)

> batch xs, batch ys = mnist. train.next batch (100)

>o> sess. run(train step, feed dict={x: batch xs, y : batch ys})

mDryE:aHdwld[h 194 .55MiB/s

tensorflow/stream r r 5 library
tensorflow/stream_executor, orm/de dso_loader.cc:4 opened d c library
tensorflow/stream 0 or dso_load 4 namic library

cessfully opened dynamic
ssfully ynami
t support NUMA -

suppc
t support NUMA -
j :GPU:B with 462 MB memory)

xt_batch (106)
batch_xs, y_: batch_ys})

m utor/platform/default/dso_load 4 0 lynamic library libci

ZIEARI S DI, AT ELIRBOIZRE R T 100 M LA BEE R, 2R
JEBATHIX LG S AF NS HOR B Z BT AR RIZAT train step.

A5 FH — /N BB 2 (O BE LR R BEAT N ZR R OARENLIIZR (stochastic training) - £
X BRI U REAURREE T BRI SR ERARE LT, JRATIAS S F SRA T AT 0 Hahe ke gk
TP HIIGR, PUOVIXREE BRATE L SRR, E BRI HER KT EIH.
BL, BN ZRBRATR DA I AN R B et 748, SRR T BB/ SR, SCRT A
e KA =7 3] BIAE B 1Y) S AR RS
PHAEBRATHIR
AR BATHIRE T RE A o W 2

B ETRATER A LE T IE A AR S . tE. argmax & —NAEEA MK, ©

REZE LA tensor XA —4E LR HESRHNMENENRIME. B THr2EmERh
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0,1 Hp, HUbiAME 1 IERRIINEFEINREE, i tf. argmax (y, 1) iR [\ )
SRR AN x TR PRZEAE, T tf. argmax (y_, 1) ARIEIHIFREE, AT
ATV tf. equal SRASIFRATHI T 5 H LA REILHC (R 5ALE — R ILACD) -
>>>correct prediction = tf.equal (tf.argmax(y, 1), tf.argmax(y ,1))

AT 25 AT —HAT /R . O 7 g IEmR PRI L], 3RATTRT DAFEAT 2R 1B %
BopliF sn 50, SREHCTFIME. B, [True, False, True, True] «4FRk[1,0,1,1] ,
BCrH{E R 2] 0. 75,
>>>accuracy = tf.reduce mean(tf.cast(correct prediction, “float”))

e, BATTH SR > B R I R AR L IR A R
>>>print (sess. run(accuracy, feed dict={x:mnist. test. images, y_:mnist. test. lab

els}))

x:umputeicapabilliy: 5.37

(100)
y_: batch_ys})

rm/default/dso_loader.cc:49] Successfully opened dynamic library libcublas.so.10

i mnist.test.labels}))

XA B FAB RLZ KL E 90%.

XA RIS 2 A KEF . FoE b, XANERRIREN . KRFARAUUEH T
—AIEE R R AN, VN SR, RATE TSR] 97 % MIERER. &
IR R W DRI 99. TR IHERA R ! (BTHMEZELE, WUEERXMNKT
BRI P REXT LA R . )

ZE R E BN, FATAXABAL 2 3 Bt AR A, BRI AT X
HRARA RS, FTUAE T AR, R EARAT LS Wl i TensorFlow 4
SNSRI LASRAT SE AT A R g

A HRE T2 AR, LT scripts/train_basic.py, I AT B AT ZACHD
MAFRIBAT

“/d1l ws/tensorflow/MNIST Demo/scripts$ python3 train basic.py
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ARMG64 d not suppor
visible gpu devi
ssfully opened dynamic library libcudart.so.]]
tor with str

flow/stream_
flow/c ommon_runtime/gpu/g
mpute capabilit

T
E
I
I
I
i
I
I
d

H NVIDIA Ta ra X1, pci tus id:
>>> sess.run(init)
=>> for i in range(1€

ssfully opened dynamic library libcublas.so.1
argmax(y_,1))
, "float"))
,¥_:mnist.test.labe

1$1s
nce.py train_basic.py

25. 4.2 HE—NHEM KT HHF RN

TEARTTHRE S, BATKAE E—T R0 b, DR — A TR E R TR A R
22 2 H R BEAT T 5 87 R

B, HEA Python3 28 H. AR A1 .

P1#eE]™/d1_ws/tensorflow/MNIST Demo/scripts fIFEIEADSCAFIBE1E T

>

1$pwd

B N4, #EAPythond 28 H X mfE
~/dl ws/tensorflow/MNIST Demo/scripts$ python3

¢python3
Python
[GCC 8.4.8] on linux

Type "help", "copyright", "c s icense" fo 0 information.

== I
S MNIST HUBR4E.:

>>> import input data

>>> mnist = input data.read data sets(”../MNIST data/”, one hot =True)
PL TensorFlow J%&:

>>> import tensorflow. compat.vl as tf

>>> tf. disable v2 behavior ()

T ripts]$python3
Python

for more information.
platform/default/dso_load :49] Successfully opened dynamic library libcudart.so.19.2

>>> mnist = input_data.read one_hot =True)
Extracting .

../MNIST_data/t10k-labels-
sorflow.compat.vl as tf
avior()
rom /usr/local/lib/python3.6/dist-packages/tensorflow/python/compat/v2_compat.py:96: disable_resource_variables (from tensorflow.python.ops.val
in a future version.

Instructlons for updatis
0 ot supported in the long term
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iBAT TensorFlow I InteractiveSession

Tensorflow MKERT— AN SR CH/Ruisk AT T . 15 5 0 iR AN He 4 i

session. —HEIMF, M TensorFlow FEfF MR SEaIE— A, SRR
session HEIE .

XH, AV EM SR InteractiveSession 2K, MiLE, AT LA IR i
F RIS . B RELERIEIZAT BRI i, 4l N — L8758, XS A e ek
(operations) Ko X% T LAETEAS BRI B A AR UL (R, Han
IPython. HIRMREA ] InteractiveSession, AVRTEELEE) session Z A
EEAEE, K5 R EE.

>>> sess = tf. InteractiveSession ()

havior()
m /usr/local/lib/python3.6/dist-packages/tensorflow/python/conpat/ at.py:96: d 0 variables (from tensorflow.python.ops.variable sc

not supported in the long term
ssion()
W tensorflow/ platform/p i 08 /proc/cpuinfo; cannot determine CPU f
I tensorflow/compiler/xla/serv er > rvice 0x27f3d i r platﬁzrm Host (this does not guarantee that XLA T B
fault Version
ynamic library libc
t NUMA - returning NUMA

(0): 1 a X1, Compute Cay
not support NUMA - returning NUMA

rflow/str

rflow/stream

ensorflow/stream

ensorflow/stream
nsorflow/

r ynamic library 14

utor with strength

with 635 MB memor

N TAE Python AT RN BUE TS, BATEH MG NumPy —31%E, #
— LB QAR PR SRR RO AERS BRAEAE Python MABEHIAMAIKTER, X4 HEH Sl e

IS i R AR R S

{ER IR, B MEIEVIRE Python MFEERI T EA/NMOTFAE . W RIRARLE

GPU
B AT IR BRSNS, X IR B A, X T T 2 AT e R T Bl

TensorFlow /&7 Python AMH5ERH FE TAE, (H2&id47 1 ot DLEE X Fh T
o HIHBA R Python AMTIALIZIT HANFEREEIER T30, M2 ib AR IR —
M HEEH, RGeS HIZITHE Python #Mi. X5 Theano B¢ Torch Ik
BLo

Vj
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(@ JUJON HYIEFHSAGRA R

FIE Py thon ARADI H /2 IR GEX AN AT ATESMTIE AT IOTHE K, LR 22 T3
P IR — 35043 NLAZ A IS AT o VERIE AR B A HTE T T R R
5 ALTF
AT T i N UG AN H b 280 B Y R, SRIT IR v 58
>>> x = tf.placeholder (“float”, shape=[None, 784])
>>> y_ = tf.placeholder ("float”, shape=[None, 10])

KER x oy IEARREME, MR, MBATE R RN EALRF, TR
TensorFlow 4T3 —THI AR 2% o AL A4 N B AR 1A

WAER x A 2 4ERiE ok E. X8, /M4 B shape Jy[None, 784],
o 784 FE—3K T MNIST B II4ERE . None FomHAEANAE, X HEAME N
—ANMEFEAE, FALARIC batch ARV, BRI x MIBCRAE. MHRAME v E—14 2
disk e, HohEE—47 8 10 4E one-hot [i &, FIFAREN B F— MNIST & A K
Fl.

Hplaceholder W] shape ZHEFEN, HA 7 &, TensorFlow AEfs H s
DRI B4R 24 FE A — B B A R
W —/ 2 EERML

FE b — /N TSR I 2 I 28 BEAE WNTST B R 90%IERAIZR, STEAREE, 78
XANYTE, AT~ ARIME AR BRI MR BEE R . X2k 3
99. 2%HIHERI . BEARA R iRE, (HARIE R HBOE AR
EHIHA

AT GRS, AT O R AL A B, X AL R R E R AR
PRI REAZ AN 2D B (R 7R AT RO AR PR DL Rl B O BB RE . el TIRATERI¥I/2 ReLU
20, LR AT M2 F — A BN E SR UG B0, ARG 22 70715 s i
59 0 MA@ (dead neurons) o T AFEEE AR IR S MATAHLIRAE, 34T
7€ U BB H TR 864G .
>>> def weight_variable (shape) :
> initial = tf. truncated normal (shape, stddev=0. 1)

> return tf.Variable(initial)

>>> def bias variable (shape) :
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>O> initial = tf.constant (0.1, shape=shape)

> return tf.Variable(initial)
>»> x = tf.placeholder("float”, shapu [Nnnu 784])
_normal(shape,stddev=0.1)
return tf. Varlab1~{ itial)
=>> def bias_variable(shape):

initial = tf.constant(@.1, shape=shape)
return tf.Variable(initial)

o 1l
B
TensorFlow TEBAAIAL FARBRI R IGEIE. BRAVEARILFR? SR ZEE

K2 XA B, BT —EMEH vanilla A, BATGERUER 1 HK (stride
size) , 0 BH (padding size) HIREMR, ORAEHHIANE A2 R —A K. FATHIIBAL

FITRT AL G0 2x2 RN R iimax pooling. Jy 7 ACRYEE vy, FRATHEIX FB 403 5 1k
— AR
>>> def conv2d(x, W):

>0 return tf.nn.conv2d(x, W, strides=[1,1, 1, 1], padding=" SAME’)

>>> def conv2d(x, W):

return tf.nn.conv2d(x, W, strides=[1,1,1,1],padding="5AME")

>>> def max pool 2x2(x):
>0 return tf.nn.max pool (x,ksize=[1, 2, 2, 1], strides=[1, 2, 2, 1], padding=’

SAME’)

==> def max_pool 2x2(x):
return tf.nn.max_pool(x,ksize=[1,2,2,1],strides=[1,2,2,1],padding="SAME")

BE—BER

WAEFRATAT ATFRRSEIEE — 2 T o Bl — MR —Pnax pooling FEM. HHFE
A 5x5 Mypatch WP 32 MRHE. BRRIREKEIRIRZ 5, 5, 1, 32], AWM
YT patch MUR/DN, BB RMANEERHE, BUnRMIBEERH. X TE—
At HH B TE A — AN L e
>>> W_convl = weight_variable([5, 5, 1, 32])
>>> b_convl = bias_variable([32])
ANTHX—E, BAWE x Bl—A 4d &, B 2. 58 3 B ME. & &
Ja — eI B I B (R g AR BE BT DA L@ T 50 1, W2
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rgb OB, NN 3).
>>> x image = tf.reshape(x, [-1, 28,28, 1])

BTATHE x image MBUARIEHHFATER, BB, RENH ReLU HUSE K%L,
B it {Tmax pooling.

>>> h _convl

tf. nn. relu(conv2d (x_image, W convl) + b convl)

>>> h pooll = max pool 2x2(h convl)

>>> W_convl = weight_varia

N7 EIR N, AT BB E SRR HoZh, &)
5x5 ] patch 2133 64 ML,
>>> W conv2 = weight variable([5, 5, 32, 64])

>>> b _conv2 = bias variable ([64])

>>> h _conv2 = tf.nn. relu(conv2d(h pooll, W conv2) + b _conv2)

>>> h pool2 = max_pool 2x2(h conv2)

W_conv2
b conv2

h_conv2
h_;:l:]:]]_z

FREZER
e, BRGHB/NE] 77, BATIA—E 1024 MG o aiEs)z, ATt

HBAE R . AT E M 5K S reshape R—24) &, & LACERRE, 0 iR

H, WEXHAA RelUo

>>> W_fel

weight variable([7 * 7 * 64, 1024])
>>> b _fcl = bias variable([1024])
>>> h pool2 flat = tf.reshape(h pool2, [-1, 7*7*64])

>>> h fcl = tf.nn. relu(tf. matmul (h pool2 flat, W fcl) + b fcl)

>>> W fcl = weight variable([7 * 7 * 64, 1024])
=== pb_fcl = bias_variable( 24
=>>> h_pool2_flat = tf.reshape(h_pool2, [-1, 7*7*64])

=>> h fcl = tf.nn.relu{tf.matmul(h_pool2 flat, W fcl) + b fcl)

=== l

Dropout
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NT R EA, BAFERHEZEZ AT dropout. FATH—4 placeholder 3k
RE— ML TTHIH AL dropout T IRFFAZRKIMER . ZAERATHT LLAE N ZRd et =
Hdropout, TEMHRIEFEH M) dropout. TensorFlow [fjtf. nn. dropout fERR T 1]
AR 22 o i A, b2 B PR e B scale. FTRAM dropout MY
1A AN fEscale.
>>> keep_prob = tf.placeholder (“float”)

>>> h fcl drop = tf.nn.dropout (h fcl, keep prob)

>>> keep | ) er

>»> h_fcl t. tl'h fcl, keep prob

WARNING: E / /loc alfllbfryt n3.6/dist-packages/tensorflow/python/util/dispatch.py:201: calling dropout (f
future

Instru s for updating:
Please use 'rate’ instead of “keep_prob’. Rate should be set to 'rate = 1 - keep_prob".

B
a, WATRI—A softmax |2, WG REIHIFIE)Z softmax regression —Ff.
>>> W fe2

weight variable([1024, 10])
>>> b fc2 = bias variable([10])

>>> y_conv=tf. nn. softmax (tf. matmul (h_fcl drop, W fc2) + b fc2)

=»> W Tc2 = weight variable([1024, 10])
) bias_variable([10])

y conv=tf.nn. su’rtmar{tf matmul(h_fcl drop, W fc2) + b_fc2)

WIZRAI PP AR

AL R RACR e e 2

AT BATIIGRRIPRA , BAT IS b5 2 A 87 5010 B2 So f thax #4128 P46 A7 1T A [
I —EA0, RERATSHEIE A ADAM Ak 38 i fbobh i Bkl FRE, 78 feed dict
HIINZSM 4L keep _prob K% dropout Ll #RJE%E 100 ik —kH

+

>>> cross_entropy = —tf.reduce sum(y *tf. log(y conv))

>>> train_step = tf.train. AdamOptimizer (1e-3).minimize (cross_entropy)
>>> correct prediction = tf.equal (tf. argmax(y conv, 1), tf.argmax(y ,1))
>>> accuracy = tf.reduce mean(tf.cast (correct prediction, “float”))

>>> sess.run(tf. initialize all variables())

>>> for i in range(5000) :

>>> batch = mnist. train. next batch (50)
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>>> if i%100 == 0:

>>> train_accuracy = accuracy. eval (feed_dict={

>>> x:batch[0], y_: batch[l], keep prob: 1.0})

>>> print (“step %d, training accuracy %g”%(i, train accuracy))

>>> train step. run(feed dict={x: batch[0], y : batch[1l], keep prob: 0.5})
>>>

>0

>>> print (“test accuracy %g”%accuracy. eval (feed dict={

> X: mnist. test. images[0:200], y : mnist. test. labels[0:200],
keep_prob:1.0}))

PAEARHS, e B I 0ER L TR 3 KMEZ 99. 2%,

TRAFV SRiF AR R SO

NI — DR AR SO, FFAR A e RSB B ] I, JRA Tl 2 20K )1
SR AR Y 8BRS ORAF TR, IR FEAE AN B, FAT Tl T AAS P 7 L BRI 2R Y
2RI, TR BRI B ERERE ], (RAFRITTIERUE A TensorFlow FEAL{R
FRR, SRR RAERER, JET .
>>> saver = tf. train. Saver ()
>>> saver. save (sess , ”../train_model/model_save. ckpt”)

R, FATINZRAF AR, IR T train model TR, ZJ5, #iATLA
BEAT SR . AT BAER e B, 7T scripts/train_advance. py, HJT#7A]
EHEPAT R S RIZ AT
~/d1_ws/tensorflow/MNIST Demo/scripts$ python3 train_advance. py
25.2.3 HRBBLRNFEHF

TEARTHAES, R 248 RS I B AT — 15 Fr Il SRR A AR I 28 A5, it
FI g BB A b AR S SERFR BT A 2 T 5 807
AAHIRIS ST scripts/test_camera. py, SHURA SRR P IRTE R, fE1L
AHRATIBAT AR, A R BOR .

BEHOF KR R A .
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.Variable(initial)

W):
_nn.convZd(x, W, strides=[', |, |, !], padding=

.nn.max_pool(x, ksize=[!, 7, 7, I],strides=[!, , ’, 1], padding=

(x):

max_pool (h_canv2

flat tf.reshape(h_j
tf.nn u(tf.matmul

onvl bias_variable([ ]
ght_variable([,
bias_variable(["])

*

p.read()
(frame, ( .
, frame)

astype(np.float32)

= network(np_img)
= sess.run(netoutput, fe

ctions.tolist()

1t (result)
if cv2.waitKey(
K

ease()
.destroyAllWindows ()

FEAE ROT  [X 3o B A N A 228 R 245 -
AT IR
B, R UNC R s, FTTF &K, B &im H D) e s

~/dl_ws/tensorflow/MNIST Demo/scripts/

.py train_basic.py
1$pwd

BIALLR a4, RGeSk T 550 R B

“/dl_ws/tensorflow/MNIST Demo/scripts$python3 test camera. py
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BATRHCRUTE

PR LA ROT X3t v BRI B T 550 B, R4 ek, BVAT 4 o
25 I 44 L

i, BSERT M 0 INZ— A TSR SRS, FA TR kST RS
ViR, FI AT LUARAR A AR BT AR AL SRR BT S BL, E—352 ST TensorF low, 7E#%
e N e e 2 04 3 | e ANI-SP 1T N1 Bk B
25.5 SLIRHER

AU TensorFlow VRIS S SIS H TSRS IE 920 B AR IR
25.6 SLIOHE

Sz H

SR TR

S P A

S 4

o H
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JUJON AYIEEHEAHRAT
FZTNE EFFES IR

26.1 SEI0 H K
7£ Jetson Nano FRZEH AR KIR K6ZE 7 RIEHFES

26.2 SLIOER

R T S RSB, SCOLIE S, LED 3SRl
26.3 LR TR

AMNRLlT— &, BT

26.4 EWAR
FERZXANZBIH, JRATHE I ZE 5 A AK SN 5 B 51 RS 15 &R 73 /4
26. 4.1 IEEEMEFINA
2 B2 FH— 3 H P 2R s (RN e O LR, X A3 1 2 R
BT RN R G, HEEAFA B, MWHEsgs. 90, R, [,
BRI . PR E LA AR T 2 T R 1 T 55 7S U5 i R A ) R AR, T
TDOA (Time Difference Of Arrival, FIARS[MZE) SLHIXT H bR A IRIIERES: (55 1048
W5 43 B AR TE M 7 1) LA RO T e— MR, DUREBCR A A 5, AT i 21 7] A
SRR YEURH U0 1) R P 1) ) AR 22 o XU 1 S A ) A JE 2 T IR P 0 ) % ) SEZ 3
AR R, AR AR T T LS R 7 5 a2 A8 B AR .
INZEITERE SR RN T -
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| o |

INEITERES RIATEAT SR, PN 50 RIS ST AR, 22 v R[5 T/ A i 52
B B4R 35mm, WIE2-1F7R . [BIPEAKSE 2 8] o) DL — e R Ay, (R AA e
RE10° o 2250 AR F K2 RE 7 i) s 50N ity PR I T 3800 1 DR — B8 BERIR R S A48
KPP A A S5, AEe MK, A SEI360 B SRR &, MR E AL o HER LB

2 5 LT Z5 K 40T -

ANERIL

D

HMARE

W iFLY TEK

NEMHPET

.........

NUATS

E N WAEET AL IR

244



JUJON RYIE R RAGRAT

USB#z[
HIBEE )

USBi itk |

26. 4. 2 1B HIEKENR
TER BT, TATLEE T3S M audacity, FTHF &I N audacity.
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mii R LT RS, 17T sound settings.

DDEEELECE

WP A B, AN, R 2R, XA,
AR T A 2 T MR B R LIS BB A/ NI S E T — i M demo.
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&
|
F
z
©)
‘ :

R, TIF EmFTTRER A R record HZEHRF

Audadty (Recovered)

Progect Rate (M) Snap-To Audtio Positor Spart i i

CORODmMOOOB0sT OOROOmMODOOO0s® QORODMOO DD

Lopped Playback Volume: 1 00 (emulated)

SRIE R U sidiplay #B7BCR T, IR B 22 7 RS H A IR 3 — VI IE %
26. 4. 3 B MEF HIERE R

FATAACAT LU TE B RGR &, B W DARBGE YR, #H) LED, 452 T oRILA IR S
A PRI 22 e KU A1) 2 75 IR
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HEAB N EF R HR T

{#ifsh . /arm64 make. shZmiFE J7 L4 .

6bit_mak

ib

‘index”
fileName_ori’

.C:63:7: L ari e ‘fileName’

5 type ‘char (*)[10]" [
type ‘char (*)[10]" [

‘char (*)[1@

BEANZNZ H, BT EA ] E— DR

TR
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A LA 238 H AT 622
HNERAMEL N
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}}}}}}

26.5 SLIRLR
AR IR IE 5 R FIR T IE 3, 2R 7E LR demor Bl — S0 IRY, HehnB T 26T fg
26.6 SLIOHRE

Sy F i)

SR TR

S A

S A R
SIS gk
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F—+LE TTSIES R

27.1 LB HK)

1 B A P A6 FE R AL G SDRF TSV 3 548«
27.2 SEHER

U b ] R KSDK, NS FITTSIE S ThAk
27.3 KW TR

AN — G, BRI

27.4 EHRANE

FRHUSDK; M BTTSINRL A, f3HTTSThAE
27. 4.1 TISEEE A

RENPIKBEME ST S TTS ThEe (Text To Speech) N,

WEARIIEE (TTS) EET IR IFHCraE S AR, S TR SCHE B RO A
BFE, FHBRKRES api, WTHREEMFESHERIDIGE. SHPRNT.
DIREELIERD AL T-HLAE A3~/ jubot_ws/sre/ jubot_voice/ jubot_audio/H/% T .

27. 4. 2 FRELFL KR KSDK
HIFR KIFHCEFEE M (https://www. xfyun. cn) , VEMIRCFECFEIK S .
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cC o

s ) GitHub - vipstone/ s % : ¢ E = » | [ Reading st

@) wxusv SEiEm preo vy SDKT BEPL FESR i | REES

@ EKRABTS  =aps  woss  GUSE  RESH5  AKSSE 1024 Ak 0D

> C O xfyun.cn

Apps ) GitHub - vipstone/t..

BrhE  TUEE  RSHE  AKEE 1024 Apkss HOE

ZZA.

LD E

AR PR G AZHI &

252



RYEEVSAFRAR

B AERT x
portxfyun.cn,

it Apps () GitHub - vipstone/f.. ] EIE3#% - AutoPia. 521xueweihan/Hell.

@i s

METE  FREER  WKSERER

@ NEARES

ikt R =2 ALDN SRR

LET THE WORLD ENJOY THE FUN OF Al

s | (1 eeRpEx®

FEEE RO SDKTE R

waE ISR RShHE O AKEE 1024 Ak [HOD E5¥e B35S Fas

ILHAZEE

LET THE WORLD ENJOY THE FUN OF Al

&

RIFBEHR APPID % ClgeAiE) w& e

=

J  JuJoN RIF-E B 2021-07-08 18:43:53 o DRIB/ERINFE a

BN EE MG, e s A .
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@ & WA > HBEANESE
g
RIFREER
@
= nEAEEA
)
o BB
X
e R
MEAEERA
8
=]

QUsE UG, HEAFTEBRERIN, mdif & &Rt

@D TKABES ¢ wanm P bty @M v SEBNER v
JUJON
ZRIFE 0 EETZEN R EE BESROAEER
Q) ==irm
APPID o emouw

@ EEa RGES e FIRIRS = =rrry APISecret T, SO UG  28 Sia R S B

EEEEAR (R 0 500 APIRSY

3tiR)

EEEEAN (B

&

) FEEE

BLESAR (8

AR 20210707 - 2021-08-07 Bum WS StiExce

- EZEEAM (HRLR) API
@ EErE
B EALTR i EEA WebAPI wss:/Itts-api.xfyun.cniv2/tts ]
[ORPN 5] M
ELESAM (RLIR) APITHEEELIS
T FRs) 2 E] *"E] oy 9 SR FIIDEMO,
AR
.ﬂ-1

W R RN IR APPID, APISecret LLJ APTKey =MEE, X=/MzERIVIhRE
Pl BIAUE B e BEI, B SE R 15 N B B

AN A SRS EAR, mTREZ A E, AT SEA IR IR R
(DS
27. 4.3 B & jubot_audio THEEH

B, TERERAESGM APT Prac 2 APPID, APIKey 5APISecret. JHId
SSH EXEIMLAF N, VI#F] jubot audio/config/BE1E T .

cd ~/jubot ws/src/jubot voice/jubot audio/config

FIF VIM gwiggs 4T IS 42 ) jubot_audio. yaml A
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_' ":l.:l_.:ll-_|i . Vi 1!

fhome / jubot/jubot_ws/src

¥4 APPID, APIKey 5 APISecret Z¥i5|*5 A HME & iy Fl ) B G T & & UM,
FI#) APPID, APTIKey 5APISecret fH. BCE GG, EIFIIZAT jubot audio LhREH.
27. 4. 4 iB4T jubot_audio ZhREE

Wi SSH HEFIHLA A, JE3hEE G launch JE 3.

roslaunch jubot_audio jubot_tts. launch

HERIMTEBR, RoRIES AR ARSI,

started roslaunch server http://192.168.1.14:41371/

jubot_tts.py

d with pid [13000]
168.1.14:11311

£774-11eb-8554-246bb606TFSes
th pid [13611]

B — A&, A YRGS B R A,
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Terminal

A LAE R, /speak 1H@HIAE & A BOERE, 1E8H BN std msgs/String KA,
BF, []/speak 1@ _F AT FAFH RAEAE, LA B0 A B RS B I F 7R
Bl B H 2T KA CJUJON Z45 5, HLas AR AT 85 155 & R e 590, nfbiE#
RATHSCER], HLgs AR AT B s
27.5 LG R
A PR A TR G TTS A S B SC - B 7
27.6 LWL
S H 1
S TR
Sy P 75

Sl
SIS gk
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BoHN\E ZFKESEE R

28.1 LB

fE ROS Z4¢ il alifs 5 Th g

28.2 EWER
FARITYE S A IRARAE, RRESAEFE S ThRE
28.3 ST A

MANHR—&, BB,

28.4 LHRHE

R, T, RS EES, FHEE EES EE R
AEE AR AR 6 FRETRAIN, LB T LR IR

© ETMLML: [3hE R AR B

o HTIN: RMTBE N RIEL

o EESBIBREIE: A, FIR. k. Ak, 15

© LR BREEIRS BN AL

O EESL: I A A B RS MR AT AR TR MR o (1 A A

®  LEIRME: AR — K

TSR A T LLAT W IEAE AT (00 B 3010 I B B e L i 1 (5
SRBIE) B RAR S, BREE I AL, B TR SRR, B
BRI, AR F AR R A B AT A R AR, (ST AT W S A &,
BN BRIE 1 ST LLRAT 2 AORE R H R

EA AR TURETS V5425 B A R 0 RT3 T 0 5 1 P PR OB REE, 4
BOEIE B ORI T 0.5m, JF HBS B (HE B RIBHT L AN 1%, B
PREEIE T K A O SRR T E545 A TEAK, RS (i B B B TS
TR B0 B RS P AT B B B BRI A S B, B BT PRI 46 4
TR JEIBRIAHE ST AL

EEFERG: 556 BRI R R R, L 5Hz PR IIBE RS A
MR VR 1, SR 22
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BANRER: ELE 16 WA EH AR RIEE RN TR A S, A S ARIRR
&, BB 5 KA 10 RIEE TSR RN TR AW, F P I 20 5 K
Sl

LED 4T: @id LED XT4R7RFZ75 M LLR & /WIRAS . ST 5 ARRAE 0 5 el ) 2
EWBE, I HIEAESE, W ATPLRAE Y4 (EFRRAPRES T, ST KRR IEEL
HESRRA T, WEZA 0.3 .

28.4.1 MEEFZHITIRE

FE =R BATCAEEM IR TS IRAIN A . FADE T TR L 1@ 15

SDK.

@ AEABTE ¢ penm e DImhs EES v FSERNER

JUJON
ERIAE IRSEONEER
Q)| E=irs
o e APPID 0750d8cb
BEUS (Rt
i) S HTHEE FSENE
EERS 0 9
BEHSIFIAISDK
LR
Android MSC 1140 13- TR
i0S MSC 174
Linux MSC 1227 / = e
@ EEan Windows MSC AR

M KBS SDKETIE SIS

& ==

NG U SR |

® > Linux aitalk_exp1227_0750d8cb >

Name
M bin
M doc
I include
I ibs

I samples

W ReADME

B releasend

B S5 SDKI R B %5, & #llcommon. jetiX AN AF.
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M sot~ = View -

I > | Linux aitalk_exp1227_0750d8ch > bin > msc > res > asr

Name Date modified Type

i common.jet 8/2/2021 2:55 PM JET File

B Windows PowerShell < i
’lCopyright (C) Microsoft Corporation. ALl rights reserved.
i Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows
PS C:\Users\LENG\Desktop\Linux_aitalk_exp1227_0750d8cb\bin\msc\res\asr> pwd
Path

C:\Users\LENG\Desktop\Linux_aitalk_expl1227_0750d8cb\bin\msc\res\asr
PS C:\Users\LENG\Desktop\Linux_aitalk_expl227_0750d8cb\bin\msc\res\asr> 1s
Directory: C:\Users\LENG\Desktop\Linux_aitalk_expl1227_0750d8cb\bin\msc\res\asr

LastWriteTime Length Name

8/2/2021  2:55 PM 9781778 |common. jet

PS C:\Users\LENG\Desktop\Linux_aitalk_exp1227_0750d8cb\bin\msc\res\asr>

msg package.xml src srv test.cpp tmp xf_mic.rules
S

I H A& i H P iappid, X B #appi dBI a1 1 5 R E e id.

sri$cd .../eod o

28.4.2 EEMEE

N R 3R] N " VR BT R B

FEALT AR, E I AT LR i i P O e B et B A, MR BB IS 1 Bl 7 R
FEUEEN, JEEERT MR Z € AL 4R AR s[RI R 4R 0 BE 7 1) 5008 = 22 I R eRt N 7
[FIFILED 4T, W R, e 5 e (RS T AeEE, E s E ok S8 s
T EHOIT A — R .
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AR 22 v KBRS R P e SR 2, 23207 Il TR B 15 5 A RUE ST, R 5
N TG B G TR MR A AT 0, a9 2 e

e MR E I WAL LED AT, AR S EME M A BIFRE R, AR
7 1) A i 22 17 BB R PR B A, 75 U S R 4R 2 B RN R R

T HRE ST RE B RS, b T SO SR T 2 S EUEUE T R R R AL
IS, SR B B G B GR E
28.4.3 IBEF

TEE R PR T e — PR e [ 8 A0 33 5 I T] U ] I B8 2 S ORAT A

I
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SR BN ST IR N R ST 53— R 7 sURARAE SO, BRI NI 51 2,
SIS
B PR AR R S s B SR 7 3, SERF VAR T, TG TR SR A TS

A H IR
AR A A s R Th g (VADD , BRI TS 0.8 B E h W 35400 i s,
HWAEA® (RREFEE 0.8 B, ) « P HEEIFEAR vad MBHNHE,
AT SRR M SCR: K APT SRS, 5B E AR CBA P — B £ YR,
TFRMEN 5 3 s B, B SRS — ERERRAN K 15 BEEF L, IR
GIEE

AR RIMEFR IR IR S M S BE A G, BASRENE SR MM &S 10 5] %
o 0 P AR R R DU FC R R, BBV R 0100, S50 A DG IR 2 8 2 YR 1) 5 S T 135
AREFEEMEEERMEAN 18, KT 18 FIVCAHIMLE R Al E . SHRHISE R 17 R A,
AT 18 IR AIAE RS, SRR R AN P s 2 AR U 25 R B A
FER 0. SEERAIK 15 BHRBMGERME 18 WikEEbE
config/recognition_params. yaml CEHMED, VAD F8Us m sikill 0.8 FAJE I
JRAEEY, {EFREALE 1iboffline record lib FESCAFIRIG SN, FEEBT A iso JEXL
1.
28. 4.4 EZHEH

P N MARE JS , 72 S5 I 1) Py 0 1 7 i AT i B S IR 745 5 AME I HR A T LA
RN ARTEE, JFIE. A, ARAEIL. MBS A R ANE SR
A FEAEAGERUMNT, 2 RAEA /A —, VR IHEE S RAE A/ A XA 7 b, RAIE

):I:l
R

g

£¢

il
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process[laser_tracker-1]: started with pid [9448]
/opt/ros/melodic/lib/python2.7/dist-packages/roslib/packages.py:470: UnicodeWarning: Unic
al
if resource name in fTiles:
process[call recognition-2]: started with pid [9449]
process[command_recognition-3]: started with pid [9450]
process[motion control-4]: started with pid [9456]
process[refresh mic s ith pid [9462]

starting
seems to do something

BE IR IR RN G £ KAGAE voice_control. launch (1285 FH F 5T

TEJA SN B0 B B S8 A 8 T 0, SRS R DL RIS, & AR shifE 4,
N DLRATE S I, (BRCIEKRRI LIS T A%, A%, aidtsshiE, HaiEE
] LSS B T o

JE B B I SIS W ] R PR, LA AN BE B R BEAS AN T 0. 5m,  Ff HALEE A
izaha RN R, HLEs B ShET, A REEA RS R: XL
NFEERERFYIRITE S 16 ST AL Nx B BRI 5 48 TR 2.

PERG ) I, H T 32 22 IR0 3T Tl B A I AL s A\ [ea) AR T no il 75 955 o 8 AR
T4k, FrCA2x SER EBNRE E 207, B E2E 7 RS Rl A R T R A [
28.4.5 FIRFEW

FESRE I IA] PN U 7 BB k™, HLas NSRAT SRR BE, AL as NAR S e g s 5 5
[ea) LA TR SAAS R SE ISR A R, VR AL a8 A A YR ARAS e A BRI FH A .

FHRAEVEDREAAE—E R A RE, W BBBUL R RS E, DEamiRnEl
YR I — B AT, EEEHRIESYE T

e Blse RS R TAREE AR, H S HRE IR AT, 07 s A R
—5, FrLAR 5 S /NEFELE config/recognition params. yaml FZ%is ackman
3 true, 3 HAE jubot nav f] jubot nav. launch SCfF bHc B 41535 S0 H Bk
— IR EEECEWT A
28.4.6 IEESM
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TEHATAE B S RTIRE, 75 2o 70 AUtk s o et P A A v P s P 5 e Pl 5
HLYR, 643 jubot_nav. launch PUHTPIH MRS, ElER S SAUEsE, W
PABEAT N — 25 3R H b5 sl A b (R 1
IREL H AR RUALAR -

i&4T jubot_nav. launch J53TJF RVIZ, fH] 2D SMiTH2D Nav Goal WEH(AHZ
HE BRI ) J5, RVIZ 2o Tomonf R ARR S50 T K

JuJON_VMware

Sunday 00 : 31 @

Jubot_nav.rviz* - RViz
Jubot@JUJON-VM: ~

jubot@IUION-VM:~$ rosrun rviz rviz
[ INFO] [1628407787.564453452]: rviz version 1.13.17
[ INFO] [1628407787.603479010]: compiled against Qt version 5.9.5

: 117 -0.293.[
[ INFO] [1628407837.708559524]: S :map, Positior|(1.420, o 339 I
©.000), Orientation(0.600, 0.000 Angle: -0.535

[ INFO] [1628407850.627783248]: S g pose: -6.229 0.214 -0.591 [frame=map.
[ INFO] [1628407856.301139872]: Setting goal: Frame:map, Position(-0.060, -0.057
, ©.000), Orientation(06.660, 0.000, -0.277, 6.961) = Angle: -0.561

prall (]

I PIANEARIKONX, v, 2, wo AAFRAUEL Position H) x Ay 8, J7mHEL
Orientation Hf z Ml w Z%,

VE HAR i BRI H AR S G config/recognition params. yaml A&
X.y.z.w ZHEI],

SE A BB BRE AT TR & S AT A .
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28.4. 7 FEFHIRBRAIBE SRR

B DR A AR T S RIRARE SRR P SRR D) BE -

FEFIRIR: FEF A UL H 7 B BARAR, W 3B Bt AMRIRIRAS , &8 45 T — X
MR, ANFEARE RATE S, 25 IR TN, WS ROE 5 554 203k H s rUE 47 Lk
3.

BEANIRER: 0ELE 16 IEFRLS M RMEFE AT LG, B ARIRIR
A BRI 5 M 10 KIEE RS RAIRIEE TR, S S 2o K H
R HAA MR mANTHETEE
28. 4.8 BITIEEFEHHKHE

BT BRI T Re 2 10, IR O R BB NI BARE I T LA AT
WZ% . LA CARE AR BRERT SR BC B 4F 1 s s m Dhaetl.

KA fr 2 BIFENLds Nimig AT, ZomaRi@nd SSH BRI N, JSHEIER
AN HEB R

B, WL S B S R A ST RE

roslaunch jubot nav jubot nav. launch

5/roslaunch-JUJON-ROBOT-8536.10g

started roslaunch server http://192.168.1.14:44837/

SUMMARY

footprint

FER BTN RE L2 AT, AR Ok e P 3 T 80RE S O M B B (1 3 57 . R 358
B JE, WEEFE S SHThEE, WERVIZ hbra irlas NALE, KRR AL
$% b SCR IR N B 4 A R e B A

FER BB E R 2R/, BB R SR EA R, N EA R UIES) .

BENR, AT AW &, AR iy 4 J8 302 5 MU HURED 1
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roslaunch xf mic asr offline mic_init. launch

R R DU R, RIS 2 T AR B E J5 2

/rosdistro: melodic

/source_path: /home/jubot/jubot...

xf_asr_offline_node (xf_mic_asr_offline/voice_control)
ROS_MASTER_URI=http://192.168.1.14:11311

/opt/ros/melodic/1lib/python2.7/dist-packages/roslib/packages.py:470: UnicodeWarning: Unicode equal comparison failed to convert both argument:

PRl 1 5 IR0 7 BRI AL, AETT LG 35— R 3 22 so MUIRBII, AR LA
TRETTIHU, EHSET RO, BB EO, R ctrlte ZIEN R, R EHEAT
JR B Re R a2 FHE BRI

PR, RIAT R ShiE SN S, EOR T N R &, BT dr 4 R Bl
IEREEGUIIREDSE
roslaunch xf mic_asr offline voice control. launch

JRENEI T B R, Znios 7S i, H P EIR SN S s, B
A A i &3] i LA NIz 3l .
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ROS_MASTER_URI=http://192.168.1.14:11311

process[laser_tracker-1]: started with pid [9448]
/opt/ros/melodic/lib/python2.7/dist-pack s/roslib/packages.py:478: UnicodeWarning: Unicode equal
al
if resource_name in files:
all_recognition-2]: started with pid [9449]
-ommand_recognition-3]: started with pid [9450]
[motion control-4]: started with pid [9456]
ss[refresh mic-5 started with pid [9462]

starting
;eems to do something

WNZJEAEERHEIRIEE (TTS) , T HOE SRR I RE T b ik 58 o & 3k i 2h
REMIBCE, ARJEiEE DUN ar & e i Sk oh e, Bahmih)E, Slas ARG &
I, il A R T S AR R .

roslaunch jubot audio jubot tts. launch
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started roslaunch server http://192.168.1.14:40199/

ul

PARAHETER%
/jubot_tts/API_KEY: 1f2ebd
/jubot_tts/API %ECRET ZTY
/jubot_tts/APPI 0 3
/rosd
/rosversion:

NODES
/

jubot_tts (jubot_audio/jubot_tts.py)
ROS_MASTER_URI=http://192.168.1.14:11311

process[jubot tts- l] started with pid [18493]
XTARK-TTS APPID: @
XTARK-TTS API_KEY:

result.mp3:

File § 9k Bit Rate: 5
Encoding: MPEG audio
Channels:
mplerate:
Replaygain
Duration:

In:100% @ 61 0 Out:9.79k [ ] Hd:4.7 Clip:@

28.5 SLINHR

AR B R SR T IR, 27 b iR demorp BB — B Hfth Th .«
28.6 SLIOHE

S F )

SR TR

S A

ZLCg,LAL)-rE
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JUJON YIS F L5 AR AR
FTNLE ZHBANEBE

29.1 L HK)

SEBLZ AL N L A

29.2 SERER

WL PN ARLE . 258 AZ R
29.3 ST A

AN — G, BRI

29.4 EHRANE

29.4.1 ZHB/BAMBELE
TETHIRZ AN ST 20T, HE G TRENS NS E. 55T ROS RIGH
WL IEAEHESE, JRATTA] DL BAN Bk e s AL A AR I 28 AR C
ZHAENBEEHEZERH —ENZ IR TT, — B PC EHLEUE AL E
ROS EHL, &HLas AMEAMNLEERE] ROS PIZgHr, PIZgHH M BT

PCEHL/ EEitbL
ROS_IP: EEfSibiLP
ROS_MASTER_URI: http://EE#SiiLIP:11311

ROBOTO ROBOTO ROBOTO
ROS_IP: ROBOTORYIP ROS_IP: ROBOTOffIIP ROS_IP: ROBOTOffIIP
ROS_MASTER_URI: http://EEHHUP:11311 ROS_MASTER_URI: http://EEftiHLIP:11311 ROS_MASTER_URI: http://BEHHLIP:11311

[ puriE
FIITREAMLIR /. bashre 3CHF, K ROS_MASTER_URT SN R EIFR .

interface=ens33

export IPAddress="ifconfig Sinterface | grep -o '
source fopt/ros/melodic/setup.bash

source ~/juvm_ws/fdevel/setup.bash
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BRI N, BSLES N )/, bashre SO, W R EFTR.
Robot0:

RI=http:// k 1182137,

ZMHBEA SR E TR E . WE UG, E1Tsource /. bashre #74, B4R
K& .

2k, ZHESNBEEMKECEER, R, ROS ML Master 7 s KM T BN, Al
LA, BAENLES NimisAT4EE ROS ThReRS, WAL S 3l roscore, R, Bl Nimis <
FAE ROS Master 55,
29. 4.1 ZHHEADIBEENH

jubot_multirobot SCAFIAENLAR A"/ jubot ws/sre/SCHEIHT .

BLEs N AT, 26847 1A i 5% IR 5y, S RE DL AL A
WEhEE, BHSATENLE N .

fE jubot multirobot #{FEH, A& T UAFHAH.

jubot_driver jubot multirobot jubot_nav jubot_nav_depthcamera
ot/

- 8 b iy P
tl_multirobot jubot driver_multirobot jubot_nav_multirobot jubot_ talk_multirobot

: @ju T ~/jubot_w _:ﬁ-jubai_ruliirohct]$i
AT
5, B e ZAN-=[1E AN
jubot_ctl_multirobot jubot_keyboard.la YRS (TR

N Z=))

unch
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jubot_keyboard_all.la

unch

ZHSRARSERENMY (UENESEES
UNGiinE:22))

jubot_driver_multirobot

jubot_bringup_multir

obot.launch

S AIKE S

jubot_camera.launch

SRR ARG LIRENEI

jubot_lidar.launch

SHRR ABIRRENENUE

jubot_nav_multirobot.laun

ch

jubot_map_server.laun

ch

Ziles ASi map_server IRBFENIE

jubot_nav.launch SHBRASIEERN T
jubot_talk_multirobot listener.py ZHEEABEITHEDemo
talker.py S ABERMEDemo

29. 4.3 ZHLAB AN A

jubot_multirobot B{FELIEML T MU KIIRE.

® LA NIRBI SR

o THLE NEE R
® LA NSz I/ R ]
® THLA N FHIHESE

A BT AT, 5RO a M Hlds NI E =T 8. BAREAED

BE 2% T3

jubot multirobot ¥ AL jubot driver multirobot HAFESLIL T ZHLE%

NIRFNLE[E]— ROS WM& HisdT,

Z Lo NI BEE T A
BIEDR:

TEERIML/PC EMLU )53 roscore

270
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jubot@JUJON-VM:~$ roscore

WARNING: Could not change permissions for folder [/home/jubot/.ros/log/71291cc2-f9ae-11eb-b737-085056345237], make sure that the parent folder has cor
Checking log directory for disk usage. This may take a while.

Press ctrl-Cc to interrupt

Done checking log file disk usage. Usage is <1GB.

started roslaunch server http://192.168.1.18:44623/
res_comm version 1.14.11

SUMMARY

PARAMETERS
* [rosdistro: melodic
* [rosversion: 1.14.11

NODES

auto-starting new master

process[master]: started with pid [30567]
ROS_MASTER_URI=http://192.168.1.18:11311/

setting /run_id to 71291cc2-f9ae-11eb-b737-005056345237

process[rosout-1]: started with pid [30581]
started core service [/rosout]

FENLA N Ja sh ZHLas NS S3CrF, JRTHZ % namespace = RTHL e A i 44 22 6] »
T ULEATBCE, A FIPLES AR B E A R A fi 44 22 18], HLds NBIAT BL A s B A 44 5 30

roslaunch jubot driver multirobot jubot bringup multirobot. launch
namespace:=robot0

/roslaunch-JUJON-

started roslaunch server http://192.168.1.30:34675/

RY

PARAMETE!
* bo

roslaunch jubot driver multirobot jubot bringup multirobot. launch

namespace:=robotl

Ttﬁa =53
s may take a
r*nl C to interrupt
checking log file disk usage. ge is <I1GB.
started roslaunch server http://192.168.1.14:44777/

UMMARY

P AF‘ AMETERS

r’| nbutl r’] u hut
otl /] ubot_ ¢ N ion_factor:

" frob tl/jL i
/robotl/jubot_
" /robotl/jubot_

PLEs NIRRT o AL N B st fE, HRAR LA i, 3 DA E I o 44 2
AR, WK
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jubot@JUJON-VM:~S rosrun rqt_tf_tree rqt_tf_tree
ACjubot@IUJON-VM:~$ rostopic list
Jrobot®/camera_info

Jrobot@/cmd_vel
Jrobot@/image_raw/compressed
Jrobot@/imu

Jrobot®/jubot/aset

Jrobot@/jubot/avel

Jrobot@/jubot/bset

Jrobot@/jubot/bvel

Jrobot®/jubot/cset

Jrobot®/jubot/cvel

Jrobot@/jubot/dset

/robot@/jubot/dvel
Jrobot@/jubot_driver/parameter_descriptions
Jrobot@/jubot_driver/parameter_updates
Jrobot@/odom

/robot@/scan

Jrobot@/scan_origin

Jrobot®/voltage

Jrobot1l/camera_info

Jrobotl/cmd_vel
J/robotl/image_raw/compressed
Jrobotl/imu

Jrobot1/jubot/aset

Jrobotl/jubot/avel

Jrobotl/jubot/bset

Jrobot1l/jubot/bvel

Jrobot1/jubot/cset

Jrobotl/jubot/cvel

Jrobotl/jubot/dset

Jrobot1l/jubot/dvel

Jrobot1/jubot driver/parameter_descriptions
/robot1/jubot_driver/parameter_updates
/robotil/odom

Jrobotl/scan

Jrobotl/scan_origin

Jrobotil/voltage

Jrosout

J/rosout_agg

JtfF

FHFRT o INU A& RRER I ARAR R A FR, WA i ERIALE A dr &, 7EREUAL

s —

1247 rosrun rqt tf tree rqt tf tree I FEHIN.

=J-

- 0 rqt_tf _tree_ RosTfTree - rqt
&FTF Tree D@ -0
® || @ | v/ Highlight v|Fit |7 || B || B |
‘ Recorded at time: 162858164117 ‘
Broadcaster: frobot1/jubot_driver
Average rate: 51.038
Buffer length: 0.901
Most recent transform: 162858164123
Oldest transform: 1628581640.33
Broadcaster: /robot1/base_foot_print_to_laser Broadcaster: frobot1/base_footprint_to_imu Broadcaster: /robot0/jubot_driver
Average rate: 26.016 Average rate: 50.796 Average rate: 51.018
Buffer length: 0.923 Buffer length: 0.925 Buffer length: 0.98
Maost recent transform: 1628581641.26 Most recent transform: 162858164125 Mast recent transform: 1628581641.22
Oldest transform: 1628581640.34 Oldest transform: 1628581640.33 Oldest transform: 1628581640.24
Broadcaster: /robot0/base_footprint_to_imu Broadcaster: /robot0/base_foot_print_{

Average rate: 50.712
Buffer length: 0.966
Most recent transform: 1628581641.24
Oldest transform: 162858164027

Average rate: 2596

Buffer length: 0.963

Most recent transform: 1628581641.25
Oldest transform: 1628581640.29

HRANZ DN, TEBAEBATIE) R 3 SCFS, PLas Nar 4 206 (namespace) Bl HE
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HNAE, Uirobotd 5 robotl, [FIEJEBIZNHLEE NIKBIES, ROS 5 s w1~ E s .

o
[

[

s (active) s/ / -
imespaces V| Actions ! tF v Images | |Highlight | Fit |1

s | Leaftopics | |Debug It | |Unreachable | Params

FTULEE], ZAPLEE A SR B A dr 44 S R RTSE, BRI g 5 A A 35 R 2 pL 48
N &b

jubot multirobot ¥ &AL ) jubot talk multirobot #AFIRAE T ZHLEE NBEERE], A&
TEZHLEAER ROS i RUEE s IS .

FEIZAT HORBIHT, TEHIACERE LA N BCE .
BIESR:

B, EREMML (Master 155D JH3l roscore

jubot@JUJON-VM:~5 roscore

WARNING: Could not change permissions for folder [/home/jubot/.ros/log/71291cc2-f9ae-11eb-b737-005056345237], make sure th
Checking log directory for disk usage. This may take a while.

Press Ctrl-C to interrupt

Done checking log file disk usage. Usage is <1GB.

started roslaunch server http://192.168.1.18:44623/
ros_comm version 1.14.11

PARAMETERS
* frosdistro: meledic
* [rosversion: 1.14.11

NODES

auto-starting new master
process[master]: started with pid [30567]
ROS_MASTER_URI=http://192.168.1.18:11311/

setting frun_id to 71291cc2-f9ae-11eb-b737-005056345237
process[rosout-1]: started with pid [30581]

started core service [/rosout]

A[AAI

SRIE, TR —PLEs N A shtalk 9 8.

rosrun jubot talk multirobot talker.py
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i ~]1%rosrun jubot % irobot talker.py
| [INFO] : hello ]
[INFO] T[] 8582645 11: hello world
[INFO] [] 64 490 : hello world
[INFO] T[] 3! 64" 35]1: hello world
[INFO] [162858 4]: hello world
[INFOT T[] 645.448978]: hello world ]
[INFO] [1628582645.548787]1: hello world !
! [INFOT [! 582645.6 B]: orld ]
[INFO] [ ! 645 .74 ®]: hello world
[INFO] [ 58 349337 hello world
[INFO] [ 645 . 6]: he world
[INFO] 8582646.049 : world ]
[INFO] 58 : hello world !

BEEF, HLES N2 7E/chatter 1@ R A H A I A1 hello world W& .
EAE—HLE N LE3) listener F548, WWrdlEs A KA hello world ¥R

rosrun jubot talk multirobot listener.py

[INFO] [1628" . 56]: 4 ] s B ] 8 43] he hello world 16
[INFO] [ L ] s las B g 1¢ 58267743 heard hello world
[INFO] [1628" 8.1606 /lis r A8 1628582677431 rd world 16
[INFO] [1628582678. L saflias: r ] B ] 8 43] ard 110 world
[INFO] [ 2678 .: J99] : /1i: 2708 ] i ] eard 0 world ]
[INFO] [16 : 1] = flis 3 ] 58 431 heard world 16
[INFO] [] }582678.5 P1: /lis - 12708 16285826 ] ¥ ello world I
[INFO] [ 3 678.662756 /i - 12708 16285826 ] S o world ]
[INFO] [1628" ] i /1lis r 8 ] 43] : hello world 16
[INFO] [ L 871 6]: /lis 8 g 1¢ 58267743] heard hello world
[INFO]1 [1628F 2989 /lis r A8 16285826 ] g world 16
[INFO] [16 . 058 : /listener P8 | . 43] rd o world !

RIS

talker. py

imp
from std msgs.msg import String

- talker():
pub = rospy.Publisher( EEep’s iSER queue_size=10)
rospy.init node( "tal , anonymous=T )

% rospy.get time()
rospy.loginfo(hello str)
pub.publish(hello str)
rate.sleep()

if npame == " main °":
%

talker()
pt rospy.ROSInterruptException:

listener. py
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C rospy
std_msgs.msg import String

let callback(data):
rospy.loginfo(rospy.get caller id() + 'I heard %s', data.data)

f listener():

rospy.init_node(" er', anonymous=True)

rospy.Subscriber('chatter’, String, callback)

rospy.spin()

if _name_ == "_main_ ':
listener()

ARIGLL e T 20, 6 BT T 25 14 VELIR , 23K B B A
29.5 SLIEER

AR LIS NFRELE . 2 W32 R
29.6 LM

S H 11
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IS e
%%)mj\ él:l
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30.1 LR B

S ZAHIR NS FES, BEAIEE 5 S
30.2 SEROELR

AR LIS N FRELE . IR,
30.3 LW T A
AMNRLlT— &, BT

30.4 SLBAR

30. 4.1 ZHLEEANIKS)

jubot_multirobot ¥ B jubot ctl multirobot HfHHLw] LLSZHLFI 44
B TR 78 B2 G WL s A\ PR B 7 ) g [ P 478 1
30. 4.2 EAphEHH

TRATHLA NS, E R EMRE b —57 (LSS B ELEE AR 3K
T, FER BN N dr 4 23]

FE RE SO 5 S B 4% i, FE B BN, [RIRE R L8 E dr 44 7% 8] (namespace)
B, DR EREEE— S hla A .

BB, BUAT{E AR RE4% robot0 Hl#s Nizzh. [FEITFTLAIFE 24>, BT
PASE P IR I AN [F) 28 s A [ LA N a2 8. s AT 1 BN .
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EIF]
ml

[
(]

tF vl Images Highlight [ | Fit | (1]
Leaf topics | |Debug V/tF | |Unreachable || Params

30. 4. 3 [l
HFEmER 2 GHLEE N8, R E R ZRYE L2 (BHHENWE) BaiZ G
DIREYNI AL e A R ek S IREIN D E gl T
FE RSO L J5 20 B A (R I R4 i, U SRR BN A 44 2 18] (namespace) Z-{.
BRI 5 S IR R . ATBVE 2], BRI s P L8 A KA T emd_vel
PR, SRR, GBI AT LRI R S LA N R
30. 4.4 ZHLEANTM
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RAIXATT s, T2 HLas A R a6 .
EFE—aNE el N LA ZPlas NIEH A
roslaunch jubot driver multirobot jubot bringup multirobot. launch

namespace:=robot0

~multirobot jubc
jubot/.ros/1i 291cc2-T o oslaunch-JUJON-
tory for disk usa
to interrupt
ecking log e disk usage. Usage is <IGB.

started roslaunch server http://192.168.1.30:34675/

PARAMETERS
* frobo

roslaunch jubot driver multirobot jubot bringup multirobot. launch

namespace:=robotl

ot jubot_bringup multirobot.launch namesp: robotl
b737 56345237/roslaunch-JUJON-ROBOI-9479.log

ing log file disk usage. Usage is <I1GB.
started roslaunch server http://192.168.1.14:44777/

SUMMARY

PARAMETERS
*

ion_factor: 1.0
tl/base footp...

“ /robotl/jubot_driv
" /robotl/jubot_ Jimu_frame: robotl/base_imu_link
/robotl/jubot_driver/linear correction_factor: 1.0

*
*
*
*
*
*
*
*
* /robotl/jubot_driver/odom_frame: robotl/odom

FREWHLIRE ] roslaunch jubot ctl multirobot jubot keyboard all. launch
JA B 2 HLas NBRshB B4, Rz sty bR A S, RIS LA A R

187,
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jubot@JIUJON-VM:~5 roslaunch jubot ctl multirobot jubot keyboard all.launch
. logging to /home/jubot/.ros/log/71291cc2-f9ae-11eb-b737-005056345237/roslaun
ch-JUJON-VM-31449.1log
Checking log directory for disk usage. This may take a while.
Press Ctrl-C to interrupt
Done checking log file disk usage. Usage is <1GB.

started roslaunch server http://192.168.1.18:36585/

PARAMETERS

* frosdistro: melodic
* Jrosversion: 1.14.11
* fuse sim_time: False

NODES
/
jubot_cmd_mux (jubot_ctl multirobot/cmd_mux.py)
jubot_twist_keyboard (jubot ctl multirobot/jubot twist_keyboard.py)
ROS_MASTER_URI=http://192.168.1.18:11311

O fhomefjubot/fjuvm_ws/src/jubot_multirobotfjubot_ctl_multirobot/launch/jubot_keybo

Reading from the keyboard and Publishing to Twist!

Moving around:
u i (o]
k 1

t
b : down (-z)

anything else : stop

: increase/decrease max speeds by 10%
: increasefdecrease only linear speed by 10%
: increase/decrease only angular speed by 10%

30.5 SEREER

HIRL NS ANGRLE . £ HL A Z A8
30.6 SLIOHRE

S F

SR TR
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