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1. LIMO Introduction
1.1 FmEn

1.1 Introduction

MRTLEEALIMOR S B ARENFZNES T —HRIROSHAFS, BETENZEE 2. EFET
VR BAEKRNZIFE, ERATFISEARE. A, FRTL. BEOIFENOMRIET, s8stIm
BER RS, Eri. ERNEREEAREDE, TREEENT PR HIEEZZIHEST
PABCEEFE, LIMOIEENVIDIA Jeston Nano, EAI XL2EYEIA. REENSEMEHERERSE, o
LIERIEEEM. SLAMEE., BREHMNFIEEERE. BFEENE. AT IRIEFEEIEE.

AgileX Robotics LIMO is the world's first ROS development platform that integrates four
motion modes. It provides a learning platform that adapts to a wider range of scenarios and
is more in line with industry application requirements. It is suitable for robot education,



function research and development, and product development. Through innovative
mechanical design, it can realize the fast switching of four-wheel differential, Ackermann,
track-type, and Mecanum wheel motion modes, and can quickly establish multi-scene
practical teaching and testing in the supporting professional sand table. LIMO is equipped
with NVIDIA Jeston Nano, EAI XL2 LiDAR, depth camera and other high-performance sensor
configurations, which can realize rich functions such as precise autonomous positioning,
SLAM mapping, route planning, autonomous obstacle avoidance, autonomous reverse stall
parking, traffic light recognition and so on.

BRS, MRIJABRSERROSHRHEFFNELRRE, BNTESEUBATTILNARR, TEE
FLIMOFR/NERNEFHROSIEMIRIE, BHRKEMHEE, ILFEAXFESHTINBERAER.,

At the same time, AgileX Robotics and Gu Yueju, the domestic ROS community teaching
pioneer, are committed to combining enterprise employment and industry application
needs to create a new ROS boutique course based on the LIMO-developed car to help
colleges and universities in scientific research and teaching, so that students can meet
higher technical requirements for industry applications.

1.2 Pyl

1.2 Component list
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Name Quantity
LIMOBSEChRE & X1
LIMO high-end body

it X1
Battery

FoFERR X1
Charger

HREFEE X4
Off-road wheel

Z NI X4
Mecanum wheel

ek X2
Tracked wheel

T=FiR]] X1

Cross screwdriver

1822 M3 12mmx20, M35mmx20

Screw



AC /DC ADAP TE R

FEithX 1

FohREAR (LRHBEFRX4) X1

=
=

LIMO high-end body (install off-road wheel X4) X1

LIMO
FTEEEEX1

Battery X1

Charger X1



Z RN X4 [BEX2
Mecanum wheel X4 Track X2
M7 AR T]X1

Hexagon screwdriver X1



B2 EX] BLENE: M3/2mmx20, M35mmx20
Screw box X1 Screw box content: M312mmx20, M35mmx20

1.3 HEESE

1.3 Tech specifications
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Parameter Items Values
Types
INERS 322*220%251mm

Overall dimension

HHER 200mm
Wheel base
WS L) 175mm
Mechanical  Tread
parameters aE 4 8ke
Dead load
- PO ZEIE (1kg)
= Four-wheel differential (1kg)
Load
freStET (4kg)
Ackermann mode (4kg)
B/ \EHbEpR 24mm
Minimum ground
clearance
Ixans0 OEREENL(4x14.4W)
Drive type Hub motor (4x14.4W)
THEERFIR lm/s
No-load highest speed
| Ab%” = =3 Mz s
HRESH  mmesmiwmie 0.4m
Performanc o
. Ackermann minimum
turning radius
parameters
TENR -10~+40°C
Work environment
RANCHEHEE 40° (BEHEIT)
Maximum climbing 40°(under track mode)
capacity
B EEE DC (5.5x2.1mm)
Power interface
E4 Ubuntul8.0
System
IMU MPU6050
System CPU ARM 641/ @1.43GHz  (Cortex-A57)
parameters ARM 64-bit 4-core @1.43GHz (Cortex-A57)
GPU 128%% NVIDIA Maxwell @921MHz

128-core NVIDIA Maxwell @921 MHz
BBt 5200mAh 12V


mailto:64位四核@1.43GHz

(R

Sensor

EHISE
Control
parameters

Battery
T{FRTiE)
Working time
HLATIE]
Stand-by time
w@iEC

Communication

interface
LiDAR
REREH
Depth camera
Tzt

IPC

IEERR
Voice module
ik
Speaker

USB-HUB
BB RES
Front display
IShian]
Rear display
EHR

Control mode

40min

2h

WIFI, 153F
WIFI, Bluetooth

EAI X2L

&LV Y% DaBai/RealSense D435
Orbbec DaBai/RealSense D435

NVIDIA Jetson Nano (4G)

M KIESBF/ESRPF
iFlytek Voice Assistant/Google Assistant

EAWFEE (2x2W)
Left and right dual channels (2x2W)

TYPE-C x1. USB2.0 x2
1.54% 128x64 3 OLED B/ 5F

1.54 inch 128x64 white OLED display screen
71024x600 1PSfitiz 5

7 inch 1024x600 IPS touch screen

FHAPP, 151!

Mobile APP, command control



FHLAPP BT /ARBREEE 10m
Mobile APP Bluetooth/Maximum distance 10m

1.4 Nvidia Jetson Nanof}48

1.4 Nvidia Jetson Nano introduction

Nvidia Jetson Nano 2—FRINEER ARV NEITEN, ERSHFNIRDLE Al NEREFIIREMmIRIT. Ktk
Z=M NVIDIA JetPack™ SDK 2T REFS. itEVMRK. B, SEEEFEHEAINERE. BEElimo
BEhA, TURTREISBASEMN. BERGE. EERIERANGE.

Nvidia Jetson Nano is a powerful small computer designed to support entry-level edge Al
applications and devices. Relying on the comprehensive NVIDIA JetPack™ SDK, it contains
acceleration libraries for deep learning, computer vision, graphics, multimedia, etc. EqQuipped
in the limo high-end version, it can be used for the expansion of robot navigation and
positioning, image processing, voice recognition etc.

GPU 128-Core Maxwell

CPU Quad-core ARM57 @1.43Ghz

s} 4GB 64Bit LPDDR4 25.6GB/s

Memory

=& Micro SD£ (2XIA)

Storage Micro SD card (default)

STmAD 4K@30| 4 X 1080p@30 | 9 X 720p@30(H.264/H.265)
Video

encode

STARTD 4K@60| 2X 4K@30 | 8X 1080p@30 | 18 X 720p@30(H.264/H.265)
Video

decode

&L 2 X MIPI CSI-2 DPHY lanes

Camera

237 FIRLAKM, M.2 Key E $ZOSM

Networking Gigabit Ethernet, external expansion of M.2 Key E interface
B HDMI X 1,DP X 1

Display

USB 4 X USB 3.0, USB 2.0 Micro-B

T REEO GPIO, 12C, 12S, SPI, UART

Extended

interface

1.5 SRR FR

1.5 Component name



@ WIFVEEFRE;
@ WIFI/Bluetooth antenna;

@ REMRH;

@ Depth camera;

® RIEER,

® Front display;

@ EAI X2LBIYEERIA;

@ EAI X2L LiDAR;

© KB,

® Hub motor;

® RGBZELT;

® RGB vehicle light;

@ MUEeZEER/ e SR IR
@ Four-wheel differential/Ackermann mode switching latch;
HER,

Power display;

© EmE=R,

© Left speaker;

=TT

Left seagull door;



@ FE87eE;

(D Rear display;
@ EBithl;

@ Battery door;
®FF X ;

{3 Switch;

ai8id;
Right seagull door;

® GigpEes;
@ Right speaker;




USB-HUB#EHR ;
USB-HUB module;

@ EEER;

(@ Voice module;

T#INVIDIA Jetson Nano (4G) ;
IPC NVIDIA Jetson Nano (4G);
Bt

Battery;

1.6 gE=m

1.6 Function highlights

(1) R MEEREN, TEFERRERSE, JE—MEF SRS, MEER. ErilxeXr
MR RIE IR

(1) Four hub motors are used to save the internal space of the vehicle body, and the four
modes of Ackermann, four-wheel differential, track and Mecanum wheel can be quickly
switched on one vehicle body;
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@®Ackermann mode:

—HATRERZTBTRESH, RIMNEREEZRERNROARNIVIE, KiENRESEELARITHY
Eiﬁ, INESERSH, MRNETIESEREANREIERBLLIMUREARL2-4E, EMeT 5
FHROAR LR T RMAGERE EBERER 0, IEERaLRSRIES.

A geometry designed to solve the problem of wheels on the inside and outside of a turn
needing to trace out circles of different radii in the steering of vehicles. A vehicle designed
according to Ackermann steering geometry, when turning along a curve, use the four-link
equal crank to make the steering angle of the inside wheel about 2 to 4 degrees larger than
that of the outside wheel, so that the centers of the four wheel paths roughly meet on the
extension line of the rear axle; and then the wheels instantly turn to the center, allowing the
vehicle to turn smoothly.

/
A
I



QU EREL :
@Four-wheel differential mode:
IRz, EISCHRMEBY:, EXNRREIRTE, B2KNERBE,

Four-wheel drive, which can realize in-situ auto-rotation, but it will cause serious tire wear; please do
not auto-rotate in-situ for a long time;



OEFTIELN:
®Track mode:
BERFAMEFERE, BT L40°FNEH;

It has good off-road performance and can climb 40° slopes and small steps;

@ZRNBRER
@Mecanum wheel mode:

BETZERMNRANE S e E T LISTIAIT. 8%, fH7. EREAEFENE.



The omni-directional motion equipment based on Mecanum wheel technology can realize forward,
lateral, oblique, rotation and combinations of motion modes.



(2) FITREIER:
(2) Indication of vehicle light status:
PZEXT/IRGB LED, EFASHNLLESRIEMEIEAIERIT, HREBHAREEEN,;

The two vehicle lights are RGB LEDs, and 5 high-contrast colors are used for indicator lights, and the
rest of the colors can be customized by the developer;

Bt K&

Color Status

RIS (KB E/FIBIRE

Red flashing Low battery/master control alarm
Fe (OERE=1 -t

Green Ackermann mode

HE i EER/EHIEN

Yellow Four-wheel differential/track mode
! Z R NEIERT

Blue Mecanum wheel mode

S]] FahfgeA

White Manual lighting

(3) MMZEJIER, FMB—NTYPE-COMMNUSB2.0H, H{EFEK;
(3) Doors on both sides can be expanded to reserve a Type-C interface and two USB2.0 interfaces
for convenient debugging;



(4) EBjtbATHFHR;

(4) The battery can be removed and replaced;

(5) MBBFERIARESLAL

(5) Reserve rich expansion holes:
FIFREB 8 MM3MR22 77, LARMER3. 2mmBERIEN;

Eight M3 screw holes and two 3.2mm wide notches are reserved on the roof;
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P IFREBANMBMRLLFLNL, KERFIREBEARETS,
Four M3 screw holes are reserved for the two doors to expand horizontally to obtain a larger
mounting platform;
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Four M3 screw holes are reserved at the front and rear of the underbody.
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P 10. 00 mm 10. 00 mm
-

ANAVA

IO

AN

R,

55.00 mm 55.00 mm
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D I//ANS @Q\ SIER &
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1 7

T

12.00 mm p—o 12.00 mm

(6) FERIRRERIR:

(6) Rich interactive experience:
BBk, BOtER. BEER. WFESER GRS iRHFEENRE R,

Camera, LiDAR, voice module, dual speakers and front display can provide rich interactive experience.



1.7 SRS %
1.7 Mode switching method

(1) thipre SR

(1) Switch to Ackermann mode: *
FISTHMIFRHKE, IRASEHEE30E, (EMiEHE CRIKRISERERIERTS v, EPERGE, ETTA
SEEESE, WHRMAI;
First pull up the latches on both sides, and turn 30 degrees clockwise to make the longer
line on the two latches points to the front of the vehicle body ¥ , and then they will be

stuck. When the vehicle light turns green and is steady on, the switch is successful;
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(2) TR EIFREL
(2) Switch to four-wheel differential mode:

RFSKIMATETEE30, fERNIEH _ EBAERIL BRI IER] 0 RS ABART, MR EY

A, NULDHRRRIH

—_
=
Pay)

HEFNOLEEBAN, FITNEeEE

Pull up the two latches, and turn 30 degrees clockwise to make the shorter line on the two

latches points to the front of the vehicle bodyﬁ. At this point, it is in insertion state.

Fine-tune the tire angle to align the hole so that the latch is inserted. When the vehicle light

turns yellow and is steady on, the switch is successful;

-
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=
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(3) UETHEI:

(3) Switch to track mode:

NSRS TEEREEE L, BCESARIER, FEEER TSRS e
RIBE;

In the four-wheel differential mode, put the track on directly; it is recommended to put the
track on the rear wheel with small space first, and in the track mode, please lift the doors on
both sides to prevent scratches;

(4) thip=EE:

(4) Switch to Mecanum wheel mode:



FTRRBRENRRFET, RJRERREN, AEREBNZERA/NAFHOEARRD, BEEEAM3*S 12
LBERTEL, RETERER/APPREEZRIE.

First remove the hubcaps and tires, leaving only the hub motor, then ensure that the small
roller of each Mecanum wheel is facing the center of the body, install the Mecanum wheel

with the M3*5 screw in the package, and finally adjust to the Mecanum wheel mode with
remote control /APP.



Agilex Robotics (Dongguan) Ltd,.
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it IMREZRREANER, SHEREMZREENHAEN LEFR

Note: When switching to Mecanum wheel mode, make sure that each Mecanum wheel is
installed at the angle shown above

1.8 $#{FikiER

1.8 Instructions on operation

(1) KEFXBF (SREEER)  UREER, RE—PLLTEMENIIFEEEERE;

(1) Long press the switch to start (short press it to pause the program), observe the electricity meter,
and charge or replace the battery in time when the last red light is on;

2. At

2. Electricity

Gl Do oS I Q)

(=1 i1 o (-]
Ay ’ i} -
g IO IO
€ e — NN\




(2) WERRIEBEERSIAR ENT B A SRR

(2) Observe the status of the front latch and the color of the vehicle light to judge the current mode:



D
1D

' | L] |
= =
=
e W&
Color Status
RIS (KB E/FIBIRE
Red flashing Low battery/master control alarm
TeEs EFEE
Steady red Program pause
Fe P2
Green Ackermann mode
= T ER/EHER
Yellow Four-wheel differential/track mode
e ZRNEIERT
Blue Mecanum wheel mode

(3) EBI=ESIHEA
(3) Instructions on remote control
EIRES: GBS, BSwBEEKREIFEEIEEES, ThHAESES, EaxEEs;

Remote control preparation: right slide on the power button to power on, switch the SWB channel to
the middle for remote control; the lower part is command control, and the upper part is off control;



XA EIOff control
@ S\\/BiEEHRE BRI AR/ NE
Switch the SWB

S)rs8 4 N . T@\
Y/ L —— ] FNW

aiEFH

ZiHE(: BSWDBIEIRE P M A EERED,, AETEHREEER, AETEHRIbAAE;
Differential mode: switch the SWD channel to the middle and lower gear for four-wheel differential

mode; the left joystick controls forward and backward, and the right joystick controls left and right
turns in place;



A
SWDIBIBETEEL MY P EERRT <

A WA a
P
=

swc

-
SUGE—
]

¢l

Bli#Forward

A
JcNone 4 > I
\ 4

f51EBackward

BRI S EEERERE—F;

Track mode: same as the motion model of four-wheel differential mode;

[ ]

‘onlLE X

JcNone

A
Ieft< k_ﬁ:Turn right
v

JcNone



A
SWDIBBEFEEL MU ETEL 4

==
S = === :
&= = &=
“\ | H °
Bli#Forward PrciLex JcNone
A 3 o | 3 o A
FcNone 4 }3{-, '@" -'@' Ieft< b_tﬁ.z:Turn right
\ 4 \ 4
J&a1BBackwarld ¥ JcNone

ZREN: SWDBBE LM AZRMIBICER, AEFERIEHER, AETEHEARE;
Mecanum wheel mode: it is in Mecanum wheel mode when the SWD channel is in the upper gear.

The left joystick controls the direction of motion and the right joystick controls the left and right turn
in place.



E%%;' 1jj;%
kR }VA right
Sy anl

FiR ##%

SWDIBIETE LRI BBt é

@
o
i

JcNone

A NP A
HHEEE YEGE ey lere_ P#ETU

JcNone

[R3X EX

E0bvid Forward

EiR Backward

LRI Move left anterior oblique
HAIRP Move right anterior oblique
KRS Move left transverse

y Tt A Move right transverse
EERE Move left posterior oblique
AERE Move right posterior oblique

freStEl: EEF LR SEN, FRErasrsliin, AETE6RtER, AEfEsz

armE;



Ackermann mode: switch to Ackermann mode on the vehicle body, and open the remote
control; the left joystick controls forward and backward, the right joystick controls left and
right direction;



right

Bli#Forward PAciLex JcNone

A —— —— A
FiNone € P> % = =l e left @ Ph#Turn
v ! ; ' ; v

J&a1BBackward FTNone

(4) APPERIREA
(4) Instructions on APP remote control
1. BSRAEFNLETEEEIRMHAIAPP--Nexus, FEHARANT:

1. First download the APP--Nexus provided by our company on the mobile phone. The download method

is as follows:

10Siwm T % : 7£ AppStore 38 2 Nexus 7 T £
IOS download: search for Nexus in AppStore and download it

Androidim 3 ™ HE 465



For Android, scan the following QR code:



wlim
hlll

TEHEEE: https:/ www.pgyer.com/IbDi

Download link: https://www.pgyer.com/IbDi

2. TEAppRINE, FIFApp, JE-1F7R, EELIMO xxxxxxHES; ZEFHIMEA EINESTE iR

HANEFHRME
ackermannm mailun

Search Bluetooth O

MITV-5D680 connection

LIMO_202111002 connection

2. After downloading the App successfully, open the App; as shown in Figure 1-1, connect
to the Bluetooth of LIMO_xxxxxx; click the Bluetooth icon on the upper left of the Android
phone to enter the Bluetooth scanning interface

3. ZEi=limo

3. Remote control limo

I EIT: EElimoRTH IR

Left lever: control limo forward and backward
BOEHIT: EHllimo e Al

Right lever: Control limo to turn left and right
hEHER: BEERT

Middle progress bar: speed value display
R BHEE=MEE(, PURSIEEMET: ackermann, PUSERIZAMRT: 4wd, ZRHEIEH) &

= mailun

Mode switching: There are three modes in total, Ackermann motion mode: ackermann; four-wheel differential
motion mode: 4wd; Mecanum motion mode: mailun

ackerMann: EEFIPELIMO/NEIRNREE,, FTERTRESTR. EHaHERIUNEERNE
E;


https://www.pgyer.com/lbDi
https://www.pgyer.com/lbDi

Ackermann: You need to manually switch LIMO to Ackermann mode, which is mainly
used to calibrate the zero point, and control forward and backward as well as rotation
angle;

4wd: BEFHELIMONENRIHRERRT,, FTEEHRIRGEIR. RS RLURIRIIEE

4wd: You need to manually switch LIMO to the four-wheel differential mode, which

mainly controls forward and backward, rotation direction and rotation in place;

Mailun: FEFIHELIMONEIREZRERN, ETEEHREER. #iRSRLRREEE

Mailun: You need to manually switch LIMO to the Mecanum wheel mode, which

mainly controls forward and backward, rotation direction, and rotation in place
4. APPIREIREA

4. Instructions on APP setting

Language switch: B mEALAYEZE English/fEiR, SRUMEZHEFIHIZ
Language switch: Switch between English and Chinese by clicking the button English/Simplified on the
right

Left-romte min speed: RELIMO/NERIS/INEE

Left-romte min speed: Set the minimum speed of LIMO
Left-romte max speed: ZEBLIMO/NERERKERE

Left-romte max speed: Set the maximum speed of LIMO
right-romte min speed: RBLIMO/NERIER/INIEEIREE

right-romte min speed: Set the minimum rotation speed of LIMO
right-romte max speed: RELIMO/NERIGRATEFEIRE

right-romte max speed: Set the maximum rotation speed of LIMO



veer calibration: IREFRFFIE, TRh+S, RERTGREVerify, HREMIISHEIZREIE
Successful calibration

veer calibration: To set the zero point calibration, first click the + sign, and then click Confirm
Verify. When the calibration is successful, a reminder box will pop up: Successful calibration

BlueTooth: mTEEHIEFEFRE
BlueTooth: Click to pop up the Bluetooth scanning interface

Bluetooth management: madgrandom ERFELILIMO xxxxHIapBMEE, FIAOKFRISER/NEIETHY
B2, TRUNEFSIT, FSRESMEREST, EnERETRTLIREHEHIINGE; HappBIR
B, INENEFEFELRBRELMINAVIATS

Setting

@ language switch
internationlization

Left-romate
min speed

Left-romate
max speed

right-romate
min speed

right-romate

Setting

min speed

m right-romate
max speed

veer calibration
e return O
To turn to [-1000, 1000],Switch in advance...

Bluetooth
Search equipment

Bluetooth management random LIMO_202111002
Set name

Bluetooth management: Click random to generate any name named after LIMO_xxxx,
confirm OK and modify the Bluetooth name of the vehicle synchronously. Note that the
Bluetooth will be disconnected at this time and will remind you to reconnect the Bluetooth.
After reconnecting the Bluetooth, you can continue to control the vehicle; when the app is
started again, the Bluetooth name of the vehicle has been modified successfully

1.9 infRREEE
1.9 Remote desktop connection

1.9.1 TFZEZIENoMachine
1.9.1 Download and install NoMachine

B EN AR TEAENMAEE, TEREE: hitps:/www.nomachine.com/download, RiEE SR BVE(E



https://www.nomachine.com/download

RS T EABNAYRRA., LLlimoFIEBIREREZIR— P WIFIT,

First download the corresponding software on your personal computer; download link:
https://www.nomachine.com/download; download the corresponding version according to your
computer's operating system and architecture. Let limo and computer connect to the same
WIFI.

1.9.2 ZEIEwifi
1.9.2 Connect to wifi
T FFlimoaMIESEES| ], KEJUSB-HUBELE, £SlimoiEiE FEAREAR, USB-HUBELPMBINTE:

Open the seagull door on the right side of limo, find the USB-HUB module, and connect the
keyboard and mouse to limo. The position of the USB-HUB module is as shown in the figure below:


https://www.nomachine.com/download

a.
G
B
B
B
a
? o
A
™

e 2R R , N
After the keyboard and mouse are successfully connected, connect to wifi through the following
operations, and select the wifi that needs to be connected.

AW

Enter the password of wifi

X I



Wi-Fi Network Authentication Required

7oy Authentication required by Wi-Fi network

'|_-.,.|:. (

Passwords or encryption keys are required to access the Wi-
Fi network “AgileX Robotics”.

FaSSWﬂrd: [ lnnnunnin| ‘i |

Show password

Cancel Conneckt

1.9.3 imfEiEElimo

1.9.3 Connect limo remotely
ERERER

Select connection object

Machines NOMALCHINE
& Add =2 t Q, Search EEE View G5 Order 7, Settings
nano, agilex, Connection to ThinkPad, agx-ty,
Ubuntu 18.04.5 LTS Linux £ NX 192.168.8.147 £ NX Ubuntu 18.04.5 LTS Ubuntu 18.04.6 LTS
& NX & NX & NX

BfYes

Click Yes



'm NoMachine =

NoMachine - xavier, Ubuntu 18.04.5 LTS

Verify host authenticity NOMACHINE

The authenticity of host 192.168.8.141 can't be established. The certificate fingerprint is: SHA256 28
E3 D8 80 5F 9E 20 07 3C 63 3B 10 D3 79 A0 53 F1 E5 02 56 C8 75 60 CB B4 5F 45 DF EF 36 C0 11.
Are you sure you want to continue connecting?

Username: agilex Password: agx 4IE{RFZZE

Username: agilex Password: agx check to save the password

nano, Ubuntu 18.04.5 LTS NOMALCHINE

Please type yvour username and password to login.

O Username | agilex
. Password | =

Save this password in the connection file

—ERIEERNIAOK

NoMachine - nano, Ubuntu 18.04.5 LTS

nano, Ubuntu 18.04.5 LTS NOMACHINE

Show the men by clicking an the sdge of the window

Or 8 the same by peessing CTRL-ALT+0

Change the screen sotings using the icons below.

o ey

Dt shaw this dialag saymare oK

Always select the default OK



—. EERBSERRP

2. Instructions on Chassis Electrical Information
2.1 Bith57THE

2.1 Battery and charging

2.1.1 BiHEFER

2.1.1 Basic battery information

LIMOBEZEECE— M 2VASEEE, ZFEIAERMEL. £3IAEGRIRE T HEOMEE AR hFERE
He

LIMO is equipped with a 12V battery with two interfaces. They are the yellow battery
output interface and the black battery charging interface.

IZEE SN TR

The battery’ s parameters are as follows

0= BESH
Items Rated parameters
HARNE 5200mAH

Typical capacity
RINEE 5000mAH

Minimum capacity

TTAREE 1.1V
Nominal voltage

RE#EHEEE 12.6V
Charge cut-off voltage

MEEEERE 8.25V
Discharge cut-off voltage

BRAFFENEE R 10A

Maximum continuous discharge current
it S EIRN

Battery precautions

*» ATRIbzEEFESRZS, LIMOEZNEEHA—ELTHBIRE .
In order to ensure the safety of transportation and storage, the battery supplied with LIMO is
not necessarily fully charged.

* BARERIMERBRLUGEEHRHITRE, 3 LIMORREERE, BNAETFEE.
Please do not charge the battery after its power has been depleted,
and please charge the battery in time when LIMO’ s low battery level alarm
is on;

* LIMOTEXRHUAS MIRFEs#SFIERIR, AL, KEHEAERLIMOR BRIt S
TERROER.

LIMO will still generate a quiescent standby current when it is turned off. To prevent



the battery from over-discharging, please disconnect the battery from the vehicle body
when you do not use LIMO for a long time.

BRI, BXIEIIR, B2ESE NMEER, BitFEENSEREN-10°C~40°C,
Please do not put the battery in fire or heat up the battery, and please do not store the
battery in high-temperature environment. The best temperature for battery storage is -10°C
~40°C.

WRERR Be S EIAMERIRE tE ILIMOfHES,

LIMO must be charged with the original factory-equipped or certified battery.

2.1.2 W
2.1.2 Charging

LIMOZKIABEZEELR—N12.6V 2ARIFEEEES, aiEEFHFEE R, BRBER HREERI I ER7EE

N,

LIMO is equipped with a 12.6V 2A charger by default to meet customers’ charging demand,
and there is an indicator light on the charger to show the charging status.

¢ FEERNEXRTENHR, FHibEEEOSERDE.

When charging, please turn off the vehicle and remove the battery, and separate the battery output
interface from the vehicle body.

KB L SHEIhEE, BiXEREREIRAITRE,

Connect the charging connector of the charger to the battery, and then turn on the charger's power
supply for charging.

RHENBSERENSRERSE, BT TEREIR.

When fully charged, please separate the battery from the charger first, and then disconnect the

charger.

FEHEBRSINTER:

The charger status is as follows:

FEBIERITEE itk

Charger indicator light’s color Charger status

ae FeEEH

Red Charging

LREBINKE BPig7eim

Green flashing Almost fully charged
Fe E5tir

Green Fully charged



FEFEER:

Charging precautions:

¢ BIHERIFREFTESEXEIHTRE, B2 CLAT GBI TR,
It is forbidden to use non-original chargers to charge the battery, and do not charge the battery
below 0°C.
¢ RENUIUEEBSLIMOERSE, LR NFENREALIMOBITHE,
The battery must be separated from LIMO’ s vehicle body when charging, and it is forbidden to
supply power to LIMO while charging the battery.
o HREF|ETT T NFENRTAETE, BATEKENSG, THEIFRL0.IARERETER
FREE, FFEREY0.5/NBT .
When the indicator light of the charger turns green, it indicates that the charging is
complete, but in order to prolong the battery life, the charger will trickle charge with a
current of 0.1A for about 0.5 hours.
¢ HRUEEIEM8 25 VEIFRHE R G RLIFTEL. /NS, BIBFRHEBEELNNI2.6V.
At present, it takes about 2.5 hours for the battery to reach a fully charged state from 8.25V, and
the fully charged voltage of the battery is about 12.6V.

2.2 (FARIEREZETFESEN

2.2 Operational environment and safety precautions

* LIMORTREREN-10°C ~40°C, BAERERT-10°C. BT40°CREHER;
The operating temperature of LIMO is -10°C ~ 40°C; please do not use it in an environment with

a temperature lower than -10°C or higher than 40°C;

* LIMORIERRIMERIEXIEEERZE : &A80%, H/N30%;
The relative humidity requirements of LIMO's operational environment are: maximum 80%,
minimum 30%;

¢ BOEFERMME. BRESIERIMREE IR R RAVIME LR
Please do not use it in an environment with corrosive and flammable gas or in an environment
near flammable substances;

¢ LIMOAREEWMIKINEE, BAEAM. T, FUKRIRER;
LIMO is not waterproof, so please do not use it in an environment with rain, snow, or water;

¢ ENFERREEKREENET 000K, BREEREII25C;
It is recommended that the altitude of the operational environment should not exceed 1000M, and
the temperature difference between day and night should not exceed 25°C;

o [ERAEEEERD, BREBEXRAFMHTIRERESIERRAAR;
In case of any doubts during use, please operate according to the relevant instruction manual or
consult related technical personnel;

o IBDRERARSHFRIF, FABBCEREPIREFEN,
Without technical support and permission, please do not personally modify the internal
equipment structure.

2.3 {HEBIRFH
2.3 Power supply topology

3% EX
Bk Camera

BOtEIR LiDAR




TESER Voice module
USB2.0#H0 USB2.0 interface
EERRE Rear display screen
USB3.03z0 USB3.0 interface
BIE5V@0.5A Max 5V per circuit@0.5A Max
=2 Battery
LIMOJ&E LIMO chassis
AR Steering gear
SRR Hub motor
-3 EIR BT S USBHUB (— 20BF g SRR
L 1T 1
uses.ofEO

Jetson Nano

T

SV@an Max

B sv@0.5A Max

Bt —1v@10A Max—pp|  LIMOJETR |—svaesava—p EE[EAEH]

12v@eA Max

¥

HEEHIXE

+ LIMOHIEEtHEBIRMR K I10ARIEEIRLEIREL. Nano RIERUERE RSB, JSRFONEITIEERA T
10ARY, AT RIPEBFIBTNSHNT RRIFEL.

LIMO's battery can provide a maximum current of 10A to power the chassis, Nano, and
sensors. When the system detects that the operating current is greater than 10A, it will
enter an overcurrent protection mode to protect the battery and motor.

* USB HUB =/NUSBEO&THAIHEBIREAII0.5A,
The total output current of the three USB interfaces of USB HUB is 0.5A at most.



2.4 iB{SHhiP

BAEE Bk EEES USBHUB |a— sai— BETHRE
* A
UsE2.01! usazimi% Use2 01X Use2 0B
‘ USBEO1 USBiEO2 USBIEO3 USBiE 04
HOM12.0
SEBL  a—amnr—p| | PERE Jetson Nano HDMIED [
UART 2
i
.
LIMOJE#R |=—mFso—p| FHIAPPH
2.4 Communication topology
L FEX
HNEBRIZES External network
EWIfi Dual-screen Wifi
154.2 Bluetooth 4.2
REEIX LiDAR
H5k Camera
IESEIR Voice module
USB2.0fii&z USB2.0 touch interface
|l Rear display screen
USB2.0tf¥ USB2.0 protocol
USB#zO USB interface
HNEM-< Built-in network card
HDMI#EO HDMI interface
LIMOJ&#E LIMO chassis
EF5.0 Bluetooth 5.0
FAHAPPiz Mobile APP

LIMOJREZRE 7 15 5. 0RIR AT LA S FHLIRAY APPSR,

SCHLEETNRE.



The LIMO chassis has a built-in Bluetooth 5.0 module that can be connected to the APP on the
* mobile phone to realize the remote control function.
» LIMOSNanolBJTUARTHEEE#ERE, Nanol@Id iz ] LIS RAZATES],
¢ LIMO and Nano are directly connected through a UART interface, and Nano can control the chassis
through this interface.
USB HUBR2NUSBFI 1M Type CHEEO, 3 MEMY TIEFEUSB2.OMMY T,
USB HUB provides 2 USB interfaces and 1 Type C interface; all 3 interfaces work under the
USB2.0 protocol.
* EEFBIZUSB2.0805USB HUBIEE, ERHEINEE.
The rear display screen is connected to the USB HUB through the USB2.0 interface and has a
touch function.

=. [ERIEEFIEL)
3. Chassis Driver Drive

B RSB RIIEF I 8L MlimofISAR, limofIERIREMEFD AR MEE, DBIACHAIRA 1
PythonhR 7, T MRAERATLATZE S limoizz.

The mobile chassis needs to be driven by a program to realize the navigation of limo. The
chassis driver of limo is divided into two versions, namely the C++ version and the Python
version. Both versions can control the movement of limo.

3.1 C+HERIEE]

3.1 C++ chassis driver

CHHRABIIR SRR PR AT S 9 ~/agilex_ws/sre/limo_ros/limo_base, BILABILA TGS HNENZIL 143£

th

The folder where the C++ version of the driver is located is ~/agilex ws/src/limo_ros/limo_base,
which can be accessed by the following command

cd agilex_ws/src/limo_ros/Timo_base

LA 2limo_baseIHREBAISHFIZE:

The following is the file list of the limo_base package:

— Timo_base
— cMakeLists.txt
— dinclude
| — Timo_driver.h
| — Timo_protocol.h
| L— serial_port.h
— Taunch
| L— Timo_base. launch
F— msg
| L— Limostatus.msg
— package.xml



L— src
— Timo_base_node.cpp
— Timo_driver.cpp
L— serial_port.cpp

limo_base FEIYMN4E, 55 include, launch, msg, src, includeX 4K NMFRERNERFT AR
EESX; launch X N EMERMNIZFRIBNINY; msgX R N ERERNEFREZAE 23X,
steX R T ERERNFERIRE.

There are four folders under limo _base, namely include, launch, msg, and src. The include
folder stores the library files called by the driver; the launch folder stores the startup files of
the driver; the msg folder stores the message files needed by the driver; the src folder
stores the driver source code.

X4 FHC i
Folder Stored files
include IXTNFE R iE FRRO R L1

Library files called by the driver
launch KaHE AR TN

Startup files of the driver
msg IXBNAE P R e R RYTH B S

Message files needed by the driver
src IXENAE IR RS

Driver source code
AL —ERiE SRS = Hl limo [ RIEE)
You can control the forward movement of limo with a simple command

E: EIETRSZEl, BRHARRMKIETRIEREBEEIL, KIEHSI: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c

1. BalRE, FIF—18®in, EREPEAGL:

1. Launch the chassis, open a terminal, and enter the command in the terminal:

rosTaunch 1limo_base Timo_base.launch

2. MAEHIES, FIF—1" Rk, ERETBAGS:

2. Enter the control command, open a terminal, and enter the command in the terminal:

rostopic pub /cmd_vel geometry_msgs/Twist "linear:

x: 0.2
y: 0.0
z: 0.0
angular:
x: 0.0
y: 0.0
z: 0.0"

i B o SERRSRTPEARNT, AEFHNEA

Note: Copy the entire command to the terminal and enter it, and don’ t enter it manually



FERIHMADSZE, lImoRFERITTE—/NRIER, AEET.
After entering the command in the terminal, limo will walk a short distance before stopping.
KXzEhiE iR R EEFZIRYEREL

Functions used in the driver source code:



AR

Function’s name

connect()

readData()

processRxData()
parseFrame()

sendFrame()
setMotionCommand()
enableCommandedMode()
publishOdometry()
publishLimoState()
publishIMUData()
processErrorCode()
twistCmdCallback()
normalizeAngle()
degToRad()
convertlnnerAngleToCentral()

convertCentralAngleTolnner()

3.2 Python/E£2IREN

3.2 Python chassis driver

HEER

Function’s function
EERE
Connect the chassis

AR, SRBUREZ&RIRHER

Read the data, and get the information

feedback from the chassis

R R OHE

Receive serial data

RbIRER 2R

Process serial data
RIXBOHE

Send serial data
IRElmoRJIE IR

Set limo’s control mode
EREEHIE

Enable control mode
RaEREITEIE

Publish odometer data
EAlimoAPIRSER

Publish limo’s state information
RABIMURIEE

Publish IMU data

FERIG

Error detection

KRR AR

Publish speed control data
BE—NEENRE
Output a normal angle

B ERERINE

Turn the angle to radian
BRBERATOH

Convert inner angle to central angle
B BERANE

Convert central angle to inner angle

limoAYPythonhR ALK FN_EAEZpypi, ATLUBEI pipiE<S FEIZKENTER,; BFRNTEERA
~/.local/lib/python3.6/site-packages/pylimo, BHISEFIZERS



limo's driver (Python version) is uploaded to pypi, and the driver can be downloaded through the pip
command; the installation directory of the program is ~/.local/lib/python3.6/site-packages/pylimo.
Its file list is:

b— dnit__ .py

F— Timomsg.py

F— Timo.py

L— pycache_
—_dinit__.cpython-36.pyc
F— Timo.cpython-36.pyc
L— Timomsg.cpython-36.pyc

PythonfRARIRIBLLIRERS, (RE=MHAMIKER, initpyfW RN EBRIBEZEERNXMY,
limomsg pyRERARMEATREEAHER, limopyEEiER, BRWERZEIKalimo,

The Python version of the code is relatively concise, and only three files make up the
driver. The function of init.py is to declare the files to be used, the function of
limomsg.py is to drive to the required messages, and limo.py is the main program and
its function is driving limo.

Xiatn XiH{ER
File’s name File’s function
init.py RS EF RIS

Declare the files to be used
limomsg.py RN ATR RS

Drive to the required messages
limo.py FERF, BFIEzhlimo

Main program, used to drive limo



BN T —MRIRB I ZIE e, 1ZBIAFTE B R 9agilex ws/sre/limo_ros/limo_base/script, ) ANZFR

Jlimomove.py,

We provide a script to call the driver. The directory where the script is located is
agilex_ws/src/limo_ros/limo_base/script, and the script’ s name is limomove.py.

ALBEA T aShEER, IF%E, EREPRANGS:
You can access this directory with the following command, open the terminal, and enter the command in the terminal:
xBTSz, FRRRMZIEPHNEFREERIE, RIEGSH: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c

cd agilex_ws/src/limo_ros/Timo_base/script

ETHAE, FIHFER, ERETPEAGS:

Run the script, open the terminal, and enter the command in the terminal:

python3 Timomove.py

FERIRMAGDSLZE, lImoRFERITE—RIER, ARET.
After entering the command in the terminal, limo will walk a certain distance before stopping.
IXzhiE FF R AT e FRRI R L= R -

Functions used in the driver:

HEBTR HEER
Function’s name Function’s function
EnableCommand() 1=l fERE

Control enable
SetMotionCommand() REBSDS

Set motion command
GetLinearVelocity() RENERIRE

Get linear velocity
GetAngularVelocity() RENAIRE

Get angular velocity
GetSteeringAngle() KRN ERBE

Get steering angle
GetLateralVelocity() SREVIEFE IR E

Get lateral velocity
GetControlMode() FREIEHIRET

Get control mode
GetBattery Voltage() JRENERtEE 2

Get battery level
GetErrorCode() REEIRICHS

Get error code



GetRightWheelOdem()

GetLeftWheelOdem()

GetIMUAccelData()

GetIMUGyroData()

GetIMUYawData()

GetIMUPichData()

GetIMUROollData()

M. REEHNFIHh

4. Chassis Kinematics Analysis

IRENERC AR

Get left wheel odometer
IRENAR R

Get right wheel odometer
FRERIMURI SR

Get IMU acceleration
SRENBEIRI L AOEUE

Get gyroscope data
REUMURSAR A

Get IMU course angle
SRERAFID £

Get pitch angle
IRENEIRA

Get roll angle



MEBINBAXAKR, KREITASWE, HENEIW ENBERENAGY (LLINE iR Bk
=ilaEA) | NEEELERNERE/NE, BMAILUSFRREA. B ASSMSIENERE, 8%
RAZRANEH, LT AERNRHMIESEE, —RIVAGVERREREE, KEXFENHA
REEARNN=RERERE, NEERRKRE, T —EAGVENEBEBERRE, RFEARILAR
RFARTENE, ATRBMNEHNZFESTENBlimopIPUFzEaI&El,

Mobile robots are so popular nowadays, including large robots like unmanned vehicles,
regulars robots like AGVs (eg. intelligent logistics automatic handling robots) which are
widely used in industry, and small robots like the smart vehicles on Taobao. Mobile robots
have a variety of chassis, including two-wheel, three-wheel, and four-wheel ones. For
example, unmanned vehicles are four-wheel Ackermann models, and general AGVs are
two-wheel differential models. There are also three-wheel omni-wheel chassis and four-
wheel omni-wheel chassis that are common in college student robot competitions. There
are also some AGVs with four-wheel skid chassis. Is it a bit dazzling? This section will
introduce the four motion modes of limo from the kinematics aspect.

4.1 REERISEE

4.1 Four-wheel differential motion mode

BAHE— ST EENERIASE AR TEREEY, EehPUANER P4 ARG, REERE
SN ERLAOREE, M LUATIEEINE ANRLE. EB. IUREANEHHET.

We simplify a four-wheel differential motion robot into the model shown in the figure
below. Four wheels are driven by four separate motors. You can control the robot to move
forward, backward, and steer only by controlling the velocity of the four wheels.

X

0 E-=

5 =

HIENBA—NSELIZR, ABFLAXIESR, BEELAYHIESR, ZifnERAEERRM
Hb, BIRRRANBARNED, SIrRBELEATFEN, SN FERIERE (KIv73ME) —HES,
BABAUSSIRIHANGEIR. SN ERINEREA—R, T8 AL s,

We give the robot a reference coordinate system. The red arrow is the positive direction of
the X axis, the blue arrow is the positive direction of the Y axis, the Z axis is perpendicular to
the screen outward along the origin, the coordinate origin is the center of mass of the robot,
and the coordinate system satisfies the Ampere’ s right-hand rule. When the velocity (size +



direction) of the four wheels is the same, the robot can move forward and backward. When
the velocities of the four wheels are not the same, the robot will turn.

—BHlSRAFTERRIE), BATKRES —MERAT O TEFRIRICR, LIZEREG], FSitbmmiz
MRARENEEIERES BNERMTR, SEESRSERAICRIEEER, MLhRELENODERETS
M%), MIERESHEAIA, EEFEGR MR (BIMHA) HERDEE.

Once the robot turns, it means that there is a turning center, which is the point ICR in the
figure below. Taking the left front wheel as an example, the relative velocity direction of the
contact point A of the wheel and the ground is shown in the figure. The resultant velocity
direction and the line segment A-ICR are perpendicular to each other, and the tire can only
rotate along the longitudinal component velocity direction. The velocity resolution shows
that there is also a lateral component velocity along the wheel axis (motor axis).



ML - -~ R0
iy v B L

B 53 -

I

W

ICR [
B C
JR3Z X
BIRE Resultant velocity
T DIERE Lateral component velocity
YAEIDIERE Longitudinal component velocity

AT MelRrEEoERENAE, B ASTEieiEnizs), MARDEEFENRDE,
BRIENIRI YR ARICRIEFIED,

Since the lateral component velocities of the four tires are different, the robot will produce
rotational sub-motions, while the longitudinal component velocities produce longitudinal
sub-motions. The resultant motion is represented by the robot making a circular motion
around the ICR.

NSRS, MUARCIAEE—F, ARSI/, FLGEEEN, SMUREIREES
FEX, FLOMIZEREEXR, BIAMEREAR, BamAsE, BETN, CEEAN, BaRa
.,

When the robot turns, the angular velocity of the tires on both sides is the same. The inner
tire has a smaller turning radius, so the linear velocity is smaller, and the outer tire has a
larger turning radius, so the outer linear velocity is greater. That is, when the velocity on the
right side is greater, it will turn left. Similarly, when the velocity on the left side is greater, it
will turn right.

mEN EERTAEHBENNEEVY (HRADEE) —#, £ (T) wmhkavy (ERoEE) —#. W
REBEREBEKNE, RAFEEL () UNRITEREE—FA, BSRER. 4 () UBR~E
RERESHS—N—, BERS55—UEREIE.,

Moreover, it can be seen from the figure above that the tires on the same side have the
same Vx (longitudinal component velocity), and the tires at the upper (lower) end have the
same Vy (lateral component velocity). If you want the vehicle to rotate around itself, you
only need the two wheels on the left (right) side to have the same velocity and the same
direction, while the two wheels on the right (left) side have the same velocity as the other



side, but the direction is opposite to the other side.

AT e 2R T Hlimo, B EiBlimolAE A ZIEE, IRERIRATEEE30E, &
PR BRI BRI AR IERD o LERSAIBENIRT, MBS ENEFLALLEEREAN, T
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We can try to control limo in four-wheel differential mode. First, adjust limo to four-wheel
differential mode, pull up the two latches, and turn 30 degrees clockwise to make the

shorter line on the two latches points to the front of the vehicle bodyo. At this point, it
¥
is in insertion state. Fine-tune the tire angle to align the hole so that the latch is inserted.

When the vehicle light turns yellow, the switch is successful.
WRIUHRpINZ e, BITA TGRS, B LSRR EsE FskEs.
After the mode switch is successful, run the following command, and we can launch the keyboard or

handle to control.
BHEEEHTR

Launch chassis control node
xBTSz, FRREMZIRPHEFREERIE, RIEGSH: Cultc
Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c
roslaunch Timo_base Timo_base.launch
B REsHR

Launch keyboard control node

roslaunch Timo_bringup 1limo_teletop_keyboard.Taunch



4.2 FEFEIEL
4.2 Track motion mode

EREREN T RMETIEF A LSS NN T, BXBMRSFTSS NN F R R 2
8. AL, BHREREXER SN ERENER AR5, BBk,

In the track differential mode, a single-sided track can be equivalently regarded as an
"infinite number of small wheels", and the "speed" of the single-sided "infinite number of
small wheels" is the same. Therefore, the steering mode of the track differential mode is
the same as that of the four-wheel differential mode, which is also slide steering.

Bk, ErEREsMEEREYERTEEmUET (8iF) FENEESH, B-&tD
BXH: EHEIMEERSIMNENDT, BEFARTRFH. WKIABEEREEES CRFmA
K. FREERA—E, BNSRILULLATEHEIER

Specifically, the track differential motion and the four-wheel differential motion are
achieved by controlling the relative velocity of the tracks (or wheels) on both sides, but
there are also differences between them: the shear and pressure distribution generated by
the track on the ground are different from those of the wheels. This difference has little
effect when it comes to wheel speed control. When the wheel speeds are inconsistent, we
can refer to the following simplified model
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ICRAIENEEEHL, CENTERAMBEAILEZFL, COMAHBEARL, %EZh, RUEHRIRENT
SMUERRIEE, MRBERESE®RIE, [AFEEL () NETERE—HX, BAEER. A

() MNEFTRESS—M—*, Bras5s—ME&KEIA.
ICR is the center of motion rotation, CENTER is the geometric center of the robot, and COM is the
center of mass of the robot. When turning, the velocity of the inner track is lower than that of the
outer track. If you want the vehicle to rotate around itself, you only need the left (right) side track to
have the same velocity and the same direction, while the track velocity on the right (left) side is the
same as the other side, but the direction is opposite to the other side.
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In the four-wheel differential mode, put the track on directly; it is recommended to put the
track on the rear wheel with small space first, and in the track mode, please lift the doors on
both sides to prevent scratches.

Bz fE, BT TGS, FIHAT LIS R EEE FsRET.
After the replacement is completed, run the following command, and we can launch the keyboard or

handle to control.
BoEEEHT R

Launch chassis control node

xBTSz, FRRRMZEPHNEFREERIE, RIEGSH: Cultc
Note: Before running the command, please make sure that the programs in other terminals have been terminated. The

termination command is: Ctrl+c

roslaunch 1imo_base Timo_base.launch

BapE it R

Launch keyboard control node

roslaunch Timo_bringup 1limo_teletop_keyboard.Taunch



4.3 PSSR
4.3 Ackermann motion mode

e S REMRISERRRL, JLWRSEERRN, BTA. AGEERAEaF AR
ERRIE. ARAREARRIA-,

Ackermann steering structure is the steering method of modern cars, which can solve the
problem of different steering angles of the left and right steering wheels caused by the
different steering radii of the left and right steering wheels when the car is steering.

BRE— N RSIEESENZEIREE., SEREER, WNRIEIIENFEERAIANERE
(K+7518) |, BORTSEHHLER ARIRIHAGIR. AREZAETHRS, TEREIRM D ELARES
M, FIREMARSEE I ARTEESER, ACENTERANSEALAFL, MBASEABHHIFA. LI
B, YRR ARRICRIMERENZR), WHRSHFEEARNESHE. HETHM, RRENERIRAEHA—
¥, M ERRHAIEE (0A-6B) AlUSMA, WIRVSEAERRSIENEN FEER ALK
B, RS, AMELRIEE/NTIMIZELR,
First look at the simplified model of Ackermann motion mode. Same as the differential
motion, if we give the four wheels the same velocity (size + direction), the robot can move
forward and backward. The difference lies in turning. It is necessary to use the Ackermann
steering geometry to calculate the turning radius based on the deflection direction of the
two front wheels. The point CENTER is the geometric center of the robot, and the point BASE
is the midpoint of the rear rod. At this time, the robot will make a circular motion around the
ICR, and this turning radius is also the minimum turning radius. It can be seen from the
figure that the deflection angles of the two wheels in the front section are not the same, and
the difference between the deflection angles of the two wheels (BA-6B) is the Ackermann
angle. If the robot still uses four-wheel drive in the Ackermann motion mode, the velocity of
the inner wheel is lower than that of the outer wheel when turning.

VB,

freESH—LEt, METHNRNBERTHER, tEREeis SIS ASRIBTHEEE, 18t
TERENMES, MrSEiESEERSHRNRE, BaWls ATECIENE, BESHERENO0.

Ackermann can be further simplified as the model of the bicycles we usually ride. The orange part
in the figure above is the robot’ s equivalent bicycle model. Compared with the differential
motion mode, the Ackermann motion mode has a turning radius limitation, and the mobile robot
cannot achieve spin, that is, the turning radius cannot be zero.
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First pull up the latches on both sides, and turn 30 degrees clockwise to make the longer
line on the two latches points to the front of the vehicle body, and then they will be stuck.
When the light turns green, the switch is successful, and the limo is switched to Ackermann

motion mode.
WU R, BT T3S, EIIMaLIGAREsE FRsREs.

After the mode switch is successful, run the following command, and we can launch the keyboard or

handle to control.

RRINZ e, iETLAT <, MM LSRR EEE FRkEt.

After the switch is successful, run the following command, and we can launch the keyboard or handle to
control.

BEEEEHTR

Launch chassis control node

iE: EETeSZHE, FRARRMZRTPIEFREEKRIE, RIEG<SH: Culic

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The

termination command is: Ctrl+c

roslaunch 1imo_base Timo_base.launch

BapfEEiEh T

Launch keyboard control node

roslaunch Timo_bringup limo_teletop_keyboard.Taunch

it SERRSEN NTEAERNRTEHTITURE,
Note: When the vehicle cannot go straight in Ackermann mode, the steering gear calibration is
required.



4.4 ERMBIEEIRT
4.4 Mecanum motion mode

ERINEE—TMSHRNER, BRBFIETEN: RREEMFNERZEE, BTFURLERRR
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The Mecanum wheel is a special kind of wheel, which is composed of a hub and rollers: the
hub is the main support of the entire wheel, and the rollers are passively moving drums
(small wheels) mounted on the hub. The two form a complete big wheel. The angle between
the hub axis and the roller shaft on the market can be roughly divided into 30 degrees, 45
degrees, and 60 degrees. In order to meet the geometric relationship of omnidirectional
motion, the edge of the hub adopts a bending process to provide mounting holes for the
shaft of the roller.

B EX
IBFH% Roller curve

BWANRE Input torque




R Contact point
HERERLL Hub curve

BREFREREED), NWERMBRHITZNON, LEFRGFRIGBRTH, FEFRTyH, BEXR
T, RETUIRRBELSET, BRUTEBAIEET BRFLETERNRFINZNON, Eas
AFREETTH.

Assuming that the wheel rotates counterclockwise, the force analysis of the Mecanum wheel
is carried out. In the coordinate system in the above figure, red represents the x axis, green
represents the y axis, blue represents the z axis, the roller coordinate system is represented
by a dotted line, and the hub coordinate system is represented by a solid line; the yellow
arrow indicates the force analysis of the Mecanum wheel and roller; the blue arrow indicates
the speed direction.

ZRINERVEF R SERMN, SRRSICERMEHN, B SIS RO, BERNSE
TBAMRRYHIES M. MFGAERTFARRMIER SR, FURRFYMGIIE, KONJV2/2Ff, FILG
IRFXUHES®, KANAV22FE, FINRFRORIERS, WRFEMER, FH AR arNEs
[, FOSEFERFOXHIESMIE, MEFIAFER, (REIREFEXTIEEE.

The rollers on the periphery of the Mecanum wheel are in contact with the ground. When
the Mecanum wheel rotates around the hub axle, the rollers will generate frictional force Ff
with the ground, and the force direction is the positive direction of the Y axis of the hub
coordinate system. The orthogonal decomposition of Ff along the roller coordinate system
shows that F1 is along the negative direction of the Y axis of the roller, and the size is v2/2Ff,
and Fll is along the positive direction of the X axis of the roller, and the size is V2/2Ff. F1 is
the rolling friction of the roller, which causes wear to the roller and cannot change the
direction of movement of the tire. FII will force the roller to move in the positive direction of
the X axis, so FII is static friction, which promotes the roller to move relative to the ground.
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Different wheel arrangements also require different control methods. The omnidirectional

movement of the M

ecanum wheel is simplified to the model shown in the figure above. The

blue arrow indicates the direction of wheel movement, and the orange arrow represents the
force analysis of the Mecanum wheel. Combining the forces, we will find that the mobile
robot has only one forward force, so the robot will move forward at this time.

ZEZANRERENEN, NS MRNERNHITEH, NS ATEELREE. THS!
AR E 5 EiEsRg RIS

Combine the friction of each tire based on the previous four-wheel differential motion
mode, the robot can move in any direction. Below are some examples of tire conditions
when moving in different directions.

h
v

SRR EERIRF T,

concerning turn round turn of rear axis

RIRERREN, AERESMEEAVNRTFHRERFTD, BERERM3*S 12
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First remove the hub cover and tires, leaving only the hub motor, and then make sure that
the small rollers of each Mecanum wheel are facing the center of the vehicle body. Use the
M3*5 screws in the package to install the Mecanum wheel. The remote control/APP needs to
be adjusted to the Mecanum wheel mode during remote operation.

EEFRENSEREHELT, BEsTH FRENTIRAZREFER, LT ERSaT I RIEEE
=;

When the remote control handle is in the four-wheel differential control mode, when
channel 8 is in the lowest gear, it switches to the Mecanum wheel control mode, and when
it is in the middle and upper gear, it switches back to the differential mode;

BoEEEHTH R
Launch chassis control node

E: EiEfTSZEl, BRRRMKRETRIEREEEL, KIEm<SH: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c



rosTaunch 1imo_base Timo_base.launch

[EaEEEHT

Launch keyboard control node

roslaunch Timo_bringup 1limo_teletop_keyboard.Taunch

B ARNEaESERS,

B&REGENEIRS. TREE T NfzsiElimRe, MHSE.

There are many motion modes of mobile robots, and each has its advantages and
disadvantages. In actual scenes, we can choose the most suitable motion mode according
to the characteristics and needs of the scene. The following table summarizes the
advantages and disadvantages of the four motion modes, for reference only.
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5. LiDAR Mapping

5.1 Eik7

NEHEER

fsesE

Ackermann

55 EMNizshiE(iE
B, EFHRANE
SNEHR

Same as the
motion mode of a
car, which
facilitates in-
depth research on
autonomous
driving

HEXREIR, ®ha
BRI

Limited turning
radius, and low
tire wear

5.1 Introduction and use of LiDAR
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YDLIDAR X2L LiDAR is a 360-degree two-dimensional ranging product developed by
Shenzhen EAl Technology Co. Ltd. (EAl). This product is based on the principle of
trigonometric ranging and is equipped with related optical, electrical, and algorithm design
to achieve high-frequency and high-precision distance measurement. While measuring
distance, the mechanical structure rotates 360 degrees and continuously obtains angle
information, thereby achieving 360 degrees scanning distance measurement, and output
point cloud data of the scanning environment.

ImH =IVE
items Minimu
m

Mpesmz=  /
Ranging
frequency

AR S

Scanning
frequency
MEESEE 0.12
Ranging
range
HeRE |/
Scanning
angle
fyfigE
Absolute
error
BXhRE  /
Relative
error

isiltiye: 0.25
Pitch
angle

RESH 060
2= (5Hz)

=

Angle
resoluti
on

HEERBT:

Its usage is as follows:

RRIME

Default

3000

0-360

3.5%

0.72
(6Hz)

=XE

Maximu
m

1.75

0.96
(8Hz)

=]
iz
U
ni
t
Hz

cm

&iE

Remarks

EFMEE 3000 X

3000 ranging times per second

FEEN PWM (55, EF A%
1% 6Hz

PWM signal needs to be connected,
and the recommended frequency is
6Hz

ERINRE, 80%RETRYIIK
Indoor environment, and objects
with 80% reflectivity

/

MFE<1m A

When ranging <Tm

Im <UWEE<6m A+t

When 1m < ranging < 6m

AEAERER

Different scanning frequency



FIF—1 IR, ERRETRAGS:

Launch a new terminal and enter the command in the terminal:



rosTaunch Timo_bringup Timo_start.launch pub_odom_tf:=false

BINIFZ G, ERSHEHUTERER, WE:

/homefagilex/fagilex_ws/fsrc/limo_ros/limo_bringup/launchflimo_start.launch http:fflocalh
ROS_MASTER_URI=http://localhost:11311

setting frun_id to 468174c6-46a5-11ec-b281-845cf327eb42
process[rosout-1]: started with pid [12152]

started core service [/rosout]

process[limo_base_node-2]: started with pid [12203]
process[ydlidar_node-3]: started with pid [12210]
process[base_link_to_camera_link-4]: started with pid [12223]
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process[base_link_to_imu_link-5]: started with pid [12233]
process[base_link_to_laser_link-6]: started with pid [12245]

[ INFO] [1637043623.775278668]: open the serial port: fdev/ttyTHS1

[ INFO] [1637043623.812383353]: [YDLIDAR INFO] Now YDLIDAR ROS SDK VERSION:1.4.6

YDLidar SDK initializing

YDLidar SDK has been initialized

[YDLIDAR]:SDK Version: 1.4.7

LiDAR successfully connected

[YDLIDAR]:Lidar running correctly ! The health status: good
LiDAR init success!

[YDLIDAR]:Fixed Size: 440

[YDLIDAR]:Sample Rate: 4K

[YDLIDAR INFO] Current Sampling Rate : 4K

iYDLIDAR INFO] Now YDLIDAR is scanning

After launching successfully, the terminal will output the following log information, as shown in the
figure:

REFHFRE— 18R, ERHTPEAGS:

Then launch a new terminal and enter the command in the terminal:

roslaunch Timo_bringup limo_lidar_rviz.launch

BNETZ EREEIVizA A TRITH, EhERIIGEEHEN ST IAH AT CEUE.
After successfully running, you will see the rviz visualization tool open, and the green data displayed
is the laser data scanned by the LiDAR.
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XEHERT LUBIEERRANEREERRN, EENEHTHD), XESERHHIEIESIRERML.
At this time, you can set the remote control to remote control mode to remote control the vehicle

to move. At this time, you will see that the laser data will also change.



5.2 gmapping ZE|

5.2 gmapping mapping

5.2.1 gmappingiZ2EISiEN A

5.2.1 Introduction to gmapping mapping algorithm

Gmapping%%?i)@iﬁiSLAMffE RRYE AFHRSLAME L. GmappingBFIA T ERERIHES, X
KBHSIRERA S, EEE/NFEHER, FrEfitEER/NERERS. XBEIFEHRROSTHE 7
E’JGMappmngJ EE LM imofIEEE,

Gmapping is a commonly used open source SLAM algorithm based on the filtering SLAM
framework. Gmapping effectively utilizes the wheel odometer information and does not
require high frequency of laser LIDAR. When building a small scene map, the amount of
calculation required is small and the accuracy is high. Here, the GMapping package
encapsulated by ROS is used to realize the mapping of limo.

5.2.2 gmappingiZEISEEEIRIE
5.2.2 Operation of gmapping mapping
i EiEfTeeZal, BREREMSRTIEFEEERIE, KIEHSH: Culte

Note: Before running the command, please make sure that the programs in other terminals have

been terminated. The termination command is: Ctrl+c

i ZEIEFIimEEREER, EEARESFIMZEERIZR

Note: The speed of limo should be as slow as possible in the process of mapping. If the speed is too

fast, the effect of mapping will be affected
BSRRERMNEL, A %E, ERIREFHMAGS:

First, you need to launch the LiDAR; open a new terminal, and enter the command in the terminal:

roslaunch Timo_bringup limo_start.launch pub_odom_tf:=false

RIEBEgmapping2EIELE, IR — MR, EREPEABL:
Then launch the gmapping mapping algorithm; open another new terminal, and enter the command
in the terminal:

roslaunch Timo_bringup 1limo_gmapping.Taunch
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After launching successfully, the rviz visualization tool will be opened, and the interface you will see

at this time is shown in the figure

AR A LAIEFRIEERER, EHlimoZE T,

At this time, you can adjust the handle to remote control mode to control limo to map.
wWETtEZ R, FEETUTHS, EtERFREEEER:

After building the map, you need to run the following command to save the map to the specified

directory:

1. REIZEREHENERT, XBIEHERTFE/agilex_ws/limo_bringup/maps, FELLimAHIN a5
A

<.

1. Switch to the directory where you need to save the map, save the map to
/agilex_ws/limo_bringup/maps, and enter the command in the terminal:

cd /agilex_ws/Timo_bringup/maps/

2. tJ)#aZE/agilex ws/limo bringup/maps ZJ5, HEERIHPMANGS !

2. After switching to /agilex ws/limo_bringup/maps, continue to enter the command in the terminal:

rosrun map_server map_saver —-f mapl



i mapl ARFEIRIRTR, (RIFHER B RIEENEIRES
Note: map1 is the name of the saved map, and duplicate names should be avoided when saving the
map

5.3 cartographeriE[E]

5.3 Cartographer mapping

5.3.1 cartographer32EI&E L H
5.3.1 Introduction to cartographer mapping algorithm

cartographerZgooglelEHIN—EETFEAISLAME L. ZBEFEBIRE ?&ﬂﬁh‘l‘%ﬁﬁ I%

#6, IAZISERISLAMBIBR. ZEEEESARNERSD, B—PEBOFRALocal SLAM, ZERD BT — bl
ALaser ScanfZ3ZFHEF—ZFIAISubmap, MIATIBAIsubmapHlE—FFIAIGrid Map, %Iiﬂﬁ%_/l\ b
FRAIGlobal SLAMAIERS, FiEEITLoop ClosureSEHITAEN, EERERRIRE: J—
submaptIJEETERL, EMEARSEEFMlaser scanfBEAE[Zsubmapht, EiERE1ZsubmapIIANZAFRGN
.

Cartographer is a set of SLAM algorithms based on image optimization launched by Google.
The main goal of this algorithm is to achieve low computing resource consumption and
achieve the purpose of real-time SLAM. The algorithm is mainly divided into two parts. The
first part is called Local SLAM. This part establishes and maintains a series of Submaps
through a frame of Laser Scan, and the so-called submap is a series of Grid Maps. The
second part of the algorithm, called Global SLAM, is to perform closed-loop detection
through Loop Closure to eliminate accumulated errors: when a submap is built, no new

laser scans will be inserted into the submap. The algorithm will add the submap to the
closed-loop detection.

5.3.2 cartographeri2EISCREIE(E
5.3.2 Practical operation of cartographer mapping
E: HEinfTaOZAl, FRREMZRTIEFESLRIE, BIEHGSH: Culkc

Note: Before running the command, please make sure that the programs in other terminals have

been terminated. The termination command is: Ctrl+c
E: ZEIE ImclNREREER, BEENRSEMEERMR

Note: The speed of limo should be as slow as possible in the process of mapping. If the speed is too

fast, the effect of mapping will be affected
BARERNEL, A #%E, ERIEFHMAGS:

First, you need to launch the LiDAR; open a new terminal, and enter the command in the terminal:

roslaunch Timo_bringup limo_start.launch pub_odom_tf:=false

RIEBcartographerfZE &L, IS — 1M #&inm, ERIGPEAGS:

Then start the cartographer mapping algorithm; open another new terminal, and enter the command
in the terminal:

roslaunch Timo_bringup limo_cartographer.Taunch
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After launching successfully, the rviz visualization interface will pop up, as shown in the figure below:
EHETEEZ ERERTITHE, FEERRTPEALUT=&6<:

After building the map, you need to save the map. And you need to enter the following three
commands in the terminal:

(1) SERAHIE, AESZH—THIEE.

(1) After completing the trajectory, no further data should be accepted.



rosservice call /finish_trajectory 0

(2) FHIREFESRIRE

(2) Serialize and save its current state

rosservice call /write_state "{filename:
'${HOME}/agilex_ws/src/1imo_ros/Timo_bringup/maps/mymap.pbstream'}"

(3) $Bpbstream#ZHa g pgmiFIyaml
(3) Convert pbstream to pgm and yaml

rosrun cartographer_ros cartographer_pbstream_to_ros_map -
map_filestem=${HOME}/agilex_ws/src/limo_ros/1limo_bringup/maps/mymap.pbstream -
pbstream_filename=${HOME}/agilex_ws/src/Timo_ros/limo_bringup/maps/mymap.pbstream
-resolution=0.05

ARSI R B pgmFlyaml, HF
${HOME}/agilex_ws/src/limo_ros/limo_bringup/maps/mymap.pbstream HE T
Generate the corresponding pgm and yaml, and put them in the directory
${HOME}/agilex ws/src/limo_ros/limo_bringup/maps/mymap.pbstream

i ERERET, KphoHR—LES, XERTEREIR, HELEARIERN, JTLIZHE

Note: During the process of mapping, some warnings will appear in the terminal. This is caused by
the excessive speed and the delayed data processing, which can be ignored.

: P
process[cartographer_occupancy_grid_node-2]: starte
process[rviz-3]: started with pid [10495]

75 BIASn
6. LIDAR Navigation

BUERA M T P REO R E =, B TRA FARINIA R R T S

We used two laser mapping methods before, and then we use the map we just built to navigate.
6.1 SHNHESR

6.1 Navigation framework

SHNAXEEN R A BB R RIS . FXIXF MO, ROSIRE T LI EE/NEE

The key to navigation is robot positioning and path planning. For these two cores, ROS provides the
following two packages.

(1) move base: ST A SRR ERAL.

(1) move_base: realize the optimal path planning in robot navigation.



(2) amcl: SCHI —4EtnESHRIYE A ENL.

(2) amcl: realize robot positioning in a two-dimensional map.

FE AN IIRE SRR £, ROSIRET —ERENSATIESLE,

On the basis of the above two packages, ROS provides a complete navigation framework,

JRX E3%
BiriE Goal position
REEE. IMUEGR. BEIHER Depth information, IMU information,
and odometer information
EHE<S Control command
K Path planning
eSSl ES vl Global path planning
2RMTE Global cost map
RIMEEERS Optimal path information
HERIZARK) Local path planning
AHBAHTIRE Local cost map
HEIRSS Map service
MERAENL Robot positioning
H ki #AEHLK) ( move base ) N
TR R )| | e
L ( global_planner ) H ( global costmap ) Jﬂ R 55
{%E}%S oy ‘
IMUGE. > = T
R L HERE SR
7 Hbir A R

G4

|

(local_planner )

( local costmap )

A AN HB ] J

)

4




N ARBER OV ENERERERBMSAMAY BRI E ROSRITI TR SAINEE. HEIXESR
f,move_baseINRERRMASANEREIT. RXEEM. AT RESMEBEIERLETSALRENBC i
REBIRIE I TRETRENLIXER 5 ThRE R amcITIRERLSEIR,

The robot only needs to publish the necessary sensor information and navigation goal
position, and ROS can complete the navigation function. In this framework, the move base
package provides the main operation and interactive interface of navigation. In order to
ensure the accuracy of the navigation path, the robot also needs to accurately locate its
own position. This part of the function is implemented by the amcl package.

6.1.1 move_base LJEEE

6.1.1Move base package
move_base2ROSHFER RN TNAEE, EEH LA TR AN LI BEHR.

move base is a package for path planning in ROS, which is mainly composed of the following two

planners.

EBRIEAL (global_planner), BEEENLERELEN B ENEBBEHTRIARZAINL. £
S ERMDijkstraBi A* BRI T2 B EAINL T B =R AZ B MU ERNRMEEFATRAN 28
iiE5 R

Global path planning (global planner). Global path planning is to plan the overall path
according to a given goal position and global map. In navigation, Dijkstra or A* algorithm is
used for global path planning, and the optimal route from the robot to the goal position is
calculated as the robot's global path.

AHESERS AR (local_planner), fESERRERH HEs AEELET SRR EBREATI ATAZT RS IHE 5
SRR ABRERT BT RELH IR PR ISR B A BN A EI R ALIZ TR AR £ (E 2 REF S £ B &I I8

A
=

Local real-time planning (local_planner). In actual situations, robots often cannot strictly
follow the global path, so it is necessary to plan the path that the robot should travel in
each cycle according to the map information and obstacles that may appear near the robot
at any time, so that it conforms to the global optimal path as much as possible.

6.1.2 amcl IJEEED

6.1.2 Amcl package

BEEMESEAEERRNS T LUES H B SEEFETERME. ROSAFRERHI T —HMBEE
R(BkldRERISAF RE BT (amel), XE—FRREMRSE, LLDARIIBassAEL. B
THEMN (BEKLD-XEF) SFREEMZE, (ERRFIRKIRETS AT E PRI,

Autonomous positioning means that the robot can calculate its position on the map in any
state. ROS provides developers with an adaptive (or kld sampling) Monte Carlo localization
(amcl), which is a probabilistic positioning system that locates mobile robots in 2D. It
implements an adaptive (or KLD-sampling) Monte Carlo localization, using particle filtering
to track the pose of the robot on a known map.

6.1.3 DWA_plannerfITEB_planner 143

6.1.3 Introduction to DWA planner and TEB planner
DWA_planner

DWA BJ£FR/IDynamicWindow Approaches, ZEiERILUSZRIEFITHAIZS RIRE GE SN ITRE
(RESIEGEEY) RN RS ENRNEE F RIS TEH RN &R EM AR E R SIS
MBS R ERTTE,

The full name of DWA is Dynamic Window Approaches. The algorithm can search for
multiple paths to avoid and travel, select the optimal path based on various evaluation



criteria (whether it will hit an obstacle, the time required, etc.), and calculate the linear
velocity and angular velocity during the driving cycle to avoid collisions with dynamic
obstacles.

TEB_planner

“TEB”%?*Time Elastic Band (BJ/EBEM4ET) Local Planner, 1Z73iESt X2 B EEERNLIBEERAIHIIA T3

1TIRERIEIE(modification), MTILHANRARNZENANIE, BT FBERREMK. EHTMLHITRETS, %Ex
ﬁﬁ%ﬂlﬁnﬂﬁﬁh, BIRERRT: BARBEKE. TuliziThE. SEEYNES. BdHE BER
LIRHBEASNAZE, BihFLURIUTARNAGEM. “TEBFDE LR T Ea RS THREAEN sh&4
R, HER AREEMINEE2ERE.

The full name of "TEB" is Time Elastic Band Local Planner. This method performs subsequent
modifications to the initial trajectory generated by the global path planner to optimize the
robot's motion trajectory and belongs to local path planning. In the process of trajectory
optimization, the algorithm has a variety of optimization goals, including but not limited to:
overall path length, trajectory running time, distance to obstacles, passing intermediate path
points, and compliance with robot dynamics, kinematics, and geometric constraints. The

"TEB method” explicitly considers the dynamic constraints of time and space in the state
of motion, for example, the velocity and acceleration of the robot are limited.

6.2 limoSAnIhage
6.2 Limo’ s navigation function
i MEEERENMNEREEN. BHEIUT, SMsTrNXE—F

Note: In the four-wheel differential mode, the omnidirectional wheel mode and the track mode, the

file run for the navigation is the same

xBTSz, FRRRMZIRPHNEFREERIE, KRIEGSH: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c

(1) BEBEohELR, ERIETEHAGS:

(1) First launch the LiDAR and enter the command in the terminal:

rosTaunch Timo_bringup Timo_start.launch pub_odom_tf:=false

(2) BEshSinieE, ERRTEABS:

(2) Launch the navigation function and enter the command in the terminal:

rosTaunch Timo_bringup Timo_navigation_diff.launch

iE: REMREIENEN, BET

Note: If it is Ackermann motion mode, please run

roslaunch Timo_bringup limo_navigation_ackeman.launch

BoifhZ B vizZRE, e

After launching successfully, the rviz interface will be opened, as shown in the figure
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Bracket match found on line: 22

Note: If you need to customize the opened map, please open the limo_navigation_diff.launch file to
modify the parameters; please modify map02 to the name of the map that needs to be replaced.

(3) FESMZE, SAIAVGHEHRNZAIIEIREES, FERIFIRIE, Erviz-PEBrHY
WE R IEREED R PLRIE, BidrvizplITE, R— P AMAIE, Blimo— AR
B, REBdFREEREInolesE, ILRHBMNRIE, SRUTIAMItERRIARAARESMR R, RIET
Bk, BIFSERANE

(3) After launching the navigation, you will find that the shape scanned by the laser does not
overlap with the map, and we need to manually correct it. Correct the actual position of the
chassis in the scene on the map displayed in rviz. Use the tools in rviz to publish an
approximate position, give the limo a rough position, and then use the handle to remotely
rotate the limo to make it automatically correct. When the laser shape overlaps the scene
shape in the map, the correction is complete. The operation steps are as follows:
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After the correction is complete
(4) 1Bi32D Nav Goal IRES A BIRS.

(4) Set the navigation goal point through 2D Nav Goal.
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A purple path will be generated in the map, the handle will switch to command mode, and limo will
automatically navigate to the goal point

6.3 limofZ=RiKktsE

6.3 Limo path inspection
(1) ESEEEL, FE— LR, EEhPEASS:

(1) First launch the LiDAR, open a new terminal, and enter the command in the terminal:



roslaunch Timo_bringup limo_start.launch pub_odom_tf:=false

(2) EEhSmIeE, FE—NISEE, ERRTEMAGS:

(2) Launch the navigation function, open a new terminal, and enter the command in the terminal:
roslaunch Timo_bringup limo_navigation_diff.launch

E: NREMESEMRN, HIET

Note: If it is Ackermann motion mode, please run

roslaunch Timo_bringup limo_navigation_ackeman.launch

(3) EaIRICRINEE, FBE— M HTHIRR, ERIRPEARS:
(3) Launch the path recording function, open a new terminal, and enter the command in the
terminal:



roslaunch agilex_pure_pursuit record_path.launch

BRICRERZERILBRICRIER, ERHPHMAGLH: Cultc

After the path recording is over, terminate the path recording program, and enter the command in the terminal: Ctrl+c

(4) EENBEKIETNRE, FR— P iR, ERIRTEANGS:
(4) Launch the path inspection function, open a new terminal, and enter the command in the terminal:

roslaunch agilex_pure_pursuit pure_pursuit.launch
T IBFRAEESER

Note: adjust the handle to command mode

€. FERN+SEEE
7. Depth Camera + LiDAR Mapping

limofABF MRA, — A tBECRealSense D435, B— R ABBLORBBEC®Dabai, FHNREFEHIERE]
PACI e+ BB IARE B SAIheE. TEBNERNRERBIBIERGE.

Limo has two versions, one with RealSense D435 and the other with ORBBEC®Dabai. Both
depth cameras can realize the mapping and navigation function of vision + LiDAR. The
following will introduce how to use two depth cameras.

7.1 ORBBEC®Dabaiffli7MB5(&EH

7.1 Introduction and use of ORBBEC®Dabai

ORBBEC®Dabai & T W B 56 3D AEIARRGRERN, FTERFALLIMEVIIR cameral), HLIHH
FEH(IR camera2), —MNIIMERANR projector) AR REITELMEEES (depth processor), LIAMEFANFITFHE
BRAR (Scene IRGIEEMINEREBEEIZR), ZAIMENEARSLIIMEN D BIREBITRIAL  HMEEYE
BBRURGLINESER, REITEGIESBRWA MG ER. BAIMNEEEGER TRELT
BREZAHHBERSREERR.

ORBBEC®Dabai is a depth camera based on binocular structured light 3D imaging
technology. It mainly includes a left infrared camera (IR cameral), a right infrared camera (IR
camera2), an IR projector and a depth processor. The IR projector is used to project the
structured light pattern (speckle pattern) to the goal scene, the left infrared camera and the
right infrared camera respectively collect the left infrared structured light image and the
right infrared structured light image of the goal, and the depth processor executes the
depth calculation algorithm and outputs the depth image of the goal scene after receiving
the left infrared structured light image and the right infrared structured light image.



SHBMm SEIEIR
Parameter name Parameter index
. Ba/MENB GO ZBREEES 40mm

The distance between the imaging
centers of the left and right infrared

cameras
REIES
Depth distance

%

Power consumption

Depth map resolution

FaEDH=ER

Color map resolution
BE

Accuracy

RE FOV

Depth FOV

¥ FOV
Color FOV

EIR

Delay

iR E

Data transmission

XIFERIFR S

Support operating system

e

Power supply mode
TRRE

Operating temperature
ERS

Applicable scene

BEBA7K

Dustproof and waterproof

0.3-3m

B TIFFI9T0FE<2w,
BT B BREIEE <SWEFEERTE 3ms),
R IHFBEENE/9<0.7W

The average power consumption of the whole machine is

<2W,

The peak value at the moment the laser is turned on <SW

(duration: 3ms),

Typical standby power consumption is <0.7W

640400@30FPS
320200@30FPS

1920X1080@30FPS
1280X720@30FPS
640X480@30FPS

6mm@1m(81%FOVX IS SBEITE*)

6mm@1m (81% FOV area participates in accuracy
calculation*®)

H 67.9°V 45.3°

H 71° V43.7° @1920X1080

30-45ms

USB2.0 8gLAE

USB2.0 or above

Android / Linux / Windows7/10

USB

10°C ~ 40°C

=R/ ZINERLN AR SMEXEEER )

Indoor / outdoor (specifically subject to application scenes

and related algorithm requirements)
=S hils N

Foundation dustproof



etk Class1 5%

Safety Class1 laser
RI@EX) £59.6X3E17.4X/E11.1mm
Dimensions (mm) Length 59.6 X width 17.4 X thickness 11.1mm

T #RORBBEC®DabailJEARSEZ [T, FHIALEIR(E
After knowing the basic parameters of ORBBEC®Dabai, start to practice

it EEiTeZEl, FRERRMZRTFREFESERIE, KRIEHSH: Culic
Note: Before running the command, please make sure that the programs in other terminals have been terminated. The

roslaunch astra_camera dabai_u3.launch

termination command is: Ctrl+c

BE5cB5I0ORBBEC®Dabailggk, =7 FTEMHS:

First start the ORBBEC®Dabai camera and run the following command:

WREFSHRUTES, XERHTENFH—LESHREIAISF, TR,

The following warnings will appear during running. This is because some parameters in the driver are
not supported by the camera and can be ignored.

attempt to claim already-claimed interface 1




7.2 realsensef7 4B 5 H
7.2 Introduction and use of realsense

WEMT GRS, EISRANEUE. MESMEN[ATUTEHEECEENNARRMNER, B
AUEAJERE T T AR E T E R ERRR. SRRERBGRERGL D435 kKB £REGIRIIFIE
MEF, BEBEXUBIRTIRRBRRIRELRTE, NMABNRERHSEERRTRERAD.

Binocular vision sensors have a wide range of application scenes and requirements in the
robot vision measurement, visual navigation and other robotics industries. At present, we
have selected the common vision sensors in the scientific research and education industry.
The Intel RealSense Depth Camera D435 is equipped with a global image shutter and a
wide field of view, which can effectively capture and stream the depth data of moving
objects, thereby providing highly accurate depth perception for mobile prototypes.

BE Intel Realsense D435
Modal
ERHLE NEZR FoNZER
Basic features Application scenes Outdoor/indoor
MEEEE £10%
Measuring distance  About 10m
RERIIEE 2BFHRT/3um X 3um

Depth shutter type Global shutter/3um X 3um

BEIFIMU a

Whether the IMU is No

supported

REE RERA BIRLIHH
Depth camera In-depth technology Active infrared
FOV 86° x 57° (£3°)

BINFEES 0.105m

Minimum depth

distance

REDHER 1280 x 720
Depth resolution

BRANEIER £9105%
Maximum About 10m

measuring distance

R % fps

Depth frame rate

RGB SR 1280 x 800
Resolution

FOV 69.4° x 42.5° (£3°)

Ve 30fps

Frame rate

Hig8 R~ 90mm x 25mm X 25mm



Other information Dimensions
EOxR® USB-C 3.1

Interface type

T frealsenselIB RS T, FHASKER(F

After knowing the basic parameters of realsense, start to practice

iE: TSR, EHREMZRPIEFCEKIE, KIEGSH: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The

roslaunch realsense2_camera rs_camera.launch

termination command is: Ctrl+c

BcBirealsenseiR &k, BT TEMNGS

First start the realsense camera and run the following command:

SBHEPHATENBATER, BEIHMEMINT .

When the following log information appears in the terminal, the camera is launched successfully.



e /home/agilex/agilex_ws/src/realsense-ros/realsense2_camera/launch/rs_camera.launch ht

t device! -- Skipping...
[ INFO] [1637129542.735997229]: num filters: 1
[ INFO] [1637129542.736091814]: Setting Dynamic reconfig parameters.
[ INFO] [1637129543.348322518]: Done Setting Dynamic reconfig parameters.
[ INFO] [1637129543.349687440]: depth stream is enabled - width: 848, height:
0, fps: 30, Format: Z16
[ INFO] [1637129543.350876525]: color stream is enabled - width: 648, height:
@, fps: 30, Format: RGBS
[ INFO] [1637129543.353630274]: setupPublishers...
[ INFO] [1637129543.369069680]: Expected frequency for depth = 30.00000
[ INFO] [1637129543.521252444]: Expected frequency for color = 30.00000
[ INFO] [1637129543.615748651]: Expected frequency for aligned_depth_to_color
30.00000
[ INFO] [1637129543.717243116]: setupStreams...
[ INFO] [1637129543.742029052]: insert Depth to Stereo Module
[ INFO] [1637129543.742529739]: insert Color to RGB Camera
1711 14:12:23,771 WARNING [546835149184] (messenger-libusb.cpp:42) control_tra
nsfer returned error, index: 768, error: No data available, number: 61
1711 14:12:23,821 WARNING [546835149184] (messenger-libusb.cpp:42) control_tra
nsfer returned error, index: 768, error: No data available, number: 61
[ INFO] [1637129543.9319086276]: SELECTED BASE:Depth, @

[ INFO] [1637129543.979998016]: RealSense Node Is Up!
17/11 14:12:23,987 WARNING [546835149184] (messenger-libusb.cpp:42) control tra

7.3 BEFEHENER

7.3 View depth camera’ s information

BRI IFRRERNZ /S, BEREviz, BEREENATREINEGIRENRERER.

After successfully opening the depth camera, launch rviz to view the images captured

rviz
by the depth camera and the depth information collected.
FRE— 1%, WABS:

Open a new terminal and enter the command:



AR INmageBHRLREBR ZIRGSLATRENEE, BIFSRUT.
oce ________________________ eewnenn

File Panels Help

@ Interact | *$*Move Camera L Select #i-Focus Camera ™ Measure 2D Pose Estimate /2D Nav Goal @ Publish Point F = & i
[ pisplays (] @ Views [x]
=M L:lobal Options Type: Orbit (rviz) - Zero

Fixed Frame map
Background Color [ 48; 48; 48 ~ Current View Orbit (rviz)
Frame Rate 30 Near Clip ... 0.01
Default Light v Invert Z Axis [ |
o X+ s i TargetFra... <Fixed Frame>
@ Fixed Frame  NotfFdata. Actual err... Distance 10
v @ crid 7 Focal Shap... 0.05
Focal Shap... v
Yaw 0.785398
Pitch 0.785398

» Focal Point  0;0;0

e

Add Save Remove Rename
9 Time [x]
ROS Time: [1616747624.40 ROS Elapsed: 39.39 wall Time: 1616747624.44 wall Elapsed: |39.30 Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 31fps

Then add the Image component to see the picture taken by the camera. The operation steps
follows.

are as



2 rviz
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After completing the above operations, you can see the picture taken by the camera in the Image
window.
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If you want to view the point cloud data, click "add” to add the DepthCloud component

fixed framei%&#Ecamera link, DepthCloud?B {51523 N AIIE R

Select camera_link in fixed frame and select the corresponding topic in DepthCloud component
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7.2 rtabmap%iﬁfl\gﬁ

7.2 Introduction to rtabmap algorithm

rtabmapEERH— PN SHEMRELKIETIMINEMSHERRTZE. FIBRAEEMEPAIE &
AR, FFROBBET AT HELI R —LRE, MG XA RERAEN—EE (2
=, FREREARMEX B E DRI MENEN .

The rtabmap algorithm provides an appearance-based positioning and mapping solution
independent of time and scale. It's aimed at solving the problem of online closed-loop
detection in large-scale environments. The idea of the solution is to meet some real-time
limitations. Closed-loop detection uses only a limited number of positioning points, while
being able to access the positioning points of the entire map when needed.

7.3 rtabmapELEEE]
7.3 Rtabmap algorithm mapping

xBTS ZEl, BEHREMEZRPIEFCEKIE, KIEGSH: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c

it ZEIIREPRIimcfEEREER, BEEANRESZIDEERIZR



Note: The speed of limo should be as slow as possible in the process of mapping. If the speed is too

fast, the effect of mapping will be affected

(1) Boh&EiX, EZRmPMAGS:
(1) First launch the LiDAR and enter the command in the terminal:

rosTaunch Timo_bringup Timo_start.launch pub_odom_tf:=true

(2) JBfrealsense, ERIHHEMAGS:

(2) Launch realsense and enter the command in the terminal:
roslaunch realsense2_camera rs_camera.launch align_depth:=true

3 WRImo¥EEORBBEC®Dabai, iHMINGS:

Note: If limo is equipped with ORBBEC®Dabai, please enter the command:



rosTaunch astra_camera dabai_u3.Tlaunch

(3) BafrtabmapEERIRENEL, ERImFEABL:

(3) Launch the mapping mode of the rtabmap algorithm, and enter the command in the terminal:
roslaunch Timo_bringup limo_rtabmap_realsense.launch

3 WRlImo¥EE,ORBBEC®Dabai, iHMINGS:

Note: If limo is equipped with ORBBEC®Dabai, please enter the command:

roslaunch Timo_bringup limo_rtabmap_orbbec.launch

(4) BEshvizEEZERR, EERTEANGS:

(4) Launch rviz to view the mapping effect, and enter the command in the terminal:

roslaunch Timo_bringup rtabmap_rviz.launch

HrvizREFHINNE NEER, rtabmapEiEEERERINERN
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When the picture shown in the figure appears in the rviz interface, the rtabmap algorithm mapping
mode is successfully launched

INEseibElCfE, JUERZIRER, WENEERKBENMRFEEER TR .osX 4, XHEFRA
rtabmap.db, .rosSFFARRE L, FERBI Cul+higSEBRE kK,

After the map is built, you can directly terminate the program, and the built map will be
automatically saved in the .ros file in the main directory, and the file name is rtabmap.db. The .ros
folder is a hidden folder and needs to be displayed through the Ctrl+h command.

7.4 rtabmap&EiLESin

7.4 Rtabmap algorithm navigation

E: EIEfTRSZEl, BRHRRMKIEFRIEFREBEEIL, KIEHSI: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c



(1) BEHhEE, EERPRNGS:

(1) First launch the LiDAR and enter the command in the terminal:

rosTaunch T1imo_bringup Timo_start.launch pub_odom_tf:=true

(2) JBfrealsense, ERIHFHEMAGS:

(2) Launch realsense and enter the command in the terminal:
roslaunch realsense2_camera rs_camera.launch align_depth:=true

3 WERlImo¥EE,ORBBEC®Dabai, iHMINGS:

Note: If limo is equipped with ORBBEC®Dabai, please enter the command:

rosTaunch astra_camera dabai_u3.Tlaunch



(3) BirtabmapEERIEMET, ELRIHFEANGS:
(3) Launch the positioning mode of the rtabmap algorithm, and enter the command in the terminal:

roslaunch Timo_bringup limo_rtabmap.launch localization:=true

¥ WRlimof&# ORBBEC®Dabai, iBHINGS
Note: If limo is equipped with ORBBEC®Dabai, please enter the command:

roslaunch Timo_bringup Tlimo_rtabmap_orbbec.launch localization:=true

(4) Brhmove base, TERIHPMNGS !

(4) Launch move_base and enter the command in the terminal:

roslaunch Timo_bringup limo_navigation_rtabmap.launch

E: NREMESEMRRN, BIET

Note: If it is Ackermann motion mode, please run

roslaunch Timo_bringup limo_navigation_rtabmap_ackerman.launch

(5) BahvizEERZERR, ERIRTHRABS:

(5) Launch rviz to view the mapping effect, and enter the command in the terminal:

roslaunch Timo_bringup rtabmap_rviz.launch

,—

(6) ENBAIREIMEEN, FrLAERArtabmap SARIBHEAFTERIE, JLIEEFRREBRRH 1T
Sin, BELROE .

EEm e 00
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NoMachine - nano, Ubuntu 18.04.5 LTS
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(6) Since we use visual positioning, no correction is needed when navigating with rtabmap.

You can directly start to set the goal point for navigation. The operation steps are shown in

the figure.

WERBSEM—FREEBNERER, FRPREREFSEN, limoEENEMEIBIFR

A green path will be generated in the map, the handle will switch to command mode, and limo will

automatically navigate to the goal point
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I\, BEER

8. Vision Module
8.1 IRBISLF

8.1 Recognize text
8.1.1 IhgEEN

8.1.1 Function Introduction

BEIREAENAIreb Bl SEGHITREMN., —EHIE, TR Hpytesseract FIRFIEXTEHEGAYZ ST
FREHFEHTIRE, IBIRBINER A E]detect word_reslutiFREA,

Obtain the rgb image of the camera, perform grayscale and binarization processing on the
image, and then use the pytesseract text recognition library to recognize the English letters
or numbers of the image, and post the recognition result to the detect word reslut topic.

8.1.2 iIB1TIhEE
8.1.2 Running function
i EEiTmOZEl, FRREMZRETFREFREERIE, KIFHSH: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c

roscore

PARealsense AT, ETRERE, EERPEAGS:

Take Realsense as an example, launch node management, and enter the command in the terminal:

BN RAIT0RE, ERRPMAGS:

Start the text recognition function and enter the command in the terminal:

rosrun vision detect_node.py



H4Trostopic echo /detect word_reslutA] LABEIR I HRAYEE

Execute rostopic echo /detect word reslut to view the recognized results

rostopic echo /detect_word_reslut
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11\73“21@*]-
8.2 Identifying traffic lights

8.2.1 THBEREIN
8.2.1 Function introduction

@i darknet_rosHHTELENT BiGNZ /T, BTSN THHTIT @IRBIFH TE=4S=RPINEN, £
44-‘*@%“5?5{%*%8']{4%9&%., ZA RS TRORBFIERL, TRRBARTES. FEE A
RERGH, HRBEENRTREEREGLEE.

After the traffic lights are detected through darknet ros, the traffic lights must be identified
and positioned in the three-dimensional space to generate the relative position of the object
to the camera. This method can only realize the identification and positioning of the traffic
lights, and cannot obtain the status of the traffic lights. Depth camera is needed, and its
recognition distance depends on the depth camera’ s range.

8.2.2 iIB{TINAE
8.2.2 Running function
E: BETHOZhEl, BRERMLIRPIEFEEEILE, KIEGSH: Culic

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c

roslaunch realsense2_camera rs_camera.launch
LARealsense 95T, [Safirealsense;REHEH, ERiGHHMAGS

Take Realsense as an example, launch the realsense depth camera and enter the command in the

terminal:

E: ANER1IimofBEHORBBEC®Dabai, iHINGGS:

Note: If limo is equipped with ORBBEC®Dabai, please enter the command:



rosTaunch astra_camera dabai_u3.launch

[Bfiyolo_v3, FELIRTPHENGL:

Launch yolo v3 and enter the command in the terminal:

roslaunch darknet_ros yolo_v3_tiny.launch

[EEILIEITIRAITHEE

Launch the traffic light recognition function

rosTaunch vision traffic_light_Tocated.Taunch



YOLO V4

.. iEEER
9. Voice module

9.1 iIFEHEXF
9.1 Speech to text

9.1.1 INBEEN
9.1.1 Function introduction

B nanoRIIMNER RIEFERFIMwavXF, AALIBZIRBANES FEpocketsphink SEINEE IR, 1% IHEE
MR ATRFIFREGS, PXAGRBIRGE.

The voice is recorded into a wav file through the external sound card of the nano, and the
voice recognition is realized with the voice library pocketsphinx, which can be recognized
offline. This function has a high recognition rate for English, but a poor recognition rate for
Chinese.

9.1.2 iB{TIIEE
9.1.2 Running function
X EETHOZE, BRERMEZHPNEFEEEILE, BIEGSH: Culc

Note: Before running the command, please make sure that the programs in other terminals have
been terminated. The termination command is: Ctrl+c

ERmPEMALUTEGS, S8 inPHMecordinghy, FHARFIFS, 3WPZERFITE, BinH
Done

Enter the following command in the terminal. When “recording” appears in the terminal, start to record the voice.
After 3 seconds, the recording is complete, and “Done” will appear on the terminal



rosrun voice demo_record_voice.py

MBS ® agilex@nano: ~

SA 1lib conf.c:5007:(snd_config_expand) Evaluate error: No such file or directo

SA 1ib pcm.c:2495:(snd_pcm _open_noupdate) Unknown PCM spdif
ALSA 1ib confmisc.c:1281:(snd_func_refer) Unable to find definition 'cards.tegra
-hda.pcm.1ec958.0:CARD=0,AESO=4,AES1=130,AES2=0,AE53=2"
ALSA 1ib conf.c:4528:(_snd_config_evaluate) function snd_func_refer returned err
or: No such file or directory
1lib conf.c:50087:(snd_config_expand) Evaluate error: No such file or directo

1ib pcm.c:2495:(snd_pcm open_noupdate) Unknown PCM spdif
1ib pcm.c:2495:(snd_pcm_open_noupdate) Unknown PCM cards.pcm.modem
1ib pcm.c:2495:(snd_pcm _open_noupdate) Unknown PCM cards.pcm.modem
1ib pcm.c:2495:(snd_pcm_open_noupdate) Unknown PCM cards.pcm.phoneline
1ib pem.c:2495:(snd_pcm _open_noupdate) Unknown PCM cards.pcm.phoneline
1ib pcm_dmix.c:996:(snd_pcm_dmix_open) The dmix plugin supports only playba
ck stream
1ib pcm_dmix.c:1052:(snd_pcm_dmix_open) unable to open slave
1ib pcm_params.c:2162:(sndl_pcm_hw_refine_slave) Slave PCM not usable
1ib pcm params.c:2162:(sndl pcm hw refine slave) Slave PCM not usable
1lib pcm_params.c:2162:(snd1_pcm_hw_refine_slave) Slave PCM not usable
1ib pcm params.c:2162:(sndl pcm hw refine slave) Slave PCM not usable
1ib pcm_dmix.c:1852:(snd_pcm_dmix_open) unable to open slave
recording...
done

FERbTER, ERRTPEAGS:

After the voice is recorded, enter the command in the terminal:

rosrun voice demo_voice2word.py output.wav



agilex@nano:~% rosrun voice demo voiceZword.py output.wav
4hello

'agilex@nano:~$ D

9.2 Bl
9.2 Voice control

9.2.1 THBEETN
9.2.1 Function Introduction
BiF ¥ limoisd ahead back right left, 1=&limoBld, BB, Gk, Lk

Control limo to move ahead, move back, turn right, and turn left by saying ahead, back, right and left
to limo.

9.2.2 iIB1TINREE
9.2.2 Running function

E: FEiEfTSZEl, BRRRMKETREREEEL, KIEw<SH: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The
termination command is: Ctrl+c

I BHRETR, KETRENZE, EFREAEESER

1. Launch the chassis node, and adjust the handle to the command mode after the chassis node is
launched

roslaunch 1imo_base Timo_base.launch

2. EEEEHTR, BHZESHRTENAE, BB, EEZEHNESREEN, Fizb
limo; HIAqUIEH

2. Launch the voice control node. After launching, the interface shown in the figure below
will appear. Enter 1 and press Enter to enter the voice recording mode and control limo;
enter q to quit

rosrun voice voice_ctr_node.py

agilex@nano:~S rosrun volce volce ctr_node.py

e

1:5t§rt_recording
,ﬁiqult
Bk
Appendix

fgR1, =HE
Appendix 1. Three Views
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ist2. EFRERS
Appendix 2. Basic Operating Commands

No. 70/ 103



2.1 BFEERS
2.1 Directory operating commands

1) BFRDIE cd
(1) Directory switch: cd

@cd/ PRFWEERE

@ cd /: switch to the root directory

@cd/usr  PIHREMRBR TAJustHR

@ cd /usr: switch to the usr directory under the root directory

®cd./ PRFE—HEF BE od..

® cd ../: switch to the upper level directory or cd ..

@ cd~ JHEEhomeHR

@ cd ~: switch to the home directory

®cd- IR DRIBENER

® cd -: switch to the last visited directory

Q) BREEIs

(2) Directory view: Is

@1s BESRIBR FHIREBRMNE

@ lIs: view all directories and files in the current directory

@ls-a BEEIARERTHAMEERMNG (BEREIH)

@ Is -a: view all directories and files in the current directory (including hidden files)
® s IR FIXREELRER THRAEERIXGE PIREE, BTESER)

® Is -l or lI: list view all directories and files in the current directory (list view, which displays more
information)

@ 1s /dir ERIEEBER TRIATE BFRAXMN: 1s /usr

@ 1s /dir: view all directories and files in the specified directory, like: Is /usr

3) el BEFR mkdir

(3) Create directory: mkdir
@ mkdir aaa TEHFIEHR FRIE— B NaaalIB R

@ mkdir aaa: create a directory named aaa in the current directory

@ mkdir /usr/aa FEISE B R T RIE— N8B HaaalIB R

@ mkdir /usr/aa: create a directory named aaa in the specified directory
@) EXREEEZR Ctrl+h

(4) Show hidden directory: Ctrl+h

xS, B Cul+hB] AR A4S RIBSR s 143k

In the folder, you can display the hidden folders in the folder by Ctrl+h
(5) £1EEER Ctri+c

(5) Terminate program: Ctrl+c



FELRIHPFEMANGS Cultc , BHZIEIFARITHER

Enter the command Ctrl+c in the terminal to forcefully terminate the program being executed
2.2 ROSEHRGS

2.2 ROS commonly used commands

(1) 4miFap< catkin_make

(1) Compile command: catkin_make
AT RmEEATIF=AFRIThaE R
Used to compile packages in the entire workspace

(2) A IT{EZIE catkin_init workspace

(2) Initialize workspace: catkin_init_workspace
ARG TE=SIERS, AT T
Used to initialize the workspace when creating the workspace for the first time

(3) EUFEBINEER catkin_create pkg

(3) Create package: catkin_create pkg
RATelE— 1 Iheee, HiEEm:

Used to create a package, and its syntax is:
catkin_create_pkg <package_name> [dependl] [depend2] [depend3]...

(4) BRBITHS
(4) Node running command

@ rosrun FIFIE1T.cppXXHF0.py 3L, HiBEN:

@ rosrun is used to run the .cpp files and the .py files, and its syntax is:

rosrun package_name node_name

@ roslaunch  F3FIE T .launch3 {4, TElaunch3{FRILABIRSEAR.cppSX4F0.py3, HiBEH:

@ roslaunch is used to run .launch files. In the launch files, the .cpp files and the .py files
can be called at the same time, and its syntax is:



roslaunch package_name node_name

B3, ROSHESR

Appendix 3. ROS Framework

3.1 ROSEgt

3.1 ROS architecture design

ROSZEMIMITFE, AILMSESA=MER: 0SE. aEFRAEE.

The ROS architecture is as shown in the figure below, which can be divided into three layers: OS layer,
middle layer and application layer.

Application

.

ChientLibrary

PE =
TCPROS/UDPROS Nodelet API
OSk= Linux
JRX EX
NAE Application layer
FEE Middle layer
OSE OS layer
(1) OSEE
(1) OS layer

ROSHAE—MEREN FHHRMERZ, ToixEWindows, Linx—HEEIETETENBEGZE, @ 2
FEMIETFLnxE R, FILAEOSE, EATTL BEZFERROSELXIFERFHIUbnuRERS, th ATLd
{EFmacOS. Arch., DebianZER{ERSE.

ROS is not an operating system in the traditional sense. It cannot run directly on computer
hardware like Windows and Linux. Instead, it needs to rely on the Linux system. So at the OS
layer, we can directly use the Ubuntu operating system with the best official support of ROS,
or use macQOS, Arch, Debian and other operating systems.

(2) FEE
(2) Middle layer

Linx@—MBRARS, HiEHISEAFTAIRMUSHNOTEE, FRLUROSEFEEMTAETIE, Ho
BNEENHEETFTCPROS/UDPROSHIIBE RS, ROSHIBERFAETFTCP/UDPRIL, Itz Fi# 177



BIXE%, WHETCPROS/UDPROS, BIERFUERAMATIN. EFiniRSHSEE, LHSF BET
FIRY R .

Linux is a general system and does not provide special middleware for robot development,
so ROS has done a lot of work in the middle layer, the most important of which is the
communication system based on TCPROS/UDPROS. The ROS communication system is
based on the TCP/UDP network, on which it is re-encapsulated, that is, TCPROS/UDPROS.
The communication system uses publish/subscribe, client/server and other models to realize
data transmission through multiple communication mechanisms.

BT TCPROS/UDPROSHYB(EHHISP, ROSIEIRME—FIATEARRNE(SSE—Nodelet, BILAANZIHATE 1B
FIRE—TERANEIRER LR, EAXNEIREHIHE S EEREEXRNINA,

In addition to the communication mechanism of TCPROS/UDPROS, ROS also provides an

in-process communication method——Nodelet, which can provide a more optimized data
transmission method for multi-process communication, which is suitable for applications

that have higher requirements for real-time data transmission.

EBENHIZ L, ROSIEMTABHSMATIAERAE, WEIRREEN., YirkfR, EaEdE, J
VAR Mea i R,
On top of the communication mechanism, ROS provides a large number of libraries related

to robot development, such as data type definition, coordinate transformation, motion
control, etc., which can be provided to the application layer.

(3) AR

(3) Application layer

ENAE, ROSEBET—NMEEE — Master, AREEBINRAIEREIT. ROSHXKAHAETK &
AOMES AN FEINRER), XETIREE MAVRIRIAT RABALETT, LAROSIHERTMABLFAEO, T &
BRFEXRTERONEBLIWG, RFETHROMVBAISSNER, IRAOHES T HARER,

At the application layer, ROS needs to run a manager——Master, responsible for managing the
normal operation of the entire system. A large number of robot application packages are shared
in the ROS community. The modules in these packages run as nodes and use ROS standard
input and output as interfaces. Developers do not need to pay attention to the internal
implementation mechanism of the modules, but only need to understand the interface rules to
achieve reuse, which greatly improves development efficiency.

NEGLIMIBERE, ROSBAILISAWMTERMTRN=Z1TEX: XEHRE. HEEMNFRLX.

From the perspective of system implementation, ROS can also be divided into three layers as shown

in the following figure: file system, computation graph, and open source community.



FHRME \> .
ROSH B2 LAfa 53 HPRN N . L R O S
LN BREXHEMEE || e PP
KRR waraan |
E1THY
JR3Z E3%
FriFHtX Open source community
RS File system
tEE Computation graph
ROSHIREUEISHEEN How are ROS resources managed in a
distributed manner
TR R AR R A AT How are program files organized and
constructed
AR R UMENEITHY How does the description program work

3.2 itHE
3.2 Computation graph

M EERREXRE, ROS%%ETK#E’JIJJ“bffﬁi%L‘J\*ﬁ,ﬁﬂaﬁ{ﬁéﬂ_Liﬁ, LIS TE MEREA R
EH, ERFETIBIL RS A INEEH TIER.

From the perspective of the computation graph, the functional modules of the ROS system
software run independently in units of nodes, which can be distributed in multiple same or
different hosts, and are connected through an end-to-end topology when the system is
running.

321 P
3.2.1 Node

TRNode) i B—EHUTIEERESZHIHARE, —PRE—RES N THRARN, EATLFRABRERR",
ARSI NEEETROSHAR KT TRIEMAF S : é’iﬁ%ﬁﬁﬂﬁ]‘iﬁﬂi _JLMEH{E@I?H#‘EX]‘
ROBESH RN FTEMRI T RXRE, EXNEFHERRETHTR, MikmiEERXARET
RZERYEL,

/teleop_turtle

/turtlel/emd_vel

/rosout

/rqt_gui_py node 3044

Nodes are processes that perform computing tasks. A system generally consists of multiple
nodes, which can also be called "software modules.” The introduction of the node concept
makes the ROS-based system more vivid at runtime: When many nodes are running at the
same time, it is easy to draw the end-to-end communication into the node diagram as
shown below, in which the process is the node, and the end-to-end connection is the
connecting line between the nodes.

/rosout
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3.2.2 Message

PRZEAKEENEEIHMEET KHATREEER Message)BfE. B—NEEEE &N
RN, SFRRESIERE R, FRE. fRESE), UFRESIAIEECRINTCESRISIR
struct), EATLUMRIERREFEREBEEN.

The most important communication mechanism between nodes is the message
communication based on the publish/subscribe model. Each message is a strict data
structure, which supports standard data types (integer, floating point, Boolean, etc.), as well
as nested structures and arrays (similar to the structure of C language), and can also be
independently defined by the developer according to requirements.

3.2.3 iHRR

3.2.3 Topic

HELA—# &5 /AT [ (Publish/Subscribe) G AER(W TE). — PR e LA —MEERIE>R
(Topic) KFHBEFRAAME /Talker), ALK TFE/MERFIT RS ELRBNEIRFR TR
F/Listener), RMEMNTHEHA TRRIIEE, RETTIEERNES N TRAMAEE]RE—ME &
AEE.

Talker 1

il

Talker N

Messages are delivered in a Publish/Subscribe manner (see the figure below). A node can
publish a message for a given Topic (called Talker), or it can follow a topic and subscribe to
a specific type of data (called Listener). Talkers and Listeners do not know each other's
existence. There may be multiple nodes in the system simultaneously publishing or
subscribing to the same topic.

JRX EX

Y] Publish
AR Topic
1715 Subscribe




3.2.4 RS
3.2.4 Service

ERETEENAHATHRER—MRREVEEEN, BENTNRNESEREAAFTES. &
ROSH, BAIFRXMEISEMREN /MRS (Service), HETEF /AR AR (Client/Servent&EE, 5F 1
HORBEHIERE: — M ATBEK, B—ETRE, FUUTWbiRSE. SEAARNZ, ROSHFR
RIFE— T RIRHIEESRAIIRSS.

Although the topic-based publish/subscribe model is a very flexible communication mode,
it is not suitable for the two-way synchronous transmission mode. In ROS, we call this
synchronous transmission mode Service, which is based on the Client/Server model and
contains two parts of communication data types: one for request and the other for
response, similar to a Web server. Different from the topic, only one node is allowed to
provide the specified naming service in ROS.

325 PREERS
3.2.5 Master

ATHREEEULHS, RRISTFEE M EHSKESMETREFARZMNT, XHEROSTRE
HEER(ROS Master), ROS MasteriBit T2 T 2 A FA(RPOIREEIC IR H It BERNEHINEE, #
BIROSTRZIAEEERK. BEEE, BEREARFRESHRSR, EHEEFESH. ROS Masterfl@—
NMEEE, RECHE, TRELTEREGL, BREIREESRERRS, BNRSESSERE, HLL
AT EAEROSRFHRIEE M.

In order to manage the above concepts as a whole, there needs to be a controller in the
system to make all nodes execute in an orderly manner. This is the ROS Master. ROS Master
provides registration lists and search functions for other computation graphs through
remote procedure call (RPC), helps ROS nodes to find and establish connections with each
other, and also provides a parameter server for the system to manage global parameters.
ROS Master is a manager. Without it, nodes will not be able to find each other, exchange
messages or call services, and the entire system will be paralyzed. This shows its importance
in the ROS system.

3.3 XHRE

3.3 File system

RUTHEMERSE, ROSKAIENHZR—ENMNHTAER, RNENEERNNERMEEAABRRX X
T, ER-5P7.

Similar to the operating system, ROS organizes all files according to certain rules, and
files with different functions are placed in different folders, as shown in Figure 2-5.

INRER (Package): INAEEERROSHKMAFTHEARETT, BRROSTM. E. BEBEXHE,

Package: The package is the basic unit of ROS software, including ROS nodes, libraries, configuration
files, etc.

TRERIE SR (PackageManifest): ENIREEIERE S — & 9package xmIAITHRERLIEE, FATFICRITEE B/
BEAER, BaFEER. WHURER. KEH. RFERSE.

Package Manifest: Each package contains a package manifest named package.xml, which is
used to record the basic information of the package, including author information, license
information, dependent options, compilation flags, etc.

TTIREEL(Meta  Package): TEFTARAHIROSH, ERBINREEES(Stack) (ST TTIIRER”, EEIF
FRERRABRZN AT E—BNRIIIEER. FlIUN—IPROSSMATIIREEHFEESEE. B, ShE £

Nhge

Meta Package: In the new version of ROS, the concept of the original Stack is upgraded to
"Meta Package", whose main function is to organize multiple packages for the same
purpose. For example, a ROS navigation meta package will contain multiple packages such



as modeling, positioning, and navigation.

TTURERBER: ETETHARER, KUTIHREER, FRZAET THREERTIRESEIET
A ER AT R B e AR IR — L5 | RIS,

Meta Package Manifest: Not shown in the figure below. It is similar to the package manifest.

The difference is that the meta package manifest may contain packages that need to be
relied upon at runtime or tags for declaring some references.

C

SRS )

Y

TCIIHERL

\

TIHE B

Y l

/
DIREtUis | [THERE | (RSS2 (el HoAtt
JRX 2%
MRS File system
TeIRe Meta Package
IheeE Package
IhREEiE R Package Manifest
HERE Message type
IRS5REY Service type
(A%E] Code
Hifth Other

iHE (Message)2K8Y: HERROSTRZEAMATIHNEEES, ALUERAROSIRMATEERE, A LL
5. msg S ETNRE B RImsg XA T B E X i BHIH R KA,
Message type: Message is the communication information published/subscribed between

ROS nodes. You can use the message type provided by ROS, or you can use the .msg file to
customize the required message type in the msg folder of the package.

ARSS (Service)2RBY: BRSSREIE N T ROSE /RS FBEHE RIS RSN EEUERE, FJLUERS
ROSEGHRMAIIRSSKEY,; AT LAEA. srvFTEINRE B M srv R FHITE X,

Service type: The service type defines the request and response data type under the ROS
client/server communication model. You can use the service types provided by the ROS system; you
can also use the .srv file to define in the srv folder of the package.

B (Code): FARIMEINRER T RIRICABRISIMAE,

Code: The folder used to place the source code of the package node.



3.4 FHEHEX

3.4 Open source community
ROSHEMHXKHAHERIEEFE, mMETLIBENEHRZLTREFIFIR(LE2-9),

The resources in the ROS open source community are very rich, and the following software and
knowledge can be shared through the network (see Figure 2-9).

AZAThR(Distribution): ZEUTFLinux’ZIThR, ROSKITHREFE—FRIIHEEIRAS. FILIEREZRAIINEE

8, XESROSHMHEEMZEENESS, MEFTLIETREGESRERTE—RIRES.
Distribution: Similar to the Linux distribution, the ROS distribution includes a series of
packages with version numbers that can be installed directly. This makes ROS’ s software

management and installation easier, and it can maintain a unified version number through
software collections.

B4R (Repository) . ROSHKETHEZRME LRYFFHRICES, ARABLAMETLITREEHZECHIEE A
LI

Repository: ROS relies on the open source code on the shared network, and different
organizations can develop or share their own robotic software.

ROS wiki: ICRROSEEMENEREICIR, ATEAZHLIEM. BERiZiels, FHLEBCHFAX
. HTEH. REHIE.

ROS wiki: The main forum for documenting ROS information. Everyone can register, log
in to the forum, upload their own development documents, update, and write tutorials.

HR4FIZR(Mailing List): ROSHBAFIZREZMROSEHAIEERE, FRITBAILIASRMROSFRAISFHEE
18

Mailing List: The ROS mailing list is the main channel for communicating ROS updates, as
well as various questions about ROS development.

ROS Answers: ROS Answers@—MSIAIROSIHEXEERAIML, FAFPRTLAEZMuLTE3E B Cr9a@H5E!]
HitFAEHNEE.

ROS Answers: ROS Answers is a website for inquiring about ROS related questions. Users
can submit their own questions on this website and get answers from other developers.

= (Blog): AfROSHEXAAIFTE. EF. TSR (hitp: //www.ros.org/news),

Blog: Publish news, pictures, and videos in the ROS community (http: //www.ros.org/news).
3.5 ESEHNH

3.5 Communication mechanism

ROSE—DHER, NAFRHESTREDZEERERS, AR TREEE XM D
HIUBENHI L, FALROSHIBENHERKEEREZOIIA. EASHNAZRT, RERIIF
FEXTIREBERSEIG, ERTHREEXRE—ESBIMRIMEFASRETEFHEAERROS, LA
TRIROSEZ OB =MIBEHHEIHITNEA.

ROS is a distributed framework that provides users with communication services between
multiple nodes (processes). All software functions and tools are based on this distributed
communication mechanism, so the ROS communication mechanism is the lowest and most
core technology. In most application scenes, although we don't need to pay attention to the
implementation mechanism of the underlying communication, understanding its related
principles will definitely help us make better use of ROS in the development process. The
three core communication mechanisms of ROS are introduced below.

3.5.1 (EEEEHH

3.5.1 Topic communication mechanism


http://www.ros.org/news
http://www.ros.org/news

IEREROSHFARME, HBEEHEENKAES. B, EROSHERNTAR: —MNEAT
HTalker, B—1E1TREE Listener, MM PRD AR, JRE—NMNER, SaliF2EE6EHEK, 1t
Big Talker&5E/E51, Ao REFFRI-CE RO IEIBEFMEITTE.

Topic is used most frequently in ROS, and its communication model is also more
complicated. As shown in the figure below, there are two nodes in ROS: one is Talker, and
the other is Listener. Two nodes publish and subscribe to the same topic separately. There is
no mandatory requirement for the startup sequence. Here, assuming that Talker starts first, it
can be divided into the seven steps shown in the figure to analyze the detailed process of
establishing communication.

XML/RPC

3) connect ("scan”, TCP)

4) TCP server: foo:2345
5) connect (foo:2345)

XMURPC: foo; 1234
TCP data: foo: 2345

6) data messages

1. Talker; A}

1. Talker registration

Talker[S3f), 1#id1234iwEFRPCFAIROS Masteri EMEAENER, BESFAMBEMNIERSE,; ROS
Master& 15 RAOEME EINEMFIFRS.

Talker starts and uses RPC to register Talker's information with ROS Master through port 1234,
including the topic name of the published message; ROS Master will add the registration information

of the node to the registration list.



2. Listener; £

2. Listener registration

Listener[35], EFH@EIIRPCEROS Masteri T IAZENER, E2FEETIRANERS,

The Listener starts and also registers Listener’ s information with ROS Master through RPC, including the

topic name that needs to be subscribed.
3.ROS Masteri# {75 EITHD

3. ROS Master performs information matching

MastertR{EListener T FHERMEMTIRFEHITER, MR KEHEILENATE, WEFEHEDN 0
A, MNEKREICENEHEER, WBIRPCHListener&ZiX TalkerfRPCHEUHES.

The Master searches the registration list based on the subscription information of the
Listener. If no matching Talker is found, it waits for the Talker to join; if it finds the matching
Talker information, it sends the Talker's RPC address information to the Listener via RPC.

4. Listener RIXEZIE K
4. Listener sends a connection request

Listenerfz{{ZEMaster & B TalkeritBIHER., =ilBITRPCATalker KIKEREFRK, EHEITTIRANER 2.
HRZEE L R IB (S MY (TCP/UDP),

The Listener receives the Talker address information sent back by the Master, and tries to
send a connection request to the Talker via RPC, and transmits the topic name, message
type and communication protocol (TCP/UDP) subscribed to.

5. TalkerFfIAIERE IR K

5. Talker confirms the connection request

TalkerfZ W E Listener RIXANIEREIE KRG, HELETRPCHListenerFFIANEZER, HHPESBBRITCP
HHHER.

After the Talker receives the connection request sent by the Listener, it continues to confirm the
connection information to the Listener via RPC, which contains its own TCP address information.

6. Listener=1-5 TalkerfE 7 M 251 &=

6. Listener tries to establish a network connection with Talker

ListenerdZRITBIAEEGE, (FHATCPEIR S TalkerfE 7 M RIERE,

After the Listener receives the confirmation message, it uses TCP to try to establish a network
connection with the Talker.

7. Talker[A] Listener & fo 23E
7. Talker publishes data to Listener
FYINEETIERESS, TalkerFFHAM Listener RIXIHRIH B EUE.

After successfully establishing a connection, Talker starts to send topic message data to Listener.

N EERIDTHALUAIL, BIATSRERIBEMNERZRPC, RakMEIENISET (ERZITCP,

From the above analysis, it can be found that the communication protocol used in the first five steps
is RPC, and TCP is used only in the process of publishing data.

ROS MasterfE T3 B IERANT PR T ER(FA, BEAFSSTRZBEELNEIEES.

ROS Master plays an important role in the process of establishing connections between nodes, but
does not participate in the final data transmission between nodes.

TREMERE, ALIKIEROS Master, TRZBIEIRERHASZEIFM, BREMTRELEMA



XN RZERIMES,

After the nodes have established a connection, you can turn off the ROS Master, and the
data transmission between the nodes will not be affected, but other nodes cannot join the
network between the two nodes.

3.5.2 SHEENG

3.5.2 Parameter management mechanism

SHERUTROSHHIZFEE, HROS MasterH{TEIR, HBEHFIRAEER, AFRTCP/UDPHIE
=, STERTR.

The parameters are similar to global variables in ROS and are managed by ROS Master.
Their communication mechanism is relatively simple and does not involve TCP/UDP
communication, as shown in the figure below.

<)
‘ &53 ROS Master 2
< %
§ ()
‘l{év %
8 2}
5 =
S 2
2
Talker Listener

1. TalkeriR BZC &

1. Talker sets variables

TalkerfSEFERPC[EJROS Master KIXSHIREEIR, ERSHBSEHUE; ROS Master G2 BN EE
REZISHEFIEF.

The Talker uses RPC to send parameter setting data to ROS Master, including parameter
names and parameter values; ROS Master saves the parameter names and parameter
values in the parameter list.

2. ListenerE @SB

2. Listener searches parameter values



ListeneriBIIRPCEROS Master RIXSHEKIFK, BEFEEKIISHE.
The Listener sends a parameter search request to the ROS Master via RPC, including the parameter name

to be searched.
3.ROS Master[a] Listener &ZIESEE

3. ROS Master sends parameter values to Listener

MasterfRifEListener SEHIERKMNSHFIRPHITER, EXFISHE, ERARPCESHERIXS

Listener,

The Master searches the parameter list according to the Listener's search request. After
finding the parameters, it uses RPC to send the parameter values to the Listener.

XBEEETENE, NRTalkerMMasterEBHFHSEE, ListeneEAEHEASHENER FTELEM e
HECEWEF. AERESNARSRY, FETISSHERIE, SRESRINHE
ROSHRAZESHBCETNRERISEIN.

It should be noted here that if the Talker updates the parameter values to the Master, the Listener
cannot know that the parameter values have been updated without searching the parameter values
again. Therefore, in many application scenes, a dynamic parameter update mechanism is required.
Chapter 12 will specifically explain the implementation of the dynamic parameter configuration
function in ROS.

B4, ROSEH
Appendix 4. ROS Basics

4.1 T{E=5IH)

4.1 Workspace

EFAROSSTIMRRAFF R EEFRIUARENB, BPAXERBXXHHTEERER— M EEN=E
A, BHEIFZIE.

The main method of using ROS to realize robot development is of course to write code,
so these code files need to be placed in a fixed space, that is, the workspace.

412 HARTIE=E

4.1.2 What is a workspace

TF=s[B)(workspace)@—MFM LIEFF R ERIHRISMHR, FuertehR AN Z [FRIROSERIAERAYZ
CatkinfBiEERS, — MR CatkinfBIER A TR LIET AL,

Workspace is a folder for storing project development related files. ROS after the Fuerte version uses
the Catkin compilation system by default. The workspace structure under a typical Catkin
compilation system is as follows.

HAN TEEP—iRBEL TN B REE.,
A typical workspace generally includes the following four directory spaces.
(1) src: ARBZE), FRISEFTRERIIXMR, RARFMEMEROSIHEERRIRIBIG.

(1) src: code space, the most commonly used folder in the development process, used to store the
source code files of all ROS packages.

(2) build: ZRiFE, AREMELFERmFEIETENEFEEMPIREG.

(2) build: compilation space, used to store the cache information and intermediate files generated
during the compilation of the workspace.



(3) devel: FFR=SE], FARMERFEMRNT AT .
(3) devel: development space, used to place executable files generated by compilation.

(4) lib: ZEREZA), miEpINE, TLMERmake install g S ATHRITHLERENZZEF, BIT%E
EFRRREERER, AIEKEPETXETRITE ., RRESEAFZLHEN, RETETE +
AREFIR BRIk,

(4) lib: installation library space. After the compilation is successful, you can use the make
install command to install the executable files into the space, and run the environment
variable scripts in the space to run these executable files in the terminal. The installation
library space is not necessary, and this folder may not be available in many workspaces.

4.2.2 SETIEZIH
4.2.2 Create a workspace

BB TIE=aRIa<ttRER, BhERRFHSLIETFTAER, ARETROSIITIF=EIEMN
A< BIAT SRk BT AE !

The command to create a workspace is relatively simple. First, use the system command to
create the workspace directory, and then run the ROS workspace initialization command to
complete the creation process:

BIEE—NEA Acatkin. wsHISFEH TEcatkin_ ws FEREEBIFE—NE SIsrcBI G

Create a folder named catkin_ws and continue to create a folder named src under catkin_ws
mkdir -p ~/catkin_ws/src

P E ] catkin_ wsSHFF T EYsre 343k

Switch to the src folder under the catkin_ws folder
cd ~/catkin_ws/src

VIR ST

Initialize the folder
catkin_init_workspace

BlEseRE, TLAETIE=SERIR B R MEHcatkin makefp SIIFENTIFZ(E:
After the creation is complete, you can use the catkin_ make command to compile the entire workspace in

the root directory of the workspace:

S catkin_ wsSZ{FFET

Switch to the catkin_ws folder



cd ~/catkin_ws/

ETRIFERS

Run the compile command
catkin_make

FRIES, ELETEMREBERESBHMFEbuildildevel N REFRIN M, wiEHE, &
develSHRABLEFE | setup *shFRAFEMEREIREMA. EAsourcefpLIBTXLMAL 4, N
Tr=siarhROIME R BRI LIS,

During the compilation process, two folders, build and devel, and their files will be
automatically generated in the root directory of the workspace. After the compilation is
complete, several environment variable setting scripts in the form of setup.*sh have been
generated in the devel folder. Use the source command to run these script files, then the
environment variables in the workspace can take effect.

source devel/setup.bash

ATHFRAZZECEEN, JLUERN TS HITHRE:
In order to ensure that the environment variables have taken effect, you can use the following
command to check:

echo $ROS_PACKAGE_PATH

NFFTENRER R EAE SR TFZ AR, WiRMEREREMN(IN TE).

If the printed path already contains the path of the current workspace, it means that the
environment variable is set successfully (see the figure below).

ELRimhERsourceip SIRBAPFMRZ B RBEESRIRIRTER, NRFENZREERELRRTE
M, WFEEERENEEXHFIIAREZEZERNRE:

The environment variables set by the source command in the terminal can only be
effective in the current terminal. If you want the environment variables to be effective in
all terminals, you need to add the environment variable settings in the terminal
configuration file:

echo"source/WORKSPACE/devel/setup.bash">>~/.bashrc
BEER TE=EEEAE WORKSPACE,
Please use the workspace path instead of WORKSPACE.

4.2.3 BUEINEEE

4.2.3 Create a package
ROSHIRERAIFZ AT :

The form of the package in ROS is as follows:



my_package/
CMakeLists.txt
package.xml

package xmIMHEMH TIIREBAITTER, BMEMATIREBMAYESE. CMakeLists.xtXMHESR T 88
AYmIEARN .
The package.xml file provides meta-information of the package, that is, information

describing the attributes of the package. The CMakelists.txt file records the compilation
rules of the package.

ROSASIFERENNEERHHRERMINGER, SN THREENBZEH.

ROS does not allow other packages to be nested in a certain package, and multiple packages must
be placed in parallel in the code space.

ROSIRMHEIZBIZEINEEEATA S catkin_create_pkg, ZAnSHIERITENT:

ROS provides the command catkin create pkg to directly create a package. The usage of this
command is as follows:

catkin_create_pkg <package_name> [dependl] [depend2] [depend3]...

fEizfTcatkin_create pkgipSHY, FAPEEMAINREEAIBEFR(package name)FIFTKIAYEMETHEEE &R
(dependl. depend2. depend3). 54N, FHMIFELIFE—Mearning limoIIEEE, ZINEEEMKER T
std msgs. roscpp. rospy=EINEER.

When running the catkin _create pkg command, the user needs to enter the package name
and the names of other packages that it depends on (depend1, depend?2, depend3). For
example, we need to create a learning_limo package, which depends on std_msgs, roscpp,
rospy and other packages.

BFoHENIBZE, {Fcatkin_ create pkgfp S RIEEINEE
First enter the code space and use the catkin create pkg command to create a package:

T E ] catkin_ ws SR T AYsre 343K

Switch to the src folder under the catkin_ws folder



cd ~/catkin_ws/src

E{TRIENRERRGm S

Run the command to create the package

catkin_create_pkg Tearning_limo std_msgs rospy roscpp

tlETERE, KB EsrcrPRER—Meamning_limoLIEER, HHPBELE Spackage.xmlfl]
CMakeLists.txt3 {5,

After the creation is complete, a learning limo package will be generated in the code space src,
which already contains the package.xml and CMakeLists.txt files.

AREEEITHENRER THTRE, FRRENERE:
Then go back to the root directory of the workspace to compile and set the environment variables:

cd ~/catkin_ws

R catkin_ wsSZHFET

Switch to the catkin_ws folder

BITHRIFGR<

Run the compile command

catkin_make

RENGRE

Set environment variables

source ~/catkin_ws/devel/setup.bash

LA EEREIE— N e B RIEARRIE.

The above is the basic process of creating a package.

IR ER—AIAEZET, ARTFFERREE, SUEREINSIRE.

Note: In the same workspace, no package with the same name is allowed, otherwise an error will be
reported during compilation.

4.3 mEINEEEEHlimo

4.3 Write package to control limo

(ERIEIE S SEHlimoIEs), EELRSPublisherf]Subscriberfi NI/, Publisherfazm@limok fHiRE
EHIES, Subscriberf = IR ITlimoiZ U RIAIERE K/,

To use topic communication mechanism to control the movement of limo, you need to
write two nodes, Publisher and Subscriber. Publisher is responsible for issuing speed
control instructions to limo, and Subscriber is responsible for monitoring the speed
received by limo.

4.3.1 UN{aJEIZEPublisher

4.3.1 How to create Publisher

PublisherfIFZEARENHEEIERAMIFESURLENER. HMIESXFERRBIN— TR, TR+
BlFE— M PublisherdFiaHlimolznl], JRISSAENAIE



~/agilex_ws/src/limo_ros/learning_limo/src/talker.cpp, ERNZFUIT :

The main role of Publisher is to publish messages of specific data types for specific topics. We try to
use code to implement a node, create a Publisher in the node and control the movement of limo.
The source code file' s location is

~/agilex_ws/src/limo_ros/learning_limo/src/talker.cpp, and its contents are as follows:

#include <sstream>

#include "ros/ros.h"

#include "std_msgs/String.h"
#include <geometry_msgs/Twist.h>

int main(int argc, char **argv)
{
// ROSTI siAIuEk//

ROS node initialization

// G S A
// Create node handle

// BlE—4Publisher, &kAfi% Nchatterffitopic, 4 EJM Ngeometry_msgs::Twist
// Create a Publisher, publish a topic named chatter, and the message
type is geometry_msgs::Twist

P T T T T T . B B O _ o 1 A



/] BEERAE
// Set the frequency of the

for ( int count = 0; count<1lO;count++)

{

/ /B B R AT I BN

//Set the speed to be published
geometry_msgs::Twist twist;
geometry_msgs: :Vector3
linear; linear.x=0.1;
Tinear.y=0;

Tinear.z=0;

geometry_msgs: :Vector3 angular;
angular.x=0;

anaular.v=0:

[/ B B AE 25 twi st
//Assign the set speed
to twist

i i

/ /KL BT R AR
//Publish the set speed

// VRIS 1] 2R A
// loop waiting for

// ARSI GE ]

// Delay according to

return O;

4.3.2 W{aeUiESubscriber

4.3.2 How to create a Subscriber

FETK, HNZIEIE—1SubscriberLAIT EPublisher s RAMBYERIES. IRIEMHAEN
~/agilex_ws/src/limo_ros/learning_limo/src/listener.cpp, ERNEWT :

Next, we try to create a Subscriber to subscribe to the control command published by the Publisher
node. The source code file" s location is

~/agilex ws/src/limo_ros/learning_limo/src/listener.cpp, and its contents are as follows:



#include "ros/ros.h"
#include "std_msgs/String.h"
#include <geometry_msgs/Twist.h>

// BEWENT R EE, 23S B R
// After receiving the subscribed message, it will enter the message
callback function

void chattercallback(const geometry_msgs: :TwistConstPtr& msg )
{
/ /M ms g i E s I A

//Extract the data in msg and

[/ REAERBCEIE B AT R R

// Print out the received message
ROS_INFO("I get x: [%f]", x);
ROS_INFO("I get y: [%f]", y);



@

int main(int argc, char **argv)

{
// PIUHROSTI AT
// Initialize the ROS node

// BN RUAIAN
// Create node handle

//  BlEE—ASubscriber, iT[4 Nchatterfftopic, vEMIEIEE S chattercallback
// Create a Subscriber, subscribe to the topic named chatter, register

— mana

/7 VEIREEAE [ 1 bR 2
// loop waiting for

return O;

4.3.3 fmiFEEE

4.3.3 Compile package

TREONBER K, CHE—MRIFIES, EETIAREERABRERTRITE, WRER
PythonZFFTESHMENT, WAFEHTRE, TUEELLE.

The code of the node has been completed. C++ is a compiled language. You need to compile the
code into an executable file before running. If you use a parsing language like Python to write the
code, you do not need to compile and you can skip this step.

ROSHYSmIFEFEANRCMake, FIFMNBISTIEEE FAICMakeLists. txtXHRE, {FEfcatkindp® Bl
HIIRER = BsEMIZX Y, BAEEZHRmFEN, FEESFMNER, HIVLFARESE BX
BURBATE, FEIEEAT LURIE R SaIE.

The compiler in ROS uses CMake. The compilation rules are set through the CMakelLists.txt
file in the package. This file will be automatically generated in the package created by the
catkin command. Most compilation options have been configured and detailed comments
are included. We hardly need to check the relevant manuals, and we can compile our own
code with a little modification.

FIFFIHEEE PAICMakeLists.txt 34, HEILITERER, XEERAHFEEL:

Open the CMakelists.txt file in the package, find the following configuration items, remove the

comments and make slight modifications:

include_directories(include ${catkin_INCLUDE_DIRS})

add_executable(talker src/talker.cpp)
target_link_Tlibraries(talker ${catkin_LIBRARIES})
add_dependencies(talker  ${PROJECT_NAME}_generate_messages_cpp)

add_executable(listener src/listener.cpp)
target_link_Tlibraries(listener ${catkin_LIBRARIES})
add_dependencies(talker  ${PROJECT_NAME}_generate_messages_cpp)

S

4.3.4 1&E{TPublisher5Subscriber
4.3.4 Run Publisher and Subscriber

TRIRERE, BAIKRTFEILUE TPublisherfISubscriberB i Y. HIE{THRAZHE], EEAKIHHIZEIL 51T



2, BNEEKEIhEEE R RIFERRITHITIE

After the compilation is complete, we can finally run the Publisher and Subscriber nodes.
Before running the nodes, you need to set the environment variables in the terminal,
otherwise the executable file generated by the final compilation of the package cannot be
found:

P#eZEcatkin wsBHR T

Switch to the catkin_ws directory
cd ~/catkin_ws

RENEEZE

Set environment variables

source ./devel/setup.bash

A LSRR ZENEEM A RINE R inEE -
You can also add the configuration script of environment variables to the configuration file of the
terminal:



echo "source ~/catkin_ws/devel/setup.bash" >> ~/.bashrc
source ~/.bashrc

Hlimo, MR BEXZREN 7, FJLURRIUTERSNFIE:
In limo, the environment variables have been set, and you can start the routine according to the
following steps:

1.BEET R
1. Launch the chassis node

iE: TSR, BEHREMEZRPIEFCEKIE, KIFGSH: Cultc

Note: Before running the command, please make sure that the programs in other terminals have been terminated. The

termination command is: Ctrl+c

roslaunch 1imo_base Timo_base.launch

FETTRZAE, BhRemREET REEMINE:

Before running the node, you first need to ensure that the chassis node has been successfully

launched:

2.J3Tf1Subscriber

2. Launch Subscriber
S (EBrosrunap < 3 EISubscriberTa /1, 1] [EPublisherBlIE A AVER

First use the rosrun command to launch the Subscriber node and subscribe to the news about to be
published by Publisher:

rosrun learning_limo Tlistener

MERHRIT AT, 2AERKETEREEZIRTHERRE.
If the message is successfully subscribed, the content of the received message will be displayed in
the terminal.

3.[25Publisher
3. Launch Publisher

ETEMEHrosrunip S B Publisher:

Next use the rosrun command to launch Publisher:

rosrun learning_limo talker

WNERPublisher B RIEITIER, INFERNIER, Subscribert RESEKEES.

If the Publisher node is running normally, the vehicle will move and the Subscriber node will also
receive the message.

4.4 ROSE AN
4.4 ROS common components

4.4.1 launch B34
4.4.1Launch File



EEN3 4 (LaunchFile)fERROSHF—MERIEHME N T RENER, BERILABIEHIROS Master T ETE
2, AETUSAESNMTROSHERE, AZ N T RIRIERMRAETR.

The Launch File is a way to launch multiple nodes at the same time in ROS. It can also
automatically start the ROS Master, and can realize various configurations of each node,
which provides great convenience for the operation of multiple nodes.

(1) launch ¥x%
(1) Launch tag

launchiFZEFHE—NMEBDANES, MET—HEXIE, ArERYlaunch34ERH< launch >FF3k, H<
Nlaunch>%5E, ATERIERIREERZES < launch>< /launch>2Z [A]
The launch tag is like a generous bracket that defines an area. All launch files start with <launch>

and end with </launch>. All description tags must be written between <launch> and < /launch>

<Tlaunch>

</Taunch>

(2) node TR&S

(2) Node tag

nodetRE AT LA Rlaunch XX HEHEENAIRE T, B nodetrE B BE T ROSEF T RIIETREY

name, ZTRATERIR Bkl AR T RRIR B type, BIWAIMERSAIT:

The node tag can be said to be the most common tag in the launch file. Each node tag includes the
name attribute of the node in the ROS graph (name), the package name where the node is located

(pkg), and the type of the node (type). The common usage is as follows:

<node pkg="package-name" type="executable-name" name="node-name" />



trEmE
Tag attribute

name="NODE NAME"

pkg="PACKAGE_NAME"

type="FILE_ NAME"

output="screen"

respawn="true"

ns = "NAME_SPACE"

args="arguments"

(3) include R

(3) Include tag

BHEEA
Attribute function

NEREBRER, XERBEERros:init)E X Inode_name

Assign a name to the node, which will override the node name defined
by ros::init()

T RATERINEER B

The name of the package where the node is located

TEX T RBYATHRATSE B RR

Define the executable file name of the node

BT RRER B TENRIRimESE, EOAEL RS,

Print the standard output of the node to the terminal screen,
and the default output is a log file.

SuEY, ZURELR, S8mMER, BKikHfalse,

Reset the properties. When the node stops, it will
automatically restart. The default is false.

BRTE, ATRREENEFRRINGETERIZ.

Namespace, which adds a namespace prefix to the relative
name in the node.

TREEZENBASEH.

Input parameters required by the node.

ZIRE R LIS NS — roslaunch XMLI{4EI 245315,

This tag can import another roslaunch XML file to the current file.

REREE
Tag attribute

BHEER

Attribute function

file ="$(find pkg-name)/path/filename.xml" FERRAEE R SR

EFER LG T EIXEE
Use it like this

Specify the files you want to
include

<include file="$(find demo)/Taunch/demo.Taunch" />

(4) remap RE

(4) Remap tag

remaphras i B X BT, ROSSZIEFtopicHIEEILET, remapinas B/ E—Moriginal-namefI— new-
name, RIRBFRFFTEZIR,

As the name implies, the remap tag is remapping. ROS supports topic remapping. The
remap tag contains an original-name and a new-name.

ECUNIMERER— N, XN RITIE T "chatter"topic, ATMMRECEEMN T RREERT



F||"/demo/chatter"topic, FHHFXFAMopicHBEREER—HAY, (FEILXA N TR TEN, B4R LAE
launch3 4 HIXHE

For example, now you get a node that subscribes to the "/chatter” topic, but the node you
write can only be published to the "/demo/chatter" topic. Since the message types of these
two topics are the same, if you want these two nodes to communicate, you can write this in
the launch file:

<remap from="chatter" to="demo/chatter"/>
IXEERL ] LAB#EE /chattertopic EEBRET 2ll/demo/chatter, IXBEFAFHESUFAAED, FEeJLALRANT T
Bifl.

In this way, you can directly remap /chattertopic to /demo/chatter, so that the two nodes
can communicate without modifying any code.

(5) paramfR&s

(5) Param tag
paramtR&AIEFE S TS 1T+ Brosparam set,
The role of the param tag is equivalent to the rosparam set in the command line.
ECANIMAEES TR SS 22 PR IN— DB A demo_param, {E791.0A95%K

For example, now add a parameter named demo_param with a value of 1.0 in the parameter server
<param name="demo_param" type="int" value="1.0"/>

(6) rosparam ¥R &

(6) Rosparam tag
rosparamtiES SEFF MY AMLI R —IRIES A KESEL

The rosparam tag allows a large number of parameters to be imported from the YAML file at once.

<rosparam command="Tload" file="$(find pkg-name)/path/name.yaml1"/>

ERLRAT:

The usage is as follows:



(7) argfn&
(7) Arg tag

argument@HBIM—MEE, FUTF launch3HRERRIEEREE, (XPRTFlaunchSXHER, EF launch
XHRERS, SROSTRAEISINRBEXE.

Argument is another concept, similar to the local variables in the launch file. It is limited to the
launch file and facilitates the reconstruction of the launch file. It has nothing to do with the internal

implementation of the ROS node.
R BargumentffHargtr& TR, BEXUT:

Set argument to use the arg tag element, and the syntax is as follows:
<arg name="arg-name" default= "arg-value"/>

4.4.2 Rviz

iz — = TR RIF IS 7 SHETROSIKIHERIINSEAFE. Ervizdh, JLMERXML
A, BEMEHHIIYHTRY. RE. (B, MR XTFRUEELAREFRETERH
k. R viZEJ LUEIERALTS I ER BRI AMERERIIER. TS ARNZIIRES. BEMRRIZ
WE. BRMEZvizA] LS AETIFE I S ERNER SR A E R LA AHEEI R E
B, Bk, WEFSUEFENSEARTN. TEAEEBETRES, viZBIACERA0ME i
BRI R,

) interact |=%2’mwn [“Iselec 4 FocusCamera == Measure .~ 2DPoseEstimate .~ 20NavGoal @ Publish Paint * -

» @ Global Options
b+ Global Status: Ok
» @ Grid

+ F2 map

» ~u Laserscan

b ) Axes

v M Axes

ROSTime: 163720315882 | ROS Elapsed: [92.45 Wall Time: 163720315886 Wall Elapsed: [92.38 J Experimental
ggggg Left-Click: Rotate. Middl; X[V, - ptions. 31fps

Rviz is a 3D visualization tool, which is well compatible with various robot platforms based
on ROS software framework. In rviz, you can use XML to describe the size, quality, position,
material, joints and other attributes of any physical objects such as robots and surrounding
objects, and present them in the interface. At the same time, rviz can also graphically display
the information of the robot's sensors, the robot's motion status, and the changes in the
surrounding environment in real time. All in all, rviz can help developers realize the
graphical display of all monitorable information. Developers can also control the behavior of
the robot through buttons, sliders, and values under the control interface of rviz. The
following figure shows the raster map and laser data graphically displayed by rviz during
the map building.

4.43 QtLEfS

4.4.3 Qt toolbox

THEEA T (qt_graph)



Computation graph visualization tool (rqt_graph)

rqt_graph T BB ERHBIROSEFFHITEE. =72 EIIEER RN T ar<SRIA Gz T
1=K

]

The rqt_graph tool can graphically display the computation graph in the current ROS
system. When running the mapping function, use the following command to launch the
tool:

rqt_graph

BappIhErIit B E B0 N E .

The computation graph after successful launch is shown in the figure below.



=
ST

/base_link_to_laser_link

fslam_gmapping

fodom

Irobot_pose_ekf

i

fydiidar_node /scan

TFRETWETIE (rqt_tf tree)

TF relationship visualization tool (rqt_tf tree)

/map

rqt_tf tree TEAILABFMAEREENE T T RZBINTFAR, EaTEEINEER, FERNTap<SEIAE o
ZIHR:

The rqt_tf _tree tool can graphically display the TF relationship between the currently
running nodes. When running the mapping function, use the following command to launch
the tool:

rosrun rqt_tf_tree rqt_tf_tree

BEIRINERTFRRE R N E R

Recorded at time: 1637155256.55

Broadcaster: /slam_gmapping

ost recent transform: 1637155256.51
Didest transform: 1637155255.11

ost recent transform: 1637155256.5
Dldest transform: 1637155255.05

base_link

Broadcaster: /base_link_to_laser_link Broadcaster: /base_link_to_imu_link
Average rate: 95.586 i
Buffer length: 1.444 B
Most recent transform: 1637155256.5 Most recent transform: 1637155256.51
Oldest transform: 1637155255.06 Didest transform: 1637155255.05

Broadcaster: /base_link to_camera_link
Average rate: 96.788

Buffer length: 1.457

Most recent transform: 1637155256.51
Oldest transform: 1637155255.05

Imu_link camera_link

The TF relationship diagram after successful launch is shown in the figure below

iS5, RFARF
Appendix 5. System Burning



5.1 TZZ&2Ebalenaetcher
5.1 Download and install balenaetcher

ENAPCERN_E T EZ % balenactcher, TEEERS: https:/www.balena.io/etcher/, FEIEN AN HBIER
FFIZRMA T HAR IR A

Download and install balenaetcher on a PC; download link: https://www.balena.io/etcher/;
download different versions according to the operating system and architecture of the PC.

5.2 THEERFRIER
5.2 Download the image to be burned

XEBLUKSRENES RGNS, EREEZE THRERESR, TEEHRN:

Here is an example of the official image provided by our company. Use Baidu cloud disk to

download the image, and the download link is:

5.3 ER{H{EFSER

5.3 Instructions on software usage

BAHFERBBALATE Linux R 8 R R6I1F.
The instructions on software usage in the Linux system are taken as an example.

1. 7, EERERERRAVER

1. Open the software and select the image to be burned
Etcher

ﬁ balenaEtcher

+

B Flash from file

& Flash from URL

1B Clone drive



https://www.balena.io/etcher/
https://www.balena.io/etcher/

O BiEGERm 4 |[@  media  a 98f9eb19-2c70-4ada-ad3f-d686ffae3895 limo-backup *

Home

2% | Kl 2B HA
S|

[ Downloads 11H15H
47 : J

& agilex ws.tar.gz 1.6 GB 11815H
EA &3 lib.tar.gz 815.4MB 118158

# limo_11.30.img.gz
TH & limo-system.img.gz 18.7GB  11816H
=% & limo_system_astro.img.gz 13.4GB BEX

500GB &
62GB &

ME® S ¢«<0B &M pB
P
i3

L4T-README

RTINS

+

Ht{uE

OSImages ¥

WEQ || 77 |

2, ERFEHITHRIRNSDR
Etcher

q’ﬁ balenaEtcher

Select target ssoun

. Name Location
LAT-README Linux File-Stor Gadget fdevfsdc Locked Too small

Generic Mass-Storage

{/media/a/d560620b-561b-4021- Jdev/sda
b9ab-ac42lab6elcc)

Samsung 55D 860 EVO 500G
a (/media/a/98f9eb19-2c70-4ada- Jdevisdb Large drive Source drive
ad3f-de86ffae3895)

-

2. Select the SD card that needs to be burned

w Show 1 hidden

3. MihFlash, FFiRke=R

3. Click Flash to start burning



Etcher — 20% Flashing...

&9 balenaEicher

©o— m — %

limo_11.30.img Generic M...1ab6elcc) Flashing...

Bt 6. EMHFAR
Appendix 6. Firmware Upgrade

BT ElimolIEBRT, XHRFRALimonTest Nano, FHRFIEENEMERSES
GitHub/p, $%#£79: https://github.com/agilexrobotics/limo-doc
The firmware upgrade software is in the main directory of limo, and the file name is LimonTest_Nano.

The firmware required for the upgrade is in our official GitHub, and the link is:
https://github.com/agilexrobotics/limo-doc

iE: WNlimoAAYLimonTest NanoANEEIEREFTH, BEIFKBEAGitHub I RGNS, 589 hu

ps://github.com/agilexrobotics/limo-doc

Note: If LimonTest Nano in limo cannot be opened normally, please download the latest software
from our official GitHub, and the link is: https:/github.com/agilexrobotics/limo-doc

THEABREARNEN, ETRFRRFSR:

After downloading the firmware that needs to be upgraded, then start the operation steps:
1, HANEEHAFIR
1. Enter the firmware upgrade mode

KRS MESHEF NN SEFNBESH IR, HFVBINGRET, RIDENEEHRIELS, SE0
W2 fE, nano=IEEBD.

In the shutdown state, press the power button twice to enter the firmware upgrade mode.
When the power button flashes, it enters the firmware upgrade mode successfully. After a
few seconds, nano will start normally.

2. M3 LimonTest NanofX{HE1TIR
2. Grant LimonTest Nano software running permissions
FIFFEIR, ERRPRAGS:

Open the terminal and enter the command in the terminal:


https://github.com/agilexrobotics/limo-doc
https://github.com/agilexrobotics/limo-doc
https://github.com/agilexrobotics/limo-doc
https://github.com/agilexrobotics/limo-doc
https://github.com/agilexrobotics/limo-doc

chmod +x LimonTest_Nano

3. BENERE, FaARENF

3. Launch the software and start to upgrade the firmware
ELIHFMANG S

Enter the command in the terminal:

./LimonTest_Nano

WU AZE, REFRIZE, BRAEENTEFR:
After the software is successfully opened, click the upgrade button, and the displayed screen is as

shown in the figure below:



foE ) A FHE

ttyso .| | Node Type Node ID Hardware Version Firmware Versic
Open Serial
Node Typde : e
Hardware Verdion : o=
Firmware Version : -- 1 [»

Load Firmware File

1, T80, AREBEHIETELRT A

Start Upgrade Firmware 2. MEREFARATLIE
3. T LRIt AR R B AT A
4, FHERE
5. FHRseRk

Read me ﬁrst:E

1.First,select the right serial,and then the app will scan the online node.
2.Load the fimrware file whitch you want to upgrade.

4.Select the node witch you want to upgrade in the online node list
5.Click the start upgrade firmware ,and then the progress bar will

show the upgrade progress.

6.Upgrade firmware complete.

VHERIRIAOEEE], RIS, MEEERCIyTHS1, AEOpen Serial, $TFFEM, AABAHLoad
Firmware File IEREEFHRIE G

Select the corresponding serial port; under normal circumstances, select the serial
port ttyTHS1; click Open Serial to open the serial port, and then click Load Firmware
File to select the firmware to be upgraded

e A FHE

ttyTHS1 @ - ‘ Node Type Node ID Hardware Version Firmware Versi

Open Serial ‘

Node Typde : --
Hardware Verdion : --

Firmware Version : @ = - ’

Load Firmware File ‘

. T80, AREAFHHPRESTA

\ ISR AHRATIF

. EEAREST ATIRTIEERFHRAT A
. FREAHR

. FHRFER

Start Upgrade Firmware ‘

N W N

Read me first:

1.First,select the right serial and then the app will scan the online node.
2.Load the fimrware file whitch you want to upgrade.

4.Select the node witch you want to upgrade in the online node list
5.Click the start upgrade firmware ,and then the progress bar will

show the upgrade progress.

6.Upgrade firmware complete.




bin File

Recent ] Qagilex 3

Name - Sjze Modified
Desktop = agilex_ws Wed

B Desktop Mon
Documents

i1 Documents 27 Oct
Downloads i@ Downloads 15Nov
Music & Log 09:57

@ Music 29 Jan 2018
Pictures W Pictures 10:03
Videos 4 Public 29 Jan 2018

& Templates 29 Jan 2018
Other Locations Videos 24 Aug

[‘ Limon_MCV1.3-7-1-gede6662_20211108_160749.bin 42.1kB 09:56

bin File

Cancel Open

EEREGTIRFHBEMHER, AE/RdEStart UpgradefREFHIREH TR,

= it FR

Close Serial \
Node Typde : Limon_MC
Hardware Verdion : H-V1.2-0
SV1.3-7-1-gede6662 -

Firmware Version :

Load Firmware File \ =
' . ATFEN, AR2EHERESY S

. BRI

L TE R RITEECY SARP iR BB AHRAT Y A

. FrEETH%

@ 5. FHEFEAR

Start Upgrade Firmware ‘

oW N e

Read me first:

1.First,select the right serial, and then the app will scan the online node.

2.Load the fimrware file whitch you want to upgrade.

4.Select the node witch you want to upgrade in the online node list

5.Click the start upgrade firmware ,and then the progress bar will

show the upgrade progress.

6.Upgrade firmware complete.

Open Firmware File:

/home/aqilex/Limon MCV1.3-7-1-qede6662 20211108 160749.bin ~

Select the firmware information in the firmware list, and then click the Start Upgrade button to start
the firmware upgrade.

FHRALTN, i Close SerialiZtH, XSO

After the upgrade is successful, click the Close Serial button to close the serial port
fix7. ShiEEsHERE

Appendix 7. Parameter Configuration of Navigation Package
MEBECENAREETNSH, TEEUTE.



If you need to try to debug the parameters in the package yourself, you can refer to the following list.



7.1 gmappinglﬂﬁggq:'ﬂ'ﬂ:maﬁﬂg%ﬂ
7.1 Configurable parameters in the gmapping package
iE: emapping NEEBRIS I E X9

Note: The parameter configuration file of the gmapping package is:
~/agilex_ws/src/limo_ros/limo_bringup/launch/limo_gmapping.launch



24 B RiIME faik

Parameter Type Default Description
SLIRRIFIEEURIIRR, FBOAEIRAE]
=tirofile_seans int 1 MR (FTLUREEAR—LEiT
EE6E))

The scan data threshold to be
processed; the default is to
process 1 scan data at a time (it
can be set larger to skip some
scan data)

~base_frame string base_link e AEMSIRER

Robot base coordinate system
~map_frame string map HHE LR

Map coordinate system
~odom_frame string odom BRI RIRER

Odometer coordinate system
~map_update_interval float 5.0 B R R

Map update frequency

NI = M ER AT M pha Iy
Nmaerange float 80 gl)ﬂ“ﬂikﬁjﬁﬁ/B@, ED%%HbtUﬁE’J/B

Detect the maximum available
range, that is, the range that the
beam can reach

Standard deviation of endpoint

matching
~kernelSize int 1 BFEFHXT M A kernel size

Used to find the corresponding kernel size
~Istep float 0.05 SEBIEE

Translation optimization step
~astep float 0.05 ML

Rotation optimization step
~iterations int 5 FAREPCECIERIREL

Scan matching iterations
~Isigma float 0.075 AT ERIB IR EE

Laser standard deviation for
likelihood calculation

~ogain float 3.0 AT BT FBERFRR
Used for smooth resampling effect

during likelihood calculation

~Iskip int 0 BRAMPE RIS EREL
The number of beams skipped in each scan.
~minimumScore float 0.0 PR ERNREE

The lowest value of the scan



matching result

~srT float 0.1 i ERRIRE(FATRB R E (tho/rho)

The mileage error during translation as a
translation function (rho/rho)

= - 0.2 RN RRIREF IR REL
(rho/theta)

The mileage error during translation as a
rotation function

(rho/theta)
— float 0.1 IR R B IRIREE N R RE
(theta/rho)

The mileage error during rotation as a
translation function

(theta/rho)
) e 0.2 IEFE TN B RRIREF IR R EL
(theta/theta)

The mileage error during rotation as a
rotation function

(theta/theta)

MR AFEB—EIEE R E KRB
=

The robot translates a certain
distance and processes the laser
data once

0 H188 bzt —EIER A R RS
1=
The robot rotates a certain

distance and processes the laser
data once

RSB ENE, NghE—
~temporalUpdate o | . W, Z(EA R RIAE TR EAY
Eif

If the latest scan processing is
slower than the update, one scan
is processed. Turn off time-based
updates when the value s
negative

~resampleThreshold float 0.5 HF NeffHIERIFERE

Resampling threshold based on Neff
~particles int 30 R RL B

Number of particles in the filter

~linearUpdate float 1.0

~angularUpdate float



S 5] AIAME ik

Parameter Type Default Description

~xmin float -100.0 HEIxTT EaR/AINRT
The initial minimum size of the map
in the x direction

~ymin float -100.0 Eys i sINRT
The initial minimum size of the map
in the y direction

~xmax float 100.0 WExHFRYIRRARYT
The initial maximum size of the map
in the x direction

~ymax float 100.0 HEly 7T AR RAR T
The initial maximum size of the map
in the y direction

~delta float 0.05 HE R
Map resolution

~llsamplerange float 0.01 PR BB REIES

The translation sampling distance of
likelihood calculation

~llsamplestep float 0.01 LA ER TR KL

The translation sampling step of
likelihood calculation

~lasamplerange float 0.005 AT BRI B ERIFIE S
The angle sampling distance of
likelihood calculation

~lasamplestep float 0.005 LA ENBERELS K

The angle sampling step of likelihood
calculation

~transform_publish_period float 0.05 TFE R & 7R AT 8 ElfR

TF transform publishing period
~occ_thresh float 0.25 g E S BEXRNRE

The threshold of raster map
occupancy rate

~maxRange float — EREENRAEE
The maximum range of sensor
7.2 cartographerJJEEEB TR EIERISE]
7.2 Configurable parameters in the cartographer package
i cartographerZIEEBRISEEG S

Note: The parameter file of the cartographer package is
~/agilex_ws/src/limo_ros/limo_bringup/param/build_map_2d.lua
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Parameter Default

map_frame map

tracking_frame

published frame odom
odom_frame odom
provide odom_frame true
use_odometry false
num_laser scans 1

base footprint

Rt

Analysis

AT & fasubmapsHIROSAMRERID, 721
RMITR, BHEFEH “map”

The ID of the ROS coordinate system used to
publish submaps, the parent coordinate system
of the pose, usually "map"

HISLAMERIEBFRAIROSMAATERID, IR
IMU, ROZEREMIRR, BEEEE
“imu_link”

The ID of the ROS coordinate system tracked by the
SLAM algorithm. If IMU is used, its coordinate
system should be used, usually "imu_link"

BFARMETFRIRRAIROSAIRRID, 54N
“odom”AAHRER, WIR—odom MITREAFR
FHAERRORMA, EXMERT,
map_framesRY “odom " EEEH R, HN,
BELZE J base link”AIREREIEMI

The ID of the ROS coordinate system used
to publish the pose sub-coordinate
system, like the "odom" coordinate
system. If an "odom" coordinate system is
provided by different parts of the system,
in this case, the "odom" pose in the
map_frame will be published. Otherwise,
it may be appropriate to set it to
"base_link"

{Eprovide odom_frame JEA TS, AIRETE
published_frameFmap_frame Z[BIFHF &% /3
BBSLAMZER, BEE“odom”

It is enabled when provide odom_frame is true.
The coordinate system is used to publish local
SLAM results between published frame and
map frame, usually "odom"

B, BE8, IETER, FHRAIER(FR
odom_frame&pfEmap frameH %70,

If enabled, local, non-closed-loop, and
continuous poses will be published as
odom_frame in map_frame.

WIRBA, 1TFXT odom”iERH
nav_msgs/OdometryiHE, BIEEESR
fit, XLEEESESLAME

If enabled, subscribe to
nav_msgs/Odometry messages on the
"odom" topic. The mileage information
will be provided, which is included in
SLAM

W IRIR AT E. E— UMY
A9“scan”iE B 1T [ sensor _msgs/LaserScan By,
FEZ N VT IER “scan_17,
“scan_2"%5

The number of laser scanning topics
subscribed. Subscribe to
sensor_msgs/LaserScan on the "scan" topic
of one laser scanner or subscribe to the
topics "scan 1", "scan 2", etc. on multiple



num_multi_echo laser scans

num_subdivisions_per laser scan

num_point clouds

lookup_transform timeout sec

submap_publish_period sec

pose publish period sec

trajectory publish period sec

0.2

0.3

5e-3

30e-3

laser scanners

VIR Z EIRA IR ERRESE, T8
FEIEY AT “echoes AR 1T (5
sensor_msgs/MultiEchoLaserScang(& N1
B 6 13 18 A 3T [ & & “echoes_17,
“echoes 275,

The number of subscribed multi-echo
laser scanning topics. Subscribe to
sensor_msgs/MultiEcholLaserScan on the
"echoes" topic of a laser scanner or
subscribe to the topics "echoes 1",
"echoes 2", etc. for multiple laser
scanners.

BE M EREN (BER) BEEEs A=
=¥, WA LR s BRI
SRENAYIAHE. B—MENAVHITE BRIEIR]
B EERENS AT AR LR R I,
The number of point clouds that divide
each received (multi-echo) laser scan. The
subdivision scan can cancel the scan
acquired by the scan when the scanner is
moving. There is a corresponding
trajectory builder option to accumulate
subdivision scans into the point cloud
that will be used for scan matching.

BT NRIERAVEE. E— T UEEYAY
“points2”IERA_E1T R
sensor_msgs/PointCloud28& AZ NUEEGT
FEER “points2_17, “points2 2"Z5,

The number of point cloud topics to be
subscribed to. Subscribe to
sensor_msgs/PointCloud2 on the
"points2" topic of a range finder or
subscribe topics "points2 1", "points2 2",
etc. for multiple range finders.
(ERtRE AT IRAIERT R AL

The timeout seconds of looking up and
transforming with tf2

AfasubmaplIiEIfE (LARD/9ERRZ) , fgn,
0.3%

The period (in seconds) for publishing
submaps, eg.0.3 seconds
RIEBHENE (LDARAL) |, FI40 Se-
3, SIEEJ9200 Hz,

The period (in seconds) for publishing

poses, eg. 5e-3, with a frequency of
200 Hz.

LARS AR R UTFRCRIRS [EERE, fign,
30e-3¥F4E30=FD

The period for publishing trajectory tag in
seconds, eg. 30e-3, lasting 30 milliseconds



7.3 amclgEEHTREERISEL

7.3 Configurable parameters in the amcl package

iE: amcIIEEESEBECEN 49 amel_param_diffyaml ((Z3HAMURER. 2R, EHEsnED AT
AamcISELHE) . amcl_param.yaml (iZX49058SEsE BB AYamcISE4)

Note: The parameter configuration files of the amcl package are: amcl param_diff.yaml (the file
is the amcl parameter file used in the four-wheel differential, omnidirectional wheel, and
track motion modes), and amcl_param.yaml (the file is the amcl parameter file used in the
Ackermann motion mode)



o
Parameter

min_particles

max_particles

kld_err

kld_z

update_min_d

update_min_a

resample_interval

transform_tolerance

recovery_alpha slow

recovery_alpha fast

Hem
Type

int

int

double

double

double

double

int

double

double

double

EAE
Default
100

5000

0.01

0.99

0.2
0.2m

1/ 6.0
radians

0.03%

0.0m

ik

Description

B/NSSTFRIETRIES.

The minimum number of particles allowed.

FEVFRIBRARLF 2L,

The maximum number of particles allowed.

BLo bt o ZEINRKIRE.

The maximum error between the true

distribution and the estimated distribution.
(1-p) MIEAREIERSAIE, HbpREith

Sl FROIREG/NTFKId erfOHEE,

The upper normal quantile of (1-p),

where p is the probability that the error

on the estimated detuning will be less
than kid_err.

TS RS B AR B TR,
A translation movement needs to be

performed before performing the filter
update.

PATH iR BT < IR BRI TIedez .

A rotation movement needs to be
performed before performing the filter
update.

EFTRF Z BT R AT IR BT AL
The number of filter updates required
before resampling.

BRHANTIRERAORTE, USRIt GE
FEBY.

The time at which the published
transformation will be post-processed to
indicate that the transformation will be
effective in the future.

IS FIONEIRKBIEHERE, BTREMR
RHEE RN ESRINE. RIFAIERTREN
0.001,

The exponential decay rate of the slow
average weight filter is used to decide when
to recover by adding random poses. A
good value may be 0.001.
RIEEIINEEIRRAIEERRER, FATRE
AR B RINBENESRIRE . IFaIERTREA

0.1,

The exponential decay rate of the fast
average weight filter is used to decide when
to recover by adding random poses. A



initial pose x

initial pose y

initial pose a

initial_cov_xx

initial_cov_yy

initial cov_aa

gui_publish_rate

save pose rate

double

double

double

double

double

double

double

double

0.0k

0.0m

0.03ME

0.0
radian

0.5 *
0.5%

0.5*
0.5
m

0.5 *
0.5

0.5*
0.5

-1.0 Hz

0.5 Hz

FALSE

FALSE

good value may be 0.1.

IRESY (x) , BTRCEEEHSHH
IEIRER

The initial pose average (x), used to
initialize the filter with Gaussian
distribution.

RESTHIE (v) , BTVRHCERSHD
ORISR RS .

The initial pose average (y), used to
initialize the filter with Gaussian
distribution.

IRESTY (Rin) |, BTHRHCEESE
SRS RS,

The initial pose average (yaw), used to
initialize the filter with Gaussian
distribution.

VIRESIhAE (x*x) , BTIRHEEES
Hr o R RYIRIRES.

The initial pose covariance (x * x), used
to initialize the filter with Gaussian
distribution.

MRESWHE (v*y)  BTOREESS
Hr o3 foROIEIR =5

The initial pose covariance (y * y), used
to initialize the filter with Gaussian
distribution.

MIARSMIE (vaw *yaw) , BTHGEK
BE S mAYIEkES.

The initial pose covariance (yaw * yaw),
used to initialize the filter with Gaussian
distribution.

BRGNS ANER (H) |, £
F3-1.0.

The maximum rate (Hz) of publishing
visual scans and paths. -1.0 is disabled.

=

35 & —initial pose #]-initial cov FTFEES
RS HBNEEMITESMNH ENR AR

(Hz) . REFNEBBRTRSETLAI®N
fLitiEes. -1.0858,

Store the maximum rate (Hz) of the last
estimated pose and covariance of the
parameter server in the variables
~initial pose_ and ~initial cov_. This
saved pose will be used in subsequent
runs to initialize the filter. -1.0 is
disabled.



. HigENtruelS, AMCLEITHMBEERR, A
use_map_topic bool -1 . R N
BHITIRS ARLRIEREE,
When set to be true, AMCL will subscribe

to the map topic instead of making a
service call to receive its map.



S 5] AIAME faig

Parameter Type Default  Description

HiRENtruelf, AMCLIERFEREITHNGE—
NRES, TAREREKEIFTRIBRIT RS &,
When set to be true, AMCL will only use the
first mapping it subscribes to instead of

updating each time a new mapping is
received.

first map_only bool -1

7.4 DWARRBJ{RECERISE]
7.4 Configurable parameters in DWA

i DWABLESEUE9~/agilex_ws/src/limo_ros/limo_bringup/param/diff/planner.yaml

Note: The configuration parameter file of DWA is
~/agilex_ws/src/limo_ros/limo_bringup/param/diff/planner.yaml



24 54 RiIME R

Parameter Type Defaul Description
t

acc_lim x double 2.5 Mg AR x MERERS] (m/s2)

Robot’ s x acceleration limit (m/s2)
acc_lim_y double 2.5 AR ARY y DIERERE (m/s2)

Robot’ sy acceleration limit (m/s2)
acc_lim_th double 32 HEEAMITEEEIDERIIRE) (m/s2)

Robot’s rotational acceleration limit (m/s2)
max_vel_trans double 0.55 MR ARAFBIEENEITE (m/s)

The absolute value of the maximum

translational velocity of the robot (m/s)
min_vel trans double 0.1 B A SN TIGEEREIHE (m/s)

The absolute value of the minimum

translational velocity of the robot (m/s)
max_vel x double 0.55 HBEANRKX xEHE (m/s)

Robot’ s maximum x velocity (m/s)

MERARESN x EE (m/s) , REEEITH

min_vel x double 0.0 o

Robot’ s minimum x velocity (m/s),

negative when moving in reverse
max_vel y double 0.1 MEEAMRKX vIEE (m/s)

Robot’ s maximum y velocity (m/s)
min_vel y double -0.1 MEBARNEN Yy IEE (m/s)

Robot’ s minimum y velocity (m/s)
max_rot_vel double 1.0 Hes ARKIEERIRERIHEXIE (rad/s)

The absolute value of the maximum
rotation velocity of the robot (rad/s)

min_rot_vel double 0.4 s AR/ N EFEREREISE (rad/s)

The absolute value of the minimum
rotation velocity of the robot (rad/s)

yaw_goal_tolerance double 0.05 EH R SEINE B AR RN ede A N =

The radian tolerance of the yaw/rotation
when the controller achieves its goal

xy_goal_tolerance double 0.10 S ERRTI=RIRRE < F y EEEAHIAE
(m/s)
The tolerance of the controller in the
distance between x and y when achieving
the goal (m/s)

MRBTBERME, WRIJAZIXBEIR xy

latch_xy goal tolerance bool false fIE, CEREEtEEEsfI, BMFEEEXEEM
HREZELHT BirsE.

If the goal tolerance is locked, when the



robot reaches the goal xy position, it will
simply rotate into position, even if it
eventually exceeds the goal tolerance
while doing so.

sim_time double 1.7 LARD 9 BRI R R AR A A A R[]

Time to simulate the trajectory forward in
seconds

sim_granularity double 0.025 LTI _ ERRZEREAIE (/s)
Step taken between points on a given
trajectory (m/s)

vx_samples int 3 KRR x BREZ A ERRIFEAREL
The number of samples used when
exploring the x velocity space

vy_samples int 10 RR y BREZ AR R AL
The number of samples used when
exploring the y velocity space

vth_samples int 20 IRE theta IFRE AR EBRIFEAREL

The number of samples used when
exploring the theta velocity space

VAR HIRRAOSER, SNSRI ERRRYaD
FEHIRE, NEF searchParam MR AFEE
controller_frequency double 20.0 [EEENS4L, Smove base—iEfEfl, X&
KEBREFEIZEEH “controller_frequency”
SHEFRALZ e FgBXNSH.

Call the controller’ s frequency. If it is
not set in the controller's namespace,
use searchParam to read the parameters
from the parent namespace. Use
together with move_base, which means
you only need to set its
"controller_frequency" parameter and
you can safely not set this parameter.

EHIRNIZES NIEE ERITAERIBZAIN
=

The weight that how close the controller
should be to the given path

suo | EHSBRIZESRAEIR AN EIRONE,
g

The weight that the controller should try
to reach its local goal and it should also
control the velocity

occdist_scale double 0.01 ¥R 28 N =i R PR IS RN B
The weight that the controller should try to

path_distance bias double 32.0

goal_distance_bias double

avoid obstacles
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Parameter

forward point_distance

stop_time_buffer

scaling_speed

max_scaling_factor

publish_cost_grid

oscillation_reset dist

prune_plan

7.5 TEBRJ{HECERIZSE]

S
Type

double

double

double

double

bool

double

bool

EiAE
Defaul

0.325

0.2

0.25

0.2

false

0.05

true

7.5 Configurable parameters in TEB

faiR

Description

Mg AROREIREM NS mANEE, B
The distance from the center of the

robot to the additional scoring point, in
meters

=R ATERIHERT S LELAEAITLARD 79 8812
BRI EE

The amount of time the robot must stop
before colliding for the trajectory to be
valid, in seconds

FHagERA R A BTAIERERIEIHE (m/s)
The absolute value of the speed at which
the robot's footprint is scaled (m/s)

ZERH R A BITRIR KR =
The biggest factor in scaling a robot's
footprint

BERMIUHRRE RS ERAIRARRIE,
24 true B, sensor msgs/PointCloud?2 JG4E
~/cost_cloud FRA AT, BNMR=ERMEA
Mg, FE— I FREATENSMANTD R
BHURESNRTERRISNAE, FBITOSE
ERIEA.

Whether the cost grid that the planner
will use when planning will be published?
When it’s true, sensor_msgs/PointCloud?2
will be available on the ~/cost cloud
topic. Each point cloud represents a cost
grid and has a field for each individual
scoring function component and the
total cost of each cell, taking the scoring
parameters into account.

HEEERB RSB ALK BN
HEIT

How far the robot must move in meters
before resetting the oscillation tag

EXH AR ERREIZET . MR
REA true, —BHSRABEEEN] 1K,
RIS NI RIBIRimiE K.

Define whether the robot will eat the
plan when moving along the path. If it’s
set to be true, the points will fall from
the end of the plan as soon as the robots
move more than 1 meter.



i TEBSEEENHAN:

~/agilex_ws/src/limo_ros/limo_bringup/param/carlike2/teb_local planner params.yaml

Note: The parameter configuration file of TEB is:
~/agilex_ws/src/limo_ros/limo_bringup/param/carlike2/teb_local planner params.yaml



b
Parameter

acc_lim_x

acc_lim_theta

max_vel_x

max_vel x_backwards

max_vel_theta

min_turning_radius

wheelbase

cmd_angle_instead rotvel

max_vel y

acc_lim_y

footprint_model/type

footprint_model/radius

footprint_model/line_start

footprint_model/line_end

footprint_model/front_offset

ES:t]
Type
double

double

double

double

double

double

double

bool

double

double

double

double

double

double

double

ERIME
Default
0.5

0.5

0.4

0.2

0.3

0.0

false

0.0

0.5

point

0.2

[:0.3,0.0]

[0.3,0.0]

0.2

R

Description

MEEARISAFRINEE (KAD2)

Robot’s maximum translational acceleration (m/s ~2)

MBBARSARIEE (GNER/"2)

Robot’s maximum angular acceleration (radian/s "2)

MBARBKTFBEE CRD)

Robot’s maximum translational velocity (m/s)

MERAREITHRIAIRAKEIS RS (LURADBA) .
The maximum absolute translational velocity (in m/s)
when the robot is traveling backwards.

MBANRAEERE (SNE/RD)
Robot’s maximum angular velocity (radian/s)

AENBANSRNESERE (WTFERRIDTNBARES
F) .

Automotive robot’s minimum turning radius (set to
be zero for differential drive robots).

R SR BREER. STFEREEA, ZERTEEAR
({%¥cmd angle instead rotve iRE Atrucf A EE) |

The distance between the rear axle and the front axle.

For rear-wheel robots, this value may be negative (only

required when cmd_angle_instead_rotvel is set to be

true).

FAtERAYEE R A -pi/2.pi/ 2| REE S IR E PRIIEES
B, BIE, RELAERFESRMEMNEAE I,
EXE, ,\xeﬁé%f:?’fiiua%ﬁﬁ E’Jﬁm)\
ackermann_msgs PAIEIEREIESIE, {H move base A3z
5. Z'Kﬂi’,ﬂf,ﬂ%%li%#ziﬂﬁzvi%up 2.

Replace the rotation velocity in the command velocity
message with the corresponding steering angle [-pi/2,
pi/2]. Note that it is not advisable to change the
semantics of the yaw rate according to the
application. Here, it is only the input required by the
stage simulator.

The data type in ackermann_msgs is more
appropriate, but move_base does not support it. The
local planner itself does not intend to send
commands.

MEARSEKIFEE (IFBNBAMZAR! )
Robot’s maximum sweep velocity (it should be zero for
incomplete robots!)

B ABRAIIGTIERE

Robot’s maximum sweep acceleration

IRERTFRMANBEABITIERIZER, RREEE R,
B BT, “two_circles FI“BIRS, RERRBSEE

FIMATRAYHERTE,

Specify the type of robot footprint model used for
optimization. The different types are "point", "circle”,
"line", "two_circles" and "polygon". The type of
model can significantly affect the required calculation

time.

WEHRE B REEX. CRARNFRE. BOMTHES
NBYBEREH £,

This parameter is only related to the "circle" type. It
contains the radius of the circle. The center of the
circle is on the rotation axis of the robot.

LESHIRS 1T REUEX. CEILRAVEIRMATT.

This parameter is only related to the "line" type. It
contains the starting coordinates of the line segment.
SRS 1T RBER, CEELRIVERYR.

This parameter is only related to the "line" type. It
contains the ending coordinates of the line segment.
ESHIRS “two_circles”3RBIAX, BHEATRIERHOIEY 88
ANB x R T 20, BRI ARINEEEAIT (0,00,

This parameter is only related to the "two_circles" type.
It describes how much the center of the front circle has
moved along the x-axis of the robot. Assume that the
rotation axis of the robot is located at [0,0].



footprint_model/front_radius

footprint_model/rear_offset

footprint_model/rear_radius

footprint_model/vertices

is_footprint_dynamic

xy_goal_tolerance

yaw_goal_tolerance

free_goal vel

dt_ref

dt_hysteresis

min_samples

global_plan_overwrite_orientation

global_plan_viapoint_sep

max_global_plan_lookahead_dist

force_reinit_new_goal_dist

double

double

double

double

bool

double

double

bool

double

double

int

bool

double

double

double

0.2

0.2

0.2

[0.25,-0.05]

false

0.2

0.2

false

0.3

0.1

true

0.1
(disabled))

3.0

1.0

IHBHUNS “two_circles”2RBIEX, EESRIENFRE,

This parameter is only related to the "two_circles" type. It
contains the radius of the front circle.

BHURG “two_circles REFEXR, BHRTBENFTOIEN 25
AR x HBEEN T 20, RIRHEEARIGEREAIT (0.0]

This parameter is only related to the "two_circles" type.
It describes how much the center of the back circle has

moved along the negative x-axis of the robot. Assume
that the rotation axis of the robot is located at [0,0].

LEBEUN S “two_circles”28BUHX, EEABERMFER.

This parameter is only related to the "two_circles" type. It
contains the radius of the back circle.
SRS Zinf REER. EAASUERRIIE (81
HRETHEMIR) . SUIRREIIN: FTEEREEES
R

This parameter is only related to the "polygon" type. It
contains a list of polygon vertices (each is a two-

dimensional coordinate). Polygons are always closed:
do not repeat the first vertex at the end.

MRS true, NTEAGERITATITHEZ BIEIET

If it’s true, the footprint is updated before checking the
trajectory's feasibility

TR EMU BRI LESIERE (LLKAERA)
Allowable final Euclidean distance to the goal position (in
meters)

AFNREREIRE (LEMERSEAL)
Allowable final direction error (in radians)

ERBEREELR, EYRARBLUSRNRERIXBR
Remove the goal velocity constraint, so that the robot
can reach the goal at the maximum velocity

HUTAIRT RS E S HER (MUEAREZEAd_ref, EARBESH %=
B —E89, (BN E/Rdt ref+-dt_hysteresis, JFTEIE
RZEEBHITA/N,

The required time resolution of the trajectory (the
trajectory is not fixed to dt_ref, because the time
resolution is part of the optimization, but if dt_ref +-
dt_hysteresis is violated, the trajectory size will be
adjusted between iterations.
RIELRIRED =B MER ARG, BEON BNER
dt_ref f910%

The lag that is automatically resized according to the current
time resolution, usually about 10% of the recommended dt ref

RAVEAE (RIIRLEAT 2)
Minimum number of samples (should always be greater
than 2)

EE2RNURRANBEST BN (Al EsER
IR THEERIR)

Override the direction of the local sub-goals
provided by the global planner (because they usually
only provide a two-dimensional path)

MRALE, WNLBITHPRIBLR (BRREER) .
ZERETSERENDHE (A2RFESMMNELEL
RZERS/NERE, WMRA%R

If it is positive, the via points are extracted from the
global plan (path following mode). This value
determines the resolution of the reference path (the
minimum period between every two consecutive via
points along the global plane, if it is negative

BEERAUNEBIT N FENEAKE (RRMLERIE
B) . TEKERFHANBRXNIXNRAFIROEES
BIRE. REATH LI BIELLRE.

Specify the maximum length (cumulative Euclidean
distance) of the subset of the global plan considered
for optimization. The actual length is determined by
the logical combination of the size of the local cost
map and this maximum limit. Set to be zero or a
negative number to deactivate this limit.

MRERHEFERARATIEEE UCKARM) [ WE
AT (BREREDD)

If the previous goal update period is greater than the



specified value (in meters), re-initialize the trajectory
(skip hot start)

feasibility_check no_poses bool 4 REENRERIRRAC BT _ LAY BB 1T,
Specify that the feasibility of the pose on the prediction
plan should be checked during each sampling period.
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Parameter

publish_feedback

shrink_horizon_backup

allow_init_with_backwards_motion

exact_arc_length

shrink_horizon_min_duration

min_obstacle_dist

include_costmap_obstacles

costmap_obstacles_behind_robot_dist

obstacle_poses_affected

inflation_dist

5]
Type

bool

bool

bool

double

double

double

double

bool

double

double

ERIME
Default

false

false

false

0.5

30

pre kinetic

ik

Description
RBETENDIENEBYFIROMLUBRIR (RIRE
THMEEEHAER) .« B2 EEOERETIR.
Publish planner feedback with complete trajectory
and active obstacle list (it should only be enabled for

evaluation or debugging). See the publisher list
above.

RFKEEBEUEIDR (FIIIARETTH) AR TIn
RHE/INEE (50%). BRESE

shrink_horizon_min_duration,

Allow the planner to temporarily shrink the scope (50%)
in the event that a problem (such as infeasibility) is
automatically detected. See also parameter
shrink_horizon_min_duration.

MEA wrue, WelgESERBBENDREERMMUE, UBE
HERMRAEFNEREE ((NANEARSEEE &
BREYAHEEXEES) .

If it’s true, the base trajectory may be initialized with
backward motion in case the goal is behind the
starting point in the local cost map (this is only
recommended if the robot is equipped with a rear
sensor).

MRAE, NYBEEERE, INEEFESEE P EREH
AU (> 1EINAY CPUBTIE)) , BNIERRLESIALL,

If it’s true, the planner uses the precise arc length (->
increased CPU time) in the calculation of velocity,
acceleration and turn rate, otherwise it uses the
Euclidean approximation.

WMFACEIARETTAIHIE, (BHE LR/ TR SIG R
[8 ({52595 #shrink_horizon_backup LABLESE/I\ £t
) .

If an infeasible trajectory is detected, please specify the
shortest duration for shrinking the horizon (see the
parameter shrink_horizon_backup to activate the shrink
horizon mode).

SIEEa/INRRIER (LKARAL)

The minimum expected distance to the obstacle (in
meters)

EBERBNERAMMABNER, 8MRCHEBYNES
TSR AA—NRESY, AUARSEZEES NN
Bo¥x, BHERIEMITENE., ERENRED, X
BEREERIRRR, FRMSESRIEEIMNG api.

Specify whether or not the obstacles of the local cost
map should be considered. Each cell marked as an
obstacle is treated as a point obstacle. Therefore, do
not choose a very small cost map resolution, because
it will increase the calculation time. In future versions,
this situation will be resolved and additional api will
be provided for dynamic obstacles.

BRAITENLEE A I T AR B 2 IR IO 5 RO A A
18 (LLKARGHEEES) .

Limit the occupied local cost map obstacles that are
taken into account when planning behind the robot
(specify the distance in meters) .
BEBYAESHINE T LSRN EELRSES., 1
FUEBIMIBE. BER, WSHARKEREREH
MER, EJ97E kinetic+ RESH T FRISKERRES, &%

legacy obstacle_associationfJS#i5tEH,

Each obstacle position is attached to the nearest pose on
the trajectory to maintain the distance. You can also
consider additional neighbors. Please note that this
parameter may be removed in a future version because
the obstacle association strategy has been modified in
kinetic+. Refer to the parameter description of
legacy obstacle association.
BEEFFETRANESYERNENX (AT
min_obstacle_distABEERY) . BIBESHINGE

weight_inflation,

Buffer around obstacles with non-zero penalty cost
(should be greater than min_obstacle_dist to take effect).
See also weight



include_dynamic_obstacles

legacy_obstacle_association

obstacle_association_force_inclusion_factor

obstacle_association_cutoff factor

costmap_converter_plugin

costmap_converter_spin_thread

costmap_converter_rate

no_inner_iterations

no_outer_iterations

penalty_epsilon

weight_max_vel _x

string

bool

double

int

int

double

double

double

double

double

double

false

false

"

5.0

0.1

2.0

weight_inflation.

MRUSHREN wue, WERKIEHED BRERTTF
EEERIETEENIEBYNES (BEAFRMENES ¥
~/obstacles FeffEMcostmap_converter$i18) . FRY

If this parameter is set to be true, the motion of obstacles
with non-zero velocity will be predicted and considered
through the constant velocity model during the
optimization process (provided through user-provided
obstacles or obtained from the costmap_converter). New

EEITES SR IRBERIER (SUXER

&) . EEHUBTEESHIRE Ak REIBA/ LRI 5
B, |RSRES

The strategy for connecting trajectory poses and
optimizing obstacles has been revised (see change
log). You can switch to the old/previous strategy by
setting this parameter to be true. Old strategy

IR BEBXRREIEERNCEBRPEEXERSHEH
EEEERk, BRIECEBNNRERESYERESE
EEMR (fF79min_obstacle_dist FIfEERL) . flEN, &% 2.0
LATE2.0* min_obstacle_distAY¥(Z R5RHIE [BIEMS. (XS
Hllegacy obstacle_association/9falsefS A EFAILLEE]

The non-legacy obstacle association strategy tries to connect
only the relevant obstacles with the discretized trajectory in the
optimization process. But all obstacles within the specified
distance are forcibly included (as a multiple of
min_obstacle_dist). For example, choose 2.0 to force the
consideration  of  obstacles  within a  radius  of
2.0*min_obstacle_dist. [This parameter is used only when the
parameter legacy obstacle association is false]

Mobstacle association_force inclusion_factor, {B#BH
[ME]RIE30* min_obstacle dist—HI[EIS, EMMILEPHEZ
%, SEUFERS association force inclusion factorfif By FcRbIE,
(N2 ZS#]legacy obstacle associationFfalseFI A FEH LS

See obstacle_association_force_inclusion_factor, but all obstacles
that exceed the multiple of [value] * min_obstacle dist are
ignored in the optimization process. The parameter obstacle
_association_force_inclusion_factor is processed first. [This
parameter is used only when the parameter
legacy obstacle association is false]

ENIEHERAERABRTTISER AR &/ 20, RE— 1
SRS, LESERTENN RS,
Define the plug-in name to convert cost map cells to
points/lines/polygons. Set an empty string to disable
conversion so that all cells are treated as point
obstacles.

MRIRES rue, WAAEIESERRNEEREREER

BAZ.

If set to be true, the cost map converter calls its

callback queue in a different thread.

Rate FEX. costmap_converter 4R BB A BIRISTIER
(ZERRETRAEEHE) (LIFHZARM].

Rate defines the frequency that the costmap_converter

plugin processes the current cost map

(This value should not be higher than the cost map

update rate) [in Hertz].

ERIMBERER B BRISEIRRERNEORE. BERSH

no_outer_iterations,

The actual number of solver iterations called in each

outer loop iteration. See parameter no_outer iterations.

BMIMERER B RARIBATE AR RIS PR refEENEEEH 12k

KINFHRRBPEMILIES (B1Tno_inner iterations) o L,

BB ERSE N SRR MERITRIA,

Each outer loop iteration will automatically adjust the

trajectory size and call the internal optimizer (execute

no_inner_iterations) according to the required time

resolution dt_ref. Therefore, the total number of solver

iterations in each planning cycle is the product of the

two values.

FREARERAESTIRERIN— N NRERE

Add a small safety margin to the penalty function of the

hard constraint approximation

HERARITFERRENMUNE
Optimized weight to meet the maximum allowable
translational velocity



weight_max_vel_theta

weight acc_lim_x

double

double

1.0

1.0

BERXAITFBRENRMNE
Optimized weight to meet the maximum allowable
angular velocity

HERASIF R INEEAIAE
Optimized weight to meet the maximum allowable

translational acceleration
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Parameter

weight_acc_lim_theta

weight_kinematics_nh

weight_kinematics_forward_drive

weight_kinematics_turning_radius

weight_optimaltime

weight_obstacle

weight_viapoint

weight inflation

weight_adapt_factor

enable_homotopy_class_planning

enable_multithreading

max_number_classes

selection_cost_hysteresis

selection_obst_cost_scale

ES:t]
Type
double

double

double

double

double

bool

bool

int

double

double

double

bool

int

double

ERIME
Default
1.0

1000.0

0.1

2.0

100.0

R
Description

HERASIFAEINEENURE

Optimized weight to meet the maximum allowable
angular acceleration

AT HEBIFEEENFIMUNRE (WSHpMRS, BA
ENFHEER T EXNAR, BT SHEMAAME, FE R
ANMERYN, EUEMEES 1000 BAREHRERERETT) .

The optimized weight used to meet non-holonomic kinematics
(this parameter must be very high, because the kinematics
equation constitutes an equality constraint, and the "original" cost
value is small compared with other costs, so even a value of 1000
does not mean the matrix condition is not good).

SEHMEBANEERRTE (EFBEE) NNENRE. /)
BEE (B0 1.0) PARTFEETHE. 1000 ZAH9E/LFE
LABGLEREITEE (1BABEARIE)

The optimized weight to force the robot to select only
the forward direction (positive translational velocity).
The small weight (eg. 1.0) still allows driving
backwards. A value around 1000 can almost prevent
backward driving (but it cannot be guaranteed).
BERINESHENMINE ((RERTAENSEA) .
The optimized weight to force the minimum turning
radius (only for automobile robots).

ARG wWr R A TRTTEA LN E

Optimized weight to shorten trajectory wrt
conversion/execution time

SRR/ NEBIURE

Optimized weight to keep the minimum distance from
the obstacle

AFs/IMCEIBE REBNMUNE (BRMNSEE

&) . 0.4 FhRA

The optimized weight (corresponding reference

path) used to minimize the distance to the

passing point. 0.4 new version

BEFKETIAMUHUANE (ROZRN) .

The optimized weight of the inflation penalty (should be
small).

ETRHMEE TEB X (weight new = weight old*factor )
t, —EISIRRINE (HR1Rweight obstacle) WIXANMEF B
S&E. EREIMNENARRE— T EANLERESS
HEMU R EIFOBESR M.

In each outer TEB iteration (weight new =
weight_old*factor), some special weights (currently
weight_obstacle) are repeatedly scaled by this factor.
Iteratively increasing the weights instead of setting a
huge prior value will lead to better numerical
conditions for the basic optimization problem.
ERRRRINREIEF TN (FEEZM CPURIR, B
SANIT—IRIEAL)

Activate parallel planning in different topologies
(requires more CPU resources because multiple
trajectories are optimized at once)

RSN AR MEERRSRZT RS N E

Activate multiple threads to plan each trajectory in
different threads

BEEBNARNTNRAEE (RETETIER)

Specify the maximum number of different trajectories to
be considered (limits the computational effort)
BREMRIEE WREE SaERNMTEL S DDA A
ZREHSES (U1ER new cost <old_cost*factor NiFEHE) .

Specify how much trajectory cost the new candidate
must have compared to the previously selected
trajectory to be selected (select if new_cost
<old_cost*factor).

IRFATFIER REREE ARSI TIATEI MERL.
Additional scaling of the obstacle cost term used only to
select the "best" candidate.



selection_viapoint_cost_scale

selection_alternative _time_cost

roadmap_graph_no_samples

roadmap_graph_area_width

h_signature_prescaler

h_signature_threshold

obstacle_heading_threshold

visualize_hc_graph

viapoints_all_candidates

switching_blocking_period

odom_topic

map_frame

double

double

double

bool

bool

double

string

string

bool

double

double

bool

false

0.1

false

0.0

odom

odom

(VAT IER REMREEIMERBT RAARR. 0.4 3hR
ES

The additional scaling used only to select the "best"
candidate through the point cost clause. 0.4 new
version

MRAE, NEHERA (REENTEH) SEA DR
A8 (RTEZRIEED) .

If it's true, the time cost (sum of squares of the time
difference) will be replaced with the total conversion
time (sum of the time difference).

IRE NI E AR A B

Specify the number of samples generated to create the
roadmap

FER RN B R Z AR AL R AR X BEATL K 5 o/ AR st TR
B, BUKOSREEZXIFAIZEE.

Sample the random keypoints/waypoints in the
rectangular area between the starting point and the
goal. Specify the width of the area in meters.
BFEOFEMEEILGINERSEL (H-signature ), E&

The internal parameter (H-signature) of the ratio used to
distinguish homotopy classes. Warn
WRSLEAPFISABRIERERTIEE0RE, WRER HE
2.

If the differences between the real part and the
complex part are lower than the specified threshold, it
is assumed that the two H signatures are equal.
BB AT BB BRRERNE, DERRERE
Bel (1) EBER.

Specify the value of the scalar product between the
obstacle course and the goal course so that they
(obstacles) are taken into account when exploring.

TR DTSR, (7F rviz PISEHRERH
2)

Visualize the graph created to explore the unique
trajectory (check the tag message in rviz)

WMRAE, WARRINOFEHTEMINE—AER, &
WRESTR/EBIIHZERRIMNTSEiEE (3
test_optim_node;REFAM) . 0.4 HhRAS

If it’s true, all trajectories of different topologies are
attached to a set of via points, otherwise only trajectories
that share the same topology with the initial/global plan
are connected to them (no effect on test_optim_node).
0.4 new version
EEEAFRIFREN R AEERRRRSSETE (L
HEBGD) .

Specify the duration (in seconds) that needs to expire
before being allowed to switch to the new

equivalence class.

HRINEERERER, B ARNIERFEERRRE.
The subject name of the odometer message, provided by
the robot driver or simulator.

LRMIMER MREHSHE, XNSHEELREN
“/map”’,

Global planning framework (if it is a static map, this
parameter usually must be changed to “/map".
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