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. Goal

e GotoAreaA
* Detect traffic lights using a

camera r
* Use the camera to Detect the v

box lymng on the ground T T
* Use the manipulator to get the

box
* GotoArea B (I (I,
 Put down the box
* Identify the parking lot marker

and Go to the parking lot |
* Stop moving when a stop sign = [

1s detected on the road
* Return to start
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Platform

RPLIDAR (A3)

RealSense D4351

2—dim pan—
tilt

Intel NUC

4-DOF Robot Arm

Create3
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BB

ZE%CCD/CMOS

Sample Rate: 16 kHz
Spin Rate: 10 Hz

Angular Resolution:
0. 225



A M LS

W4 SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

Platform

Intel® RealSense™ Depth Camera D435

S0 mMmmx 25 mm x 25 mm

Depth FOV B5x58 Range .11m to 10m* Global shutter
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Platform

OD

| OO0k

TR213

N

BO Ok

| | | | I | TR213

0 05 10 15 20 25ms

[ | I I | | BOTOOK
TR213

0 05 10 15 20 25ms

—
LOMOLOk

| | | ! I 1 TR213
0 05 10 15 20 25ms

I I I I
0 05 10 15 20 25ms

45°

DC motor - Potentiometer

90°

__EEnbEdd ed board

)

From microcontroller
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1357
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180°
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Buttons

Passthrough

| Docking
Sensor

Multi-Zone
BUmper

17x IR Obstacle Sensorss

CIiff
Sensorsifs

Wheels

Optical
|Odometry
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R i

% command

A0 =20 e @8- - 0@0HB:0 < @
N
Windows
e Mac OS
network
& A\
operating
system \
=
browser graphics card

J“'L—-—}_‘ 200!5"

Linux Chrome 0S 11
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Basic Knowledge

UNIX System Structure

f} GNU/Linux Operating System Architecture
Users 0 0 0 @ (multi-user)

Programs (multi-tasking) )
User Shell
Space Applications Commands & Utilities X | Desktops
i
| N
[ GNU C Library (glibc)

/ Kernel’ \

System Call Interface

Process Memory Virtual Network
Kernel Management Management File System Stack

Space

Architecture Dependent Device Drivers
Kernel Code

G —/
LT L

Hardware

12
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Basic Knowledge
Shell: 5 WA H KX 74 H

[+1 mix@ubuntu: ~ Q =

To run a command as administrator (user "root"), use "sudo <command=".
See "man sudo root" for details.

-

Ctrl + Alt + T

13
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Shell: HWNZAZ H K 7% H

Activities Feb 20 04:11

-+

Additional Driv... Archive Manager Calculator Characters Document Vie...

@ ?2 @

FirefoxWeb Br... Image Viewer Language Supp...

Livepatch Passwords and... Power Statistics Screenshot Settings

@

Software & Up... Software Upda... Startup Applic... System Monitor Terminal Text Editor

Frequent
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Unix/Linux &s&53#

FOSSwire...

1s-FIHAR

s -al - { AT H R

cd dir- B ERE dir

cd - E%| home AF

pwd - BR%E AR

mkdir dir- 8128 dir

rm file - MBZ file

rm -r dir- BIFRE R dir

rm -f file - SRHIMBL file

rm -rf dir- s&bIRBRER dir*

cp filel file2 - ¥4 filel EHIZ file2

cp -r dirl dir2 -5 dirl % dir2; R dir2 T4
ENSIEE

mv filel file2-i%filel B AMEENE fileZ; tNR
file2 B—AMHEMB RN filel BAEIBR file2
n -s file link - 81 file RIFF Si&EH link
touch file- ¢l file

cat > file - BiRERMAFMNZ file

more file - &% file MAH

head file - &% file AgaI 10 1T

tail file- &% file A9/ 10 1T

tail -f file- ME 10 {THREE file WA

ps - BRYATATER) R

top - BRFTA EEIETAIHE

kill pid - 332 id pid

killall proc - FHETHE N proc AR *
bg - 3 BIEIEEE & AEL

fg - B RILAIELERIEE

fg n - #HEL n HEIEE

chmod octal file - B file HIIUR
o 4-iE(r)
o 2-F(w)
o 1-#HiT(x)
w5l
chmod 777 - hEiE AFHME. 5 HITIUR
chmod 755 - hEFHHHM rwx AR, HAFEMEPHM
rx R
B LA S man chmod.

. _ssH |
ssh user@host — L user P 54 &EE host

ssh -p port user@host - #EifO port Wl user AR S
B EERER host

ssh-copy-id user@host - HERFME| host LIKR T
THER

grep pattern files - 8% files FILE pattern MR
grep -r pattern dir - i#)A# % dir R pattern B
HE

command | grep pattern - #%& command WP
pattern MR &

date - &7~ B A RE

cal - B RYAMBR

uptime - BRFELMIFHLBIBERTIE T A (A
w- BREZMAR

whoami - EF{RAHAAFZ

finger user - B user MHXES
uname -a- BRAZKESR

cat /proc/cpuinfo - &% cpu fF2

cat /proc/meminfo - EHHFEFELE

man command - 27 command KijB At
df - BRfER S AER

du- BREREE L BER

free - B RAFRZME & AHER

i
tar cf file.tar files- tIRBE files i tar X
file.tar

tar xf file.tar - M file.tar #2344

tar czf file.tar.gz files - {#/ Gzip EMeIE
tar {4

tar xzf file.tar.gz - /A Gzip #2I tar X{F
tar cjf file.tar.bz2 - {£f Bzip2 EEIR tar X
1

tar xjf file.tar.bz2 - {$/ Bzip2 {ZM tar Xf
gzip file - B4 file HER R H file.gz

gzip -d file.gz - ¥ file.gz SREHH file

i 2%
ping host - ping host &R
whois domain - 3B domain f whois {§8
dig domain - B domain f1 DNS 52
dig -x host - i#i[EE# host
wget file - T file
wget -c file- WiE&ft

25
R % %
./configure
make
make install
dpkg -1 pkg.deb - &% @ (Debian)
rpm -Uvh pkg. rpm - &3 (RPM)

e 2
Ctri+C - FIE HFTH S
Ctri+Z - Z2IEHEi@R <, IHEM fg ke
Ctri+D - EHMARIE, Sexit M
Ctri+W - MR SAI TR AT
Ctri+U - BIBREEST
-8 ERMNGS
exit - EHHMERE

*NER.
#MiF/Toy <http://LinuxTOY.org>

[@3) evric-s |

15
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Basic Knowledge
Linux %47 hi
e Linux &ATHx (Linux distribution) N—#H P MisCEEREF T Linux N %
N8 A I FH A

o« MBEILInUX AT EIFELINUXAZ . GNUT HAIE ., BInErE. Sor, &
ARG IHEXE N R4, g saliIWaylond)s & FE B s AL T
W
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B UEHE RS

apt EHGS

FIHFER BFETEHEE %< sudo apt update

FEEESE: sudo apt upgrade
FIHe BRI EEFEE: apt 1list --upgradeable

APT

FEEEE. AREEHEEEEHEITE: sudo apt full-upgrade

LEIEERIESSFS: sudo apt install <package_name>

LEEZEEE: sudo apt install <package 1> <package 2> <package 3>

BIIEEREYYES: sudo apt update <package_name>

STEHEEEEE SN EES, =, R ESS:

bsEitEss<: sudo apt remove <package name>
EE R ERNEEAEIF: sudo apt autoremove
EEira RS sudo apt purge <package name>
EHEYTESS: sudo apt search <keywords
FIHFrEC=EME: apt list --installed

FIHFrEEEEREMEFEE: apt list --all-versions

sudo apt show <{package name>

17
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Basic Knowledge
Mirror of APT Source

:~$ cat Jfetc/apt/sources.list
#deb cdrom:[Ubuntu 26.04.5 LTS _Focal Fossa_ - Release amd64 (20220831)]/ focal main restricted

# See http://help.ubuntu.com/community/UpgradeNotes for how to upgrade to
# newer versions of the distribution.
deb http://us.archive.ubuntu.com/ubuntu/ focal main restricted

L L Ll cted

## Major bug fix updates produced after the final release of the

## distribution.

deb http://us.archive.ubuntu.com/ubuntu/ focal-updates main restricted

# deb-src http://us.archive.ubuntu.comfubuntu/ focal-updates main restricted

## N.B. software from this repository is ENTIRELY UNSUPPORTED by the Ubuntu
## team. Also, please note that software in universe WILL NOT receive any
## review or updates from the Ubuntu security team.

deb http://us.archive.ubuntu.com/ubuntu/ focal universe

e s s A S il e il e | e

deb http://us.archive.ubuntu.comfubuntu/ focal-updates universe

# UEU-31 L NLLP.f /uUus.dl LITLVE . UUUINTLU. LU JULUIILYf TULdL-UpPUdLED uniiverse

## N.B. software from this repository is ENTIRELY UNSUPPORTED by the Ubuntu
## team, and may not be under a free licence. Please satisfy yourself as to
## your rights to use the software. Also, please note that software in

## multiverse WILL NOT receive any review or updates from the Ubuntu

## security team.

deb http://us.archive.ubuntu.com/ubuntu/ focal multiverse

# deb-src http://us.archive.ubuntu.comfubuntu/ focal multiverse

deb http://us.archive.ubuntu.comfubuntu/ focal-updates multiverse

# deb-src http://us.archive.ubuntu.comfubuntu/ focal-updates multiverse

## N.B. software from this repository may not have been tested as

## extensively as that contained in the main release, although it includes

## newer versions of some applications which may provide useful features.

## Also, please note that software in backports WILL NOT receive any review

## or updates from the Ubuntu security team.

deb http://us.archive.ubuntu.com/ubuntu/ focal-backports main restricted universe multiverse

# deb-src http://us.archive.ubuntu.com/ubuntu/ focal-backports main restricted universe multiverse

18
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Basic Knowledge

SUSTech Mirror

@7__ SUSTech Open Source Mirrors Home MNews Help Status  About  Git Service SUSTech CCSE SUSTech CRA

Julia Releases Mirror

Ubuntu Mirror

Linux Mint Mirror

Manjaro Mirror Introduction

Opensuse Mirror Ubuntut? is a popular and user-friendly Linux distribution based on Debian.

OpenWRT (LEDE) Mirrors

Backup Existing Configuration

PyPl Mirror

a fetc/apt/sources.list /etc/apt/sources.list.bak

Raspberrypi Mirror

Raspbian Mirror

ROS Mirror Edit Configuration

ROS2 Mirror sud =i o A e _ fetc/apt/sou

fetc/apt/so
Ubuntu Mirror
ntroduction
Backup Existing Configuration
Edit Configuration

Refresh Repository Indexes

Ubuntu-ports Mirror

Zerotier Mirror

Edit on GitHub S PO

http://mirrors. sustech. edu. cn/help/ubuntu. html#introduction 19



http://mirrors.sustech.edu.cn/help/ubuntu.html#introduction

Basic Knowledge

EEETTPY;

SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

¢ F 5L IEE

DEPARTMENT OF ELECTRONIC AND ELECTRICAL ENGINEERING

Tuna Mirror — A More Stable Choice

Ao REXETRRAREOL

AOSP
Adoptium
CPAN

CRAN

CTAN
CocoaPods
NetBSD
OpenBSD
OpenMediaVault
alpine
anaconda
anthon
arch4edu
archlinux
archlinuxarm
archlinuxcn
armbian
bazel-apt
binutils-gdb.git
bioconductor
blackarch

centos

HOME EVENTS BLOG RSS PODCAST MIRRORS

Ubuntu 4G E

SRR

RE{EFE HTTPS

O E2FER sudo

EEBHINES 32/64 1l x86 FEHIMBERMIMEE, 7T ARM(@rmé4, armhf), PowerPC(ppcédel), RISC-V(riscvé4) Fl S390x ZEMAIGE
L+ (WEEAEA ports.ubuntu.com) EEEA ubuntu-ports §5.

FF Ubuntu FEXFHNEE, §5% Ubuntu [BIRZEHE,

£ Ubuntu 24.04 Z &, Ubuntu BYSHRRLEXHHERAESHN One-Line-Style, 829 /etc/apt/sources.list ; M Ubuntu 24.04 FF
#4, Ubuntu B9SHBERE {4355 4 DERS22 &1, BN fetc/apt/sources.list.d/ubuntu.sources ¢

BRESHNHMX AN, AERERINEETEMNNATER, BaERERNRITRES.

f?%ﬁﬁ ( /etc/apt/sources. li st)

Ubuntu hfZUbuntu 22.04 LTS jammy) v
DERRER
/5 A proposed
ORHReEMERRR
# BRINEETRRRELURS apt update RE, WEBE]S{TICEEE

deb https://mirrors.tuna.tsinghua.edu.cn/ubuntu/ jammy main restricted universe multiverse

# deb-src https://mirrors.tuna.tsinghua.edu.cn/ubuntu/ jammy main restricted universe multiverse

deb https://mirrors.tuna.tsinghua.edu.cn/ubuntu/ jammy-updates main restricted universe multiverse

# deb-src https://mirrors.tuna.tsinghua.edu.cn/ubuntu/ jammy-updates main restricted universe multiverse
deb https://mirrors.tuna.tsinghua.edu.cn/ubuntu/ jammy-backports main restricted universe multiverse

# deb-src https://mirrors.tuna.tsinghua.edu.cn/ubuntu/ jammy-backports main restricted universe multiverse

# UTRLEHREREE T EARSRENES. NEREABiTENERGR
deb http://security.ubuntu.com/ubuntu/ jammy-security main restricted universe multiverse
# deb-src http://security.ubuntu.com/ubuntu/ jammy-security main restricted universe multiverse

# MARREER, TEUEH
# deb https://mirrors.tuna.tsinghua.edu.cnfubuntu/ jammy-proposed main restricted unmiverse multiverse
# # deb-src https://mirrors.tuna. tsinghua.edu.cn/ubuntu/ jammy-proposed main restricted universe multiverse

https://mirror. tuna. tsinghua. edu. cn/help/ubuntu/

20
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Basic Knowledge

ROS - Robot Operating System

* A “Meta” Operating System.
* Open source
* Runs in Linux (esp. Ubuntu)

* Agent based (nodes)

* Message Passing
e Publish
e Subscribe
e Services via remote 1mvocation

ROS: Home

* Supports numerous programming languages (C++, Python, Lisp, Java)

21


https://www.ros.org/

Basic Knowledge

2007 #iBox Turtle
TS
STAIRIH 2010
Morgan Quigley ROS 1.0 &7
®-------- ---—ume- P--mcm=-
2008
Willow GarageiZ¥

"

&0

Open Source Robotics Foundation

.

2 = ’
(& A Mu£% | () €FSEIEE
\‘\:"‘i‘-ﬁ SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY \\L._r & /' DEPARTMENT OF ELECTRONIC AND ELECTRICAL ENGINEERING
2012 2014 2020 2021
¥—@ER0OScon ROS Indigo %6 ROS Noetick7n ROS World
- &--m—m—=- & ----—--- @®------=-- @®---~--- - ------ i i e
2011 2013 2017 2020 2022
TurtleBot &7 OSRFEE ROS 2.0 Ardent%%h ROS2 Humble LTS

22
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ROS 1 ROS 2

23
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Application Application
Application
Layer
ROS2
Client Library Client Library
Middleware
Layer Abstract DDS Layer
Nodelet
TCPROS/UDPROS
i DDS Intra-process
API
0S . , ;
Layer Linux Linux/Windows/Mac/RTOS

ROS | ROS 2 .
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Global Data Space

ROS Master

- " .
----- s EEEEEEEEEEEEEEEEAEE R EERE
"

\ / Paéticipané N

/” Participant: [ Partiéipant )

3) connect (“scan”, TCP)

- .
e
Talker 4) TCP server: foo:2345 .
XMLIRPC: foo: 1234 Listener
TCP data: foo: 2345 5) connect (foo:2345)
e = o Em e Em wm o =
' >
6) data messages TCP

Ros 1 25
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SR PRI ER . PR AT dead] ineZ B 52 B 5 7 o

Global Data Space

E ................................... Topic ................. .

FFEVERG . ROSUREFELSIE SIS, {Ha
EAIRKHEIR, 1T B oI B I M 4% 2 Hif -

éParticipant mstv\ 4 EParticipant )

P14 ;s DDSTT BAAROSHRAEE s I se iR 55, s dE
BN &, Wn] OREUR AT BT T 28085 datal |
QoS — QoS
data3
A SEMEG R, @I DDSHC B AT S S, R DUR = )\ J
P E SRR, (BEST EFFORT) BiEfaEti=
(RELIABLE) . RELIABILITY
datad data3 data2 datal

DEADLINE period

26
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User
Applications
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ROS 2.0 Architecture Overview

Client
Wrapper

Middleware

DDS

DDS
agnostic

ROS
agnostic

27
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Visual Studio Code

serviceWorker.js

e), Linti...

Install

debugg...
Install

Install
(n
ndBeacon

Install

Prettier = . 'y 3
de formatter using prettier

Prettier Install

Pylance
A performant,
I oft

Live Server v 4 [ impart stat

Launch a dev : estMedi

https://code. visualstudio. com/Download

28
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CEEE TN (3) e75%5I8E

i at

] P #8e BFe JF]Fy 2316 1 i EEh(H ¥ E: Remote -
= T = e XD ¥ FE: Remote - S5H X

remote

Remote - SSH ve.102.8 |Fuese
D 2
Tenicte 0 o s Microsoft m | @ 16930991 | Jkk k% (162)
Open any folder on a remote ... )
Microsoft ! — pen any folder on a remote machine using 55H and take advantage of V5 Code’s full featur
& 0 &3 O fold hi ing 55H and take ad E de's full f
= v ORNEEGEE 5

I ECSEREA.

Remote Exnlorer 5

r[IEI i 2

Remote Development
' @
Visual Studio Code Remote - SSH

The Remote - S5H extension lets you use any remote machine with a SSH server as your dew ment environment. This can greatly simplify

development and troubleshooting in a wide varnety of situations. You can:

Develop on the same operating system you deploy to or use larger, faster, or more specialized hardware than your local machine.
Quickly swap between different, remote development environments and safely make updates without worrying about impacting your loc
machine.

Access an existing development environment from multiple machines or locations.

Debug an application running somewhere else such as a customer site or in the doud.

29
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Programming Languages

.e pgthon https://www. w3dschools. com/python/default. asp

https://www. wdcschool. cn/cpp/

30
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Remote Desktop in Local Area Network

NOMACHINE

Fast, secure, easy way to get to your stuff.
Wherever you are.

Download now

Remote Access for Everybody

NoMachine is free for everybody to use

- AN
J

https://www. nomachine. com/

31
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