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Preface

Preface

When work began on ROS at Stanford and Willow Garage in late 2007,
there were big ambitious and big dreams, but no-one could have predicted that
the project would grow so much and come to have such an impact. We set out
to develop a common, open software platform on which everyone, everywhere
can build their own robotics applications, and today, while there is always
more to be done, we can say that we have moved a long way toward that goal.

We aimed initially for academic users, thinking primarily of graduate
students in university labs who were doing cutting-edge research. The ROS us-
er community grew quickly in academia, and soon there were new contribu-
tions to ROS coming in regularly from schools around the world. Robotics labs
large and small started using ROS in their research, releasing demonstration
videos mentioning ROS, and, most importantly, contributing enhancements
and fixes that made the platform progressively better for everyone.

In 2010, Willow Garage released the first batch of PR2 mobile manipula-
tion robots, sending them to top-tier research institutions on three continents.
The result, as an entire cohort of graduate students had the opportunity to
work with an advanced robot equipped with sophisticated open source
software, was even greater participation in the ROS community from research-
ers. We then began to see what would become a wave of scholarly articles
mentioning the PR2 robot and/or ROS. At the time of writing, Google Scholar
indexes 2,000 citations of the original paper that we published on ROS.

In 2012, given the growth of the community, we decided to organize a
ROS developers * conference, called ROSCon. Without knowing for sure
whether anyone would travel to spend a weekend discussing open source robot
software, we made all the arrangements and held ROSCon 2012 in St. Paul,
Minnesota. To our surprise, over 200 people attended, and we enjoyed an
educational and fun weekend of presentations, pitches, and discussions about
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ROS and related topics. We have organized ROSCon each year since, with the
latest edition, 2015, drawing a sell-out crowd of almost 400 people in Ham-
burg, Germany.

A significant part of the community growth in recent years has been in
industry. There are now companies large and small using and relying on ROS,
from early-stage research and development to full product deployment. We see
ROS being used by industry in a wide array of applications, from smart factory
and warehouse robots, to service robots, to self-driving cars, and increasing-
ly, drones. We could not be more excited to see such a commercial impact of
the work that our community has collectively produced over the past eight
years.

It is impossible to know what will come next, for ROS specifically or for
the field in general. But, for our part, we will keep improving, extending, and
supporting the open source platform that has come to define how robotics work
is done around the world. I hope that this book will serve to accelerate that

work by recruiting more users and developers from China and elsewhere.

foa b

CEO of OSRF
Open Source Robotics Foundation

: ]
2015. 11. 25
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Z1E ROS ik

ABTHERMENFA—T ROS WA RULSKF A, HiEERBML T M ROS,
RENA ROSEERHEAMS .

1.1 ROS @7

1.1.1 ROSWI&ZE

Bl & HLAS A PR B Pk & R, AN R IR RS B A LA BB B AL R i B 7 oK
R ERI L ERCAMABRIZAREABRIFHERANMTR. 2010 4
Willow Garage A 8]l & i T 7 IR VL 2% A #:/E & 8¢ ROS (robot operating sys-
tem), 5 ROS R44 3| T HREM KR, 2015 £, ROSHBACEEFH B T
Jade, Z B B ffi 4~ f24& Electric,Fuerte,Groovy, Hydro. Indigo, ifi H #& 3 # £ #)
PLER A LA ROS RGEHATIF R, N 1-1 Fiis.

ROS #ER G RIF T 2007 FEHBER/AEATERBLRENTE SHLEA
F AR/ E) Willow Garage /> A#HL2F AT H (Personal Robots Program) 2 [8] f
A 1E,2008 E2Z 5 g Willow Garage R #fT#3). ROS B—FIFEAPLEA
FHRERE  RERREBRERSE. EREHEXVUBRERS RN IIEE, Filn
B A R AR R 2 K h #2 e 4 2R L R T RE O AT (R F I T B AR B R R
TRERE, ChRt - ETARFMEA TR EL . REMZITESIEEN
BiF.

ROS & — 431 X i Ab B HE SR , 3 5 48 7T $hAT 3C 4 R 8 Bl ik 7 %3t , 3F B
EBITHREBHEE. ROSTTUSBHE, TEE LRAMNBREREE, EEME
ITRKAPBARNEESHAREA IR, Sl WEZsh MY . A EFMN
EALfERASEG ETRY.

ROS M EEFF M

O HESEM:ROSEBIMWAGAA BRI TS, SEIPHRTAT LA
B 4%, T EL4R ¥ 69 CMake T H 7] LARA 5 S BUKE 8 A9 3 & . ROS

w1 @
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A 1-1 #4r 3 HF ROS BIHLAS A

ERTREZMEC EFERIFEE, B0 OpenCV,OpenRAVE Player 4§,

Q XHFEZMRBEES N THEARFEENTRK, ROSKATHES P L
HHERS W, BPAKB R —FEBIES. ROS ZRHRMIEFEE C++.
Python,Octave F1 LISP %,

@ B H B IR :ROS BHE BSD Hrisl, %A AL 7l B2 A DA K 8 i 46 2 4
408

@ s REIE: ROS M 500 3T LA B AR 55 45 o B 28 28 55 AL i T B 43
A A AL AR E R S Th BE T R B LR R R T .

1.1.2 ROS & A#2

T BB B 4F 2= 3] ROS, 75 B e MR L/ ER
O et (package) : HEFL R ROS th LUK 19 LI, AT LA B A
W BEAT 4 % AT S R ME . — DD BB — M o AR SO SR R SO LT

BIHF.
e 2 e
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@ e (stack) INREMERLAEMINEN S EBENES, T
MEFRAONE. B IRQEHFEHEXIEES, R ROSKGEEGHEE
K.

@ T (node) : WA R — AT AT XM, ZATRAILAELRNIIEE. &
3014 B B e o] $h47 30, A WT BLFE ROS HiE47

@ F M (Topic) R 55 (Service) : 15 R Z 8 93E {7 7 X F ECLHE FE MR
SPRP. R R BB SC B A X (A Y B e @ R, AR 55 = XU e 8 R, B R
(request) F10E [ (response) ,

©® HE(msg) . HERBEFHWREKAST,. B—NHBHA -1 B E W
TS5, STRPAR eI SR B B 26 A, L R P A A R B,

1.2 ROS Z%&

1.2.1 &% ROS

BRHEAT ROSELAZ M MA B EMNMERTEEM. T Ll Indigo
WA R B, 4 ROS &3 /7 . Ubuntu BIRRAS Ry 64 fiiff) 14. 04 LTS,

(1) g ® Ubuntu &4t

FTHF ubuntu RGE MK O, FH 75 SE AL % $ Edit—Software Sources,
£ Ubuntu Software —#% 1% H “restricted” . “universe” ., “multiverse”

(2) Bt & sources. list

AL & sources. list {75+ B HLEBHE I packages. ros. org B .

%FF Ubuntu 14. 04 .

$ sudo sh-c'echo "deb http://packages. ros. org/ros/ubuntu $ (lsb_re-
lease -sc) main" > /etc/apt/sources. list. d/ros-latest. list"

(3) %% keys

$ sudo apt-key adv-keyserver hkp://pool. sks-keyservers. net --recv-
key 0xB0O1FA116

(4) &%

B E [ ROS iR %5 2%«

$ sudo apt-get update

WA F BT RE, ROS A& I F U fh 22 3% .

O HH5EH M %% () : ROS, rqt, rviz, robot_generic . 2D/3D {}j &
AL LA K 2D/3D BRA
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$ sudo apt-get install ros-indigo-desktop-full

@ HHE L% :ROS, rqt,rviz,robot_generic .,

$ sudo apt-get install ros-indigo-desktop

® ROS-Base:ROS ) FZE 842 . build 1 communication &,

$ sudo apt-get install ros-indigo-ros-base

@ MM IIREA . EAFFE M ROS ThEEM .

$ sudo apt-get install ros-indigo-PACKAGE

BETERUGE  TUEHU T A4 RkEETCLENER.

$ apt-cache search ros-groovy

(5) #H 1k rosdep

i/ ROS ZHi , 7 Z W4 4L rosdep.

$ sudo rosdep init

$ rosdep update

(6) HFHEE

W BEXRIE ROS IREEA EEIEM. BT T HMMS, K Indigo i
A EIFEE .

$ source /opt/ros/indigo/setup. bash

TEHRAMNE . BITH - 1N AREORTST LEANWS. B TEHR
AR B R E, T LG A4S A bashre 3CF, BT FHEAIMA:

$ echo "source /opt/ros/indigo/setup. bash" >> ~ /. bashrc

$ source ~/. bashrc

(7) %%k rosinstall

rosinstall & ROS h—A & ¥ F M M 47 TR, EfT LR A 5 8 ROS
TheEf T % source # . Z4T T H M4

$ sudo apt-get install python-rosinstall
1.2.2 %% Gazebo

Gazebo & —F 2T ODE ¥ 35| % (5 ¥4, (T SEME R M3h 1% /185
EHE. THEENB WM EE Gazebo,

*FF Groovy LLJG B M4~ (Hydro,Indigo) ,ROS frffi FH 9 Gazebo & —/~4
i T ROS. M 37 i {5 H#K14 . 7E Indigo H &%k Gazebo BRI .

(1) &% keys

$ wget http://packages. osrfoundation. org/gazebo. key -O- | sudo apt-
key add -

o« 4 s
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(2) %% Gazebo

$ sudo apt-get update

$ sudo apt-get install gazebo

(3) iz%7 Gazebo

BETEMZ G BT 4 gzserver, J3 3 Gazebo R %5 8% . RFTHH -1
KA 0,817 4 gzclient, Ji 3) Gazebo & 7 Uit , 35 47 45 4% HH B Gazebo K
GUI, W] HHiZ1T6r4 gazebo, LS 31 Gazebo AR 45 28 #1725 F ¥ .

Gazebo EE TR T E S -EMALEE. K T B/ CPU MR,
GazeboF|FH T CPU MYBE4 I . SR T X F — L 6 i , 58 4 o 2 7] G 2 3 Gaze-
bo f Mt . FEREMF FLVF IR OLT o B S 47 FF 5 44 fim 32K

$ unset LIBGL_ALWAYS_SOFTWARE

SR B Gazebo 8 5 0L , 7T A2 E ¥ /3 3) Gazebo, Rk R KM,
W % A B A IEZE 2 479 ROS ##2 , .4E roscore, R HEH /3 3.

E LA b 2230 2 A 1 B0 T o W LA 3G P RS 44 fim 2K

$ export LIBGL_ALWAYS SOFTWARE=1

BBR 5 PR B 44 i AT LA A B Gazebo A Bt A 1) B, (E¥F 5 R £ /9 CPU
g/

T #3L ROS il Gazebo Z B HEK & , T E L3 5 Gazebo X # ROS I
fEfl. THZ7E Indigo P &% 5 Gazebo XM IREM :

$ sudo apt-get install ros-indigo-gazebo-ros \

ros-indigo-gazebo-ros-pkgs ros-indigo-gazebo-msgs \

ros-indigo-gazebo-plugins ros-indigo-gazebo-ros-control

iZ 1T gazebo_ros T fEfL F i) empty_world. launch X4 :

$ roslaunch gazebo_ros empty_world. launch

# B Gazebo 9 GUI, Wi B ThRE U 3 i Th .
1.2.3 {# /A SVN/Git/Mercurial LEThEE S

HEI =4 EEMEES B8 SVYN,Git fl Mercurial, i T f# X =48
BE . FEZfHT THAMSHITEE:

$ sudo apt-get install git subversion mercurial

(1) SVN

Rixsh e 7E @ M4k 2k . http://repository/svn/package_name, & T F
H K4S TR .

$ svn checkout http://repository/svn/package_name
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$ cd package_name

$ rosmake

(2) Git

B 3 BEf0 BT ZE /9 I 4ik 34 - git: //repository/package_name, 3& 47 T Wil 9 iy
L THIEM:

$ git clone git://repository/package_name

$ cd package_name

$ rosmake

(3) Mercurial

B h e Fr 78 19 M 4ik % : http://repository/package _name, iz 17 T [ £
4 T RINEEM:

$ hg clone http://repository/package name

$ cd package_name

$ rosmake

1.3 ROS 58 NEB

1.3.1 %<

(1) rospack(ros+pack(age) )

rospack i F 3R B2 REAQ 94 X A5 B, HAir & # X W : rospack<<command >
[package _name],

Bilhm .

D rospack help, #i H{ rospack 4 B F 5 .

@ rospack find [ package_name], 7 2 ) 6B 62, i& [F] ) 2 Th fE £ &9 4 XF
i g

® rospack depends [ package _name |, % i T BE £ /Y Fr & MR i 391 .

(2) rosstack(ros+stack)

rosstack KN AEREMAMXFER . Flw.

D rosstack help,#i i rosstack i) % BI{E B, , Bl rosstack #y4 #{# B 7 B .

@ rosstack find [stack_name ], 2 $% Zh fE 0 £ , 1R [0] ) BB £ 48 A 48 X B 42 .

® rosstack depends [ stack_name], % H Zh 8843 & 4 Fr B K 1 371 ,

(3) rosls(ros+1ls)

rosls f& rosbash & {4 ) — ¥ 43, '€ w1 3@ i Th BB &L A9 2% FR 51t AL & /9 3C
& 5.
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1/ 3CHF & T A 46 {1 FH 48 X 8% 42, fir 4 4% =X 4« rosls [ package _name/[ sub-
“dir]],

(4) roscd(ros+cd)

roscd BUE YA H R 248 € W RE A/ Th BB L4, v 2 #8 X W : rosed [pack-
age_name /[ subdir]]

(5) catkin_create_pkg

£ ROS ZhaEf, Har &4k .

$ catkin_create_pkg [package_name] [dependl] [depend2] [ depend3]:

H [ package_name ] J& i f) 35 43 2 37 B ) 68 62 BT 4K 6t 19 Th B fu, JL4E A AR
BF—ABF O EE 0L, — o anT A 2 MBI REA.

(6) catkin_make

catkin_make FJ1E H & % iF ROS ThEEf.
1.3.2 ROS &6 %

(1) roscore(ros—core)

%t F ROS 1.0, 73547 ROS 45 s Z Hif , b A FEiE T roscore iy 4.

(2) rosrun (ros+run)

rosrun iz 7 ROS 7 &, fr 2 # = K : rosrun [ package name] [node _
name |,

(3) rosnode(ros+node)

rosnode A] LB /R IEFEIETTH) ROS 17 {5 B . rosnode ¥ Hf A WT
JLF

@ rosnode list, 51| i X4 f/ij IEFEZ T B9 4.

@ rosnode info [node_name], ¥ HHEE .

@ rosnode kill [node_name], 45 # — /™ IE £ 12 47 8 5 £, Bl 4 rosnode kill-
a, BHRFABT .

(4) rosmsg/rossrv(ros+msg/ros—+srv)

rosmsg BRHBEHIEEWEIE L rossry BARREBBEHHE L. AT
iz 4T rosmsg-h (rossrv -h)#F rosmsg(rossrv) i 4 H{# . LA rosmsg K
B, iZ 4T rosmsg-h, 7] LA 5 % rosmsg A W T JLFP a4 :

rosmsg show BREEPENEREMNE X
rosmsg list 5 ROS #FrA HITH B
rosmsg md5 BRHEE K md5 H

rosmsg package Sl RE TR H B

.7-



ROS A 17455 &

rosmsg packages I EAENMHEENT AR

(5) rostopic(rostopic)

rostopic & F T & #) F {5 B , BT rostopic-h A] AR Z A4 696 F

7% 1l

Commands:

rostopic bwdisplay bandwidth used by topic
rostopic echoprint messages to screen

rostopic findfind topics by type

rostopic hzdisplay publishing rate of topic
rostopic infoprint information about active topic
rostopic listlist active topics

rostopic pubpublish data to topic

rostopic typeprint topic type

<> rostopic bw [topic] Bn EBEH F

<> rostopic echo [topic] i 3 R AR A B

<> rostopic find A AR

<> rostopic hz [topic] i A AR AR R

<> rostopic info [topic] MEFENEAGRE BEHBEEA.,
BT AT BT

<> rostopic list i M RTIE S

<> rostopic pub RABES 8

<> rostopic type [ topic | W FEENHEELER,

(6) rosservice

rosservice #— PN A FIRF B L. BT 2 rosservice-h, 7] DL K15

rosservice ) FFBI{E B . rosservice AU F JLFp B B .

#.

rosservice type AR S5 O RY
rosservice find 38 Ao AR 25 S Y A R R 5
rosservice uri % 1t iR % ROSRPC uri
rosservice list Wi HAE SRS ER
rosservice call KRR %

(7) rosparam
rosparam 0] AR FFE X E ROS 2 5 R 55 2% (Parameter Server) # B %
SHMFH/ATUGFMEBER F a8 A/RE FHREFIER, rosparam Bk

BARMAT YAMLIER . YAMLIEFH:1 RRER, 1 0 RR¥ A, one X
. 8 .



